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Abstract. Cannabis extract, one of the herbal medicine products on the national list of essential medicines, offers various 

therapeutic benefits such as analgesic, antiemetic, neuroprotective, anti-inflammatory and psychiatric treatment; however, it has 

unpleasant taste, and the products are available as liquid preparation which can significantly reduce patient compliance and drug 

effectiveness. This research aims to develop taste-masked films as oral solid dosage form, incorporating the extract using Eudragit 

E100 (E100) and Kollidon VA64 (KVA64) as taste-masking polymers. Plasticizers with different chemical structures, including 

polyethylene glycol (PEG-400), triacetin, and diethyl phthalate, were used to modify various film characters. The films were formed 

via the solvent casting method. 20% of cannabis extract (5%THC) was added into the formulation. Physical, mechanical, chemical, 

and thermal properties were characterized. E100:triacetin and KVA64:PEG400 combinations were identified as the most promising 

due to their favorable mechanical properties and film-forming characteristics. Fourier Transform Infra-Red (FTIR) analysis 

demonstrated the presence of THC within the film, no interactions between each compound inside the film, and no peaks of THC 

degradant. KVA64:PEG-400 formulation showed the highest flexibility, four times more flexibility than other plasticizers. Notably, 

a significant glass transition temperature decrease was found in the film formulations; thus, this may cause stickiness while coating 

at high temperatures. This study highlights the importance of plasticizer selection on film characteristics, which can be applied for 

active cannabis extract coating on granules or tablets, to ensure an effective and easier way of processing. 

Keywords: Cannabis Extract, Active Coating, Taste-masked polymer, Oral Film Characterization 

 

INTRODUCTION  

Cannabis, a plant with a long history of medicinal, recreational, and industrial use, has gained increasing attention in recent 

years due to its therapeutic potential. The plant contains a wide array of bioactive compounds, including cannabinoids such as 

Delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD), as well as various terpenes. THC, as the main component, is a potent 

active ingredient with various therapeutic benefits, but it presents formulation challenges due to poor solubility and a resinous 

consistency. These characteristics can significantly affect the drug formulation process, such as making the drug hard to formulate 

and possibly causing drug interactions in medical cannabis therapies. The resin state of THC can make oral products like edibles, 

capsules, and oils less palatable. 

Taste masking is an interesting alternative in the development of cannabis-based therapies. Taste masking polymers work by 

creating a physical barrier around bitter drug particles, preventing them from dissolving in saliva and interacting with taste buds. 

This reduces the perception of bitterness, enhancing the drug's palatability and improving patient compliance with medication 

regimens. By improving the palatability of these formulations, taste masking can significantly enhance patient adherence, 

acceptance, and overall therapeutic outcomes.  

As the field of medical cannabis continues to evolve, the development of cannabis-based formulations with taste-masking 

polymer strategies will be essential in ensuring that patients can benefit from the therapeutic potential of cannabinoids without the 

barrier of unpleasant taste. This, in turn, will contribute to the broader acceptance and integration of cannabis-based therapies in 

the pharmaceutical area.  

This study aims to analyze the casted film from cannabis extract by utilizing either Eudragit E100 (water insoluble polymer) 

and Kollidon VA64 (water soluble polymer) as the taste-masking polymers and incorporating PEG-400, triacetin, and diethyl 

phthalate as plasticizers, The study aims to develop optimal film characteristics. By varying the type of taste-masking polymers 

and plasticizers, this study will help identify the optimal formulation of cannabis extract. The film characteristics, such as the 

chemical interaction, will be critical in determining how the main component, THC, interacts with other excipients, providing 

compatibility between each compound. Other characteristics tests such as thermal characterization, can provide information on the 

application of this film into another form of drug delivery, such as active coating. Overall, the integration of chemical analysis, 

thermal analysis, moisture evaluation, and characterization provides a comprehensive foundation for the rational design of THC-

loaded films intended for further processing via fluid bed as an active coating technology. 
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MATERIALS AND METHODS 

Materials  

Cannabis extract (51%THC) was provided from the Center of Excellence in Plant-Produced Pharmaceuticals, Chulalongkorn 

University (Bangkok, Thailand). Analytical-grade acetone and isopropanol were sourced from Sigma-Aldrich (St. Louis, USA). 

HPLC-grade ethanol was obtained from Burdick & Jackson (Ulsan, South Korea). Eudragit®E100 (E) was obtained from Evonik 

GmbH & Co. KG (Darmstadt, Germany). Kollidon®VA64 (vinylpyrrolidone-vinyl acetate copolymers; K) was received from 

BASF (New Jersey, USA).  

Methods 

Raw material preparation 

Cannabis extract (51% THC) with a resin-like state will be kept in a sealed vial in a dark room at room temperature. Due 

to formulation constraints, the extract was diluted with acetone: isopropanol (4:6) until it reached the concentration of 5% THC for 

easier handling and formulation accuracy. 
Formulation screening by solvent casting 

Solvent casting were done according to Lin 1991[1] with a slight modification. Two polymers were used for this casting, 

which is a hydrophobic polymer, (Eudragit E100 (E) and a hydrophilic polymer, Kollidon VA64 (K). Taste masking polymer was 

dissolved in the mixture of acetone and isopropanol (2:3) for 30 minutes. The other excipient(s) were added and were mixed in 

constant stirring at 250 rpm, room temperature, for 2 hours, sealed with parafilm, according to Table 1 below. To evaluate the 

influence of different classes of plasticizers on film properties, four distinct plasticizers were individually incorporated: PEG-400 

(poly-ol polymer-based plasticizer), triacetin (glycerides-based plasticizer), rice bran oil (natural vegetable oil-based plasticizer), 

and diethyl phthalate (organic ester plasticizer). Each plasticizer was selected to represent a specific chemical class with differing 

mechanisms of plasticization. 10 grams of film liquid preparation were poured into a Teflon cast and left at room temperature for 

24 hours. Dried film was peeled and kept in a dark and sealed plastic container until further characterization as described in Table 

2 [2] 

Table 1 Film Formulation 

Code 
E100 

(gr) 

Kollidon 

(gr) 

THC 5% 

(gr) 

Rb oil 

(gr) 

PEG-400 

(gr) 

Triacetin 

(gr) 

Diethyl 

Phtalate 

(gr) 

Ace+Iso 

(4:6) 

(gr) 

Total 

weight 

(gr) 

E1 (C) 1.00 - 0.2 - - - - 8.8 10.00 

E2 1.00 - 0.2 0.15 - - - 8.65 10.00 

E3 1.00 - 0.2 - 0.15 - - 8.65 10.00 

E4 1.00 - 0.2 - - 0.15 - 8.65 10.00 

E5 1.00 - 0.2 - - - 0.15 8.65 10.00 

K1 (C) - 1.00 0.2 - - - - 8.8 10.00 

K2 - 1.00 0.2 0.15 - - - 8.65 10.00 

K3 - 1.00 0.2 - 0.15 - - 8.65 10.00 

K4 - 1.00 0.2 - - 0.15 - 8.65 10.00 

K5 - 1.00 0.2 - - - 0.15 8.65 10.00 

                (c): Control 

Characterization of taste-masked films 

1. Physical Appearance  

The dried films were visually examined for attributes such as transparency, smoothness, fragility, and peelability using the 

subjective visual analysis described in Table 2 below. 

Table 2 Subjective Film Characterization Parameter 

Parameter Characterization 

Transparency 
Subjective visual transparency (transparent/opaque) 

Subjective visual colour (white/yellow/brown) 

Smoothness 

(-) surface not uniform 

(+) surface uniform but found bubbles 

(++) surface uniform and no bubbles 

Fragility 
(--) Break when peel 

(-) Break in the middle 
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Parameter Characterization 

(+) Didn’t break but deformity happened 

(++) Peeled successfully 

Peelability 

(-) can’t be peeled 

(+) can be peeled but crack into pieces 

(++) can be peeled, still one piece but crack in the middle 

(+++) successfully peeled and have no crack at all  

Dry Weight Analysis 

The dried weight of each film was measured and compared to the theoretical dry weight to help identify any residual 

organic solvent in the film.[3] 

Thickness 

Five random spots were selected from the film for thickness measurement. Thickness was measured at five different 

locations for each spot: four at the corners and one at the centre of the film sheet. A manual micrometer (TEclock SM-112, Japan) 

was used to measure film thickness to the nearest 0.01 mm. [4] 

2. Moisture Content 

0.5 mg of the film was put on the moisture analyzer (Mettler Toledo HR83, America). The moisture content of the film 

was measured to make sure the organic solvent residue will be lower than 2%.[3] 

3. Folding Endurance 

A 3x1 cm section of the selected film was manually folded repetitively 100 times at the same location. The number of 

folds the film could endure before breaking was recorded as the folding endurance value. The test was performed in triplicate. [6] 

4. Fourier Transform Infrared (FTIR)   

FTIR spectroscopy was utilized to investigate the interactions between the materials used in the film. The analysis was 

performed using a Nicolet iS20 instrument (Nicolet Instruments, Madison, USA) in attenuated total reflectance/ATR mode, 64 

scans in the range 400–4,000 cm−1 at a resolution of 4 cm−1. The spectra were analyzed using the instrument's provided software.[6]  

5. Differential Scanning Calorimetry (DSC) 

DSC was used to assess the interaction of each compound of each film under several steps of temperature using a 

PerkinElmer Diamond DSC instrument (Shelton, CT, USA). Samples of each preferred film were prepared by weighing 5 mg of 

each using a Mettler Toledo™ Excellence Plus analytical balance (model no. XP 204). These samples were then sealed in 

aluminium crimped pans (Kit 0219–0062, PerkinElmer Instruments, Shelton, CT, USA) and heated in the range from 25-150°C at 

a rate of 5°C/min under a nitrogen gas with a flow rate of 30 mL/min. [7] 

RESULTS AND DISCUSSION 

Table 3 Film Characterization 

Parameter E1 E2 E3 E4 E5 K1 K2 K3 K4 K5 

Transparency 
Opaque, 

Yellowish 

Opaque, 

Yellowish 

Clear, 

Yellowish 

Opaque, 

Brownish 

Opaque, 

Brownish 

Opaque, 

Yellowish 
Clear Clear Clear Clear 

Smoothness ++ ++ ++ ++ + ++ ++ ++ ++ ++ 

Fragility -- -- + ++ ++ -- -- ++ - - 

Peelability + + +++ +++ +++ - + +++ ++ ++ 

Thickness 

(mm) 
N/A 0.41±0.04 0.23±0.01 0.27±0.04 0.25±0.03 N/A N/A 0.34±0.033 0.38±0.06 0.36±0.053 

Weight (gr) 1.34 1.06 1.1 1.02 1.06 1.24 1.06 1.02 1.1 1.06 

Moisture 

Content (%) 
0.32 0.43 0.23 0.22 0.23 0.42 0.88 0.85 0.95 0.92 

Folding 
Endurance 

- - ✓ ✓ ✓ - - ✓ - - 

* N/A = no thickness measurement due to film cracking 
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The characteristics of polymer films formulated with various plasticizers are summarized in Table 3. All samples displayed 

similar smoothness, thickness, and color consistency within each polymer group. E appeared as yellowish granules, while K was a 

colorless fine powder, consistent with prior reports.[9,10] Eudragit-based formulations showed compatibility with PEG-400, triacetin, 

and diethyl phthalate (DEP), with E3 and E5 passing the folding endurance test, although peeling resulted in film deformities, 

indicating mechanical limitations. In contrast, K demonstrated compatibility only with PEG-400, likely due to both substances' 

hydrophilic nature, which enhances miscibility. K films exhibited higher moisture content compared to their Eudragit counterparts. 

This behavior is attributed to the presence of vinylpyrrolidone units in K, which form hydrogen bonds with water molecules and 

increase moisture uptake[11]. On the other hand, E, composed mainly of hydrophobic methacrylate derivatives, showed lower 

affinity for moisture absorption. Although higher moisture content can improve flexibility and plasticization, it may compromise 

product stability, especially for moisture-sensitive compounds such as THC, where humidity exposure may lead to degradation, 

loss of potency, and reduced shelf-life. Based on mechanical performance, peelability, and fragility, two formulations—E4 

(Eudragit with triacetin) and K3 (Kollidon with PEG-400)—were selected for further study involving THC incorporation. 

Following film casting, Fourier-transform infrared (FTIR) spectroscopy was employed to evaluate the incorporation of 

THC within the polymeric matrix, by confirming the presence of THC-specific absorption bands. K3 and E4 samples exhibit 

distinct spectral characteristics indicative of THC. Two significant peaks were expected to be observed at specific wavenumbers: 

notably around 1740 cm⁻¹ and 1660 cm⁻¹[13], which are associated with the carbonyl and aromatic functional groups in THC, 

respectively. This finding shows that THC is incorporated during the solvent casting process. Considering the API was a plant 

extract, FTIR can provide valuable information for detecting THC in cannabis extracts, but the complexity and variability of the 

extract's composition may necessitate careful analysis and consideration of potential interferences from other compounds.  

 

Figure 2 DSC of E4 and K3 

As part of the film characterization, Differential Scanning Calorimetry (DSC) was conducted to determine the glass transition 

temperature (Tg) of the formulations. Understanding Tg is essential to optimize processing conditions and to ensure film stability 

THC 

Figure 1 FTIR result of cannabis extract, E4 and K3 
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during subsequent fluid bed as an active coating application. The DSC data revealed that K3 exhibited Tg of 29.25 °C, while E4 

demonstrated a comparable Tg of 29.36 °C. Notably, both compounds did not show any significant thermal events up to 135.3 °C 

where crystallization was observed for K3, indicating a distinct thermal behavior. Markedly lower than the Tg of the unmodified 

polymers (48 °C for Eudragit E-100 and 115 °C for Kollidon VA64)[11], indicating successful plasticization. The findings also 

suggest that E4 and K3 may tend to face a challenge with their operating conditions in pharmaceutical applications such as active 

coating. which typically involve elevated temperatures. This thermal characteristic necessitates stringent control of the coating 

process, as product temperatures exceeding the Tg could induce polymer chain mobility, leading to tackiness, particle 

agglomeration, and compromised film quality. It is therefore imperative that process temperatures are suggested to be maintained 

below the measured Tg to ensure discrete particle coating, consistent film formation, avoidance of operational issues, and protect 

heat- or moisture-sensitive actives such as THC.[14] Additionally, crosslinking agents or other stabilizing additives could be 

explored to increase the Tg and enhance the overall thermal stability of the films. 

CONCLUSION 

This study successfully developed taste-masked films incorporating cannabis extract, demonstrating favorable properties for 

an active coating. The findings underscore the importance of plasticizer selection in optimizing film characteristics, paving the way 

for more effective and palatable cannabis-based medicinal products. Although subjective analysis provided an initial evaluation of 

the thin film formulations, it is acknowledged that objective, instrument-based characterization is required to validate these 

findings. Future work should include more comprehensive physical, mechanical, and chemical analyses to establish reproducible 

and scientifically robust results. However, future challenges also include ensuring the long-term stability of these films and 

optimizing formulations for various pharmaceutical applications.  
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Abstract. Silymarin, a flavonolignan with antioxidant and anti-inflammatory properties, has limited water solubility and 

permeability, posing formulation challenges for dermal delivery. This study examines the influence of ethanol:chloroform solvent 

mixtures on the physicochemical characteristics of Span 60-based niosomes (cholesterol-to-surfactant ratio 7:3) prepared by thin-

film hydration. A solubility study identified ethanol:chloroform as a suitable solvent system, and ratios of 1:1, 2:1, and 3:1 were 

selected based on their polarity and volatility profiles. The resulting niosomes were characterized for particle size, polydispersity 

index (PDI), zeta potential, and percentage of supernatant-associated drug (%SA). Higher ethanol content led to reduced particle 

size and improved size uniformity, while zeta potential remained consistent across formulations. The 2:1 ethanol:chloroform ratio 

demonstrated the highest %SA, suggesting enhanced drug association under these conditions. These findings emphasize the role 

of solvent composition in tailoring niosomal formulations and may guide further development of silymarin-based dermal delivery 

systems. 

Keyword: Niosomes; Silymarin; Thin-Film Hydration; Solvent Ratio; Drug Delivery 

  

                                                                                  INTRODUCTION 

Niosomes are non-ionic surfactant-based vesicular systems that have gained significant attention in drug delivery due to their 

ability to enhance the solubility and stability of poorly water-soluble compounds[1]. These vesicles are composed of surfactants 

and cholesterol, which contribute to their structural integrity and controlled drug release properties[2]. Among various bioactive 

compounds, silymarin, a standardized flavonolignan extract from Silybum marianum, exhibits skin protective[3], antioxidant[4], 

and anti-inflammatory properties[5]. However, its poor water solubility and low permeability limit its therapeutic potential[6]. 

Encapsulation within niosomes offers a promising strategy to improve silymarin’s stability and enhance its delivery for dermal 

applications. 

Thin-film hydration is a widely used technique for preparing niosomes, allowing for efficient drug entrapment and controlled 

vesicle size[7]. The selection of solvents and their ratios plays a crucial role in film formation, vesicle characteristics, and drug 

association efficiency. Ethanol and Transcutol® have demonstrated high silymarin solubility, but only ethanol was suitable for 

thin-film formation. The ethanol:chloroform ratios (1:1, 2:1, and 3:1) were selected based on their complementary physicochemical 

properties and established use in niosome formulation. Ethanol dissolves hydrophilic compounds, while chloroform efficiently 

solubilizes lipophilic components like cholesterol and surfactants. Their combination ensures a homogeneous mixture for uniform 

thin-film formation. Chloroform’s high volatility supports rapid solvent removal, while ethanol's polarity and water miscibility aid 

in film hydration. A study by Cakir et al., 2024[8] also demonstrated the effectiveness of ethanol:chloroform mixtures in producing 

stable niosomes with desirable characteristics. The impact of ethanol:chloroform ratios on niosomal properties, such as particle 

size, polydispersity index (PDI), zeta potential, and supernatant-associated drug (%SA), remains an area of interest for optimizing 

formulation parameters. 

This study aims to investigate the effect of varying ethanol:chloroform ratios (1:1, 2:1, and 3:1) on the physicochemical 

properties of silymarin-loaded niosomes. The findings are expected to provide insights into the influence of solvent composition 

on niosomal characteristics, contributing to the development of more effective dermal drug delivery systems for poorly water-

soluble compounds. 

MATERIALS AND METHODS 

Materials  

Silymarin was received from Berlin Pharmaceutical Industry Co., Ltd. Sorbitan Stearate (Span 60) was purchased from 
Chanjao Longevity Co., Ltd. Thailand. Cholesterol was purchased from Sigma-Aldrich (St. Louis, USA). Methanol (HPLC grade), 

ethanol (AR grade), and chloroform (AR grade) were purchased from RCI Labscan (Thailand). Orthophosphoric acid 85% (AR 

grade, KEMAUS, Australia) and glass beads (3 mm, Germany) were purchased from CT Laboratory Co., Ltd. (Thailand). 

Methods  

1. Saturated solubility of silymarin by shake flask method[9] 

An excess amount of silymarin will be added to each solvent, including ethanol, methanol, Transcutol®, and chloroform. The 

mixtures will then be placed in a rotary shaker for 24 hours at 25°C. After this period, the solutions will be centrifuged at 3000 rpm 

and 25°C for 15 minutes. The supernatants will be analyzed for silybin A and B using the validated HPLC method. The solvent 

admin
Typewriter
11



 

with the highest solubility will be selected for preparing solvent mixtures that maximize silymarin solubilization and loading in the 

niosomes. 

2. Preparation of niosomes  

2.1 Thin film formation method modified from Thabet et al., 2022[7]   

Silymarin, surfactants, and cholesterol will be dissolved in a mixture of the selected solvent and chloroform in a round-bottom 

flask. The organic solvents will be evaporated under reduced pressure using a rotary evaporator with a water bath at 60°C and 70 

rpm for 2 hours, forming a thin film on the inner surface of the flask. The formation of the film will be documented with photographs 

to assess its appearance and completeness. Afterward, the flask will be sealed with parafilm and foil, then placed in a desiccator 

overnight. The dryness of the film will be documented with photographs before proceeding to the rehydration steps. 

2.2 Film hydration and Size reduction  

The thin film will be hydrated with PBS (pH 7.4), using a rotary evaporator in a water bath at 60°C for 1 hour. The rehydration 

solution will be documented with photographs and then subjected to microfluidization for size reduction of the niosomes, with 5 

cycles at 2000 bar. Photographs will be taken before and after overnight equilibration of the solution, followed by further 

characterization. 

3. Physical Characterization  

3.1 Appearance  

The thin film formation, niosome dispersion after rehydration, and microfluidization will be visually observed and 

photographed after preparation.  

3.2 Particle size and size distribution[10]  

Particle size and size distribution will be determined using dynamic light scattering (DLS) with a Malvern Zetasizer Nano ZS 

(Malvern Instruments, UK) to measure the average size (Z-Ave) and polydispersity index (PdI). Samples will be diluted with 

ultrapure water at a 1:100 v/v ratio, and all experiments will be conducted in triplicate at 25°C.  
3.3 Zeta potential[10] 

Zeta potential measurements will be conducted using a Malvern Zetasizer Nano ZS (Malvern Instruments, UK). Samples will 

be diluted with ultrapure water at a 1:100 v/v ratio, and all experiments will be performed in triplicate at 25°C.  

4. Chemical Characterization  

4.1 Silymarin content (mg/g) as Silybin A and B[11]   

After preparing the niosomal dispersion, the formulation was allowed to equilibrate at room temperature for 24 hours. A slight 

precipitation of silymarin was observed at the bottom of the container. To ensure accuracy and consistency, only the homogeneous 

upper phase of the dispersion was carefully collected and analyzed to determine the total silymarin content prior to centrifugation. 

The niosome dispersion will be quantified using a verified HPLC method at 288 nm after appropriate dilution with methanol. The 

silymarin content in the niosomal formulation was calculated to express the amount of silymarin (in milligrams) present in 1 gram 

of the niosome sample. The following equation was used: 

Silymarin content (mg/g) = (
𝐀𝐦𝐨𝐮𝐧𝐭 𝐨𝐟 𝐬𝐢𝐥𝐲𝐦𝐚𝐫𝐢𝐧 𝐥𝐨𝐚𝐝𝐞𝐝 (𝐦𝐠)

𝐓𝐨𝐭𝐚𝐥 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐧𝐢𝐨𝐬𝐨𝐦𝐞 𝐬𝐚𝐦𝐩𝐥𝐞 (𝐠)
) x 100 

     Where: 

• Amount of silymarin loaded (mg) refers to the actual amount of silymarin encapsulated or associated with the  

   niosomes. 

• Total weight of niosome sample (g) refers to the overall weight of the formulation sample, including both the  

   encapsulated silymarin and the other formulation components.   

4.2 Supernatant-Associated Drug (%) modified from Pandey et al., 2021[12] 

The niosomal dispersion was subjected to ultracentrifugation at 40,000 rpm for 30 minutes at 4 °C using a Hitachi CP100NX 

ultracentrifuge. Following centrifugation, the supernatant was carefully collected, diluted with methanol, and analyzed for 

silymarin content using a validated HPLC method at 288 nm. The total silymarin content was determined from the initial 

homogeneous dispersion prior to centrifugation. To evaluate the extent of drug association with vesicles in the supernatant, dynamic 

light scattering (DLS) was performed on the supernatant sample. A monomodal size distribution with a relatively broad 

polydispersity index (PDI) was observed. Based on these findings, the supernatant-associated drug (%) was calculated using the 

following formula: 

Supernatant-associated drug (%) = (
𝐒𝐢𝐥𝐲𝐦𝐚𝐫𝐢𝐧 𝐢𝐧 𝐬𝐮𝐩𝐞𝐫𝐧𝐚𝐭𝐚𝐧𝐭

𝐓𝐨𝐭𝐚𝐥 𝐬𝐢𝐥𝐲𝐦𝐚𝐫𝐢𝐧 𝐜𝐨𝐧𝐭𝐞𝐧𝐭
) x 100                                  

 Where: 

         • Silymarin in supernatant refers to the drug content measured in the supernatant after centrifugation, believed to be   

    primarily niosome-associated. 

         • Total silymarin content refers to the initial drug content in the full dispersion prior to centrifugation. 
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To further assess separation efficiency, centrifugation was repeated at 60,000 rpm for 3 hours under the same temperature 

conditions (4 °C). However, HPLC analysis indicated that silymarin was still present in the supernatant. 

Statistical analyses 

All experiments will be conducted in triplicate (n=3) and presented as the mean ± standard deviation. Mean values will be 

compared using one-way analysis of variance (ANOVA), followed by post-hoc Tukey's test for multiple comparisons. Statistical 

significance will be considered at p < 0.05, using SPSS software.  

 

RESULTS AND DISCUSSION 

Results and discussions 

Saturated Solubility of Silymarin in Various Solvents 

The saturated solubility of silymarin was determined in different solvents using the shake flask method. The solubility values 

at 25 °C were as follows: ethanol, 193.65 ± 5.16 mg/mL; Transcutol®, 193.46 ± 6.16 mg/mL; methanol, 107.60 ± 6.78 mg/mL; and 

chloroform, 2.37 ± 0.20 mg/mL. Silymarin exhibited the highest solubility in ethanol and Transcutol®, indicating their strong 

solubilizing effects. In contrast, silymarin showed very low solubility in chloroform, suggesting its limited affinity for nonpolar 

solvents. The high solubility of silymarin in ethanol and Transcutol® suggests their potential as co-solvents for thin-film formation 

in niosome preparation. The moderate solubility in methanol and low solubility in chloroform indicate silymarin’s partial lipophilic 

nature, with a preference for polar organic solvents over nonpolar ones. These findings provide valuable insights for selecting 

optimal solvents to enhance silymarin solubilization during thin-film hydration, thereby improving niosomal encapsulation 

efficiency. 

Preparation of silymarin loaded niosomes by thin film hydration method  

 
Figure 1. Visual comparison of niosome films at varying ethanol:chloroform ratios (1:1, 2:1, 3:1) before and after desiccation. 

The formation of the thin film at different ethanol:chloroform ratios was visually assessed and is shown in Figure 1. The 1:1 

ethanol:chloroform ratio yielded the most complete and quickly dried film, likely due to balanced solvent volatility. Higher ethanol 

ratios (2:1 and 3:1) slowed evaporation, requiring additional drying, supporting previous findings on solvent effects in film 

formation[13]. All formulations showed yellow silymarin residue, likely due to limited solubility or crystallization, but this did not 

impede film formation. Similar observations have been reported in phytochemical-loaded vesicles[14]. These results highlight the 

need to optimize solvent ratios for effective film quality and drug loading. 

Rehydration steps 

 
Figure 2. Niosome dispersions after microfluidization and overnight equilibration.  

      All niosome formulations (1:1, 2:1, and 3:1 ethanol:chloroform ratios) exhibited no precipitation of silymarin immediately 

after microfluidization. However, following overnight equilibration, silymarin began to precipitate in all formulations, as shown 

in Figure 2. This precipitation is likely attributed to the portion of silymarin that could not be encapsulated within the 

hydrophobic region of the niosomes. Upon exposure to PBS buffer (pH 7.4), the non-encapsulated silymarin, which is insoluble 

in the aqueous solution, precipitated out. To enhance the encapsulation efficiency and minimize drug precipitation, optimization 

of the niosome formulation is essential. This includes adjusting the surfactant-to-cholesterol ratio, employing appropriate 

hydration techniques, and incorporating stabilizers to prevent drug leakage. Addressing formulation variables and employing 

advanced preparation techniques may enhance drug encapsulation and stability in niosomal systems. 

Physicochemical Characterization of Silymarin-Loaded Niosomes 

The particle size, polydispersity index (PDI), zeta potential, silymarin content, and supernatant-associated drug (%) of 

silymarin-loaded niosomes were evaluated. The results are summarized in Table 1. 
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Table 1. Physicochemical Properties of Silymarin-Loaded Niosomes     

Solvent ratios 

(Ethanol:Chloroform) 
Particle Size (nm) PDI 

Zeta Potential 

(mV) 

Silymarin Content 

(mg/g dispersion) 

Supernatant-

Associated Drug (%) 
1:1 208.50 ± 10.26*,a 0.35 ± 0.02*,a -51.88 ± 3.77 0.37 ± 0.02*,a 83.40 ± 3.30a 

2:1 191.54 ± 7.11b 
0.31 ± 0.04b -53.02 ± 1.48 0.38 ± 0.01ab 87.70 ± 2.75**,b 

3:1 190.52 ± 5.96b 
0.29 ± 0.05b -53.60 ± 3.62 0.39 ± 0.01b 85.85 ± 0.85ab 

* p < 0.05, with the 1:1 group differing significantly from both the 2:1 and 3:1 groups.  

** p < 0.05, with the 2:1 group differing significantly from the 1:1 group but no significant difference between the 3:1 groups . 

Superscript letters (a, b) indicate statistically significant differences between groups in the same column (p < 0.05, one-way 

ANOVA with Tukey’s post hoc test). Values sharing at least one letter are not significantly different. 

Particle Size, PDI, and Zeta Potential 
The ethanol:chloroform ratio significantly influenced the particle size and polydispersity index (PDI) of the silymarin-loaded  

niosomes (Table 1). One-way ANOVA confirmed that the solvent ratio had a significant effect on particle size (p < 0.05). Tukey's 

HSD post hoc analysis further revealed that the 1:1 group was significantly different from both the 2:1 and 3:1 groups (p < 0.001), 

while no significant difference was observed between the 2:1 and 3:1 groups. This suggests that increasing the ethanol content 

beyond a 2:1 ratio does not further reduce particle size significantly. Similarly, the PDI decreased with higher ethanol content, 

indicating improved size uniformity. The differences were statistically significant (p < 0.05), with the 1:1 group differing 

significantly from both the 2:1 and 3:1 groups (p < 0.001), while 2:1 and 3:1 were not significantly different. These findings align 

with previous studies reporting that ethanol improves solubilization of lipids and surfactants, enhancing molecular dispersion and 

leading to smaller, more homogenous vesicles[14]. All formulations exhibited high negative zeta potential values, ranging from -

51.88 ± 3.77 mV to -53.60 ± 3.62 mV, indicating good electrostatic stability of the niosomes. Although there was a slight increase 

in the magnitude of zeta potential with higher ethanol content, the differences were not statistically significant (p > 0.05), suggesting 

that the solvent ratio did not substantially impact the surface charge of the vesicles. This is consistent with previous reports 

indicating that surfactant and cholesterol composition primarily dictate zeta potential rather than solvent system[15].               

       Silymarin Content  

       The amount of silymarin in the homogeneous upper phase of the dispersion showed slight variation across formulations, with 

the highest content observed in the 3:1 ethanol:chloroform ratio (0.39 ± 0.01 mg/g); however, this was not significantly greater than 

that observed with the 2:1 ratio, but it was significantly higher compared to the 1:1 ratio. These results suggest that increasing the 

proportion of ethanol enhances silymarin incorporation, although the effect plateaus beyond a 2:1 ratio. The observed silymarin 

content was lower than the theoretical amount based on the initial 0.05 g of silymarin used during formulation, indicating some 

loss of active compound throughout the preparation process. Analysis of silymarin content at different stages of production revealed 

that, after the rehydration step, the content ranged from 0.39 to 0.46 mg/g of dispersion. Following microfluidization, the content 

further decreased to approximately 0.38 mg/g. These findings suggest that silymarin loss occurred during both the rehydration and 

microfluidization steps, likely due to degradation, retention on equipment surfaces, or precipitation. Visual evidence of precipitation 

can also be seen in Figure 2, supporting the notion of drug loss during processing. 

Supernatant-Associated Drug 

The percentage of supernatant-associated drug was significantly influenced by the solvent ratio. The 2:1 ethanol:chloroform 

formulation exhibited the highest value (87.70 ± 2.75%). One-way ANOVA confirmed a significant effect of solvent ratio on the 

percentage of supernatant-associated drug (p < 0.05). Post hoc Tukey’s test revealed a significant difference between the 1:1 and 

2:1 formulations (p = 0.004), whereas no significant difference was observed between the 2:1 and 3:1 groups. These results suggest 

that ethanol-rich solvent systems enhance drug encapsulation, with the 2:1 ethanol:chloroform ratio emerging as the most favorable.

              

Despite the application of high-speed ultracentrifugation, complete separation of unentrapped silymarin from vesicle-

associated drug was not achieved. Even after extended centrifugation at 60,000 rpm for 3 hours, measurable amounts of silymarin 

remained in the supernatant. This suggests that the drug in the supernatant was likely retained within vesicles that were not 

sedimented. Several observations support this conclusion. Firstly, silymarin exhibits low aqueous solubility in the phosphate buffer 

used for rehydration, making it unlikely that substantial amounts of free drug remained in solution post-centrifugation. Secondly, 

the formulation contained minimal surfactant, reducing the likelihood of micelle formation. Lastly, dynamic light scattering (DLS) 

analysis of the supernatant revealed a monomodal particle distribution with a relatively broad polydispersity index (PDI), indicative 

of vesicular particles. By contrast, the supernatant from a control formulation containing silymarin with Span 60 alone (without 

cholesterol) showed a distinct peak at ~8 nm, suggesting micelle formation rather than niosomes (data not shown). 

Therefore, the drug quantified in the supernatant is presumed to be primarily encapsulated within niosomes that remained 

suspended due to incomplete sedimentation—a known limitation when separating small vesicles using standard ultracentrifugation 
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protocols. Accordingly, the percentage of supernatant-associated drug was used as a practical surrogate for encapsulated drug 

content, offering a more reliable and representative measure under these experimental conditions than traditional entrapment 

efficiency calculations.   

 

CONCLUSIONS 

The solvent composition significantly influences the formation and performance of silymarin-loaded niosomes. An increase 

in the ethanol proportion from a 1:1 to a 2:1 ethanol:chloroform ratio resulted in notable improvements in particle size, 

polydispersity index (PDI), silymarin content, and supernatant-associated drug percentage. However, further increasing the ethanol 

content to a 3:1 ratio did not yield additional significant benefits. These findings suggest that a 2:1 ethanol:chloroform ratio is the 

optimal solvent composition for producing stable and efficient niosomal formulations. 
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Abstract. Cannabidiol (CBD), a major phytocannabinoid present in Cannabis sativa, possesses multiple effective 

pharmacological activities, such as neuroprotective, cardioprotective and anti-inflammatory properties. However, its 

hydrophobic nature and rapid degradation mechanisms limit its clinical usefulness. Encapsulation of lipophilic 

compounds inside modified polymers with hydrophilic properties can improve the aqueous solubility and stability of 

drugs in specific environments. Therefore, this study focused on self-assembled poly N-isopropyl acrylamide 

(pNIPAM) grafted hyaluronic acid (HA) nanogels for encapsulating CBD. At the highest concentration 0.25 % w/w 

of HA-g-pNIPAM, encapsulation efficiency (% EE) of CBD 87.57 % was achieved compared to other two 

formulations 0.15 % w/w with 59.01 % EE and 0.1 % w/w with 44.4 % EE. Nanoparticle characterizations 

(morphology studies by a transmission electron microscopy, size measurement by a nanoparticle tracking analysis and 

dynamic light scattering, in vitro release study and stability were analyzed. Nanogel formulation increased the aqueous 

solubility and significantly raised the release rate at 37˚C over 25˚C due to thermos responsive activity. It was also 

more stable over formulation without polymer for 5 days. The profitable development of this nanogel will lead 

to modernized formulations that can be functionalized and adjusted for target drug therapy and controlled drug 

delivery of biomolecules and small molecules.  

Keywords: HA-g-pNIPAM; thermoresponsive; nanogel; controlled-delivery; CBD. 
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INTRODUCTION 

                  Hyaluronic acid (HA) is an abundant, ubiquitous biopolymer found in mammals that functions as an 

extracellular matrix to support cell viability, motility, metabolism and differentiation. HA also serves as a lubricant in 

synovial fluid of the joint and controls the homeostasis of the cartilage tissue. Due to its biocompatibility and 

biodegradability, HA is utilized as a drug carrier system for targeted controlled drug delivery system or tissue 

engineering. [1, 2] 

                   Cannabidiol (CBD) is the phyto cannabinoid isolated from Cannabis sativa and the recent studies has 

been confirmed their psychotic safety profile in comparison with other cannabinoids. CBD is consumed as promising 

therapeutic compound for analgesic, anti-convulsant, anti-inflammatory, neuroprotective, anti-oxidant, anxiolytics 

and anti-cancer activities. Even though CBD has high therapeutic potency, its efficacy has been limited due to its poor 

chemical stability such as photo and thermal sensitivity, low water solubility, deriving to reduce and poor 

bioavailability. Therefore, synthetic delivery routes are needed to provide effective CBD loaded delivery system and 

overcome its limitations.[3, 4] 

                  Several nanotechnology-based drug delivery systems such as liposomes, polymeric nanoparticles, 

micelles, solid lipid nanoparticles, macromolecular conjugates, liposomes and self-emulsifying drug delivery systems 

have been emerged for targeted and controlled drug delivery. These systems can promote pharmacokinetics, physical 

and chemical stability and therapeutic targeting of the active ingredient. Nanogels are nano size physically and 

chemically cross-linked networks with high surface area and water volume which are biocompatible and 

harmonizable.  Drugs are loaded into the particles via hydrogen bonding, van der waals and hydrophobic chemical 

bonding. Hydrophilic polymers are intended to carry hydrophobic drugs in the form of amphiphilic polymer and 

increase aqueous solubility and drug loading amount by preventing them from metabolic effects. Poly N-isopropyl 

acrylamide (pNIPAM) is a thermos responsive polymer with both hydrophilic (-CONH) and hydrophobic functional 

groups (-CH(CH3)2) and possesses lower critical solution temperature (LCST) at 32˚C. Below LCST, amide group 

incorporates water molecules and polymer becomes hydrophilic. Above the LCST temperature, hydrogen bond 

becomes weakened and the reaction mechanism of (-CH(CH3)2) getting stronger.  

                  Natural polysaccharides such as chitosan and hyaluronic acid (HA) are commonly used in nanoparticles 

due to their hydrophilicity, biocompatibility and biodegradability and can be conjugated with stimuli responsive 

polymers to create bipolar nanogels. Hyaluronic acid grafted poly N-isopropyl acrylamide (HA-g-pNIPAM) is a 

hydrophilic polymer which can provide not only hydrophilic but also hydrophobic drug loading and support 

biocompatibility and drug release under physiological environment as LCST is similar to body temperature 37˚C. 

LCST behavior HA-g-pNIPAM was successfully proved by Win et.al and Charoenkanburkang et.al in their study and 

also provided sharp size transitions directly related to concentration of polymer. They also indicated about stability of 

drug encapsulated inside polymer is more than that of free drug existence. Curcumin release increment along with 

temperature was also tested by Kaewruethai et.al and sustained release of drug at physiological condition had been 

confirmed. [1, 2, 5, 6]. In the present study, we discussed about thermos responsive HA-g-pNIPAM nanogel for CBD 

delivery with 0.25% w/w of polymer concentration. The characterization, efficacy and stability of polymer were 

provided. 
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                                                                   MATERIALS AND METHODS 

Materials 

               The 3.36 % w/v CBD containing Cannabis sativa ethanolic extract (CBD3E) (Genuine full spectrum flower 

extract) and lyophilized HA-g-pNIPAM were supported from Nabsolute Co.,ltd, Bangkok, Thailand. Acetonitrile 

HPLC grade was purchased from Lichrosolv, Merck co.,ltd, Germany and concentrated sulphuric acid (analytical 

grade) was from J.T.baker Co.ltd, USA and methanol (HPLC grade) were from Honeywell, Bangkok, Thailand.  

Method 

Preparation of CBD-loaded HA-g-pNIPAM nanogel 

                           Nanogel was prepared at three polymer concentrations of (0.1 % w/w, 0.15 % w/w and 0.25 % w/w) 

using a simple sonication method and kept at 4˚C overnight. 3 % w/w of polysorbate 20, 0.15% w/w of phenoxy 

ethanol and 0.01 % w/w of hemp extract were added to the polymer solution and stirred at 300 rpm till a clear nanogel 

was obtained.  The final product, nanogel, was then stored at 4˚C and named as CBD HA-g-pNIPAM 0.1, CBD HA-

g-pNIPAM 0.15 and CBD HA-g-pNIPAM 0.25. A control group without HA-g-pNIPAM was also prepared.   

Entrapment efficiency (% EE) and loading capacity (% LC) determination by HPLC 

                             CBD content was analyzed using Agilent 1260 infinity II HPLC with a Cancep C C18 column at 

UV detection wavelength 210 nm with reverse phase chromatography. The mobile phase was ACN and 0.1% sulfuric 

acid in water (68:32, v/v), with a flow rate of 1 ml/min at 25 ̊C. Absolute methanol was used as a solvent to dilute both 

standard and sample solutions. % EE was determined by centrifugal ultrafiltration using a 30 kDa membrane. CBD-

loaded nanogels were centrifuged at 14000 x g, then extracted with methanol for 1h and analyzed by HPLC.  

Thermal analysis and Morphology 

                           Polymer which gave highest encapsulation efficiency was used for below characterizations 

comparison with control group. The particle size distribution of control  and CBD HA-g-pNIPAM 0.25 were measured 

by dynamic light scattering (DLS) and nanoparticle tracking analysis (NTA) at 25˚C.  Blank nanogels were diluted 

2.3 times with ultrapure water (UPW), while CBD HA-g-pNIPAM 0.25 was diluted 200 times for DLS and 100 times 

for NTA. The morphology was examined by using transmission electron microscopy (TEM) with 0.5% (w/v) uranyl 

acetate.  

Stability study of drug loaded nanogels 

                                Drugg stability analysis was performed at 4 ̊C  as long term and 25 ̊C as accelerated study for one 

month according to ICH Q1A R2 guideline. 

 In vitro drug release study  

                    Sink condition was firstly determined by detection of solubility of CBD in sink media that contains 

phosphate buffer saline (PBS) pH (7.4) with 5% polysorbate 20. Drug release profile was analyzed by dialysis 

diffusion method by using 14kDa cellulose acetate membrane at 200 rpm inside incubator at 25 ̊C and 37 ̊C in sink 

condition. 10 ml of sample inside dialysis bag was put in 120 ml of sink condition. 1 ml of sample was collected at 

selected time intervals and analyzed by HPLC.  

Statistical analysis 

                         All experiments were performed in three replicates and statistically analyzed by one way anova using 

SPSS software.  

                                                              RESULTS AND DISCUSSIONS 

Entrapment efficiency and loading capacity determination by HPLC 

                    CBD-HA-g-pNIPAM 0.15 and 0.25 showed significantly higher %EE than CBD-HA-g-pNIPAM 0.1 

nanogel. It can be discussed that %EE was higher in nanoparticles prepared from higher polymer concentration. 

Nevertheless, %LC was significantly larger in nanogel formulation with lower polymer concentration 0.1% w/w as 
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CBD may not be completely soluble in 0.1% of nanogel and filaments are dispersed and stabilized by small nanogel 

concentration. %LC measurement was calculation based on mole of CBD that can be held by one mole of polymer, 

therefore mole division calculation can create higher number over 100 %.  [1]  

 Thermal analysis and Morphology  

                   LCST of HA-g-pNIPAM alone solution occurred sharp transition around 30˚C with around 1200 nm from 

600nm at 29 ˚C. Meanwhile CBD-loaded formulation showed a gradual size increment instead of distinct changes. 

This may be due to its high loading of additives and hydrophobic constituent in the formulation which can interfere 

with transforming behaviour of polymers. Win.et.al. study described comparably LCST disruption due to high asiatic 

acid content and Coughlan.et.al and Gandhi.et.al. also discussed salting out effect of hydrophobic ingredients which 

disrupted the swelling behaviour of the particles. The particle sizes from DLS aligned with measurement from NTA 

and TEM assays. For the TEM analysis, CBD-loaded nanogel particles showed well-defined spherical shape particles 

with around 200-500 nm in size, however, without CBD, particle size was only around 200 nm. From NTA analysis, 

CBD-loaded nanogel showed around 300 nm and drug free particles for 200 nm. By concluding all three analyses, 

loading of CBD into HA-g-pNIPAM can increase the particle size over polymer only nanoparticles due to 

incorporating of drug into hollow particles.  

     

(a)                                  (b)                                                (c)                                           (d)     

 (e)       (f) 

 

Figure 1. TEM images of self-assembled nanogel (a) 0.25% w/w HA-g-pNIPAM (b) CBD-HA pNIPAM 0.25% w/w 

and thermoresponsive action measurement by DLS (c) 0.25% w/w HA-g-pNIPAM (d) CBD-HA-g-pNIPAM 0.25% 

w/w (e) %EE and %LC determination (f) stability study at 4˚ C and 25˚ C. 

Stability study of drug inside nanogels 

The CBD-HA-g-pNIPAM 0.25 maintained significantly higher percentage compared to the polymer-free 

formulation at day 5 and day 30 at 25 ̊C significantly p value < 0.05 . The encapsulation HA-g-pNIPAM can protect 

the loaded CBD from environmental degradations. Both formulations showed degradation starting from day 10 and 

CBD levels dropped under detectable limits after day 30. At 4˚C, the degradation mechanism of both formulations are 

not significantly different as CBD was more stable at referigerated condition over room temperature. 

In vitro release study 

Drug release was observed at sink condition for 24 h. The result revealed that CBD could not release rapidly 

into media according to its preferences to inside formulation containing both HA-g-pNIPAM and 3% w/w Tween 20. 

Taboon et.al., discussed in their study that entrapment of CBD inside highly viscous oleolyl macrogoglycerides retard 

the drug release according to pore clogging and aggregation of surfactant molecules can also slow down abrupt release 

profile.  However, drug release by diffusion was faciliated by thermoresponsive action of the nanogel. High error bar 

indicated about higher standard deviation between replicates due to dynamic behaviour of nanogel which indicates 

CBD loaded nanogels LC (%) EE (%) 

CBD-HA-g-pNIPAM 0.1 1122.46±47.73** 44.4±4.48** 

CBD-HA-g-pNIPAM 0.15 1261.72±127.71 59.01±5.97** 

CBD-HA-g-pNIPAM 0.25 1424.65±143.74 87.57±3.72*** 

admin
Typewriter
19

admin
Typewriter



 

different release rate, however all replicates got larger mass release over 25 ̊C where as 25 ̊C showed only around 10 

to 20 ug and 37  ̊C showed nearly 30 to 130 ug. Only release profile from nanogel due to responsive factor was 

analyzed in this study instead of kinetic model calculations. [6] [7] 

                                                   

        Figure 2. In vitro release study of CBD loaded 0.25% w/w HA-g-pNIPAM at 25˚ C and 37˚C for 24 h 

                                                                               CONCLUSION 

                 Consumption of high polymer concentration 0.25 % w/w of HA-g-pNIPAM  in formulation can promote 

drug loading and solubility of CBD in water compared to lower polymer concentrations  and can provide 

thermoresponsive drug release at specific physiological condition. Therefore, it can be considered for future 

hydrophobic drugs formulations. 
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Abstract. Montmorillonite (MMT) is a type of smectite clay with a layered structure and interlayer spaces that can accommodate 

water, ions and organic molecules. When hydrated, MMT adsorbs water molecules, providing lubricity and plasticity, which could 

make it a suitable aid for pellet formation in the extrusion-spheronization process. In this study, MMT was used to prepare pellets, 

and the effects of binding liquids on the properties of MMT-based pellets were investigated. Pellets were formulated with 

metformin hydrochloride (MF), MMT, and Eudragit® L100 using two solvent systems: 1:2 ethanol-to-water and 1:2 ethanol-to-

10⁻⁶ M NaOH solution. The resultant pellets were characterized for surface morphology, particle size distribution, in vitro drug 

release in water, and molecular interaction using FTIR spectroscopy. Results demonstrated that both binding liquids successfully 

formed pellets, but the alkaline system produced a narrower size distribution and a smoother surface. Drug release exhibited a 

similar pattern, reaching a plateau after 30 min. After 3 h, cumulative drug release was approximately 36% for pellets prepared 

with the ethanol-water mixture, and 31% for those prepared with the ethanol-NaOH solution. Although the decrease in drug release 

was not statistically significant, the observed difference may be attributed to the deprotonation of Eudragit® L100’s carboxyl 

groups, facilitating interactions with MF. FTIR analysis supported this, showing the disappearance of the C=O stretching band in 

the alkaline-treated pellets, indicating carboxyl group dissociation under basic conditions. These findings highlight the feasibility 

of using MMT for pellet formation and the influence of binding liquid composition on pellet characteristics and drug release.  

 

Keywords: Extrusion; Montmorillonite; Pellets; Solvent; Spheronization 

 

INTRODUCTION 

Montmorillonite (MMT) is a clay mineral belonging to the smectite group. It consists of two-dimensional layered sheets 

stacked on top of one another, with interlayer gaps of approximately 1 nm (Figure 1 (a)). Each MMT layer carries a strong negative 

charge, which is balanced by exchangeable counterions, such as Na⁺, Ca²⁺, Mg²⁺, and K⁺. Recently, MMT has gained significant 

interest in drug delivery [1], particularly due to the potential formation of electrostatic interactions between the negative charges 

on the planar surface and cationic molecules, which may affect the overall performance, including drug release, of the drug delivery 

system. MMT, when wet, also has excellent swellability, lubricity, and plasticity [2], making it a potentially ideal aid in pellet 

formulation via the extrusion–spheronization process. As a major component in bentonite, MMT has been reported as an excipient 

in pellet formulation [3]. However, pelletization of MMT using water as a binding liquid resulted in stickiness due to excessive 

swelling of this material; subsequently, upon drying, the resultant pellets shrank [4]. These drawbacks may be overcome by 

modifying the polarity of the binding liquid properties through mixing water with a water-miscible organic solvent, such as ethanol, 

and the addition of a polymer to strengthen the pellet structure [5]. Eudragit® L100 is an anionic copolymer of methacrylic acid 

and methyl methacrylate (1:1) (Figure 1 (b)) that is soluble in ethanol and aqueous solutions with a pH greater than 6.5. In basic 

environment, the carboxyl groups can dissociate, forming an anionic moiety that interacts with cationic molecules. To our 

knowledge, no studies have investigated the effect of binding liquids containing an anionic polymer on the ability of MMT to form 

pellets and their impact on drug release. In this study, MMT was used to form pellets of metformin hydrochloride (MF) (Figure 1 

(c)), which was employed as a model cationic drug with high solubility (approximately 300 mg/mL) across a broad pH range of 

1.2 to 6.8. The drug was dissolved in either water or 10⁻⁶ M NaOH solution and added to pellet formulations resulting a difference 

in the alkalinity of the overall binding liquid in the wet mass. 

 

MATERIALS AND METHODS 

Materials  

The materials used in this study included a pharmaceutical-grade montmorillonite (MMT), Veegum® HS, purchased from 

Vanderbilt Minerals; metformin hydrochloride (MF) obtained from Harman Finochem Limited, India; Eudragit® L-100 supplied 

as a gift from Evonik (Thailand) Ltd.; sodium hydroxide and absolute ethanol (99.9%, EMSURE®) obtained from Sigma-Aldrich, 

UK. Ultrapure water was produced by Pacific TII 12 UV system (Thermo Scientific, Germany).  
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Figure 1. The structure of (a) montmorillonite modified from [6]; (b) Eudragit® L100; (c) metformin hydrochloride 

 

Methods  

Pellet preparation  

Pellets containing 10% MF, 90% MMT, and 5% Eudragit® L100 solutions were prepared with two solvent systems: 1:2 

ethanol-to-water (EtOH/H₂O) and 1:2 ethanol-to-10⁻⁶ M NaOH solution (EtOH/NaOH). Briefly, pellet formulations, as shown in 

Table 1, were processed through four main steps: wet mass preparation, extrusion, spheronization, and drying. Prior to preparing 

the wet mass, 20 g of MF was dissolved in either 75 g of water or 75 g of 10⁻⁶ M NaOH solution, and 10 g of Eudragit® L100 was 

dissolved in 38 g of absolute ethanol. The wet mass was prepared in a planetary mixer (Model 5K5SS, KitchenAid, USA) by 

mixing MMT with MF solutions for 10 min. Then, the polymer solution was added, and mixing continued for a further 10 min. 

Finally, a 1:2 ethanol-to-water or a 1:2 ethanol-to-10-6 M NaOH solution, corresponding to the ethanol-to-water (or 10-6 M NaOH 

solution) used in the polymer and MF solution, was added to adjust the consistency of the wet mass, and mixing continued for a 

further 2 min. The wet mass was then extruded using a screw extruder (Model EXKS-1, Fuji Paudal, Japan) equipped with 1 mm 

x 1 mm (diameter x length) dies. Extrudates were rounded on a 25 cm cross-hatched plate of a spheronizer (Aeromatic-Fielder, 

Type S320, England) at a speed of 170 rpm for 15 min. Resultant pellets were then dried in a hot air oven at 50 °C for 20 h.  

 

Table 1. Pellet formulation  

Composition Amount/per batch  Solvent systems 

EtOH/H₂O EtOH/NaOH 

MMT 180 g  - - 

MF 20 g  water (75 g) 10⁻⁶ M NaOH solution (75 g) 

Eudragit® L100 10 g  absolute ethanol (38 g) absolute ethanol (38 g) 

Final binding liquid  -  1:2 ethanol-to-water (40 g) 1:2 ethanol-to-NaOH (40 g) 

 

Pellet characterization 

Appearance and surface morphology of the dried pellets was examined using an optical microscope (Nikon Eclipse E200, 

Japan) at 4x magnification. A scale bar was added to the image using ImageJ software (National Institutes of Health, USA).  

Size distribution of pellets was determined using sieve analysis. A sieve shaker (Model FT-200M, Spain) equipped with 

sieves of varying aperture sizes (0.50, 0.71, 1.00, 1.18, 1.40, and 1.70 mm) was used. Eighty grams of pellets were mechanically 

vibrated for 10 min. The weight of pellets retained on each sieve was measured and expressed as a percentage of the total weight. 

Pellets between 0.71 and 1.00 mm were chosen for further characterization and dissolution testing. 

Fourier transform infrared (FTIR) spectra were acquired using a Nicolet iS20 spectrometer (Thermo Scientific, USA) in 

ATR mode. Each sample was scanned over the range of 400–4000 cm⁻¹ with 64 scans.  

In-vitro drug release from pellets was determined using a USP Apparatus II with a rotating paddle speed of 50 rpm in 900 

mL of ultrapure water, maintained at 37 ± 1 °C. For each vessel, 1 g of pellets, equivalent to 100 mg of MF, was tested. Aliquots 

of 10 mL were withdrawn at 5, 15, 30, 60, 120, and 180 minutes, and the drug concentration was determined using a UV–Vis 
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spectrophotometer (UV-1800, Shimadzu, Japan) at 233 nm. Dissolution was performed in triplicate, reported as mean ± SD. An 

independent two-tailed t-test (α = 0.05) was applied at 180 min using Microsoft Excel 2019.  

 

RESULTS AND DISCUSSION 

Pellet appearance and size distribution 

Pellets were successfully formed using both solvent systems, with generally round shapes. However, pellets formed with 

EtOH/NaOH had a smoother surface and better size uniformity, with approximately 75% in the 0.71–1.4 mm range, compared to 

about 55% for EtOH/H₂O (Figure 2 (a) and (b)). The superior appearance and uniformity may result from the better solubility of 

Eudragit® L100 in the mildly alkaline binding liquid (pH 6.6), compared to the more acidic EtOH/H₂O binding liquid (pH 5.3). The 

improved solubility of Eudragit® L100 likely facilitated the distribution of materials and contributed to better binding properties 

during pellet formation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Microscopic photographs (4x magnification) and size distribution of pellets formulated with (a) EtOH/H2O and (b) 

EtOH/NaOH 

 

Drug release  

The drug release profiles of both pellet types were similar, with a gradual initial release reaching a plateau after 30 min. After 

3 h, the cumulative release was approximately 31% for pellets formed with EtOH/NaOH and 36% for those produced with 

EtOH/H₂O, with a p-value of 0.06, indicating no statistically significant difference between the two formulations. Incomplete drug 

release was observed in both cases, likely due to the high proportion of MMT in the formulation, which behaved as a matrix, 

hindering drug diffusion. Additionally, the cationic MF may adsorb with the negatively charged surface of MMT’s layered 

structure, forming a composite structure that further limited drug release [7].The cumulative drug release from pellets from the 

more alkaline system was slightly lower. This may be explained by greater ionization of Eudragit® L100 in EtOH/NaOH, leading 

to stronger interactions with MF or MMT, forming a denser matrix that lowered the drug release. As reported by Rebitski et al. MF 

release from the MF-MMT composite varies with pH, typically showing higher release under acidic conditions [8]. In this study, 

dissolution testing was performed only in deionized water, which may not fully represent the gastrointestinal environment. 

Therefore, further studies using simulated gastric and intestinal media with varying pH and ionic strength are recommended.  
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Figure 3. Drug release profiles of pellets formulated with EtOH/H2O and EtOH/NaOH (mean ± SD, n =3) 

FTIR Spectra  

The FTIR spectrum of MF exhibited characteristic N–H stretching peaks at 3385.79 cm⁻¹ and 3309.42 cm⁻¹, as well as C=N 

stretching bands from the imine groups at 1631.18 cm⁻¹ and 1554.07 cm⁻¹[9] (Figure 4 (a)). For MMT, a small peak at 3644.95 

cm⁻¹ corresponded to the O–H stretching of silanol groups [10], while a weak band at 1645.29 cm⁻¹ indicated O–H stretching of 

adsorbed water[11], and the peak at 1005.38 cm⁻¹ was attributed to a strong Si–O–Si stretching  [12]. A distinct peak corresponding 

to the carbonyl (C=O) stretching of Eudragit® L100 was observed at 1721.86 cm⁻¹. In pellets prepared using EtOH/NaOH as the 

binding liquid, this peak disappeared, whereas in those treated with EtOH/H₂O, it remained visible but showed a slight upward 

shift to 1726.69 cm⁻¹. The disappearance of the C=O peak could be attributed to the deprotonation of the carboxyl group in 

Eudragit® L100, forming carboxylate anions (COO⁻), which may subsequently form ionic interactions with the protonated amine 

groups of MF (Figure 4 (b)). This interaction can disrupt the resonance of the C=O bond, effectively diminishing its double bond 

character in the FTIR spectra. A similar disappearance of polymeric C=O stretching due to ionic interactions with basic drug amine 

groups such as MF has been reported in previous studies [13]. In pellets of the EtOH/H₂O system, the observed shift of the C=O 

band to a higher wavenumber may result from weaker hydrogen bonding interactions [14]. Unlike the more alkaline EtOH/NaOH 

solution, the EtOH/H₂O binding liquid is likely insufficient to deprotonate the carboxyl groups of Eudragit® L100, thereby 

minimizing ionic interactions and preserving the C=O bond character.  

 

 

 

 

Figure 4. (a) Overlay FTIR spectra of pellets; (b) Proposed ionic interaction between metformin HCl (MF) and Eudragit® L100 
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CONCLUSIONS 

This study investigated the effects of binding liquid composition on the formation of montmorillonite-based pellets containing 

metformin hydrochloride and Eudragit® L100. Both ethanol-to-water and ethanol-to-NaOH solutions successfully formed pellets, 

with the alkaline system yielding a narrower size distribution and smoother surface. The performance of pellets, in terms of drug 

release from both formulations can be attributed to the deprotonation of the carboxyl groups in Eudragit® L100 under basic 

conditions, which facilitates ionic interactions with metformin and alters the polymer's characteristics. Overall, MMT proves to be 

a promising excipient for pellet formation. The findings underscore the importance of binding liquid composition in modifying the 

properties of montmorillonite-based pellets and the release behavior of the cationic drug in water. Further studies may explore the 

influence of the formulation variables on the long-term stability and manufacturing scalability of these pellets. In addition, due to 

MMT’s high adsorption capacity and its potential for ionic interactions with various compounds, the practical application of MMT-

based pellets requires that the effects on drug release and bioavailability under environmental challenges in the gastrointestinal 

tract, such as variations in pH, ionic strength, food components, and co-administered drugs, should be carefully considered and 

systematically evaluated.   
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Abstract. Butyric acid, a fatty acid, played a role in colorectal cancer and was selected to target the free fatty acid receptor (FFAR) 

which was often overexpressed on colorectal cancer cells. This study aimed to optimize the preparation process of butyric acid 

(BA)-conjugated hyaluronic acid (HA)-based nanoparticles (NPs) for targeted curcumin (CUR) delivery. The process optimization 

involved the sequence of conjugation of BA to HA under varying conjugation times. The effect of HA:BA ratios was also 

investigated. Chemical conjugation was used as a method for attaching BA and CUR to HA. The physical properties including 

size, size distribution, zeta potential and conjugation efficiency, were evaluated. HPLC-DAD was utilized to analyze the 

conjugation efficiency of both BA and CUR. All developed NPs had sizes ranging from 20-200 nm with polydispersity index (PDI) 

less than 0.5 and zeta potential between -25 to -60 mV. The conjugation efficiencies were found to be approximately 40-70% across 

all formulation for CUR and 20-30% for BA. Interestingly, larger particle size, less negative surface charge and higher CUR 

conjugation efficiency were found when CUR was first attached, while different conjugation times did not influence characteristics 

of NP. In conclusion, the study exhibited the impact of conjugation times, conjugation sequence and HA:BA ratios on the properties 

of NPs. These findings provided insights for optimizing HA-based nano-formulations for targeted colorectal cancer therapy. Further 

study on drug release, cytotoxicity and cellular uptake are necessary. 

Keywords: Butyric Acid, Hyaluronic Acid, Curcumin, Nanoparticles, Conjugation 

 

INTRODUCTION 

Colorectal cancer (CRC), a life-threatening disease, was the 3rd most diagnosed and 2nd fatal disease among all cancers. 

Interestingly, lipid reprogramming in CRC cells was beneficial in facilitating the developing systems to deliver anti-cancer agents 

targeted to the uncontrollably overgrowing cells [1]. Fatty acid, including butyric acid (BA), normally served as an energy source 

for colon cells, played an important role as fuel in driving cancerous cell progression through the butyrate paradox effect [2,3]. 

Taking advantage of the CRC’s dependency on fatty acids for growth and survival, BA could be used as a specific ligand in drug 

delivery system via the interaction to its free fatty acid receptor (FFAR) 1 and 2 [2].  

Hyaluronic acid (HA)-based nanoparticles (NPs) were widely used in various pharmaceutical formulations especially for 

targeted drug delivery in cancer therapy [4]. HA is well-known for its biocompatibility, biodegradation and non-immunogenicity 

[4]. Moreover, the specific interaction between HA and CD44, which was commonly overexpressed on the surface of many cancer 

cells [5], supported both passive and active targeting strategies of HA-NPs [6]. HA was also an optimal polymer for conjugation 

with cytotoxic agents and targeting ligands. From the high lipid energy demand in CRC and the advantages of HA including 

improved physiological stability and enhanced solubility of curcumin (CUR) [1,7], BA-conjugated HA-based NPs were considered 

a good candidate for increasing specificity of CUR delivery in CRC therapy. However, there is no scientific research using both HA 

and BA as dual ligands in the literature. Therefore, this study aimed to optimize the preparation process of BA-conjugated HA-based 

NPs for targeting CUR delivery under varying BA concentration, reaction times and conjugation sequence. The previously reported 

simple conjugation method for HA-CUR was adapted and modified for application in the more complex HA-BA-CUR systems [7]. 
 

MATERIALS AND METHODS 

Materials  

Hyaluronic acid (Mw 1,000 kDa) was purchased from Shanghai Huiwen Biotech Corp., Ltd., China. Butyric acid (≥ 99.9%), 

1,3-dicyclohexylcarbodiimide (DCC) and curcumin were obtained from Sigma Aldrich, China. 4-dimethylaminopyridine (DMAP) 

was sourced from Sigma Aldrich, USA.  Methanol (HPLC grade) from LiChrosolv®, Germany, was used as a diluent for sample 

preparation for HPLC analysis. Acetonitrile (HPLC grade) from LiChrosolv®, Germany, and potassium dihydrogen phosphate 

(KH2PO4) from Loba Chemie Pvt. Ltd., India were used as mobile phase components.  
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Methods  

Preparation of nano-formulation from HA BA and CUR conjugates  
In the first sequence BA was conjugated prior to CUR. HA (40 mg) was dissolved in a 1:1 (v/v) mixture of H2O: DMSO to 

reach the concentration of 0.2 %w/v. BA was activated by DCC and DMAP at a molar ratio of 1:0.1:0.01, respectively, and mixed 

at 50 °C for 24 h. The activated BA was then added to HA solution to achieve a molar ratio of HA:BA in 1:10,000. The mixture 

was constantly shaken at 60 °C. Varying reaction times (2, 4 and 6 h) were determined. In the next step, HA was also activated by 

adding DCC (25 mg) and DMAP (10 mg). The solution was stirred for 1 h and 12.5 ml of 6 mM curcumin in DMSO was slowly 

added. The reaction was carried out at 60 °C for an additional 6 h to obtain HA-BA-CUR solution. A reverse conjugation sequence, 

HA-CUR-BA, was also prepared using the previously mentioned method, but CUR was conjugated before BA. All formulations 

were incubated and shaken under a nitrogen atmosphere using an incubator shaker (IKA® Works (Thailand) Co. Ltd., Thailand). 

Additionally, HA:BA molar ratios of 1:5,000 and 1:7,500 were also formulated. The resulting conjugated solutions were dispersed 

in aqueous medium using sterile water for injection (SWI) to form micellar NPs. Final solutions were purified from unreacted 

materials by centrifugation using an Amicon® stirred cell (Merck KGaA, Germany) (MWCO = 100,000 Da).   

Characterization of prepared NPs 

Particle size, polydispersity index (PDI) and zeta potential were characterized by dynamic light-scattering technique (Zetasizer, 

Malvern US). Formation of particles was confirmed by photographing with nano-tracking analyzer (NanosightPro, Malvern US). 

The conjugation efficiency of both BA and CUR onto HA was evaluated by HPLC-DAD (Nexera LC-40 series, Shimadzu Japan) 

using a gradient elution system. The chromatographic conditions for the measurement of free BA and CUR are detailed in table 1. 

Drug conjugation efficiency (DCE) was calculated according to the following equation. 

 

DCE (%) = (Ct-Cs)/Ct x 100 

 

where Ct represented the total drug concentration in formulation, and Cs referred to the concentration of the unconjugated (free) drug. 

 

Table 1. Chromatographic conditions and gradient elution system. 

HPLC parameters Detailed conditions 

Column  ACE 5 C18-AR (250 x 4.6 mm id) 

Flow rate  1.0 ml./min 

DAD detection 210 nm for BA and 423 nm for CUR determination  

Injection volume  20 µl  

Run time 60 min 

Mobile phase A = Acetonitrile and B = KH2PO4 10 mM pH 2.4  

 Time (min) Mobile phase A (%) Mobile phase B (%) 

 0 5 95 

 15 5 95 

 20 50 50 

 40 50 50 

 45 5 95 

 60 5 95 

 

RESULTS AND DISCUSSION 

Results  

HA-based formulations were successfully synthesized using the conjugation method. The unconjugated materials, free BA and 

CUR, were collected and diluted 10-fold with methanol. The unconjugated BA and CUR were determined quantitatively using 

HPLC-DAD. Different BA amounts yielded comparable conjugation efficiencies (Table 2). The HA:BA molar ratio of 1:10,000 

was selected for further study due to its highest efficiency. The percentage of conjugation of BA remained consistent across all 

formulations, regardless of reaction time and conjugation sequences for HA-BA conjugates (Table 3). However, CUR showed 

interesting results. The conjugation efficiency of CUR was similar among different reaction times but differed between HA-CUR-

BA and HA-BA-CUR sequences. The strategy of conjugation CUR prior to BA resulted in higher efficiency compared to the 

beginning with the conjugation of HA-BA. There was approximately 70.96-73.07 % conjugation for HA-CUR-BA, while 46.40-

51.62 % was observed for HA-BA-CUR.  
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The size of NPs, PDI and zeta potential were summarized in Table 3. The conjugated solutions were dispersed in SWI to form 

NPs. Various dilution factors (25-, 50- and 100-fold) were performed. The particle size tended to decrease with increasing dilution, 

while the PDI also showed a declining trend. The particle size and PDI seemed constant at the above 100-fold of the dilution factor. 

A lower PDI indicated a narrower size distribution meaning that the particles were closer to being monodispersed [8]. This result 

reflected a more representative estimation of the actual particle size across the population. The 1:100 dilution was then selected, as 

it provided the lowest PDI values for both HA-BA-CUR and HA-CUR-BA ranging from 0.19 to 0.39. The result showed that the 

size and zeta potential of developed NPs were not different between each reaction times of HA-BA conjugates (Table 3). HA-CUR-BA 

exhibited a larger size compared to HA-BA-CUR, while the zeta potential of HA-CUR-BA was less negative than that of HA-BA-CUR.  

 

Table 2. Conjugation efficiency of BA onto HA 

 

Formulations 
Conjugation 

times (Hour) 

BA conjugation 

efficiency (%) 

HA-BA (1:5000) 2 18.33  

HA-BA (1:7500)   2 15.48  

HA-BA (1:10000) 2 24.71 

 

 

Table 3. Particle size, PDI, zeta potential and conjugation efficiency of developed NPs 

Formulations 
Conjugation 

times (Hour) 

Size* (nm) PDI* Zeta potential* 

(mV) 

BA conjugation 

efficiency (%) 

CUR conjugation 

efficiency (%) 

HA-CUR-BA  2 160.56 ± 9.22 0.30 ± 0.06 -29.24 ± 4.58 26.44 ± 1.54 72.94 ± 0.10 

HA-CUR-BA 4 163.00 ± 2.29 0.37 ± 0.05 -31.54 ± 0.75 25.34 ± 0.95 70.96 ± 0.10 

HA-CUR-BA  6 159.00 ± 2.77 0.39 ± 0.04 -31.72 ± 2.13 25.04 ± 0.05 73.07 ± 0.07 

HA-BA-CUR 2 104.10 ± 1.36 0.19 ± 0.01 -50.22 ± 1.50 26.22 ± 1.28 46.40 ± 0.17 

HA-BA-CUR 4 99.79 ± 3.02 0.20 ± 0.01 -49.14 ± 1.10 27.29 ± 2.51 51.62 ± 0.12 

HA-BA-CUR 6 99.20 ± 1.98 0.20 ± 0.01 -45.97 ± 1.08 26.32 ± 1.35 51.23 ± 0.26 
 

*NPs were carried out at a 100-fold dilution.  

 

Confirmation of HA-based nanoparticles forming as prepared in this study was conducted utilizing capturing images by nano-

tracking analyzer as illustrated in Figure 1. The size of NPs used in targeted drug delivery was a vital factor to be considered. NPs 

could extravasate through the fenestrated vasculature surrounding tumor, where endothelial gaps typically ranged from 200-800 

nm and they could be unable to permeate through normal vessels (2-4 nm) for serving passive targeting strategy [9]. Moreover, the 

excessively small NPs would be excreted via renal clearance (threshold 6-8 nm), while too large NPs would be eliminated by 

reticuloendothelial systems (RES) (threshold >500 nm) [9]. The formulated NPs had sizes ranging from 99.2-210.2 nm across all 

dilution folds, which aligned within the optimal size range of approximately 20-200 nm, indicating that they would not be destroyed 

through renal clearance or RES and ensuring the optimal circulation time [10].  

  
Figure 1. A: Captured image of HA-BA-CUR NPs (with HA-BA conjugation time of 2 h) at a 1000-fold dilution, obtained using 

a nano-tracking analyzer, B: Size distribution peak of HA-BA-CUR NPs (with HA-BA conjugation time of 2 h) at a 100-fold 

dilution analyzed using a zetasizer. 

A. B. 
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Discussions 

The size of HA-CUR-BA was larger than that of HA-BA-CUR, which corresponded to the higher CUR conjugation efficiency 

in the HA-CUR-BA sequence (Table 3). Zeta potential, which represents the surface charge of NPs, was found to be less negative 

in the HA-CUR-BA formulations. The results were also consistent with their higher percentage of conjugation (Table 3). The 

conjugation of BA and CUR on the HA backbone was based on the esterification reaction. The carboxylic acid of BA interacted 

with the hydroxyl of HA, while the hydroxyl of CUR reacted with the carboxylic acid of HA [7,11]. The negative charge on NPs 

surface originated from the activated carboxylic acid on the HA polymer [12]. The zeta potential shifted to a less negative value as 

the percentage of CUR conjugation increased. This finding was due to a greater number of carboxyl groups on HA being utilized 

to form ester bonds with the hydroxyl groups of CUR, thereby reducing the amount of HA's free carboxyl groups available. Thus, 

it led to a reduction in the negative surface charge. However, all formulations exhibited highly negative zeta potentials ( -30 mV) 

indicating sustained stability [13].  

Conjugation efficiency of CUR in HA-CUR-BA was higher in comparison to HA-BA-CUR. Due to the structure of CUR, it 

likely caused stronger steric repulsion to BA-preconjugated HA than BA, which was smaller, and thus induced less steric force to 

CUR-preconjugated HA [14]. It resulted in a lower percentage of CUR conjugation when it was attached onto HA after BA. In 

contrast, a consistent BA conjugation efficiency was observed in both sequences, likely due to the smaller size of BA, which may 

have been less affected by steric forces and more capable of interacting with HA.  

The predicted 3D structures of HA-BA and HA-CUR conjugates (Figure 2) suggested that prior conjugation with BA created 

a narrower space between the BA molecule and HA’s carboxyl group compared to the larger distance between the CUR molecule 

and HA’s hydroxyl group when CUR was first conjugated. These findings supported the idea that when BA was conjugated first, 

it became more difficult for CUR to access its interaction site. Conversely, BA more easily accessed its binding site when HA-

CUR had been previously formed.  

Furthermore, the previously attached ligands on HA could have caused stronger steric hindrance, making it more difficult for 

subsequent ligands or reagents to access the HA’s functional groups [15]. In the conjugation of HA-CUR, DCC, which was used 

as a coupling reagent, interacted with the carboxyl group of HA to form an O-acylisourea intermediate, which was highly reactive 

toward CUR’s hydroxyl group [16]. The previously attached BA could have also sterically hindered HA’s carboxyl group from 

interacting with DCC. Even if DCC was able to access the HA site, the presence of BA could still have interfered sterically with 

the reactive intermediate, thereby reducing the amount of CUR that reacted. In contrast, during the conjugation of HA-BA, DCC 

interacted with the carboxyl group of BA. The highly reactive intermediate could form via the freely available BA molecule without 

interference from other ligands, thereby allowing easier interaction with HA. 

 

 
Figure 2. A: The predicted 3D structure of HA-BA conjugates and B: The predicted 3D structure of HA-CUR conjugates (2D 

structures were initially drawn by SwissDrugDesign and subsequently converted to 3D using NovoPro. The conjugated structures 

of BA or CUR onto HA monomer were then analyzed using BIOVIA Discovery Studio Visualizer 2024) 

 

CONCLUSIONS 

The sequence of conjugation played a vital role in the formulation of butyric acid (BA)-conjugated hyaluronic acid (HA)-

based nanoparticles (NPs) for targeted curcumin (CUR) delivery. The impact of the parameter affected physicochemical properties 

of prepared NPs including particle size, zeta potential and conjugation efficiency. The addition of CUR prior to BA resulted in 

larger particle size, a less negative surface charge and higher percentage of CUR conjugation. Conversely, varying reaction times 

A. B. 
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did not affect any of the measured NPs’ properties. The FT-IR and/or NMR spectrum should be performed for the confirmation of 

ester bonds between HA, BA and CUR. These findings provided insights for optimizing HA-based nano-formulations for targeted 

colorectal cancer therapy. Further studies on drug release, cytotoxicity in CRC cell line and cellular uptake are necessary. 
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Abstract. This study aimed to develop a convenient pain relief stick utilizing diclofenac sodium (DS) as the active ingredient. To 

enhance absorption and provide a cooling effect, a eutectic mixture system was incorporated, consisting of menthol (M) and 

camphor (C) in a 1:1 ratio. A 1% DS formulation was prepared using an oleaginous base composed of cetyl alcohol (CA), stearic 

acid (SA), soft paraffin (SP), beeswax (B), and propylene glycol (PG) in varying concentrations. The formulation process involved 

heating and solidification before molding into six different variations.  Physical evaluations, including hardness, weight variation, 

and stickiness tests, identified the optimal formulation containing 1.00% DS, 24.55% CA, 24.55% SA, 24.95% SP, 11.98% PG, 

9.98% B, 1.50% M, and 1.50% C. This formulation exhibited superior physical properties, with a hardness of 0.70 ± 0.14 N, a 

weight of 3.31 ± 0.06 g, and minimal stickiness. Content uniformity analysis via HPLC confirmed a label claim percentage of 99.36 

± 5.29% per stick.  IR spectroscopy revealed no interactions between the active drug and the base components. Additionally, X-

ray powder diffraction may not have detected crystalline structures, possibly due to the low drug concentration or instrument 

limitations. Drug release studies, conducted using USP Apparatus V with a phosphate buffer medium at pH 5.5, showed a release 

of 5.73 ± 0.48% within 60 minutes. Further refinement of the eutectic system may be necessary to improve drug release efficiency. 

 

Keywords: Pain relief stick; Diclofenac sodium; Eutectic mixture; Formulation; Drug release   

 

INTRODUCTION 

Diclofenac is one of the widely used non-steroidal anti-inflammatory drugs (NSAIDs) for treating pain and inflammation. It 

is commonly used in the form of its sodium salt due to its better solubility. Although diclofenac sodium (DS) is well absorbed in 

the stomach, it may cause irritation to the gastrointestinal tract [1]. This side effect can be avoided by administering the drug 

through the skin.   Currently, topical 1% DS products are available in the form of creams or gels packaged in tubes [2]. The 

development of drugs with new drug delivery systems (NDDS) could enhance drug safety and effectiveness, allowing for rapid 

action, ease of use, and affordability [3]. One approach to this development is formulating drugs in stick form, which offers practical 

benefits, including convenience for daily use and portability [3]. Additionally, stick formulations can be carried on airplanes, as air 

travel regulations restrict the amount of liquid products allowed and impose weight limitations on luggage. The stick formulation 

in this study were based on a preliminary study using standard lipstick formulations with an oleaginous base to provide structural 

solidity. Moreover, a previous report has found that eutectic substances can enhance transdermal absorption [4]. Therefore, eutectic-

forming substances are incorporated into the formulation in this study. Various substances can be used to create eutectic mixtures; 

however, it has been found that a 1:1 ratio of menthol and camphor forms a complete eutectic mixture while also providing a 

cooling effect on the applied area [5]. Thus, the objective of this study is to develop a 1% DS stick formulation with desirable 

properties as an alternative to existing dosage forms. 

 

MATERIALS AND METHODS 

Materials  

  DS standard and raw material were kindly supported by Medicine Supply Company, Thailand.     CA, SA, SP, PG, B, M, C, 

Ethyl alcohol, Phosphoric acid, Monobasic sodium phosphate, Potassium dihydrogen phosphate AR grade, Disodium hydrogen 

phosphate, Methanol AR grade were purchased from SIGMA by PC Drug Center company as a distributor.  The HPLC-grade 

methanol and acetonitrile were purchased from Merck (Darmstadt, Germany). All other chemicals and solvent used were of 

analytical grade. High purity water was prepared by using a Milli-Q RO system (Millipore, Bedford, MA, USA). 

       

Methods  

  Formulation Preparation Procedure 

To develop the formula, preliminary experiments were conducted based on the principles of lipstick formulation and 
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prior literature, as cited in references [3-5]. It was observed that increasing the amount of eutectic substance in the initial stage 

led to reduced solidification of the stick. Consequently, the amount of eutectic substance was limited to 3%. The DS stick was 

prepared using a preliminary formula containing 1.00% DS, along with CA, SA, SP, PG, B, M, and C. In the preparation process, 

M and C were mixed together in a beaker until they became a liquid. DS was then added to this mixture to form a liquid. This 

liquid was subsequently combined with the liquid part that is the base at a temperature of 60°C. The resulting liquid mass was 

poured into a lipstick mold and allowed to solidify. The stick was obtained by removing the solid mass from the mold. The 

formulation details are shown in Table 1. 
 

  Table 1. The formula of DS sticks (% by weight) 

Ingredients F1 F2 F3 F4 F5 F6 

DS 1.00 1.00 1.00 1.00 1.00 1.00 

CA 26.95 21.96 31.93 26.95 29.54 24.55 

SA 26.95 21.96 31.93 26.95 29.54 24.55 

SP 29.94 29.94 19.96 19.96 24.95 24.95 

PG 11.98 11.98 11.98 11.98 11.98 11.98 

M 1.50 1.50 1.50 1.50 1.50 1.50 

C 1.50 1.50 1.50 1.50 1.50 1.50 

B 0.00 9.98 0.00 9.98 0.00 9.98 

 

Physical Appearance Evaluation 

The formulation's color and external physical characteristics, such as greasiness, smoothness, stickiness, and adhesion 

to the skin, were assessed through sensory perception and visual inspection. 

Weight Variation 

The study involved randomly selecting three sticks per formulation. Each stick was weighed, and the measurements 

were recorded. The recorded weights were then compared with the average weight to assess weight variation with standard 

deviation. 

Hardness 

  The hardness of the samples was measured in Newtons (N) using a Texture Analyzer. A higher force reading indicated 

greater hardness. Three samples from each formulation were tested. The procedure was as follows: The “T.A. Exponent 32” 

program was opened, and the force was calibrated using a 2 kg weight until the display showed a current weight of 0 kg. A needle-

type probe was selected and connected to the adaptor, which was then attached to the Texture Analyzer. The height was calibrated 

to define the distance between the probe and the sample base. Hardness measurements were performed by pressing the probe onto 

the surface of each sample at three distinct and evenly spaced positions. The resulting force was recorded in Newtons (N). 

Uniformity of Drug Content 

This test determined the content of DS in a single stick formulation. Ten sticks were randomly selected and extracted 

for drug content measurement using High-Performance Liquid Chromatography (HPLC) under specified analytical conditions. 

In Vitro Dissolution Test 

The Paddle over-disc model (USP apparatus V) was applied for determination of a release of DS stick. The medium of 

this study was 500 mL of phosphate buffer pH 5.5 at temperature of 32 C. The sample was analyzed by HPLC to determine the 

percentage drug release of DS using the standard curve method. The average amount of DS released was calculated from triplicate 

measurements. 

Chemical Analysis 

Instrumentation and chromatographic conditions 

The HPLC-DAD system consisted of an Agilent 1100 series pump, an on-line solvent degasser (Model G1311A), an 

autosampler (Model G1313A), a photodiode-array detector (DAD) (Model G13158) and a Chemstation software Version A.08.01 

(Agilent Technologies, USA). A reversed-phase column, 250 mm4.6 mm packed with 5 m, Phenomenex C18 modified silica 

(Phenomenex, USA) and a guard column, 20 mm x 3.9 mm packed with 5 m, C18 were used. The separation was carried out 

under isocratic elution with acetonitrile: 40 mM phosphate buffer pH 4 (30:70, v/v) at a flow rate of 1.0 ml min-1. The column was 

operated at room temperature, the wavelength was monitored at 215 nm, and the injection volume was 20 l. 
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XRD study 

 XRPD was performed with an X-ray diffractometer (Miniflex, Japan). The diffraction pattern was recorded in the interval 

3◦ <2θ <40◦ in a step scan mode of 0.02◦ per step every second.  The samples were side loaded in the sample holder.  The XRD 

patterns of DS powder, base, DS with physical mixture with base and DS stick were obtained.   

Differential scanning calorimetry (DSC) 

Differential scanning calorimetry (DSC) studies were performed on the base, the drug, a physical mixture of the drug with 

the base, and F6 using a DSC-60 calorimeter (Shimadzu Corporation, Japan). The instrument was calibrated with indium and zinc 

standards. Samples were initially heated from 10°C to 300°C at a rate of 25°C/min to eliminate thermal history. They were then 

rapidly cooled to 10°C and reheated from 10°C to 300°C under a nitrogen flow at a heating rate of 10°C/min. 

Fourier-transform infrared spectroscopy (FT-IR) study 

The FT-IR spectra (range 650–4000 cm⁻¹) of DS powder, base, DS with base by a physical mixture and DS stick, were 

recorded using an FT-IR spectrophotometer (Thermo Electron Corporation, model Nicolet 4700). The sample was mounted on the 

sample stage, and pressure was applied by turning the top of the arm of the sample stage to create a flat surface, ensuring intimate 

contact between the sample and the stage. The spectra obtained were averaged over four scans at a resolution of 1 cm⁻¹. 

Statistical evaluation 

The Excel program was used for statistical analyses. The ANOVA was chosen for comparing data with the 95 % 

confidential interval. 

 

RESULTS AND DISCUSSION 

The experiment revealed that all six prepared formulas had a white cloudy appearance in stick form and a pleasant camphor 

scent as shown in Table 2. However, there were differences in hardness and stickiness. The weight of each stick did not differ 

significantly across the six formulas when tested with ANOVA (p < 0.05), likely due to the uniform mold size and precisely defined 

substance quantities. Significant differences in hardness (p <b0.05) were observed, possibly due to the varying amounts of 

hardening agents, with beeswax providing the most suitable hardness. Formula 6 exhibited the least stickiness, making it suitable 

for further study. 

 

Table 2.  The physical appearance of DS stick 

Formulation Physical Appearance Picture Weight 

Variation 

(g) 

Hardness 

(N) 

Stickiness 

F1 White, glossy, and slippery surface 

with slight flaking. 

 

3.3874 

± 0.0885 

1.27 + 0.02 +++ 

F2 Opaque white with a highly glossy, 

slippery surface (more slippery than 

F1); sticky to the touch and non- 

flaking. 

 

 

3.3851 

± 0.0658 

0.66+ 0.03 +++ 

F3 White, glossy, and slippery surface 

with a smooth touch; harder than 

other formulations and non-flaking. 

 

 

3.3574 

± 0.0683 

1.76+0.25 ++ 

F4 Opaque white with a less glossy 

surface than F3, dry, non-slippery and 

non-flaking. 

 

 

3.3219 

± 0.0308 

0.87+ 0.06 ++ 

F5 White with a slippery, glossy surface; 

brittle and easily breakable. 

 

 

3.4052 

± 0.0355 

1.32+0.06 ++ 
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F6 Opaque white with non-slippery 

surface not brittle, and non-flaking.   

 

3.3071 

+0.0608 

0.70+0.14 + 

 

The experimental results suggest that Formulation 6 is the most suitable for practical application. The investigation into 

the changes in the drug's crystalline structure using IR, DSC (unpublished data), and X-ray diffraction revealed the following 

findings: 

From the IR spectrogram, the IR spectrogram pattern of DS was conformed the previous study [6] as shown in the Figure 

1.  It was found that there was no change in the drug's peak when it was prepared in both physical mixture and stick form.  

 

                                                     

A B 

                                                    

C D 

Figure 1. FT IR spectrum of A: DS, B: base, C: DS with base by physical mixture, and D: DS stick 
 

                                                              

A B 

                           

                                                                                                                 C                                                             D 

FIGURE 2. XRD diffractogram of A: DS, B: base, C: DS with base by physical mixture and D: DS stick 

Regarding the XRD results shown in Figure 2, the diffractogram of DS was consistent with previous studies [6], 

confirming its crystalline nature. However, no crystalline structures were detected when DS was incorporated into the base, either 

in the stick formulation or the physical mixture. This absence could be due to the low drug concentration (1%), making it undetectable 

or  limitations of the instrument's analytical sensitivity. This is particularly relevant to polycrystalline samples, where each 
crystallite can contribute to multiple diffraction peaks simultaneously, resulting in the whole diffraction profile building 
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from a limited number of crystallites [7]. However, the DSC results (unpublished data) shown in Figure 3 revealed that the base 

began to burn as the temperature increased to 200°C. Since the melting point of DS is reported range of 283—285°C [6] which 

is higher than the burning temperature of the base, the sample's melting point could not be analyzed using this DSC method. 

 

                    

               Figure 3.  DSC thermogram of base                                         Figure 4. The dissolution profile of DS sticks with USP 

          Apparatus V, pH 5.5 at 32 ℃ 

 

Ten stick samples were randomly selected and analyzed for the active ingredient (API) content in each stick using HPLC. 

The average API content was 99.36 ± 5.29%, with a %R.S.D. of 5.36 (n=10). The results were satisfactory, showing that the drug 

percentage in the sticks matched the label's claim. This indicates that the DS was homogeneously mixed within the sticks. 

Using USP Apparatus V, 5.73 ± 0.48% of the drug was released within 60 minutes. The eutectic mixture did not enhance 

drug release as expected, possibly due to the amount or type of eutectic substance used. Increasing the amount of eutectic substance 

might affect the hardness of the stick hardness. Additionally, the low drug release might be due to its low solubility in acidic 

medium. It was found that the pH of the dissolution medium might affect drug solubility, with alkaline pH increasing solubility. 

Therefore, this could be another factor contributing to the low drug release observed [8].  Alternatively, the drug might dissolve 

better in a stick base, leading to reduced release [9]. 

 

CONCLUSION 

The study shows that DS can be prepared in stick form, but the drug release remains low. Future studies may find that 

using a eutectic mixture to enhance solubility and absorption is still insufficient. Increasing the quantity or using other substances 

might be necessary to improve drug release. 
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Abstract. Starch is widely used as an excipient in tablets produced by wet granulation. The objective of this study was to evaluate 

the properties of thermally treated mung bean starch (MMBS) as a binder and a disintegrant in tablet formulations, comparing its 

effectiveness with commercial products. The results indicated that MMBS exhibited higher swelling capacity and viscosity 

compared with unmodified mung bean starch. For the binder evaluation, lactose monohydrate was used as a filler. Increasing the 

MMBS concentration (1-5%) led to enhanced tablet hardness and prolonged disintegration, while reducing friability. Remarkably, 

tablets containing 3% MMBS showed a higher hardness/friability disintegration time ratio (HFR/DT index). Therefore, 3% MMBS 

was selected as the optimal binder concentration for comparison with other binders. The hardness and disintegration time of tablets 

containing MMBS were lower than those of tablets containing polyvinylpyrrolidone K30 (PVP-K30) and starch 1500®. Drug 

release of MMBS tablets was superior to those containing PVP-K30 and Starch 1500® as binders. In the disintegrant evaluation, 

dibasic calcium phosphate was used as a filler. Tablets formulated without a disintegrant did not disintegrate. Disintegration times 

for tablets containing 1%, 3%, and 5% MMBS were less than 8, 3, and 1 minute, respectively. Therefore, 3% MMBS was selected 

for comparison with other disintegrant. Disintegration time of tablets containing MMBS was longer than that of those containing 

EXPLOTAB®.  Drug (hydrochlorothiazide) release of tablets containing MMBS was comparable to those containing EXPLOTAB® 

as a disintegrant. In conclusion, MMBS is a promising binder and disintegrant for tablets produced by wet granulation.     

 

Keywords: Thermal modification; Mung bean starch; Binder; Disintegrant; Tablet  

 

INTRODUCTION 

Mung bean starch (MBS) is obtained from Vigna radiata, which is grown in Thailand.  Native starch exhibits a high swelling 

factor and high viscosity in hot water [1-3]. These properties limit its use in wet granulation tablets. Therefore, modification of starch 

is essential to enhance its properties. Thermally treated mung bean starch (MMBS), a physically modified starch derived from 

MBS, is particularly interesting for use as an excipient in tablet formulations, especially as a binder and disintegrant. The objective 

of this study was to evaluate the properties of MMBS as a binder and disintegrant in tablet formulations, comparing its effectiveness 

with commercial products.  

 

MATERIALS AND METHODS 

Materials  

Hydrochlorothiazide was purchased from Suzhou ausun chemical Co., Ltd. (China). Native MBS was purchased from Sitthinan 
Co., Ltd. (Thailand). Lactose monohydrate was purchased from VWR BDH chemical Co., Ltd. (Belgium). Dibasic calcium 

phosphate was purchased from Maxway Co., Ltd. (Thailand). Pregelatinized starch (Starch 1500®) and sodium starch glycolated 

(EXPLOTAB®) were purchased from Rama Production Co.,Ltd. (Thailand). Magnesium stearate was purchased from Fluka 

Chemika Co., Ltd. (Switzerland). Polyvinylpyrrolidone K30 (PVP-K30), hydrochloric acid (RCl Labscan), sodium hydroxide (RCl 

Labscan), potassium dihydrogen orthophosphate (Kemaus) were purchased from RPC Intertrade Co., Ltd. (Thailand).  

 

Methods  

Preparation of MMBS 

Native MBS was dispersed in deionized water (DI water) to achieve a concentration of 5 %w/w. After that, it was heated at  

80  C for 5 minutes. The dispersion was cast onto a tray and dried in a hot air oven until it was completely dry. Then the dried 

starch was milled and passed through a sieve with a mesh size no.100, resulting in what was called MMBS. The MMBS was kept 

in a desiccator at room temperature.  
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Characterization of MMBS 

Swelling property 

MMBS was studied for its swelling properties in three media: DI water, 0.1 N hydrochloric acid (0.1 N HCl), and phosphate 

buffer pH 6.8 (PPB pH 6.8). One gram of MMBS was weighed, placed in a cylinder and the initial volume was recorded, followed 

by the addition of the medium until the total volume reached 10 mL. The swelling of MMBS was measured at 1, 5, 15, 30, 45, and 

60 minutes. The swelling capacity of MMBS was compared with that of Starch 1500®, PVP-K30 and EXPLOTAB®. Swelling 

capacity was calculated using the following equation (n=3): 

 

𝑠𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝑠𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑣𝑜𝑙𝑢𝑚𝑒−𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
× 100   (1) 

 

Viscosity property 

The viscosity of MMBS was investigated in three media: DI water, 0.1 N HCl, and PPB pH 6.8. The MMBS was weighed, 

prepared at a concentration of 5 %w/w in each medium, then continuously stirred for 30 minutes until completely swollen. The 

MMBS dispersions were measured using a Brookfield viscometer compared with those of Starch 1500®, PVP-K30 and 

EXPLOTAB® (n=3). 

 

Effect of MMBS concentrations used as a binder 

Tablet preparation  

The tablets were prepared using a wet granulation technique, utilizing a hydraulic press machine set to 160 kgf/cm2. Lactose 

monohydrate served as a diluent, while magnesium stearate was used as a lubricant at a concentration of 1%. MMBS, dispersed in 

DI water to a concentration of 15 %w/w was used as binder solution.  The binder solution was added to the diluent to achieve 0, 1, 

3, and 5 %w/w of MMBS in the tablet formulation. Each tablet weighed a total of 400 mg.  

Following preparation, the tablets were evaluated for uniformity of weight, thickness, hardness, friability, disintegration time, 

and the hardness/friability disintegration time ratio (HFR/DT index). Additionally, PVP-K30 and Starch 1500®, both commercial 

products, were prepared at a concentration of 3% to compare their binding properties with MMBS. The tablets used for comparison 

with commercial products contained 25 mg of hydrochlorothiazide (HCTZ) as the active pharmaceutical ingredient.    

 

Drug release 

Tablets containing 0% and 3% binder were selected for drug release studies.  In vitro drug release from the tablets was assessed 

using the USP dissolution apparatus I (basket method) with 900 mL of dissolution medium. The dissolution medium consisted of 

0.1 N HCl and phosphate buffer pH 6.8 (PPB pH 6.8). The temperature of the system was maintained at 37.0 ± 0.5 C, and the 

baskets were rotated at 100 rpm. The dissolution test was conducted until complete drug release was achieved. The HCTZ 

concentration was analyzed by UV-Visible spectrophotometer at a wavelength of 272 nm.  

 

Effect of MMBS concentrations used as a disintegrant 

Tablet preparation  

The tablets were prepared using a wet granulation method with a hydraulic press machine set to 80 kgf/cm2. The total weight 

of the tablets was 400 mg per tablet. The tablets consisted of dibasic calcium phosphate as a filler, and magnesium stearate (1%) 

as a lubricant. MMBS in varying concentrations of 0%, 1%, 3%, and 5% were chosen as extra-granular disintegrants in the tablets. 

After preparation, the tablets were evaluated for uniformity of weight (n = 20), thickness (n = 10), hardness (n = 10), friability (not 

less than 6.5 g), and disintegration time (n = 3). Commercial disintegrants at 3% concentration, Starch 1500® and EXPLOTAB®, 

were evaluated for comparison with MMBS. HCTZ (25 mg) was also added to the tablets used for comparison with commercial 

disintegrants.  
 

Drug release 

To study the effect of disintegrant on drug release, tablets containing 0% and 3% disintegrants (MMBS, Starch 1500® and 

EXPLOTAB®) were evaluated using the USP dissolution apparatus I (basket method) with 900 mL of dissolution medium (n = 3). 

The dissolution medium and in vitro study conditions were based on the evaluation of MMBS as a binder during drug release.  

 

Statistical analysis 

All data are represented as mean ± standard deviation (SD). The statistical analysis was performed using one-way ANOVA 

with the least significant difference (LSD) for multiple comparisons. The significance of the difference was determined by 95% 

confidence interval (p < 0.05). 
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RESULTS AND DISCUSSION 

Characterization of MMBS 

MMBS was prepared by heating the mung bean starch suspension. The viscosity and swelling properties of MMBS are greater 

compared to unmodified mung bean starch. The viscosity of 5 %w/w MMBS in DI water, 0.1 N HCl, PPB pH 6.8 ranged from 10 

to 14 cps. The swelling of MMBS in DI, 0.1 N HCl, PPB pH 6.8 were approximately 6.8, 3.5, and 11.8 times, respectively.  In hot 

water, hydrogen bonds between starch molecules were disrupted, resulting in swelling and the formation of a sticky starch gel. 

Thus, MMBS was suitable for use as a binder and disintegrant in wet granulation tablets.  

 

Effect of MMBS concentration used as a binder 

For the binder evaluation, the results are shown in Table 1 and 2 and Figure 1. MMBS (1-5 %w/w in the tablets) was used as 

a binder in lactose monohydrate tablets. With increasing concentrations of MMBS, tablet hardness increased while friability 

decreased. The disintegration time of tablet containing 1-3 % MMBS was shorter (p < 0.05) than that of tablets without MMBS 

due to the swelling property of MMBS [4]. At 5 % MMBS, the disintegration time was the longest (p < 0.05), attributed to its 

viscosity. In general, the binder enhanced binding properties and reduced disintegration time. Therefore, the hardness /friability 

disintegration time ratio (HFR/DT index) should be considered. Based on this, 3% MMBS, which had the highest HFR/DT index, 

was selected as the optimal binder concentration for comparison with commercial binders. The hardness of tablets containing 

MMBS was lower than those tablets containing PVP-K30 and Starch 1500®. Moreover, the MMBS-containing tablet provided the 

shortest disintegration time. This result was due to the swelling properties of MMBS being higher than that of Starch 1500® [5]. 

However, PVP-K30 might have dissolved in water.  Dissolution testing was performed using 0.1 N HCl and PPB pH 6.8 as medium. 

The drug release from HCTZ tablets containing MMBS was significantly superior to that from tablets using PVP-K30 and Starch 

1500® as binders, especially in acidic condition. These results suggested that MMBS has potential for use as a binder in wet 

granulation tablet formulations.  

Table 1. Effect of MMBS concentration used as a binder on the physical properties of lactose monohydrate tablets 

Properties of tablets 
Concentration of MMBS 

0% 1% 3% 5% 

Uniformity of weight (mg ± SD) 398.3 ± 0.5 397.4 ± 1.7 398.2 ± 0.9 398.9 ± 0.6 

Thickness (mm ± SD) 3.56 ± 0.02 3.56 ± 0.01 3.58 ± 0.02 3.57 ± 0.02 

Hardness (kP ± SD) 11.2 ± 0.6 12.8 ± 0.9 19.0 ± 1.2 21.0 ± 1.6 

Friability (%) 0.68 0.70 0.34 0.37 

Disintegration time (min ± SD) 8.87 ± 3.06 3.63 ± 0.68 2.23 ± 0.11 16.74 ± 1.23 

HFR/DT index 1.85 5.04 25.01 3.38 

  

Table 2. Effect of different binder types on physical properties of HCTZ tablets using lactose monohydrate as a diluent 

Properties of tablets 
Types of binders (3% in tablet) 

No binder MMBS PVP-K30 Starch 1500® 

Uniformity of weight (mg ± SD) 399.2 ± 0.4 399.0 ± 0.5 399.8 ± 0.6 399.5 ± 0.6 

Thickness (mm ± SD) 3.55 ± 0.01 3.54 ± 0.01 3.52 ± 0.02 3.54 ± 0.02 

Hardness (kP ± SD) 8.8 ± 0.9 15.8 ± 1.4 21.0 ± 1.2 17.7 ± 1.9 

Friability (%) 0.84 0.34 0.35 0.35 

Disintegration time (min ± SD) 21.06 ± 0.79 7.31 ± 1.08 22.24 ± 0.98 > 30 

HFR/DT index 0.5 6.36 2.70 NA 

 

admin
Typewriter
38

admin
Typewriter



 

(A)  (B)  

Figure 1. Dissolution profiles of HCTZ tablets containing various types of binders (3 %w/w in tablet): (A) in 0.1 N HCl 

and (B) in PPB pH 6.8 

 

Effect of MMBS concentration used as a disintegrant 

For the disintegrant evaluation, the results are presented in Table 3 and 4 and Figure 2. MMBS (1-5 % w/w in the tablets) was 

incorporated as an extragranular disintegrant in dibasic calcium phosphate tablets. Typically, tablets formulated with dibasic 

calcium phosphate exhibit low hardness, high friability, and fail to disintegrate in deionized water. MMBS, due to its swelling 

properties, was investigated as a potential disintegrant. As the concentration of MMBS increased, tablet hardness slightly decreased  

(p > 0.05), while disintegration time significantly decreased (p < 0.05). The disintegration times for tablets containing 1%, 3%, 

and 5% MMBS were 7.75  0.91, 2.87  0.75, and 0.90  0.42 minutes, respectively. Based on these results, 3% MMBS was 

selected for comparison with commercial disintegrants. The disintegration times for tablets containing 3%MMBS, EXPLOTAB®, 

and Starch® 1500 were 1.37  0.35, 0.63  0.22, and 1.73  0.58 minutes, respectively.  Drug release from tablet using dibasic 

calcium phosphate as a filler depended on both the solubility of the filler in the dissolution medium and the swelling ability of the 

disintegrant [6,7]. Drug release from HCTZ tablets containing disintegrants was significantly higher than those without disintegrant. 

Additionally, the drug release of tablets containing MMBS was comparable to that of tablets containing EXPLOTAB®. These 

results suggest that MMBS shows potential as an effective extra-granular disintegrant in wet granulation tablet formulations. 

 

Table 3. Effect of MMBS concentration as a disintegrant on the physical properties of dibasic calcium phosphate tablets 

Properties of tablets 
Concentration of MMBS 

0% 1% 3% 5% 

Uniformity of weight (mg ± SD) 398.3 ± 0.6 398.1 ± 0.7 397.7 ± 2.7 398.8 ± 0.6 

Thickness (mm ± SD) 2.66 ± 0.04 2.67 ± 0.01 2.70 ± 0.02 2.73 ± 0.04 

Hardness (kP ± SD) 3.3 ± 0.3 3.2 ± 0.2 2.8 ± 0.2 2.6 ± 0.4 

Friability (%) 2.92 2.17 2.17 2.62 

Disintegration time (min ± SD) > 30 7.75 ± .091 2.87 ± 0.75 0.90 ± 0.42 

 

Table 4. Effect of types of disintegrants on the physical properties of HCTZ tablets using dibasic calcium phosphate as a diluent 

Properties of tablets 
Types of disintegrants (3% in tablet) 

No disintegrant MMBS EXPLOTAB® Starch 1500® 

Uniformity of weight (mg ± SD) 398.3 ± 0.6 398.8 ± 0.9 398.7 ± 0.5 398.8 ± 0.5 

Thickness (mm ± SD) 2.69 ± 0.01 2.73 ± 0.01 2.71 ± 0.03 2.72 ± 0.02 

Hardness (kP ± SD) 3.5 ± 0.2 3.0 ± 0.3 3.4 ± 0.2 3.0 ± 0.3 

Friability (%) 2.29 2.46 1.96 2.05 

Disintegration time (min ± SD) > 30 1.37 ± 0.35 0.63 ± 0.22 1.73 ± 0.58 
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(A) 

 

(B) 

 

Figure 2. Dissolution profiles of HCTZ tablets containing various types of disintegrants (3 %w/w in tablet): (A) in 0.1 N 

HCl and (B) in PPB pH 6.8 

 

CONCLUSIONS 

MMBS was prepared by thermal modification of mung bean starch. It exhibited high swelling and viscosity properties, making 

it suitable for use in wet granulation tablets, particularly as a binder and disintegrant. A concentration of 3% MMBS was found to 

be optimal for comparison with commercial binders. The HCTZ tablets containing 3% MMBS exhibited the shortest disintegration 

time compared to those with commercial products. Furthermore, the drug release from the MMBS tablets was faster than that of 

tablets formulated with other binders in both 0.1 N HCl and PPB pH 6.8. In the disintegrant study, MMBS was used as an extra-

granular disintegrant and compared with commercial disintegrants. The disintegrant properties of MMBS were comparable to those 

of the commercial products, which may be attributed to the solubility of the filler and the swelling properties of disintegrant in the 

dissolution medium. In conclusion, MMBS exhibits potential as an excipient for use in wet granulation tablets intended for 

immediate-release formulations.  
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This research aims to obtain preformulation data of montelukast sodium (MTKs) for the development of MTKs chewable tablets. 

The study is important to assess stability, excipients compatibility, and optimize heat and moisture conditions during tablet 

manufacturing. Powder X-ray diffraction (PXRD) analysis demonstrates an amorphous structure of MTKs raw material. Stability 

under high temperature and humidity was tested. The MTKs samples were exposed to heat (70°C for 12 hours), moisture (dispersed 

in water and dried), and both (80°C over a water bath for 4 hours). The USP 2023 HPLC method was subsequently applied to 

evaluate impurities in MTKs and perform a PXRD analysis. PXRD results demonstrated that the solid-state morphology of MTKs 

remained unchanged, whereas HPLC results indicated increased levels of impurities. Specifically, samples exposed to both 

conditions showed 0.08% sulfoxide and 0.07% montelukast ketone impurities. Compatibility, MTKs were mixed with various 

excipients in specified ratios and conditions. Mixtures included 1:1 at 70°C for 24 hours with mannitol, microcrystalline cellulose, 

hydroxypropyl cellulose, croscarmellose sodium, sodium starch glycolate, acesulfame potassium (ACE-K); 1:100 at 700C for 24 

hours with erythrosine, sunset yellow; 1:100 at 300C for 24 hours with magnesium stearate, orange and strawberry flavor. Analyses 

were performed using FT-IR and HPLC. All samples exhibited identical FT-IR spectral as the initial. However, HPLC results 

indicated potential increases in impurities with ACE-K. In conclusion MTKs can be formulated into a chewable tablet with careful 

consideration of using ACE-K sweetener and exposure to heat, moisture during processing, as it affects the stability and overall 

quality of the final product. 

 

Keywords: Montelukast sodium; Chewable tablet; Powder X-ray diffraction; Amorphous 

 

INTRODUCTION 

   Montelukast sodium, first approved by the US FDA in 1998 under the brand name Singulair, remains widely used globally, 

including in Thailand. It is a leukotriene receptor antagonist used for prophylaxis and chronic treatment of asthma (1), prevention 

of exercise-induced bronchoconstriction (2), relief of symptoms of allergic rhinitis both seasonal and perennial (3) in adults and 

pediatric patients. The recommended dose for patients aged 6 to 14 years is 5 mg, available as chewable tablets. Caution is advised 

for patients with phenylketonuria, as these tablets contain phenylalanine (Aspartame) (4). The chemical structure of MTKs is 2[1-

[(R)-[3-[2(E)-(7-chloroquinolin-2-yl) vinyl] phenyl]-3-[2-(1hydroxy-1-methylethyl) phenyl]propyl-sulfanylmethyl] cyclopropyl] 

acetic acid sodium salt (Fig.1), the molecular formula C35H36ClNO3SNa. It is white to off-white hygroscopic powder, freely soluble 

in ethanol, methanol and water. 

 
The previous study examined the effects of light and heat on the stability of montelukast in solution and solid forms. It found 

that montelukast is unstable in solution, with the best stability in 70% methanol. Light exposure leads to the formation of 

montelukast cis-isomer in both solution and solid forms, with UV light having the most significant effect, while neon light has no 

effect. In solid form was found to be stable at 65°C for 70 days, with more than 99% of the montelukast remaining. Only sulfoxide 

impurity was detected, at a level of 0.2%. Additionally, the presence of hydrogen peroxide clearly results in sulfoxide impurity (5). 

The United States Pharmacopeia (USP) official monograph for montelukast sodium chewable tablet describe the HPLC method 

for the test of impurities where seven impurities were reported. Among them the sulfoxide, montelukast ketone and cis-isomer 

were calculated the percentage (6). This research aims to gather preformulation data for developing montelukast sodium chewable 

tablets, focusing on various excipients as an option for the formulators, especially the sweetener Ace-K which could be a choice 
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for phenylketonuria patients. The study is crucial to assessing drug-excipient compatibility, stability, effect of heat and moisture 

conditions to select the suitable manufacturing process. 

 

MATERIALS AND METHODS 

Materials  

Pharmaceutical grade Montelukast sodium (Zhejiang Tianyu Pharmaceutical, China), manitol (SPI Pharma, U.S.A.), 

hydroxypropyl cellulose (Ashland, U.S.A.), microcrystalline cellulose 101 (Accent, India), croscarmellose sodium (Mingtai 

Chemical, Taiwan), sodium starch glycolate (DFE Pharma, Germany), magnesium stearate (FACI Asia Pacific, Singapore), 

strawberry and orange powder (T.Hasegawa, Japan), erythrosine CI45430 (Adinop, Thailand), sunset yellow (Sensient Colors S.A., 

Mexico), acesulfame potassium (Anhui Jinhe Industrial, China), acetonitrile and methanol HPLC grade (Duksan, Republic of 

Korea), trifluoroacetic acid AR grade (Thermo Fisher Scientific, U.K.)     

 

Methods  

Sample preparation  

Stability testing of MTKs under high temperature and humidity. It is widely recognized that thermal and humidity conditions 

play an important role in the tablet manufacturing process. Therefore, this study investigates the stability of MTKs by subjecting 

them to a temperature of 70 oC and moisture level of 25% for 12 hours, following the most rigorous granule drying standards 

employed in the industry. Initially, the study examines each factor independently, followed by an investigation of the combined 

effects of both factors. However, due to the limitations of the equipment and the time constraints in studying both factors 

simultaneously, stress conditions were chosen instead. Specifically, the experiment was conducted by subjecting the sample to a 

temperature of 80 oC and a moisture level of 25% in a water bath for 4 hours. The samples were prepared as follows: 

For heat condition, the MTKs samples were wrapped with aluminum foil and heat in hot air oven at 70°C for 12 hours. For 

moisture condition, MTKs powder 10 g were mixed with water 2.5 ml, protected from light and dried at control room temperature 

(25oC) for 12 hours. For a combination of both heat and moisture condition, MTKs powder 10 g were mixed with water 2.5 ml in 

the crucible then placed in a water bath at 80°C for 4 hours.  

Compatibility study, MTKs were physically mixed with various excipients in specified ratios and conditions. The selection of 

the proportion and the conditions tested are based on the use of substances in chewable tablet formulations, using quantities 

exceeding the maximum amount to clearly observe compatibility and the related manufacturing processes.  

Mixtures included MTKs physical mixed in ratio 1:1 at 70°C for 24 hours with mannitol, microcrystalline cellulose, 

hydroxypropyl cellulose, croscarmellose sodium, sodium starch glycolate, acesulfame potassium (ACE-K); 1:100 at 700C for 24 

hours with erythrosine, sunset yellow; 1:100 at 300C for 24 hours with magnesium stearate, orange and strawberry flavor.  

 

Powder X-ray diffraction (PXRD) analysis  

The Rigaku MiniFlex II powder diffractometer and Rigaku’s D/teX Ultra 1D silicon strip detector with condition scan angle 

(2Th) 1° to 50° continuous. The sample of MTKs powder and all three samples from the stability testing of MTKs under high 

temperature and humidity were prepared into powder by carefully grinding in the ceramic mortar then spread and pressed on the 

glass slide. The PXRD patterns were recorded and analyzed.  

 

HPLC analysis  

HPLC method and calculation for the test of impurities was proceeded as directed in the USP 2023 official monograph for 

montelukast sodium chewable tablet. Preparing the sample solution (for 5-mg chewable tablets) nominally 0.25 mg/ml of 

montelukast. A high-performance liquid chromatograph system 1290 Infinity II (Agilent, USA.) with photodiode array detector 

with Agilent OpenLab CDS ChemStation software, column C18 XBridge BEH Phenyl 100 x 4.6 mm, 3.5 µm, (Waters, USA.) 

were used.     

 

Fourier Transform Infrared Spectroscopy (FT-IR) 

Using the FT/IR-4100 (Jusco, UK) to analyze compatibility study on sample of MTKs and all excipients. The sample was 

mixed with KBr and pressed to obtain disc then scan under wavenumber [cm-1] Start 650 to 3800 cm-1 with resolution of 4 cm-1. 

The FT-IR spectra were recorded. 
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RESULTS AND DISCUSSION 

Results  

Powder X-ray diffraction (PXRD) analysis demonstrates an amorphous structure of MTKs raw material (Fig.2). The obtained 

PXRD pattern exhibits broad, diffused peaks or "halos" instead of sharp, distinct peaks typically observed in crystalline substances 
(7). The MTKs samples exposed to heat, moisture and the combination of both conditions, PXRD results of all samples showed 

unchanged in MTKs solid state morphology (Fig.3) the PXRD patterns were comparable to the MTKs raw material. While HPLC 

tested impurities results indicated increased impurities (0.08% sulfoxide, 0.07% montelukast ketone) in samples exposed to both 

conditions (Table 1).  

 

 

 
Figure 2. Powder X-ray diffraction (PXRD) pattern of MTKs raw material. 

 

 

 
Figure 3. Powder X-ray diffraction (PXRD) pattern of; blue graph obtained from the MTKs sample treated by heat condition 

(70°C for 12 hours), green graph obtained from the MTKs treated by moisture condition (mixed with water and dried), red graph, 

the MTKs treated by both heat and moisture conditions (80°C in water bath for 4 hours).
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Table 1. HPLC analysis results of MTKs samples testing the effect of heat and moisture conditions 

Condition / MTKs Treated by  % Assay % of impurities observed  

Control sample 100.27 Not detected 

Heat / 70°C for 12 h 99.47 Not detected 

Moisture / mixed with water and dried for 12 h 99.27 MTK ketone (0.03%) 

Both heat and moisture / 80°C in a water bath for 4 h 99.55 Sulfoxide (0.08%), MTK ketone (0.07%) 

 

Compatibility study, the analysis results were obtained using FT-IR and HPLC. All samples exhibited identical FT-IR spectral 

as the initial. However, HPLC results indicated potential increases in impurities with ACE-K (Fig.4). The obtained chromatograms 

were summarized as the identified peak and its retention time (Table 2).  

 

Figure 4. (a) HPLC chromatogram of MTKs at 70°C for 24 h.  (b) HPLC chromatograms of mixture MTKs with ACE-K at 70°C 

for 24 h obtained from 2 replicated sample injections.  

Table 2. Peaks obtained from HPLC chromatograms of compatibility samples testing  

Substances 
MTKs physical mixed 

ratio 

Storage condition Peak identified / Retention time 

(min) 

  

MTKs control_01 

MTKs control_02 

- 

- 

70°C for 24 h 

30°C for 24 h 

MTKs / 11.784 

MTKs / 11.385 

  

      

Mannitol 

MCC 101 

Hydroxypropyl cellulose 

Croscarmellose sodium 

Sodium starch glycolate 

ACE-K  

1:1 

 

70°C for 24 h  MTKs / 11.810 

MTKs / 11.818 

MTKs / 11.817 

MTKs / 11.810 

MTKs / 11.803 

MTKs/11.790, unknown impurity/0.35 

  

Erythrosine 

Sunset yellow   

1:100 

 

70°C for 24 h 

 

MTKs / 11.790  

MTKs / 11.789 

  

Magnesium stearate 

Orange flavor 

Strawberry flavor 

1:100 

 

30°C for 24 h 

 

MTKs / 11.383 

MTKs / 11.390 

MTKs / 11.390 

  

 

 

Discussions 

The previous study found that the impurities sulfoxide and montelukast ketone were formed through oxidation and hydrolysis 

mechanisms (8). Increased levels of both impurities under heat and moisture exposure indicate that heat contributes to the rise of 

these impurities. This information is useful for understanding the conditions leading to higher impurity levels and can assist in 

optimizing process parameters during tablet manufacturing to reduce these effects. Furthermore, the use of antioxidants might 

benefit reducing sulfoxide impurity in formulation. In compatibility study, the mixture containing ACE-K showed increased 

impurity, which may be caused by excessive usage. Typically, the sweetener is used in chewable tablets at a lower amount than 

what was tested. Therefore, further experiments should be conducted. 
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CONCLUSIONS 

In conclusion, MTKs can be formulated into a chewable tablet with careful consideration of using Acesulfame Potassium 

(ACE-K) as a sweetener and controlling exposure to heat and moisture during processing when the wet granulation is selected. The 

study confirmed that both thermal and humidity conditions significantly impact the stability of MTKs during the tablet 

manufacturing process. However, further research is required for formulation, including determining the suitable amount of ACE-

K, selecting appropriate antioxidants, optimizing and monitoring critical process parameters, choosing suitable packaging and 

product stability evaluating to ensure consistent stability of the chewable tablets. 
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Abstract. Throat spray formulations were specifically used as topical treatments for alleviating sore throat symptoms or 

disinfecting the oral cavity. These sprays, formulated with diverse active ingredients ranging from chemical drugs to herbal extracts, 

were widely available. Formulations incorporating povidone-iodine as a key ingredient typically exhibited a relatively high acidity, 

with a pH of approximately 2. The slightly acidic to neutral pH of the oral cavity makes it prone to irritation from these sprays. 

This study aimed to develop and optimize a povidone-iodine throat spray formulation, focusing on its physicochemical properties 

(appearance, spray characteristics, pH, and iodine content) and stability.  The effects of formulation components and storage 

conditions (room temperature and 2-8 °C) on these properties were also evaluated. The study revealed that all tested formulations 

were effectively delivered as a fine mist via spraying, exhibiting pH values between 3 and 5.  Formulation stability was significantly 

influenced by both processing steps and formulation components.  Several factors contributing to higher residual iodine levels 

included separation of the buffer system, the addition of potassium iodide, the use of a citrate buffer, and low buffer concentration. 

An 8-week stability study demonstrated that formulations stored at refrigerated temperatures (2-8 °C) exhibited greater stability 

than those stored at room temperature. In conclusion, this study successfully formulated a povidone-iodine throat spray with 

desirable physicochemical properties and good stability, achieving a pH range of 3-5, which closely approximates the environment 

of the oral cavity. 

 

Keywords: Throat spray; Povidone-iodine; Oral cavity; Stability 

 

INTRODUCTION 

Pharyngitis, or sore throat, is a common ailment, characterized by symptoms such as pain, irritation, and itchiness of the throat 

[1] and caused by viral (like rhinovirus, influenza) or bacterial pathogens (particularly Staphylococcus aureus, Streptococcus 

pyogenes, and Pseudomonas aeruginosa) [2,3]. Povidone-iodine (PVP-I) throat sprays are effective due to their extensive 

antimicrobial properties, providing rapid relief by targeting the throat's mucosal lining [4]. PVP-I, a biocidal agent, disrupts 

pathogen replication by binding to cell walls and inhibiting protein synthesis. It's used in various applications, including wound 

treatment and surgical preparation, and is effective against bacteria, fungi, viruses, and protozoa [5]. With over 30 years of use, 

PVP-I has shown no toxic report, with free iodine content below 3 ppm.  

Current PVP-I formulations include 0.5% mouthwash, 0.5% nasal spray, and 0.45% throat spray [3,4]. Existing throat sprays 

like Kamillosan® (a blend of herbs), Propoliz® (propolis extract), and Betadine (4.5 mg PVP-I/mL) are available. PVP-I solution 

in oral medication forms has been listed in current hospital pharmacopeia [6]. The pH of Betadine is around 2.0, aligning with USP 

standards (pH1.5-6.5) [7]. The pH-stability profile indicated stability within a pH range of 2-4. However, the solution with too 

acidic might irritate the oral cavity. In a previous study, Lugol's solution formulation for treating patients with Graves’ disease was 

developed and contained 5% PVP-I and 10% potassium iodide (KI), which were mixed and dissolved in distilled water with 

appropriate pH range [8, 9].  

This research aims to develop a PVP-I throat spray with a higher pH, better suited for the oral cavity, and to examine its 

physicochemical properties (appearance, spray characteristics, pH, and iodine content). The effects of formulation components and 

stability under different storage conditions (room temperature and 2-8 °C) were also explored.  

 

MATERIALS AND METHODS 

Materials  

Povidone-iodine (PVP-I), citric acid, glycerine, sodium saccharin (SS), and eucalyptus oil were purchased from P.C.Drug 

Center Co., Ltd. (Bangkok, Thailand). Sodium phosphate dibasic anhydrous (Na2HPO4), potassium iodide (KI), and sodium 

thiosulphate were purchased from KemAus™ (New South Wales, Australia). Other chemicals and reagents were analytical grade. 
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Methods  

Preparation of PVP-I throat spray 

The ingredients listed in Table 1 were used to prepare the PVP-I throat spray. Two preparation methods were employed to 

observe and compare their effects on physicochemical properties. In the first method (method 1 - direct mixing), only formulations 

Rx1 and Rx2, all ingredients were dissolved sequentially in water. First, PVP-I and KI were dissolved, followed by the addition of 

the citrate buffer (citric acid/Na2HPO4), sweetening agents (SS), glycerin, and eucalyptus oil, with continuous stirring until a 

homogeneous solution was achieved. In the second method (method 2 - separation mixing), for Rx1-Rx4, the process involved 

three separate beakers. Beaker one contained PVP-I and KI dissolved in water. Beaker two contained the citrate buffer (citric 

acid/Na2HPO4) dissolved in water. Beaker three contained the remaining ingredients dissolved in water. The contents of beakers 

two and three were then gently added to beaker one, with continuous stirring. The resulting PVP-I throat sprays, prepared by both 

methods, were then evaluated for physicochemical properties, including pH, spray ability, and iodine content. 

Table 1: The ingredients of PVP-I throat spray formulations. 

Formulations Ingredients (%w/v) 

PVP-I Citric acid Na2HPO4 KI SS Glycerine 
Eucalyptus 

oil 
Water q.s. to 

Rx0 0.45 - - - - - - 100 

Rx1* 0.45 0.50 - 0.23 0.50 5 0.1 100 

Rx2 0.45 0.92 1.32 - 0.50 5 0.1 100 

Rx3 0.45 0.92 1.32 0.23 0.50 5 0.1 100 

Rx4 0.45 0.50 0.72 0.23 0.50 5 0.1 100 

  * The formulation Rx1 was adjusted to pH 3.5 with a 4% sodium hydroxide solution, while the other formulations were not 

subjected to this pH adjustment.  

Physical appearance and pH measurement of PVP-I throat spray   

The physical appearance of each PVP-I throat spray formulation was visually inspected. Formulations exhibiting any signs of 

incompatibility or precipitation were excluded from further analysis. The pH of each remaining formulation was then measured 

using a pH meter (Horiba LAQUAtwin, Kyoto, Japan). Finally, each formulation was compared to a control (Rx0). Any 

formulations demonstrating unstable physical appearance or pH (<2.8) were also excluded. 

Spray ability of PVP-I throat spray 

The spraying ability of the PVP-I throat spray was evaluated by spraying the formulation onto moistened Kimwipes paper 

(Kimtech® Science™, Texas, USA), using a modified technique based on the study of Sugibayashi K. et al. Briefly, a single 6 µL 

spray was dispensed from a distance of 3 cm onto the moistened paper. The diameter of the resulting brown stain, caused by the 

PVP-I, was then measured to assess the spray's dispersion [10]. 

Iodine content determination. 

Iodine content was quantified using redox titration with an automatic titrator (Metrohm 848 Titrino Plus). A 0.02N sodium 

thiosulfate solution served as the titrant, and the endpoint was determined potentiometrically using a platinum-calomel electrode 

system. The sodium thiosulfate titrant was standardized against potassium iodate, a primary standard. A blank titration was also 

performed. This method leverages the redox reaction between iodine and thiosulfate under controlled conditions to ensure precise 

iodine quantification [7]. 

Stability of PVP-I throat spray.  

Stability testing of the PVP-I throat spray was performed in amber glass bottles stored at 5 ± 3°C and 25 ± 2°C/60 ± 5% RH 

for eight weeks. Following the stability period, the physicochemical properties of each formulation, including physical appearance, 

spray characteristics, pH, and iodine content, were evaluated [11]. 

Statistical analyses.  

All experimental trials were tested in triplicate. The results are presented as the mean ± SD. Statistical analysis was conducted 

using one-way ANOVA, followed by Tukey's HSD post-hoc test for multiple group comparisons. Independent t-tests were used 

for binary comparisons. A p-value of less than 0.05 was considered statistically significant. All statistical analyses were performed 

using Microsoft Excel 2021. 
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RESULTS AND DISCUSSION 

Results  

Characteristics of PVP-I throat spray.   

Initially, all PVP-I throat spray formulations (Rx1-Rx4) were clear, dark brown solutions, regardless of the preparation method 

(Figure 1). The control formulation (Rx0) had a pH of 2.80 ± 0.00. Formulation Rx1, buffered solely with citric acid, was adjusted 

to a pH of 3.50. In contrast, formulations Rx2-Rx4, buffered with a citrate/phosphate mixture, maintained a pH of approximately 

4.00 without any adjustment (Table 2). 

Table 2: The characteristics of PVP-I throat spray with different preparation methods. (Day 0) 

Formulations Characteristics of PVP-I throat spray 

Physical appearance Incompatibility pH 
Spray diameter 

(cm) 
% initial I2 (%w/v) 

Rx0 Clear dark brown No 2.80±0.00 4.90±0.18 0.0482  0.0007 

Method 1: Without separation mixing technique 

Rx1 Clear dark brown No 3.50±0.00 5.30±0.05 0.0463  0.0004 

Rx2 Clear dark brown No 4.00±0.00 4.55±0.31 0.0416 ± 0.0004 

Method 2: With separation mixing technique 

Rx1 Clear dark brown No 3.50±0.00 4.27±0.10 0.0463 ± 0.0000 

Rx2 Clear dark brown No 3.97±0.06 4.48±0.28 0.0420 ± 0.0001 

Rx3 Clear dark brown No 3.97±0.06 5.00±0.18 0.0463 ±0.0004 

Rx4 Clear dark brown No 3.97±0.06 4.97±0.18 0.0461 ± 0.0002 

 
Figure 1. The physical appearance of the PVP-I throat spray prepared by method 2 after 8 weeks of stability testing. 

Spray ability of PVP-I throat spray. 

The spray ability of the PVP-I throat spray, regardless of the preparation method, exhibited no significant differences across 

all formulations. This indicates that the sprays were easily dispensed from the nozzle and effectively spread across moistened 

Kimwipes paper. The spray diameter for each formulation ranged from 4.27 ± 0.10 cm to 5.30 ± 0.05 cm. Detailed spray diameter 

measurements are presented in Table 2. 

Iodine content determination. 

The initial iodine percentage of each formulation (at Day 0, Table 2) was determined and defined as 100% iodine remaining 

to establish a baseline for the stability study. 
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Stability of PVP-I throat spray.  

After eight weeks of stability testing, formulations prepared using method 1 showed unstable physical appearances across both 

storage conditions, with a color change from clear dark brown to faded brown. In contrast, method 2 formulations remained stable 

in appearance at 5°C but exhibited a color change to clear light brown or yellow at 25°C (Figure 1). While the pattern of iodine 

loss was consistent across all formulations, the extent of loss varied. At 5°C, method 2 formulations retained significantly higher 

percentages of iodine compared to method 1 formulations (Figure 2). Temperature assessment revealed that method 2 formulations 

stored at 5°C demonstrated superior stability, with iodine retention ranging from 78.19±0.02% to 85.17±0.30%, compared to those 

at 25°C (Figure 3). Throughout the stability study, pH and spray ability remained unchanged for all formulations from week zero. 

    

 

Discussions 

The developed PVP-I throat spray formulations exhibited suitable physical stability, showing no phase separation (Figure 1). 

All formulations maintained a mildly acidic pH (3.5 to 4.0) (Table 2), which aligns with USP standards (1.5 to 6.5) for PVP-I 

solutions, ensuring safety and comfort for the oral and throat cavities [7]. Notably, the pH of these formulations was higher than 

commercially available PVP-I throat sprays. The formulations demonstrated good spray ability, easily discharging and providing 

wide coverage within the oral cavity. An optimal spray diameter of 2-8 cm is considered suitable for oral cavity application. 

Diameters below this range may not reach all areas, while diameters exceeding it may fail to reach deeper sites [10]. Furthermore, 

iodine content analysis confirmed that the formulation procedures effectively preserved the integrity and therapeutic potency of 

iodine in the throat sprays [3]. 

The eight-week stability testing of the PVP-I throat spray revealed significant differences in physicochemical stability based 

on preparation method (Figure 2) and storage conditions (Figure 3). Formulations prepared using method 1 (direct mixing) showed 

decreased stability, characterized by a color change from clear dark brown to faded brown and a reduction in iodine content. This 

suggests potential degradation or reactivity among formulation components during prolonged storage, potentially compromising 

therapeutic efficacy [12]. The direct mixing of citric acid (acidic) and Na2HPO4 (basic) may have led to localized, drastic pH 

fluctuations, potentially accelerating PVP-I structure hydrolysis and thus reducing iodine content [13]. Method 2, employing a 

separation mixing technique, addressed this issue by pre-mixing the buffer components to the desired pH before adding them to 

the PVP-I solution, thus minimizing extreme pH shifts during formulation. Moreover, potassium iodide inclusion is known to 

enhance PVP-I solution stability (Rx3 VS Rx2), improve iodine solubility and efficacy, and minimize irritation, making it a 

valuable component in antiseptic formulations [14].  

As seen in Figure 3, temperature significantly impacted PVP-I throat spray stability. Formulations stored at 5°C maintained 

greater stability than those at 25°C. This observation aligns with the understanding that elevated temperatures can accelerate PVP-

I degradation, potentially through hydrolysis, leading to reduced iodine content [15]. Notably, the control formulation (Rx0) 

without any buffer (pH 2.80) exhibited higher initial iodine compared to those with a buffer. This suggests that buffer systems, 

particularly those with higher pH, might contribute to PVP-I degradation [13]. However, all method 2 formulations maintained a 

pH within the reported stability range of 3.50-4.00, as indicated by the pH values of Rx1-Rx4. Furthermore, buffer systems are 

Figure 2. The iodine remaining percentage in the PVP-I throat 
spray after 8 weeks when prepared by different methods. 

*indicates a significantly higher percentage of remaining 

iodine when compared across each formulation (p < 0.05). 

Figure 3. The percentage of iodine remaining in the PVP-I 

throat spray prepared by method 2 after 8 weeks of stability 

testing. *indicates significantly higher stability when stored at 

5°C compared to being kept at 25°C for each formulation (p < 

0.05). 
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essential for controlling pH to ensure oral cavity compatibility. Increasing buffer concentration has a slight positive effect on the 

initial iodine content but negatively impacts long-term stability (Rx3 VS Rx4). It is important to consider the type and the optimal 

buffer volume that maximizes both initial iodine content and stability. Rx4, compared to Rx3, consisted of an effective buffer 

component at an appropriate concentration and demonstrated superior long-term performance. 

This emphasizes the critical role of temperature control in pharmaceutical spray storage, consistent with the observed physical 

stability profiles. While temperature influenced iodine content and appearance, pH levels, and spray capabilities remained stable, 

demonstrating the robustness of the formulations' functional properties under the testing parameters. Consequently, optimizing 

preparation and storage conditions is crucial for enhancing throat spray stability and efficacy. This optimization is vital for 

achieving positive clinical outcomes in the treatment of pharyngitis and related conditions. 

CONCLUSIONS 

This study demonstrated the significant influence of formulation and storage conditions on PVP-I throat spray stability and 

efficacy. Formulations prepared using the separation mixing technique and stored at controlled temperatures exhibited enhanced 

physicochemical stability and higher iodine retention, crucial for therapeutic effectiveness. Notably, Rx4, formulated with the 

separation mixing technique and stored at 5°C, emerged as the most stable. These findings validated the importance of controlled 

pH and buffer capacity in preventing active ingredient degradation and highlighted the necessity of precise temperature control 

during storage. This research advances the development of stable and effective throat sprays, offering significant potential for 

improved treatment outcomes in pharyngitis and related conditions. Future studies should explore alternative buffer systems to 

further enhance iodine retention. Comprehensive evaluations, including drug permeation, antimicrobial testing, cytotoxicity, and 

clinical trials, are also warranted. 
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Abstract. This research aimed to develop piroxicam (PRX) tablets manufactured from particles containing PRX impregnated onto 

Neusilin® US2 as a highly porous carrier by using fluidized bed (FB) impregnation and direct compression. FB impregnation was 

employed to prepare PRX-impregnated Neusilin® US2 composites owing to the capability to produce an amorphous solid 

dispersion (ASD) of PRX within the carrier and the convenient single operation that had advantages over conventional granulation 

and drying processes. FB impregnation process parameters were studied, and results suggested that pump speed, nozzle air pressure, 

inlet temperature, and weight of the porous carrier influenced the actual PRX loading capacity. PRX was successfully impregnated 

into Neusilin® US2 pores and formed ASD with the greatest loading capacity of 16.91±0.22% w/w. Physicochemical properties of 

PRX-impregnated Neusilin® US2 particles were investigated showing that particle size (d90) was 9.46 μm with span of 2.48, specific 

surface area was 250.27 m2/g, and total pore volume was 1.27 mL/g. Subsequently, PRX-impregnated Neusilin® US2 composites 

were directly compressed to produce PRX tablets which had weight of 170.10±1.22 mg, thickness of 2.72±0.02 mm, hardness of 

6.37±0.08 kp, and friability of 0.47%. The examined tablets disintegrated within 13.31±0.12 min. Compared to PRX raw material, 

PRX-Neusilin® US2 tablets could improve the dissolution rate of PRX and had 79.67±7.14% drug dissolved within 45 min. 
 

Keywords: Fluidized bed impregnation; Piroxicam; Neusilin® US2; Amorphous solid dispersion; Direct compression 
 

INTRODUCTION 

Amorphous solid dispersion (ASD) is a valuable pharmaceutical formulation technique that can be employed to improve 

dissolution and thus oral bioavailability of poorly water-soluble drugs. Piroxicam (PRX), a white or slightly yellow crystalline 

powder, belongs to the Biopharmaceutics Classification System (BCS) Class II drug, possessing low solubility despite having high 

permeability 1. To address the challenge of its solubility limitation, impregnation was chosen as an effective and safe method to 

develop ASD of PRX. Incipient wetness impregnation is a process of filling the internal voids of porous carriers with active 

pharmaceutical ingredients (APIs) by capillary forces, resulting in stabilization of amorphous drugs within solid particles 2, 3. In 

recent years, Neusilin®, a synthetic amorphous form of magnesium alumino-metasilicate with high surface area and excellent 

flowability, has been explored as a less expensive excipient to improve drug dissolution via impregnation 4. This study aimed to 

produce ASD of PRX particles using Neusilin® US2, a white, neutral granule form of Neusilin® 5 as a porous carrier, and ethanol 

as a solvent for dissolving PRX (solubility of PRX in ethanol is 3.4±0.3 mg/mL at room temperature) 6 due to its safety when being 

used for fluidized bed (FB) impregnation. FB impregnation is a one-step process that can be accomplished by spraying API solution 

droplets onto a dry porous carrier followed by a drying process to remove the excessive solvent 3, 4 for several cycles. To achieve 

an appropriate impregnated product, FB impregnation process parameters, such as pump speed, nozzle air pressure, and inlet 

temperature were studied. Physicochemical properties including solid-state characterization of PRX-impregnated particles were 

investigated. Subsequently, a suitable impregnated formulation was directly compressed to produce PRX tablets. Tablet properties, 

in vitro drug dissolution profile, and short-term stability were then evaluated to examine for their quality over time. 

 

MATERIALS AND METHODS 

Materials 

PRX raw material (manufactured by Apex Healthcare Limited, India) was a grateful gift from Putchubun Dispensary Co., Ltd. 

(Putchubun Osoth pharmaceutical factory), Thailand. Magnesium alumino-metasilicate (Neusilin® US2, granule form) was kindly 

given as a sample from Fuji Chemical Industries Co., Ltd., Japan. Acetonitrile (HPLC grade) (Honeywell - Burdick & Jackson®, 

South Korea), ethanol (AR grade) (QReC®, New Zealand), acetone (AR grade) and methanol (HPLC grade) (MACRON, Norway) 

were purchased for experiments. 
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Methods 

Preparation of PRX-impregnated composites via fluidized bed impregnation 

Forty milligrams of PRX raw material were first dissolved in 50 mL of ethanol. The amount of drug was determined based on 

the desired amount of Neusilin®, which in this case was 200 mg, to achieve 20% target drug loading (defined as % weight of API 

per % weight of porous carrier). The impregnation process was carried out in a VFC-LAB Micro FLO-COATER® (Freund-Vector 

Corporation, USA), a FB dryer equipped with a top spray nozzle. The procedure consisted of these following steps: (1) Load the 

FB dryer with the preferred amount of Neusilin® US2. (2) Start FB and set pump speed, nozzle air pressure, and inlet temperature 

to desired values which would be varied to investigate the effects of FB impregnation process parameters and conditions. 

Meanwhile, air flow and air pressure were fixed process parameters throughout the study. (3) Begin spraying pure solvent to reach 

a constant product temperature. (4) Switch to spray PRX solution onto Neusilin® US2. (5) After finishing impregnation and 

obtaining the desired drug loading, switch back to spraying pure solvent. (6) Dry the impregnated product for a specific time, cool 

down, and unload it. 

Morphology examination 

The scanning electron microscope and energy dispersive X-ray spectrometer (SEM-EDS) Model JEOL JSM-IT300 (JEOL 

Ltd., Japan) with an acceleration voltage at 10.0 kV was used to assess the surface morphology and obtain the images of samples 

based upon the previous work’s protocol 7. SEM images of the samples were captured at the 500× magnification. 

Particle size measurement 

Particle size and particle size distribution of samples were determined using Morphologi 4-ID™ (Malvern Panalytical Ltd., 

UK). Each sample was dispersed on a glass plate by the instrument using a pressure of 4 bar. The individual particles were counted 

within a 20 mm × 20 mm area and measured the circular-equivalent (CE) diameters of each particle. 

Specific surface area, total pore volume, and pore size measurement 

The measurement was conducted by a surface area analyzer, Model Quantachrome, Autosorb-IQ-MP (Anton Paar QuantaTec 

Inc., USA). The Brunauer-Emmett-Teller (BET) standard method under N2 adsorption was applied to determine the specific surface 

area in m2/g and total pore volume in mL/g of the samples, and the Barrett-Joyner-Halenda (BJH) model was employed to evaluate 

an average pore diameter (nm) of the samples 8. The samples were degassed for approximately 30 h at 180°C before measurement.  

Chromatographic conditions 

Shimadzu SIL-20AHT high-performance liquid chromatography (HPLC) system (Shimadzu Corporation, Japan) was used 

with the following conditions: LC column, 150 × 4.6 mm; mobile phase of 1 mL of phosphoric acid in water and acetonitrile; flow 

rate of 0.5 mL/min; UV determination at λ = 340 nm. A five-point calibration curve was generated (R2 = 0.9999). 

Drug loading determination 

To extract PRX, 200 mg of the fabricated impregnated sample was transferred into a 100-mL volumetric flask using 70 mL of 

methanol as a diluent. The flask was sonicated in an ultrasonic sonicator for 1 h. The mixture was diluted with methanol to 100 

mL, mixed again, and then left for 24 h at room temperature to equilibrate. Subsequently, the mixture was centrifuged to obtain a 

clear supernatant before being placed in a vial. The actual drug loading was analyzed using the HPLC system as described above. 

Solid-state characterization by FT-IR, XRPD, and DSC 

To evaluate chemical interactions between PRX and Neusilin®, Fourier transform infrared spectra of the samples were recorded 

in a Nicolet iS20 FT-IR spectrometer (ThermoFisher Scientific, USA) using the diamond Attenuated Total Reflectance (ATR) 

within the range of 500–4000 cm-1 with 4 cm-1 resolution under 64 scans/measurement 7. X-ray powder diffraction patterns of the 

samples were collected, using Rigaku Miniflex II™ (Rigaku™, Japan) with monochromatic Cu-K α-radiation at 15 mA and 30 kV, 

following conditions: a scan range (2θ) of 5°-40° with a scan speed of 2°/min. Thermal analysis of samples was conducted by a 

DSC Model DSC822e (Mettler-Toledo™, Switzerland). A sample (approximate weight of 2-5 mg) was enclosed in a pin-hole 

aluminum pan under a dry N2 atmosphere and heated in the range of 50°C-220°C at a heating rate of 10°C/min 8, 9. 

Preparation of PRX-impregnated tablet 

PRX-impregnated Neusilin® US2 composite was mixed with 2% crospovidone (as a disintegrant) and then compressed by 

direct compression with a single punch tablet machine. Physical properties of tablets were subsequently studied. 

In vitro dissolution study 

PRX-impregnated tablets were immersed in 900 mL of simulated gastric fluid without pepsin. USP Apparatus I (Basket) was 

chosen for PRX raw material which was manually weighed and filled into hard gelatin capsules (size 0), and USP Apparatus II 

(Paddle) was used for impregnated tablets at 37±0.5°C, stirring under constant rotation speed of 50 rpm. Five milliliters of the 

sample were then withdrawn from each vessel at given time point intervals (3, 5, 15, 30, 45, 60, 90, 120, 180, and 240 min) with a 

syringe and replaced with the 5.0 mL of the fresh medium. The sample concentrations were subsequently analyzed by HPLC, the 

same protocol as the drug loading determination. The drug dissolution profiles were plotted, presenting the average percentage of 

drug dissolved and the standard deviation (SD) at each time point. 
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Short-term stability study 

PRX-impregnated tablet were kept in a stability chamber (BINDER Inc., USA) at an accelerated storage condition (40°C±2°C 

/ 75% RH±5% RH) 10 for a period of 1 month. In vitro drug release was then evaluated for dissolution deceleration of the sample. 

Statistical analysis 

The independent samples t-test via IBM® SPSS® statistics software at the 95% confidence interval (p < 0.05) was used to 

assess the statistical significance of surface area, total pore volume, and average pore diameter. 

 

RESULTS AND DISCUSSION 

Preparation of PRX-impregnated composites via fluidized bed impregnation 

The experiment of 5.00 g Neusilin® US2 loaded, 50 RPM pump speed, 2.0 PSI nozzle air, and 65°C inlet temperature (with 

constant 37 LPM air flow and 4 bar air pressure) could produce 16.91±0.22% drug loading PRX-impregnated particles, which were 

closest to the target drug loading of 20%. Inlet temperature and pump speed were also increased to 75°C and 100 RPM, respectively 

to study for more different conditions. However, the results showed their lesser actual drug loading, which might be due to the drug 

solution being dried in the air or the drug stuck to the chamber before reaching the porous carrier particles. 

Morphology and particle size measurement 

SEM images revealed differences in morphology of samples (see Figure 1). While PRX powder (Figure 1(a)) appeared to have 

an irregular shape and a rough surface, the pure Neusilin® US2 (Figure 1(b)) showed a perfectly spherical shape with a smooth 

porous surface. Although the SEM image of PRX-impregnated particles (Figure 1(c)) revealed a spherical shape similar to the pure 

Neusilin® US2 (Figure 1(b)), PRX-impregnated sample appeared slightly larger in size with differences in porous surface 

appearance, which might be due to some drug coating or deposition on surface occurring during the process. Furthermore, the 

particle size and size distribution, as shown in Table 1, suggested that the particle size slightly changed during the impregnation. 

 

Table 1. Particle size, BET surface area, total pore volume, and average pore diameter of as-received pure Neusilin® US2 and 

PRX-impregnated composites via FB. 

Sample 

No. 
Sample 

Particle Size (μm) 

Span 
Surface Area 

(m²/g sample) 

Total Pore 

Volume 

(mL/g sample) 

Pore Diameter 

(nm) d10 d50 d90 

1 Pure Neusilin® US2 1.50 3.95 7.60 1.54 323.31 1.64 20.24 

2 
PRX-impregnated 

Neusilin® US2 via FB 
1.51 3.21 9.46 2.48 250.27 1.27 21.05 

 

Specific surface area, total pore volume, and pore size measurement 

Pure Neusilin® US2 possesses the largest surface area (see Table 1). After the impregnation process, PRX-impregnated 

Neusilin® US2 product had significantly lower surface area (p < 0.05) compared to the pure Neusilin® US2. This was due to the 

drug filled into the Neusilin® US2 pores. The total pore volume of the impregnated particles also decreased in agreement with the 

decrease in the specific surface area. The average pore diameter of the impregnated composites showed no statistically significant 

difference (p > 0.05) compared to pure Neusilin® US2, which could imply that the drug stayed in the pores of the solid matrix and 

obstruction from the impregnation process did not occur. 
 

 
                                                                                                                  

 

                                                                                
 

 

 

Figure 2. FT-IR spectra within the range of 500–

4000 cm-1. 

Figure 1. SEM images of (a) PRX raw material powder, (b) pure 

Neusilin® US2, and (c) PRX-impregnated Neusilin® US2 particles 

fabricated from FB impregnation (with 500× magnification and scale 

bars of 50 μm). 
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Figure 5. In vitro dissolution profiles of PRX raw material, 

PRX-impregnated tablets (freshly prepared, and at 1-month 

storage), and commercial PRX tablet (mean ± SD, n = 3). 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Solid-state characterization by FT-IR, XRPD, and DSC 

FT-IR was conducted to study chemical interactions between the drug substance and Neusilin® US2 (see Figure 2). For PRX-

impregnated Neusilin® US2 particles, there were Si-O-Si linkages of Neusilin® US2 presented at around 1000 cm-1. The absorption 

bands at 1628 cm-1 corresponding to the stretching of amide carbonyl groups (C=O) and 1180 cm-1 corresponding to the sulfonyl 

groups (S=O) asymmetric stretching of benzothiazine ring of PRX were shifted and broadened in the sample. Furthermore, the FT-

IR spectra of PRX-impregnated particles indicated that the characteristic peak of PRX at 3337 cm-1, associated with the bands of 

N-H of amide group and enolic O-H 11, was reduced in intensity due to probable H-bonding between PRX and Neusilin® US2. 

XRPD patterns (see Figure 3) of PRX-impregnated particles displayed the disappearance of all sharp peaks, which proved that 

impregnation could transform PRX from a crystalline to an amorphous nature. DSC thermograms (Figure 4) of PRX-impregnated 

particles showed no endothermic melting peak. Therefore, both results suggested that impregnation could produce ASD of PRX. 

Tablet properties study 

The PRX-impregnated tablets were successfully compressed, which had weight of 170.10±1.22 mg, thickness of 2.72±0.02 

mm, hardness of 6.37±0.08 kp, and friability of 0.47%. Six examined tablets disintegrated within 13.31±0.12 min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In vitro dissolution study 

The dissolution results showed that PRX-impregnated Neusilin® US2 tablet could improve the dissolution rate of PRX (see 

Figure 5). In this study, PRX-impregnated tablets had 79.67±7.14% drug dissolved within 45 min, while PRX raw material had 

only 23.12±10.25% dissolved drug at 45 min. Commercial PRX tablets were also tested, showing 88.95±0.65% drug dissolution 

at 45 min, which may depend on the unknown excipients in its formulation. 

 

 

 

 

Figure 3. XRPD patterns of PRX raw material, pure 

Neusilin® US2, physical mixture, PRX-impregnated 

particles, PRX-Neusilin® US2 tablet, and PRX-Neusilin® 

US2 tablet after 1-month storage. 

 

Figure 4. DSC thermograms of PRX raw material, pure 

Neusilin® US2, PRX-impregnated particles, PRX-Neusilin® 

US2 tablet, and PRX-Neusilin® US2 tablet after 1-month 

storage. 
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Short-term stability study 

The accelerated stability study of PRX-impregnated tablet was conducted afterwards. The results (see Figure 5) displayed that 

PRX dissolution from the impregnated tablets after 1-month storage decreased to 46.63±6.37% drug dissolved at 45 min, which 

could be attributed to drug recrystallization, as confirmed by the XRPD and DSC results (see Figures 3 and 4). 

 

CONCLUSIONS 

FB was employed to successfully manufacture amorphous PRX-impregnated Neusilin® US2 composites within a fast, single 

unit operation. The FB impregnation process parameters including pump speed, nozzle air pressure, and inlet temperature as well 

as the material attribute (i.e., the weight of the porous carrier) had an impact on the actual PRX loading capacity. PRX could be 

successfully filled into the pores of Neusilin® US2 with the actual drug loading capacity closed to the expected value, and solid-

state characterizations showed an amorphous form of PRX impregnated inside the porous solid carrier indicating complete 

transformation of crystalline PRX to ASD formulations with acceptable physicochemical properties. The ASD of PRX-impregnated 

Neusilin® US2 particles was subsequently compacted by direct compression method producing PRX tablets with good physical 

properties. Dissolution profiles revealed that PRX-impregnated Neusilin® US2 tablets had a comparable dissolution rate to that of 

the commercial product and an enhanced dissolution rate compared to PRX starting material. However, solely including the drug 

into a porous carrier might lead to a lack of satisfaction in preventing the recrystallization of the drug. Further studies on combining 

other excipients such as amorphous stabilizers in the impregnated ASD formulation may be necessary to improve stability of the 

drug and ensure the desired dissolution profiles. Impregnation time and drying time in FB impregnation process also needed to be 

investigated further to diminish the possibility of coating, spray drying, or granulation that might happen instead of impregnation 

and achieve better impregnated product with higher actual drug loading. 
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Abstract. This study aimed to evaluate the efficacy of calcium hydroxylapatite (CaHA) biostimulator for hand rejuvenation in a 

prospective 3-month study. Ten participants received CaHA treatment on the dorsum of the hand, and outcomes were evaluated 

using the Merz Hand Grading Scale (MHGS), skin moisture levels, wrinkle severity, skin texture analysis, skin depression volume, 

and melanin levels at baseline, at 4 weeks, and 12 weeks post-treatment. The results demonstrated significant improvements in all 

objective parameters across the study period, indicating the potential of CaHA as an effective treatment for hand rejuvenation. 

 

Keywords: Calcium hydroxylapatite; Hand rejuvenation; Aging hand; Biostimulator 

 

 

INTRODUCTION 

Aging hands are another aspect that people are paying more attention to nowadays, as they are a part of the body that is 

frequently used and easily noticeable. The aging process is most prominent in the dorsum of the hand. Characteristics of an aging 

hand consist of loss of subcutaneous fat, prominence of superficial veins and extensor tendons, prominence of bony contours of 

the metacarpal and proximal phalangeal bones, thinning of the dermis, irregular surface pigmentation, and age spots appearance.¹ 

There is disorganization of collagen and elastin fibers in hand aging as in facial skin aging.²  

 

Currently, there are various therapeutic options available for dorsal hand rejuvenation, including topical acids (tretinoin and 

vitamin C, among others), laser therapy, vein sclerotherapy, chemical peeling, autologous fat grafting, and filler injections.3,4 

Injecting fillers for dorsal hand rejuvenation is a popular procedure and has high patient satisfaction. They provided an approach 

for restoring volume loss and improving the appearance of prominent veins and tendons. The relatively common minor early-onset 

complications of soft tissue fillers include swelling, bruising, and paresthesia5,6,7 , while more serious and long-term complications 

include surface irregularities, granuloma formation, and skin necrosis. Among the various types of injectable fillers, calcium 

hydroxylapatite (CaHA) has gained considerable attention due to its unique biostimulatory properties.8 

 

Calcium hydroxylapatite fillers (Radiesse®, Merz Aesthetics), currently the only one approved by the FDA for hand 

augmentation, are composed of 30% CaHA microparticles in 70% aqueous carboxymethylcellulose (CMC) gel carrier. The 

particles are relatively large, ranging from 25-45 μm in size, which limits macrophage phagocytosis and provides durability. The 

carrier gel disperses within 2-3 months after injection, whereas the CaHA remains, stimulates fibroblast growth and collagen 

formation around the microspheres.9  

 

The high viscosity and high elastic (G’) of CaHA filler leads to immediate volume correction and its unique radiopaque 

properties and white color allow it to blend well with the skin and result in more optical masking of veins and tendons as compared 

with other fillers.8 When injecting CaHA, most practitioners will dilute the product 1:1 with 0.9% NaCl and lidocaine mixture. One 

longevity study showed evidence of CaHA microspheres surrounded by neocollagenesis for 72 weeks.10 Associated adverse events 

typically include swelling, pain, redness, and bruising, with nearly all events resolving without intervention within the first 2 weeks 

of treatment.11,12 

 

This prospective study investigates the efficacy of CaHA for hand rejuvenation over a 3-month period, focusing on objective 

measures of skin quality and aesthetic improvement. 
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MATERIALS AND METHODS 

Materials 

The primary material used in this study was calcium hydroxylapatite (CaHA) biostimulator (Radiesse®, Merz Aesthetics). 

The assessment tools included the Merz Hand Grading Scale (MHGS)13, MoistureMeterD® (Delphin Technologies Ltd., Kuopio, 

Finland) for measuring skin moisture levels and Antera 3D® (Miravex Ltd., Dublin, Ireland) for assessing wrinkle severity, skin 

texture analysis, skin depression and melanin levels. 

 

Methods  

Experiment 

Ten participants with aging hands, defined as a Merz Hand Grading Scale (MHGS) score of 2 or higher, were enrolled in this 

single-arm, prospective study. Exclusion criteria included a history of allergic reaction to CaHA, previous hand rejuvenation 

treatments within the past 6 months, the presence of active skin infections or inflammatory conditions in the treatment area, 

pregnancy, and breastfeeding. Prior to treatment, informed consent was obtained from all participants, and standardized 

photographs of the dorsal hands were taken for objective assessment. The treatment area was cleansed with chlorhexidine solution, 

and topical anesthesia was applied for 30 minutes to minimize discomfort. The 0.75ml of CaHA (Radiesse®, Merz Aesthetics)  

mixing with 0.75ml of 2%Lidocaine CaHA (Radiesse®, Merz Aesthetics) was injected into the dorsal hands using a 25-gauge 

needle and a retrograde-fanning technique14, primarily in the dorsal superficial lamina (DSL) plane15, targeting areas of volume 

loss and prominent veins. The total injected volume was 1.5ml. Following the injection, the treatment area was gently massaged to 

ensure even distribution of the product. The Merz Hand Grading Scale (MHGS), skin moisture levels (MoistureMeterD®), wrinkle 

severity (Antera 3D®), skin texture analysis (Antera 3D®), skin depression volume (Antera 3D®), and melanin levels (Antera 

3D®) were assessed at baseline, 4 weeks, and 12 weeks post-treatment. 

Statistical analyses 

Data were analyzed using STATA/SE 14 (Stata Corp LP). Statistical analysis was performed using paired t-tests to compare 

baseline, 4-week, and 12-week values. A p-value of less than 0.05 was considered statistically significant. Sample size 

 

 

RESULTS AND DISCUSSION 

Results  

The demographic data of 10 participants with Merz Hand Grading Scale (MHGS) score of 2 or higher, primarily female (80%), 

were enrolled. The mean age of participants was 48 ± 11.6 years.  

 

Table 1. Demographic characteristics of participants 

Characteristics n = 10 
 

Sex 

 

    Female 8 (80%) 

    Male 2 (20%) 
 

Age 48 ± 11.6 
 

  

The treatment resulted in notable and statistically significant improvements across several key metrics related to hand 

appearance and skin health. Specifically, the Merz Hand Grading Scale (MHGS) scores, which assess the overall appearance of 

the hands, demonstrated a significant decrease at both 4 and 12 weeks compared to baseline, indicating a visible improvement in 

hand appearance. Skin moisture levels also exhibited a substantial increase, suggesting enhanced hydration of the treated skin. 

Furthermore, the severity of wrinkles was significantly reduced, and the overall skin texture was visibly improved. There was also 

a reduction in skin depression volume, suggesting that the treatment effectively restored volume to areas where it had been lost. 

Finally, melanin levels decreased significantly, indicating a reduction in pigmentation and a more even skin tone. These positive 

changes, observed at both the 4-week and 12-week marks post-treatment, provide strong evidence of CaHA's effectiveness in 

rejuvenating the hands. 
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Table 2. Comparison of outcomes 

Outcome Measure 
Baseline 

(Mean ± SD) 
4 Weeks 

(Mean ± SD) 

12 Weeks 

(Mean ± SD) 

p-value 

(4 Weeks vs 

Baseline) 

p-value 

(12 Weeks vs 

Baseline) 

MHSG 2.70 ± 0.82 1.20 ± 1.23 1.44 ± 0.88 < 0.001 < 0.001 

Skin Moisture 45.17 ± 2.77 48.53 ± 3.46 47.67 ± 3.62 < 0.001 < 0.001 

Wrinkle 53.85 ± 22.33 42.94 ± 21.03 45.64 ± 16.56 < 0.001 < 0.001 

Skin Texture 59.65 ± 25.74 47.07 ± 23.52 50.13 ± 18.24 < 0.001 < 0.001 

Depression 41.71 ± 20.89 31.18 ± 20.24 34.14 ± 15.71 < 0.001 < 0.001 

Melanin level 0.433 ± 0.074 0.417 ± 0.066 0.406 ± 0.056 < 0.05 < 0.05 

 

 

Table 3. Percentage mean change of each parameter from baseline 

Outcome Measure 
%change from baseline 

4 Weeks 12 Weeks 

MHSG -55.56% -46.30% 

Skin Moisture 7.44% 6.11% 

Wrinkle -20.26% -16.97% 

Skin Texture -21.10% -17.80% 

Depression -25.24% -20.16% 

Melanin level -3.69% -7.39% 

 

The percentage change is calculated at 4 weeks and 12 weeks after the initiation of the treatment. A negative percentage 

indicates a reduction in the measured value, which generally signifies an improved outcome (e.g., a decrease in wrinkle score, a 

decrease in depression). A positive percentage indicates an increase in skin moisture. 

 

No serious side effects were observed, such as nodules or skin infection, with only one patient experiencing a bruise that 

resolved within 2 weeks without any treatment. 

 

Discussions 

The results of this prospective 3-month study provide evidence supporting the efficacy of CaHA for hand rejuvenation. The 

significant improvements observed in MHGS scores, a validated scale for assessing hand aging, indicate a noticeable reduction in 

volume loss and improved overall aesthetic appearance. The increase in skin moisture levels suggests that CaHA may also 

contribute to enhanced skin hydration, which is crucial for maintaining skin health and elasticity. The reduction in wrinkle severity 

and improvement in skin texture further support the rejuvenating effects of CaHA on the hands. The decrease in skin depression 

volume indicates that CaHA effectively restores volume loss in the hands, leading to a more youthful contour. The reduction in 

melanin levels suggests that CaHA may also have a beneficial effect on skin pigmentation, contributing to a more even skin tone. 

These findings are consistent with previous studies that have demonstrated the efficacy of CaHA for hand rejuvenation. The 

biostimulatory properties of CaHA, which promote collagen synthesis, likely contribute to the improvements in skin quality and 

volume observed in this study. While the 3-month study period allowed for observing initial effects, it's important to acknowledge 

this is a relatively short follow-up period. Longer-term collagen stimulation following CaHA injection is a key area for further 

investigation. It is possible that continuous collagenesis beyond 3 months could lead to even greater improvements in skin quality 

and volume. Conversely, it's also conceivable that over time, the initial improvements could plateau or even decline due to natural 

aging processes or the gradual degradation of CaHA. Therefore, studies with extended follow-up periods are crucial to fully 

understand the longevity of CaHA's effects and to identify any potential need for maintenance treatments. 
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CONCLUSIONS 

This prospective 3-month study demonstrates that CaHA is an effective treatment for hand rejuvenation, leading to significant 

improvements in various objective parameters, including MHGS scores, skin moisture levels, wrinkle severity, skin texture, skin 

depression volume, and melanin levels. These findings suggest that CaHA can effectively address multiple signs of aging in the 

hands, resulting in a more youthful and rejuvenated appearance. While valuable, future research should compare CaHA with other 

biostimulators and explore combination therapies. Crucially, longer-term studies (6-12+ months) are needed to assess the durability 

of CaHA's effects and the potential need for maintenance. Further research should investigate optimal injection techniques and 

volumes for best outcomes. Furthermore, increasing the sample size and employing standardized protocols would enhance the 

reliability and generalizability of these findings, ultimately improving patient outcomes in hand rejuvenation. 
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Abstract. There has been rising in popularity of non-invasive treatments horizontal neck lines. Injection procedures 

such as botulinum toxin, Hyaluronic acid, and biostimulators. These are proving effective and safe, reduced risk of 

side effects compared to invasive procedures. Calcium hydroxylapatite(CaHA) is a one of choice. It is a 

biocompatible, biodegradable, and resorbable. Recommendations the use of diluted is 1:2. However, there is little 

research on CaHA in hyperdiluted treating in neck area. From the above reasons,The author therefore studied about 

the effectiveness and safety of 1:4 hyperdiluted CaHA for the treatment of horizontal neck wrinkle in 8 patients. By 

enrolling 8 patients with none or mild neck sagging on Merz Neck Volume Scale and mild to moderate on neck 

Horizontal neck wrinkle (HnWs) scale. Then injected CaHA 1:4 (CaHA 0.75 ml + diluent 3 ml; to NSS 2.5 ml and 

0.5 mL of 2% lidocaine total 3.75 ml) to subdermal using blunt cannula. Photographic was done at baseline, after 

injection at 1, 3,6 months. Antera 3D was measures at follow up visits. The main outcomes were graded by blinded 

dermatologist assessment Global aesthetic improvement scale (GAIS) and Antera 3D wrinkle. After injection,The 

results showed significant improvement of GAIS and decrease of wrinkle size by Antera3D at 1 ,3 months post 

treatment, with sustained at 6 months after the procedure. No one developed severe adverse effects such as granuloma 

nodule. It can be concluded that CaHA is effective treatment for improved horizontal necklines, with sustained until 

6 months. No serious side effects. 

 

Keywords: Neck rejuvenation, Calcium hydroxyapatite, Horizontal neck wrinkle 

 

 

INTRODUCTION 

Nowadays, when talking about the increasing importance of beauty standards. People not only value an 

appearance on face. But it also gives importance to other areas of the body. The neck is the area closest to the face 

[1,2,3] and can be easily noticed of aging. People are beginning to pay more attention to the quality of the skin 

around their necks. 

Wrinkles on the neck It is like other wrinkles. You might see them around your mouth, eyes, hands, or 

forehead. Although wrinkles are a natural part of aging, but it is not the only factor.  Neck wrinkles can be found in 

teenagers. or more children from frequently bending your neck to look at your cell phone, tablet, or book. This can 

cause wrinkles caused by repeated folding of the skin.[4]  

Biostimulators represent a recent trend in dermatology innovation. Dermatologists are interested in their 

dual functionality, as they not only offer immediate skin filling similar to Hyaluronic acid fillers [5,6] but also have 

ability to sustainably stimulate the ongoing production of natural collagen within the skin layers. This dual action is 

seen as a promising approach to promoting long-term youthfulness and overall skin health. [7,8] 

 In recently,There are more research studies about Calcium hydroxylapatite from its ability to stimulate the 

endogenous collagen production, generating long-term tissue remodeling by the CaHA microspheres and 

volumization[7,8]. Although CaHA use for neck treatment is off-label, its ability to induce extracellular matrix 

remodeling after subdermal injection may have a significant impact on reducing fine wrinkling, improving skin 

quality, and promoting local skin tightening with evidence from one study, researchers described a method for 

treating horizontal neck lines using Calcium Hydroxylapatite (CaHA) injections. Changes in skin mechanical 

properties were assessed using ultrasound scanning and cutometry. Immunohistochemical analysis showed increased 

collagen and elastin production, which correlated with improved skin elasticity and pliability as assessed by 

cutometry, while ultrasound scans revealed increased dermal thickness. [7]  

Consensus recommendations regarding the use of diluted and hyperdiluted CaHA have been developed by 

panels of global expert aesthetic physicians. For the treatment of the neck, the panel recommend a dilution of 1:2 is 
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indicated, and a short linear threading technique using a needle is an alternative option for product application, 

following a gentle massage. [7,8] 

However, there is little research on Calcium hydroxylapatite in hyperdiluted treating in neck area. The 

purpose of this study was to assess the effectiveness and safety of 1:4 hyperdiluted calcium hydroxylapatite for the 

treatment of horizontal neck wrinkle. 
 

 

MATERIALS AND METHODS 

Methods 

Prospective Randomized double-blinded study performed at Benchakitti Park Hospital, Bangkok, Thailand 

from July 2024 to December 2024. The 8 participants were recruited with none or mild neck sagging on Merz Neck 

Volume Scale and mild to moderate on neck Horizontal neck wrinkle (HnWs) scale . Use Cohen formula to 

calculated sample size (at least 7 persons). All patients provided informed consent prior to enrollment. The study 

participants comprised of only female with ages ranging 35.50 ± 10.62 (Table1). Participants were injected with 

diluted 1:4 CaHA (CaHA 0.75 ml plus diluent 3 ml divided to NSS 2.5 ml and 0.5 mL of 2% lidocaine solution total 

3.75 ml. Using a 22 Gauge cannula with a length of 70 mm in the subdermal plane with fanning technique.  

Photography,Antera 3D, Moisturemeter,Corneometer,Tewameter will be taken before the treatments at 

baseline and follow up at 1 month ,3 months and 6 months for analysis by blinded dermatologists. In all follow-up 

visits, the patients were asked to report any side effects. 

Data were analyzed using STATA/SE version 14. Quantitative results were presented as mean ± standard 

deviation (SD) and mean difference (95% confidence interval). Qualitative data were expressed in percentages. 

Statistical significance was set at a p-value of < 0.05. The independent t-test was used to compare differences 

between groups. 

 

RESULTS AND DISCUSSION 

Results 

 

Patient Demographic Data 8 participants with none or mild neck sagging on Merz Neck Volume Scale and 

mild to moderate on neck Horizontal neck wrinkle (HnWs) scale, comprising females 100%, were enrolled. The 

mean age of participants was 35.50 ± 10.62 years. And it was an experiment on the right side 5 persons (62.5%) and 

on the left side 3 persons (37.5%) showed in table 1 

 

Table 1. Baseline characteristics of participants 

 

 

 

 

 

 

 

 

 

 

 

             

       

Clinical assessments were done by blinded dermatologists through comparative photographs using a  

Global Aesthetic Improvement Scale: GAIS (1 = very much improved, 2 = much improved, 3 = improved, 4= no 

change, 5 = worse) and Antera 3D to measure wrinkle size and texture, Moisturemeter, Cutometer to measure these 

parameters; Corneometer,Tewameter. 

 

  Characteristics                          Dilute1:4 

                                         (n = 8) 

 

     Gender 

          Female 

          male 

    Age (years) 

    Side 

         Right side 

         Left side 

 

8 (100) 

0 (0.0) 

35.50 ± 10.62 

 

5 (62.5) 

3 (37.5) 
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 The mean scores of the Global Aesthetic Improvement Scale based on dermatologist assessments showed a 

peak much improvement at 1 month and still improved until 6 months after treatment compared with baseline before 

the procedure (Table 2).  

Table 2. Efficacy on Global Aesthetic Improvement 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

The result of cutometer showed a significant improvement of Tewameter parameter at 1, 3 months after 

procedure (p-value <0.05) as seen in the table 3. At the 1 month follow- up, Tewameter increased by an average of 

2.83 (95%CI: 1.06, 4.59) with statistical significance (p-value = 0.002), whereas at 3 months Tewameter increased 

by an average of 2.24 (95%CI: 0.40, 4.09) with statistical significance (p -value = 0.017). Then, decline in 

improvement was seen at the 6- month follow- up, compared with before the experiment (Table 3). However, they 

were showed no differences in Moisturemeter, Corneometer, Wrinkle size, and Texture before and after 1, 3, and 6 

months (Table 3). On the contrary, the patient’s assessment scores as satisfied score showed very satisfied at 1,3 

months after treatment. Similarly, a decline in satisfied was seen at the 6 months follow- up (Figure 1). 

 
 

 

Figure 1. Patients’ satisfaction 

 

0

2

4

6

8

10

1 month 3 months 6 months

Patients Satisfied

unsatisfied slightly satisfied satisfied

very satisfied extremely satisfied

 

            GAIS                                      Dilute1:4 

                                                              (n = 8) 

1 month 

Grade 1 (very much improved) 

Grade 2 (much improved) 

Grade 3 (improved) 

Grade 4 (no change) 

 

3 months 

Grade 1 (very much improved) 

Grade 2 (much improved) 

Grade 3 (improved) 

Grade 4 (no change) 

 

6 months 

Grade 1 (very much improved) 

Grade 2 (much improved) 

Grade 3 (improved) 

Grade 4 (no change) 

 

0 (0.0) 

4 (50.0) 

2 (25.0) 

2 (25.0) 

 

 

1 (14.3) 

1 (14.3) 

4 (57.1) 

1 (14.3) 

 

 

1 (12.5) 

1 (12.5) 

5 (62.5) 

1 (12.5) 
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Table 3. Comparison of Moisturemeter, Cutometer, Tewameter, Wrinkle size and Texture before and after 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Adverse Effects  

There was 1 patient who experienced minor side effects such as bruising immediately after the injection, 

but this resolved without any treatment within 1 week. No serious adverse effects, such as granuloma, infection or 

scarring, were observed throughout the study. 

 

Discussion 

Neck aging, much like facial aging, is a complex condition influenced by various factors such as sun 

exposure, gravity, hormonal shifts, genetic predisposition, and postural habits. These elements collectively contribute 

to the decline in dermal collagen and elastin. Clinically, cervical aging presents as thinning skin, loss of firmness, 

discoloration, and the formation of wrinkles, commonly cited as concerns in medical consultations for aesthetic 

purposes. Now, there is a lacking of systematic studies on the assessment of rejuvenation procedures for the neck. 

Recently, biostimulator has become an important role in rejuvenation this neck.Calcium hydroxlyapatite is 

a one of choice. that's biocompatible, biodegradable, and resorbable substance.In Undiluted or slightly diluted it 

provides immediate correction by volume augmentation and stimulate the endogenous collagen production through 

neocollagenesis, elastin production, angiogenesis, and dermal cell proliferation. But in Hyperdiluted form (1.5mL of 

product plus ≥1.5mL of diluent) has a minimal or absent immediate volumizing effect, generating only long-term 

tissue remodeling by the CaHA microspheres. 

In this study's proposal is an expansion of a prior pilot study on the use of hyperdiluted Calcium 

hydroxylapatite(1:4) for treating horizontal neck wrinkles, and it includes a well -designed examination with the 

          Outcomes                                                     Dilute1:4 (n = 8) 

                                              Mean ± SD      Change from baseline       p-value 

                                                                                   (95% CI) 

  Moisturemeter 

          Baseline 

          1 month 

          3 months 

          6 months 

  Cutometer 

          Baseline 

          1 month 

          3 months 

          6 months 

Tewameter 

          Baseline 

          1 month 

          3 months 

          6 months 

Wrinkle size 

          Baseline 

          1 month 

          3 months 

          6 months 

Texture 

          Baseline 

          1 month 

          3 months 

          6 months 

 

 

39.13 ± 4.14                   Reference 

39.56 ± 4.50              0.44 (-2.22, 3.09)        0.747 

41.47 ± 2.41              1.35 (-1.61, 4.30)        0.371 

39.30 ± 6.47              0.18 (-3.22, 3.57)        0.920 

 

75.66 ± 13.04                 Reference 

73.57 ± 10.77          -2.09 (-11.64, 7.47)       0.669 

67.18 ± 10.38          -7.96 (-17.97, 2.05)       0.119 

70.19 ± 12.91          -5.47 (-15.39, 4.45)       0.280 

 

3.30 ± 2.13                     Reference 

6.13 ± 2.14                2.83 (1.06, 4.59)         0.002 

5.73 ± 3.53                2.24 (0.40, 4.09)         0.017 

3.36 ± 1.87                0.06 (-1.71, 1.83)        0.945 

 

41.45 ± 14.65                Reference 

35.94 ± 12.59         -5.51 (-18.04, 7.02)       0.389 

39.91 ± 14.83         -2.39 (-16.81, 12.03)     0.745 

39.70 ± 16.33         -1.75 (-19.67, 16.17)     0.848 

 

26.12 ± 3.53                  Reference 

22.20 ± 5.28            -3.93 (-8.32, 0.47)        0.080 

24.03 ± 4.61            -2.13 (-6.72, 2.47)        0.365 

25.12 ± 4.80            -1.01 (-5.44, 3.43)        0.657 
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expectation of more precise results that will be beneficial for alternatively treating patients with Calcium 

hydroxylapatite in the future. 

It’s demonstrated a reduction in neck wrinkle size measured by Antera 3D starting at 1 month after injection 

to 3 months and remaining stable at 6 months. 

 In addition, it was further discovered that the effect of hyperdiluted Calcium hydroxylapatite not only helps 

in generating long-term tissue remodeling or stimulating collagen but also significantly effective in retaining 

moisture in the skin layer from the experimental results measured by Tewameter at 1 month sustained until 3 months 

after injection with no any side effects such as granuloma, hematoma, infection or scarring. 

 Furthermore, the majority of patients noted clinical improvement of neck as assessed by a dermatologist on 

the GAIS scale, reporting that the neck continued to improve from 1 month to 6 months after injection  

     

CONCLUSIONS 

 In conclusion, this prospective study confirms that a single treatment with hyperdiluted CaHA injections 

leads to a noticeable improvement in the appearance of horizontal neck lines. The most prominent results are 

typically seen between 1 and 3 months after the procedure, though the rejuvenating effects can persist until 6 months 

with no serious side effects. 
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Abstract. This study aimed to develop phytosome of naringin (NG) by adding polyethylene glycol (PEG) derivatives to 

improve physical properties, stability and cytotoxicity in Caco-2 cells. The molar ratios of naringin to phosphatidylcholine (PTC) 

were varied at 1:1, 1:2, 1:3, and 1:4 with a constant concentration of cholesterol. Phytosomes were prepared using thin-film 

hydration method. The optimal formulation was selected and subsequently modified by incorporating PEG 400, PEG 1500, PEG 

4000, and lauroyl PEG-32 glycerides. The modified formulations were examined for stability studies and the most stable 

formulation was evaluated for cytotoxicity in Caco-2 cells. The results indicated that the formulation containing NG:PTC at 1:4 

was the suitable formulation, exhibiting a particle size of 170.93±1.87 nm with PDI of 0.28±0.01, zeta potential of -34.57±0.57 

mV, and entrapment efficiency of 86.12±0.22%. Among the PEG-modified formulations, PEG 400 demonstrated the most 

favorable properties, i.e. a particle size of 136.00±1.54 nm, PDI of 0.28±0.01, zeta potential of -52.95±0.27 mV, and entrapment 

efficiency of 96.74±0.01%. Stability studies at 4˚C revealed that the entrapment efficiency of the PEG 400-modified formulation 

significantly decreased to 68.55±0.07%, whereas the particle size and PDI were relatively unchanged for 2 months. Regarding the 

cytotoxicity study in Caco-2 cells, the PEG 400-modified phytosome of naringin showed the significantly increased cytotoxicity 

when compared with the unprocessed naringin. The cytotoxicity was evidently increased with increasing phytosome concentration. 

 

Keyword: Naringin, Phytosome, Polyethylene glycol, Caco-2 cells 

 

Introduction 

Naringin (NG), a naturally occurring flavonoid found in citrus fruits, exhibits a broad spectrum of pharmacological activities, 

including antioxidant, anti-inflammatory, anticancer, and hepatoprotective effects (1). However, its clinical utilization is hampered 

by poor aqueous solubility, low oral bioavailability, and susceptibility to degradation under physiological conditions (2). To 

overcome these drawbacks, phospholipid-based nanocarriers have been developed to enhance the solubility and membrane 

permeability of hydrophobic compounds (3). Phytosome, a complex of bioactive molecules with phosphatidylcholine (PTC), 

facilitates better interaction with biological membranes, thereby promoting absorption and bioavailability (4) Further improvement 

can be achieved through PEGylation conjugating polyethylene glycol (PEG) to the formulation to enhance colloidal stability, 

prolong circulation time, and reduce immune clearance (5) The physicochemical properties and performance of PEGylated 

phytosomes depend on the choice of PEG derivatives, making rational selection critical. Therefore, this study aimed to develop 

naringin-loaded phytosome by adding PEG derivatives to improve physical properties, stability and cytotoxicity in Caco-2 cells. 
 

Material and methods 

Materials 

Naringin (NG), hydrogenated phosphatidylcholine (PTC), and cholesterol (CHO) were purchased from Myskinrecipes, 

Bangkok, Thailand. Polyethylene glycol 400 (PEG 400), polyethylene glycol 1500 (PEG 1500), and polyethylene glycol 4000 

(PEG 4000) were bought from PC drug center, Bangkok, Thailand. Lauroyl PEG-32 glycerides (Gelucire® 44/14) was purchased 

from Gattefossé, Neuilly-Sur-Seine, France. Absolute ethanol and sodium hydroxide were from RCI Labscan, Bangkok, Thailand. 

Dulbecco’s modified eagle medium (DMEM) high glucose, penicillin, streptomycin and phosphate-buffered solution (PBS) tablets 

were purchased from Gibco® by Life Technologies™, NY, USA. Fetal bovine serum (FBS) was bought from Gibco®, EU Approved 

Origin South America. MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide was purchased from AppliChem 

GmbH, Darmstadt, Germany. Dimethyl sulfoxide (DMSO) was bought from Wako Pure Chemical Industries, Ltd., Osaka, Japan 

 

Methods 

Preparation of phytosomes containing naringin 

In order to study the optimal ratio of naringin (NG) to phosphatidylcholine (PTC), phytosomes of naringin were prepared by 

thin-film hydration method using the ratios of NG:PTC of 1:1, 1:2, 1:3 and 1:4 by mole. Table 1 shows the components used to 

prepare phytosomes of naringin. PTC and cholesterol (CHO) were dissolved in 25 mL of absolute ethanol in beaker 1, whereas NG 
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was dissolved in 10 mL of absolute ethanol in beaker 2. The two solutions were mixed together and sonicated for 10 min. Then, 

the mixture was stirred using a magnetic stirrer for 2 h until a clear solution was obtained. The solution was subsequently evaporated 

by placing it in a water bath at 70°C for 5 h to form a thin film at the bottom of the beaker. Then, 80 mL of purified water was 

added to hydrate the sample and sonicated for 30 min to create phytosome particles. 
 

Preparation of naringin-loaded phytosomes with the addition of polyethylene glycol (PEG) derivatives 

In this study, PEG 400, PEG 1500, PEG 4000, and Gelucire® 44/14 (lauroyl PEG-32 glycerides) were selected as PEG 

derivatives for modification of phytosomes. PEG 400 represents a low-molecular-weight PEG with high aqueous solubility, which 

may enhance nanoparticle stability and bioavailability (6). PEG 1500 and PEG 4000 were included to investigate the impact of 

increasing chain length on the physicochemical behavior of the phytosomes. Gelucire® 44/14 was chosen for its amphiphilic nature 

and self-emulsifying properties, which may enhance dissolution of poorly water-soluble compounds (7). The phytosome 

formulation with the most suitable ratio of NG:PTC was selected to study the effect of PEG derivatives on phytosome properties. 

The preparation of naringin phytosomes with PEG derivatives was carried out in the same way as the preparation of naringin 

phytosome. The weights of PEG derivatives used in each formulation were fixed to a ratio of 1:1 to CHO (Table 1).  
 

Table 1. Components of naringin phytosomes and naringin phytosomes containing PEG derivatives. 

Ingredient 

(mg) 

Blank 

(PB) 

Molar ratio of NG:PTC Phytosomes containing PEG derivatives 

1:1 

(P1) 

1:2 

(P2) 

1:3 

(P3) 

1:4 

(P4) 
P400 P1500 P4000 G4414 

PTC 500.00 133.68 267.36 401.03 534.71 534.71 534.71 534.71 534.71 

CHO 150.00 40.10 80.21 120.31 160.41 160.41 160.41 160.41 160.41 

NG - 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

PEG 400 - - - - - 163.11 - - - 

PEG 1500 - - - - - - 163.11 - - 

PEG 4000 - - - - - - - 163.11 - 

Gelucire® 44/14 - - - - - - - - 163.11 

Remark: The molar ratio of PTC:CHO is fixed. 

 

Physicochemical studies of naringin-loaded phytosomes 

Particle size and zeta potential of phytosomes. The particle size distribution and zeta potential of phytosomes were studied 

using photon correlation spectroscopy (Zetasizer Pro, Malvern Instruments, Worcestershire, UK). The sample volume of 1 mL was 

pipetted and distributed in 10 mL of deionized water. All data were expressed as the mean and standard deviation from triplication. 

Molecular interaction in phytosomes. The molecular interaction especially between NG and PTC was studied using Fourier 

Transform Infrared Spectroscopy (FT-IR) (Perkin-Elmer, Waltham, MA, USA). The phytosome samples were dried using vacuum 

dryer (Memmert, Germany) for 24 h and collected for analysis against the unprocessed ingredients and the co-evaporated sample 

of PTC and NG. FT-IR spectra were obtained from 256 scans over the range of 4000-600 cm-1. 

Encapsulation efficiency (%EE) of naringin in phytosomes. The encapsulation efficiency of NG in phytosomes was studied 

by the indirect method adapted from Xiao-Lei Yu et al. (2023) (8). The phytosomes were first centrifuged at 15,000 rpm for 60 

min at 4°C to separate the unencapsulated NG in the supernatant. The supernatant (500 μL) was pipetted into a 10-mL test tube, 

then 5 mL of absolute ethanol and 100 μL of 4 M NaOH were added and mixed with a vortex mixer. The volume was adjusted to 

10 mL with deionized water, and the sample was heated with a water bath at 40°C for 10 min. The sample turned yellow. The 

sample was then allowed to cool to room temperature and analyzed with a UV-visible spectrophotometer (Shimadzu UV-2700i, 

Kyoto, Japan) at 242 nm. The percentage of encapsulation efficiency (%EE) was calculated using the equation 1. 
 

%EE = [(Total added NG – Unencapsulated NG) / Total added NG] x 100  Equation 1 

 

Stability study of naringin phytosomes. The phytosome formulations were stored at 30°C to follow the long-term storage 

condition according to ICH guideline, and at 4°C (2-8°C) which is the refrigerated conditions of the long-term storage of active 

ingredients according to ICH guideline. The stability study was conducted for 2 months and the formulations were characterized 

for particle size, zeta potential, and encapsulation efficiency. 

 

Cytotoxicity study on Caco-2 cell line 

The cell culture used Caco2 cell line (human Caucasian colon adenocarcinoma ATCC Cat. No. HTB-37). Cells were 

maintained in Dulbecco's Modified Eagle Medium (DMEM) containing 10% fetal bovine serum, 2 mM L-glutamine, 0.1 mM non-

essential amino acid, 1% penicillin/streptomycin. Cells were incubated at 37°C and 5% CO2. The toxicity of naringin phytosomes 

was evaluated by MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) cell viability assay. Caco-2 cells were 

plated 24 h before the treatment in 96-well plates at a concentration of 2 x104 cells per well. Then, different concentrations of 

phytosome samples (125–1,125 μg/mL of NG) were added into each well and cultured for 24 h. DMEM without the sample were 
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used as a negative control. At the end of the incubation period, the treatments were removed. The MTT solution (PanReac 

AppliChem ITW Reagents, Spain) at the concentration of 0.5 mg/mL was then added to each well for 3 h at 37°C and 5% CO2. 

After 3 h of the incubation period, the media were removed, and 50 μL of DMSO was added to dissolve the formazan crystals. The 

absorbance was determined at 570 nm using a microplate reader (ClarioStar Multimode Microplate Reader, BMG Labtech, 

Germany). The percentage of cell viability was calculated using the equation 2.  
 

             % Cell viability =
(Absorbance of treated cells)

(absorbance of negative control cells)
  x 100              Equation 2 

 

Results and discussion 

Regarding the optimization of the NG:PTC ratio to generate the appropriate phytosome (Table 2), it was found that all 

formulations (P1-P4) showed the particle size which was smaller than that of the blank formulation (PB). The particle size reduction 

in drug-loaded formulations might be due to molecular interactions between drug and lipid components (9). All formulations 

exhibited low polydispersity index (PDI) values, indicating monodisperse systems with narrow size distributions. The low PDI 

values are crucial for pharmaceutical applications as they ensure reproducible drug delivery and predictable in vivo behavior (9). 

The zeta potentials beyond ±30 mV generally provide sufficient electrostatic repulsion to prevent particle aggregation, suggesting 

the superior stability (11). All formulations showed the zeta potential values near and lower than -30 mV, which might be 

attributable to phosphate of PTC. This suggested the stability of the prepared phytosomes. It can be seen that the use of higher ratio 

of PTC resulted in better encapsulation efficiency. The higher ratio of PTC might provide a higher number of the moieties to 

interact molecularly with NG. A suitable concentration of PTC may optimize the balance between particle size, surface area, lipid 

packing geometry and internal volume available for drug entrapment (12). The lipid-to-drug ratio plays a pivotal role in determining 

entrapment efficiency. Higher ratios of phospholipids provide more bilayer surface and hydrophobic domains for drug 

incorporation, enhancing molecular interaction and drug retention (10). 

FT-IR was used to prove the molecular interaction via hydrogen bonding between phospholipid and naringin to create 

phytosome. According to Table 3, the FT-IR spectrum of the prepared phytosome showed a number of significant wavenumber 

shifts particularly for hydroxyl and carbonyl groups of NG. The coprecipitated sample of PTC and NG was prepared and examined 

using FT-IR to confirm the molecular interactions. 

According to the results, P4 was selected as the optimal formulation, combining the high encapsulation efficiency with proper 

physicochemical characteristics, and P4 was subsequently used as the model to study the effect of PEG derivatives. 

 

Table 2. Particle diameter, polydispersity index (PDI), zeta potential and encapsulation efficiency (%EE) of blank phytosome, 

naringin phytosomes and naringin phytosomes containing PEG derivatives. 

Formulation Particle size (nm) PDI Zeta potential (mV) %EE 

Blank (PB) 189.80 ± 3.59 0.35 ± 0.02 -35.89 ± 0.76 0.00 ± 0.00 

P1 151.87 ± 0.25* 0.27 ± 0.00* -48.17 ± 1.03* 80.56 ± 0.58* 

P2 179.23 ± 1.82 0.29 ± 0.02 -35.66 ± 0.41 82.80 ± 0.55 
P3 161.87 ± 2.68* 0.39 ± 0.03 -29.94 ±0.60 85.12 ± 0.27* 

P4 170.93 ± 1.87 0.28 ± 0.01 -34.57 ± 0.57 86.12 ± 0.22* 

P400 136.00 ± 1.45* 0.28 ± 0.01 -52.95 ± 0.27* 96.74 ± 0.01* 
P1500 258.60 ± 7.56* 0.65 ± 0.11* -55.25 ± 0.65* 97.43 ± 0.01* 

P4000 248.17 ± 4.65* 0.50 ± 0.05* -37.42 ± 0.43 97.60 ± 0.01* 

G4414 365.23 ± 13.14* 0.44 ± 0.02* -55.61 ± 1.37* 97.05 ± 0.00* 

Significant difference compared to Blank (PB), P < 0.05, determined by one-way ANOVA followed by Tukey’s post hoc test. 

 

Regarding the physicochemical properties of the formulations with PEG derivatives in Table 2, P400 displayed optimal 

formulation characteristics, achieving minimal particle diameter of 136.00 ± 1.45 nm, low PDI 0.28 ± 0.01, and relatively high 

encapsulation efficiency. The zeta potential (-52.95 ± 0.27 mV) indicated robust electrostatic stabilization. The use of PEG 

derivatives with lower molecular weight may optimally modulate interfacial tension while preserving colloidal stability through 

steric hindrance mechanism (11). 

Comparative assessment of various PEG derivatives revealed significant structure-activity relationships. Notably, the addition 

of PEG 1500 and PEG 4000 markedly displayed the larger particle diameters with higher PDI. This phenomenon likely originates 

from the rigid nature and the longer chains of these two PEG derivatives, implying that they might be included into the particles. 

In addition, the increased viscosity and restricted molecular mobility inherent to longer PEG polymer chains may compromise 

nanocarrier structural integrity (15). The Gelucire® 44/14-modified formulation manifested the least favorable performance 

parameters. These observations are consistent with previous reports documenting that non-ionic surfactant can induce micellar 

coalescence and phospholipid bilayer disruption in nanostructured delivery systems (12). However, the addition of PEG derivatives 
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can evidently enhance encapsulation efficiency. PEGs might improve homogeneity of NG with the other ingredients to create 

phytosomes, leading to the high NG loading after aqueous hydration. 

 

Table 3. FTIR peak shifts indicating phytosome 

formation 

 

Component Key Peaks (cm⁻¹) 

Phosphatidylcholine 

(PTC) 

3369 (O-H), 
1734 (C=O), 

1236/1174 (P=O) 

Cholesterol (CHO) 
3428 (O-H), 

1464 (C-H) 

Naringin (NG) 

3339 (O-H), 

1624 (C=O), 
1518 (C=C) 

PTC-NG Coprecipitate 
3351 (O-H, broad), 
1639 (C=O, shifted) 

Phytosome (with NG) 
3391 (O-H), 

1643 (C=O) 

 

 Figure 1. Cytotoxicity of naringin phytosome and unprocessed naringin on Caco-2 

cells. Significantly different compared to the control (0 µg/mL) using one-way 

ANOVA followed by Tukey’s post hoc test (P < 0.05). 

 

Table 4. Physicochemical properties and encapsulation efficiency (%EE) of blank phytosome and naringin phytosomes containing 

PEG derivatives after storage at 4°C and 30°C for 2 months. 

Formulation 

 At 4°C for 2 months At 30°C for 2 months 

Particle size 

(nm) 
PDI 

Zeta potential 

(mV) 
%EE Particle size (nm) PDI 

Zeta potential 

(mV) 
%EE 

P4 195.37±4.48 0.46±0.06 -45.82±1.16 75.53±0.16 309.43±70.34* 0.68±0.03* -55.37±1.50* 75.48±0.04 

P400 130.13±1.36 0.34±0.02 -41.55±0.74 68.55±0.07 160.17±3.70* 0.41±0.04* -21.10±0.41* 61.00±0.09* 

P1500 260.33±7.39 0.74±0.01 -42.52±0.12 69.24±0.02 562.43±78.52* 0.83±0.06* -36.19±1.28* 62.34±0.03* 

P4000 234.57±5.06 0.56±0.03 -46.39±2.44 69.31±0.01 1,925.67±332.88* 0.98±0.03 -48.69±1.27 61.83±0.11* 

G4414 426.37±2.83 0.59±0.04 -49.35±1.31 68.24±0.05 505.43±83.67* 0.71±0.03 -56.09±2.48 62.89±0.06* 

Significant difference compared to 4°C condition of the same formulation (P < 0.05), determined by paired t-test  

 

The results of stability study of phytosomes are summarized in Table 4. The formulation without PEG derivatives (P4) 

exhibited a notable increase in particle size in both storage conditions, suggesting significant particle aggregation upon storage. 

Among the PEG-modified formulations, P400 demonstrated the highest stability, with only a slight increase in particle size, 

alongside a moderate decrease in encapsulation efficiency (%EE). This superior stability at 30°C aligns with findings that low 

molecular weight PEGs can enhance bilayer stability under thermal stress, whereas higher molecular weight PEGs may destabilize 

lipid membranes (12). During storage, visual inspection revealed slight precipitation in the formulations containing PEG 1500, 

PEG 4000, and Gelucire® 44/14 at 30°C, which correlated with the observed increases in particle size and PDI. In contrast, the 

PEG 400-based formulation remained unchanged visually. The proper hydrophilic-lipophilic balance (HLB) of PEG 400 (HLB~12) 

facilitates nanoparticle surface coverage, reducing interfacial tension and preventing aggregation through steric stabilization (13). 

Its short chain length enhances water solubility and mobility, contributing to superior colloidal stability compared to higher-MW 

PEGs like PEG 4000, which exhibit increased viscosity and reduced molecular flexibility (14). The decrease in encapsulation 

efficiency observed in all formulations suggests partial drug leakage, potentially due to phospholipid peroxidation, which has been 

previously reported as a mechanism for drug loss in lipid-based delivery systems (20). Since the phytosome formulation containing 

PEG400 can provide the most favorable characteristics, thus P400 was further selected to apply in the cytotoxicity test in human 

colon adenocarcinoma (Caco-2) cells. The results demonstrated a clear concentration-dependent response, with naringin 

phytosomes exhibiting minimal cytotoxicity at low concentrations (125–500 µg/mL), where cell viability remained above 90%. 

These findings align with previous reports suggesting that flavonoid compounds, including naringin, may exert cytoprotective 

effects or even stimulate cell proliferation at sub-therapeutic doses (15). A significant reduction in cell viability was first observed 

at 750 µg/mL, followed by a steep decline at higher concentrations (Figure 1). This sharp decrease suggests the onset of substantial 

cytotoxic effects, likely due to mitochondrial dysfunction, i.e. a mechanism previously reported for flavonoid-loaded nanoparticles 
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(16). The highest tested concentration (1,125 µg/mL) nearly abolished cell viability (22.22%), consistent with naringin’s known 

ability to induce apoptosis via reactive oxygen species (ROS) mediated pathways (17). The calculated IC50 (948 µg/mL) 

corroborates existing literature on naringin’s anticancer effects in colorectal cancer models, where it triggers oxidative stress, cell 

cycle arrest, and apoptotic cell death. Phytosomes are likely taken up by Caco-2 intestinal cells through endocytic pathways, 

particularly clathrin-mediated endocytosis which is a common mechanism for lipid nanoparticles (18). 
 

Conclusion 

This study successfully developed and characterized naringin-loaded phytosomes with optimized physicochemical properties 

for improved drug delivery. The optimization of NG:PTC ratios revealed that the molar ratio of NG:PTC at 1:4 exhibited the best 

balance between particle size, stability, and encapsulation efficiency. Further modification with the addition of PEG400 

significantly improved colloidal stability with minimal particle size, narrow size distribution and high encapsulation efficiency. 

Stability studies confirmed that PEG400-modified phytosomes maintained structural integrity, while higher molecular weight PEGs 

and Gelucire-based formulation showed particle aggregation and reduced drug retention. These findings highlight the different 

actions of PEG derivatives in stabilizing phytosome. In vitro cytotoxicity assays on Caco-2 cells demonstrated a concentration-

dependent effect. Naringin-loaded phytosomes showed potent cytotoxicity at higher concentrations (IC50 948 µg/mL). The observed 

apoptosis aligns with naringin’s established mechanism in colorectal cancer models.  
 

Reference 

1. Parihar, V. K., & Prabhakar, K. R. (2010). Naringin modulates oxidative stress and inflammation in 3-nitropropionic acid-

induced neurodegeneration through the activation of nuclear factor-erythroid 2-related factor-2 signalling 

pathway. Neuroscience, 165(2), 654-664. 

2. Li, P., & Wang, Y. (2015). Preparation and evaluation of naringin-loaded lipid-based drug delivery systems for enhancing 

bioavailability. Journal of Drug Delivery Science and Technology, 30, 432-439. 

3. Semalty, A., Semalty, M., & Rawat, M. S. M. (2010). Phytosomes in herbal drug delivery. Indian Journal of 

Pharmaceutical Sciences, 72(1), 4-10. 

4. Zhang, J., Tang, Q., Xu, X., & Li, N. (2013). Development and evaluation of a novel phytosome-loaded chitosan 

microsphere system for curcumin delivery. International Journal of Pharmaceutics, 448(1), 168-174. 

5. Suk, J. S., Xu, Q., Kim, N., Hanes, J., & Ensign, L. M. (2016). PEGylation as a strategy for improving nanoparticle-based 

drug and gene delivery. Advanced Drug Delivery Reviews, 99, 28-51. 

6. Caballero-Florán, I. H., González-González, R. B., Moreno-Luna, L. E., Morales-Luckie, R. A., & Garza-Navarro, M. A. 

(2023). PEGylation of PLGA nanoparticles enhances their hydrophilicity and neuronal uptake without significantly 

increasing particle size. International Journal of Pharmaceutics, 634, 122716.  

7. Serajuddin, A. T. M. (2012). Solid dispersion of poorly water‐soluble drugs: Early promises, subsequent problems, and 

recent breakthroughs. Journal of Pharmaceutical Sciences, 101(7), 2647–2662.  

8. Yu, X., Wu, H., Zhang, L., & Fei, D. (2024). Optimization of Naringin Extraction, Synthesis of Dihydrochalcone and Its 

Effects on Reducing Blood Lipid Levels In Vitro. Molecules, 29(23), 5778. 

9. Honary, S., & Zahir, F. (2013). Effect of zeta potential on the properties of nano-drug delivery systems - A review. 

Tropical Journal of Pharmaceutical Research, 12(2), 255-264. 

10. Gill, B. S., & Nanda, A. (2020). Formulation and evaluation of etodolac-loaded emulsomes for enhanced anti-

inflammatory and analgesic activity. Journal of Drug Delivery Science and Technology, 55, 101374.  

11. Kulkarni, S.B., et al. (2018). PEGylation and its alternatives: A comprehensive review. International Journal of 

Pharmaceutics, 548(1), 176-189.  

12. Chen, Y., et al. (2018). PEG-lipid interactions in nanocarrier systems. Journal of Controlled Release, 285, 230-245. 

13. Zhang, Y., et al. (2021). Role of PEG chain length in nanoparticle stabilization: Interfacial tension and steric effects. 

International Journal of Pharmaceutics, 592, 120045. 

14. Sharma, A., et al. (2019). Impact of PEG molecular weight on nanoparticle mobility and storage stability. Colloids and 

Surfaces B: Biointerfaces, 178, 412-420. 

15. Ahmad, A., et al. (2020). Flavonoids in Cancer Therapy: Current Status and Future Perspectives. Phytotherapy Research, 

34(5), 812-830. 

16. Singh, D., et al. (2022). Flavonoid-Loaded Nanoparticles and Mitochondrial Dysfunction in Cancer Cells. Nanomedicine, 

17(8), 1025-1040. 

17. Chen, L., et al. (2021). Naringin Induces Oxidative Stress-Mediated Apoptosis in Human Colon Cancer Cells. Journal of 

Agricultural and Food Chemistry, 69(12), 3560-3570. 

18. Liu, M., Svirskis, D., Proft, T., Loh, J., Huang, Y., & Wen, J. (2024). Cellular Uptake and Transport Mechanism 

Investigations of PEGylated Niosomes for Improving the Oral Delivery of Thymopentin. Pharmaceutics, 16(3), 397. 

admin
Typewriter
69



*Corresponding author: duangrats@g.swu.ac.th 

 Presenting author: nakarin.choachaikhong@g.swu.ac.th 

Influence of Polymer Molecular Weight on Physical Properties and Cytotoxicity of 

Folic Acid Conjugated Hyaluronic Acid Nanoparticles Loading Curcumin 
 

Nakarin Chawchaikhong1, Natacha Busun1, Chittima Managit1, Sujimon Tunvichien1, Chutima Wiranidchapong1, 

Duangratana Shuwisitkul1,* 

 
1Department of Pharmaceutical Technology, Faculty of Pharmacy, Srinakharinwirot University, Nakhonnayok, THAILAND 

*Corresponding author Email: duangrats@g.swu.ac.th  

 

Abstract. The molecular weight of hyaluronic acid polymers is one consideration to play a part in the properties of nanoparticles. 

Therefore, this research aimed to compare the properties of folic acid conjugated hyaluronic acid nanoparticles loading curcumin 

(FHAC nanoparticles) prepared by the different molecular weights of polymer. The different molecular weights of hyaluronic acid 

in the study were 10 kDa (small molecular weight; SHA) and 1,000 kDa (large molecular weight; LHA). The particle size, zeta 

potential, conjugation efficiency (CE), and cell cytotoxicity were studied. The CaCO-2 cell line was used to compare the 

cytotoxicity of nanoparticles prepared by LHA and SHA. FHAC nanoparticles were prepared using a chemical conjugation method. 

The results showed that the CE of folic acid with hyaluronic acid was higher for LHA (60% CE) than SHA polymer (35% CE). By 

contrast, the molecular weight of hyaluronic acid did not affect the CE of curcumin (70% CE). The particle size of FHAC 

nanoparticles from SHA polymer was approximately 195 nm and it increased with increasing molecular weight of hyaluronic acid 

(approximately 385 nm for LHA). However, the zeta potential of approximately -40 mV was similar for both FHAC nanoparticles. 

The cell viability of FHAC nanoparticles from LHA polymer was approximately 10% less than those from SHA polymer. In 

conclusion, the molecular weight of hyaluronic acid influenced particle size, conjugation efficiency, and cell cytotoxicity of FHAC. 

The properties of FHAC nanoparticles were partially influenced by the molecular weight of hyaluronic acid. 

 

Keywords: Hyaluronic acid nanoparticles, Folic acid, Conjugation  

 

INTRODUCTION 

The development of drug delivery systems for cancer therapy is a technique to solve the disadvantages of traditional cancer 

drugs. They normally affect both cancer cells and normal cells of the body. A targeted drug delivery system can help improve 

therapeutic effects and reduce the side effects of traditional cancer drugs, particularly hyaluronic acid (HA) nanoparticles. HA 

nanoparticle delivery systems can increase the efficiency of drug release control, deliver drugs to target cells, and have more anti-

cancer activities because of the targeting mechanism. The mechanism of HA nanoparticles relies on both a passive targeting 

mechanism from nanoparticles to tumors and an active targeting mechanism from the ability to bind to the CD44 receptor at cancer 

cells of hyaluronic acid [1]. 

Some researches are focusing on herbs used to kill cancer cells. Turmeric extract or curcumin is an active compound used 

to destroy cancer cells through the mechanism of increasing the destruction of cancer cells (apoptosis) and inhibiting the formation 

of new blood vessels of cancer cells [2]. However, curcumin has limitations in its use. It has low solubility, low permeability, and 

low absorption. The development of curcumin into HA nanoparticles helps increase water solubility and the ability to deliver 

curcumin into the body. However, it was found that the concentration of active ingredients from herbs that enter cancer cells to 

destroy cancer cells is still not enough to act against cancer cells. 

The increase in the specificity of HA nanoparticles in delivering curcumin to destroy cancer cells by modifying HA with 

a ligand. Folic acid (FA) is a ligand that can bind to the folic acid receptor. This receptor is normally overexpressed on cancer cells 

[3]. Folic acid-conjugated hyaluronic acid nanoparticles loading curcumin (FHAC nanoparticles) increase the specificity of binding 

to receptors on the surface of cancer cells and increase the accumulation of curcumin in cancer cells, thus enhancing the effect of 

HA nanoparticles. 

The molecular weight of hyaluronic acid polymers is one consideration to play a role in the properties of nanoparticles. 

Therefore, this research aims to compare the properties of FHAC nanoparticles prepared by the different molecular weights of 

polymer. The particle size, zeta potential, conjugation efficiency, and cytotoxicity of a cancer cell were studied. 
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MATERIALS AND METHODS 

Materials 

Small molecule hyaluronic acid (SHA) (MySkinRecipes, Thailand) in the molecular weight of 10 kDa and standard yaluronic 

acid (LHA) (MySkinRecipes, Thailand) in the molecular weight of 1,000 kDa were compared in the study. Folic acid (FA) 

(TOKOYO Chemical Industry Co., Ltd., Japan) and curcumin (Sigma Aldrich China Inc, China) were purchased and used as 

received. CaCO-2 (HTB-37) was purchased from ATCC (American Type Culture Collection), USA. 

 

Methods 

Conjugation of hyaluronic acid nanoparticles loading curcumin (FHAC nanoparticles)  

FHAC nanoparticles were synthesized by conjugation. Folic acid was added to HA in the ratio of 1:100 by weight. The ratio 

of 1:100 by weight of HA: FA was selected caused by the preliminary study. An activated FA solution was prepared by dissolving 

FA in 1:1 v/v of 0.1N NaOH:DMSO (20 ml). The mixture was stirred until the clear yellow solution (solution A) was obtained. 

The coupling agent and catalyst, 8.2 mg of DCC and 5.0 mg of DMAP, were added to solution A. The mixture was stirred at 300 

rpm overnight at the room temperature, then FA solution was obtained (solution B). Subsequently, 20 mg of HA was added to 

solution B and the solution was stirred for 6 h (solution C). A 6mM curcumin solution was prepared by dissolving curcumin 27.63 

mg in 12.50 ml of DMSO and slowly added to the solution C. The mixture was incubated at 100 rpm and 60 °C for 6 h to create 

the final volume of 32.50 ml. 

 

Measurement of particle size and zeta potenital  

Particle size and size distribution were determined using the Zetasizer (Malvern Panalytical Company, USA). The samples 

were measured using a glass cuvette quartz at a set temperature of 25°C. The test was performed on hyaluronic acid with a refractive 

index of 1.666, using deionized water (DI) as the solvent. The measurements were conducted using the Advance setting mode, with 

fluorescence interference minimized. Zeta potential was also measured using the Zetasizer with a Folded Capillary Zeta Cell at a 

constant temperature of 25°C, using hyaluronic acid (refractive index 1.666) and deionized water 

 

Determination of conjugation efficiency 

The conjugation efficiency of FA and curcumin were indirectly determined by the unconjugated FA and curcumin using 

UV-Vis spectrophotometry at 288 nm and 425 nm respectively. 5 ml of a sample in a centrifugal filter (10kDa) was centrifuged at 

5000 rpm, 25°C for 5 minutes. Free FA and curcumin were collected and diluted. Drug Conjugation Efficiency (DCE) was 

calculated. 

Conjugation efficiency (%) = (Ct-Cs)/Ct x 100 

 

Ct = Total amount of active compound 

Cs = Unconjugated (free) active compound 

Cp = Amount of hyaluronic acid used 

 

Cytotoxicity study  

Cell viability of human colon adenocarcinoma (CaCO-2) was determined to compare cytotoxicity of FHAC nanoparticles from 

LHA and SHA. The cell culture media was MEM with 0.75% penicillin-streptomycin and 10% FBS. 10,000 cells of CaCO-2 were 

incubated at 37°C with 5% CO₂ for 24 hours before treatment. The MTS Assay Kit was used, and absorbance was read at 450 nm 

using a microplate reader to determine cell viability. 

 

Cell viability (%) = (Absorbance of sample/ Absorbance of negative control) x 100 

 

 

RESULTS AND DISCUSSION 

Results  

FHAC nanoparticles were successfully synthesized using chemical conjugation. The particle size of less than a submicron was 

obtained (Table 1) after diluting the solution of FHAC nanoparticles with DI water in the dilution factor of 30X and 40X. The 

dilution factor less than 30X showed the higher particle size and high value of PDI indicating particle agglomeration. The dilution 

higher than 30X demonstrated the consistency of particle size and value of PDI. Therefore, the dilution factors of 30X and 40X 

have been used to compare the physical properties of FHAC nanoparticles. The particle size of FHAC nanoparticles from SHA 
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polymer was smaller than FHAC nanoparticles from LHA polymer. However, the zeta potentials of both FHAC nanoparticles were 

almost similar (Table 1). 

The conjugation efficiency of folic acid with hyaluronic acid was significantly higher for LHA polymer than for SHA polymer 

(Table 2). By contrast, the molecular weight of hyaluronic acid did not affect the conjugation efficiency of curcumin. The 

conjugation efficiency was approximately 70% for both FHAC nanoparticles (Table 2).  

 

Table 1. Comparison of particle size and zeta potential of FHAC nanoparticles from SHA and LHA polymer. 

Ratio of diluted 

nanoparticles in 

DI water 

SHA-FHAC Nanoparticles LHA-FHAC Nanoparticles 

Particle size 

(nm) 

PDI Zeta potential 

(mV) 

Particle size 

(nm) 

PDI Zeta potential 

(mV) 

1: 30 227.5 ± 7.2 0.44 ± 0.03 -41.6 ± 7.7 430.1 ± 139.5 0.58 ± 0.04 -41.3 ± 10.1 

1: 40 163.6 ± 23.7 0.41 ± 0.06 -40.7 ± 14.2 339.9 ± 96.7 0.47 ± 0.09 -34.3 ± 5.4 

 

Table 2. Comparison of conjugation efficiency of folic acid and curcumin with SHA and LHA polymer for FHAC nanoparticles. 

Ligand/Drug SHA-FHAC nanoparticles LHA-FHAC nanoparticles 

               Folic acid 34.50 ± 0.69* 59.32 ± 2.79* 

               Curcumin 71.39 ± 1.69 75.79 ± 0.02 

*Unpaired t-test statistical test (p < 0.0001) at 95% confidence level 

 

 The CaCO-2 cell line, colorectal adenocarcinoma cell line, was used to study the cytotoxicity of nanoparticles prepared from 

LHA and SHA polymer. The curcumin solution for the cytotoxicity was 0.008 mM. LHA and SHA solutions in concentration of 

0.0003%w/v and FA solution in concentration of 0.01mM were prepared to perform the cytotoxicity test. The concentration of 

curcumin, FA, LHA and SHA solutions were equal to their concentration in the nanoparticles with dilution factor of 200X. FA, 

LHA and SHA polymers with/without folic acid conjugation were not toxic to CaCO-2 cells (Figure 1). There was the effect of 

curcumin, SHA nanoparticles with curcumin and LHA nanoparticles with curcumin on CaCO-2 cells. After 24 hours, the cells 

were killed approximately 50%. However, the conjugation of folic acid with HA nanoparticles showed the better effect on CaCO-

2 cells. FHAC nanoparticles demonstrated the highest cytotoxicity among the others. The lowest cell viability was obtained from 

FHAC nanoparticles from LHA polymer. 

 

 
Figure 1. Comparison of cell viability (%) of CaCO-2 after incubation of the HA polymers, curcumin, SHA-FA (SHA 

conjugated with FA), LHA-FA (LHA conjugated with FA), SHA-Cur (SHA conjugated with curcumin), LHA-Cur (LHA 

conjugated with curcumin), and FHAC nanoparticles from SHA and LHA. 

 

Discussions 

FHAC nanoparticles from both LHA and SHA polymer showed similarly negative charge of zeta potential. This finding was 

explained by the negative charge of HA polymers [4]. The ligand, folic acid, on HA polymers also containing carboxylic acid 
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groups can lead to the negative charge of zeta potential (Table 1). LHA polymer could not disentangle sufficiently enough to lead 

to individual particles during conjugation [5], thus the larger particles form LHA polymer in comparison to SHA polymer. 

The carboxylic acid group of FA could conjugate with HA polymer at the hydroxyl group [6]. LHA polymer contains more 

hydroxyl groups on the chains than SHA polymer. It can result in high conjugation efficiency of FA (Table 2). Curcumin was 

subsequently conjugated on HA polymer after FA. The saturated reactive sites of HA led to no higher conjugation efficiency of 

curcumin with LHA polymer in comparison to SHA polymer. 

Folate receptors are usually overexpressed on cancer cells [3]. When conjugating FA on HA polymer, the nanoparticles could 

enter the cells through two receptors, folate receptors and CD44 receptors. The higher amount of curcumin in FHAC nanoparticles 

went into CaCO-2 cells. It caused more dead cells than HA nanoparticles without FA. Some studies showed that the high molecular 

weight of HA could inhibit cell proliferation [7]. This might lead to more cytotoxicity of LHA-FHAC nanoparticles than SHA-

FHAC nanoparticles. 

The study was performed using the narrow range of HA molecular weights. More HA molecular weights should be studied to 

demonstrate a tendency of particle size, conjugation efficiency and cytotoxicity. To explain in detail regarding cellular uptake of 

HA nanoparticles prepared by different molecular weights, a cellular uptake study should be performed to support receptor-

mediated internalization. 

 

CONCLUSIONS 

The molecular weight of hyaluronic acid influenced the properties of FHAC nanoparticles, including particle size, conjugation 

efficiency, and cell cytotoxicity. The properties of FHAC nanoparticles were partially affected by the molecular weight of 

hyaluronic acid. More variety of HA molecular weight and cellular uptake are recommended to investigate for more assumptions 

on the effect of the molecular weight of hyaluronic acid on the properties of FHAC nanoparticles. 
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Abstract. A simple and precise high-performance liquid chromatographic method (HPLC) was developed for determination of 

rosmarinic acid (RA) in the ethanolic extract of Thunbergia laurifolia leaf (ETL). Using a monolithic C-18 column with a mobile 

phase of 0.02% phosphoric acid and 12% methanol in acetonitrile, the rapid gradient elution achieved a retention time of 7.7 min 

for RA and a 14-minute analysis time. The sample preparation was simplified by direct dilution with 10% acetonitrile in water. 

Forced degradation studies were carried out under acidic, basic, oxidative, and photolysis conditions. The results revealed that RA 

was stable in acidic and oxidative conditions, but extremely labile under basic and photolytic conditions. No interference from 

degradation products was observed in the HPLC chromatogram at the retention times of RA, demonstrating the specificity of the 

method. The HPLC method exhibited linear correlations for RA in the concentration range of 2.09–104.4 µg/mL, with correlation 

coefficients (r)>0.99. RA recoveries ranged from 99.6–102.7%, and relative standard deviations for repeatability and intermediate 

precision were less than 1.8%. The RA content in ETL extracted with 55–95 % ethanol ranged from 0.24 to 7.78 mg/g of dried 

leaf. Interestingly, the developed method is environmentally friendly, as it minimizes solvents used, and enhance laboratory safety. 

The method’s greenness was further confirmed by an AGREE software greenness score of 0.7 from 1. The proposed approach was 

shown to be a promising method for quality control of T. laurifolia leaf extracts 

 

Keywords: Thunbergia laurifolia; Force degradation; Monolithic column; Rosmarinic acid; Green analytical chemistry  

 

INTRODUCTION 

Thunbergia laurifolia (TL), known as Rang Chuet, is a medicinal plant native to Southeast Asia. In Thailand, the herbal teas 

and capsules of TL leaves are listed in the National List of Essential Medicines 2023 under the category of herbal medicines for 

treatments of fever and aphthous ulcers [1,2]. TL leaves contain flavonoids, including apigenin and apigenin glucosides, as well as 

some phenolic acids, including caffeic, gallic, protocatechuic, and rosmarinic acids (RA) [3]. The TL leaf extracts have been 

reported to possess anti-inflammatory, antioxidant, anti-diabetic, antimicrobial, anti-depressant, and anti-dementia activities [3–9]. 

Furthermore, RA a major compound derived from TL leaves has been documented to have anti-inflammatory and antioxidant 

activities [5–9], rendering it a significant molecule for potential therapeutic applications. Its detection as a chemical marker may 

also help standardize TL leaf extract for uniform potency and effectiveness across different formulations. High-performance liquid 

chromatography (HPLC) was the primary analytical method used to quantify RA content in plant extracts [10–12], because of its 

benefits in terms of sensitivity, specificity, and accuracy. However, most of them require a quite long period analysis (normally 

more than 20 min). The implementation of high-throughput liquid chromatography technology has been suggested to mitigate these 

limitations, hence shortening analysis time and thereby diminishing environmental effect through reduced solvent consumption.  

Moreover, drug stability assays are crucial in pharmaceutical research for reliability. A stability-indicating method (SIM) for 

RA in TL extract can detect and separate out degradation products, requiring forced degradation studies. This information aids in 

determining storage needs, formulation development, container design, and pre-formulation research, illustrating RA chemical 

behavior and potential breakdown mechanisms.  

In this work, we described the development and validation of a rapid and stability-indicating HPLC method for the 

quantification of RA in the ethanolic extract of T. laurifolia leaf (ETL). In addition, the method was effectively employed to 

quantify RA in TL leaf extract that was prepared using varying concentrations of ethanol. This purposed method can be used for 

routine quality control analysis of ETLs to ensure their potency and stability.    
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MATERIALS AND METHODS 

Materials  

Acetonitrile and methanol (HPLC grade) were purchased from Merck (Darmstadt, Germany). Orthophosphoric acid (HPLC 

grade), dipotassium phosphate, hydrochloric acid, sodium hydroxide and hydrogen peroxide were obtained from Fisher Scientific 

(Leicestershire, UK). RA were procured from Sigma-Aldrich (Missouri, USA)  

 

Methods  

Plant extract preparation 

The TL leaves were collected from Amnat Charoen province, Thailand in November 2024. The leaves were cleaned, dried in 

60 C for 8 h, powdered with an electronic mill (20 mesh sieve). The extraction was performed in a plastic vial at solid-liquid ratio 

1:10 (final volume 5 mL) with 75% v/v ethanol in an ultrasonic bath (GT SONIC-D9) at 200 W, and 40 C for 45 min. After the 

extraction, the samples were centrifuged at 6000 rpm for 10 min. The supernatant was collected, then 1.2 g of dipotassium 

phosphate (K2HPO4, 98 wt%) was added. The mixture was vortexed until the salt completely dissolved. After placed at room 

temperature (25 °C) for 8 h, the upper phase (ETL) was transferred into a new tube and stored at -20 °C for further analysis. 

 

The HPLC analysis and chromatographic condition 

The analysis was performed using a Shimadzu i-Series (Model LC-2050C, Shimadzu Coorperation, Japan) equipped with a 

photo diode array detector. The chromatographic separation was carried out on a Chromolith Performance RP-18e column 

(150  4.6 mm, Merck, Germany) with a RP-18e guard cartridge (5  4.6 mm) from the same company. The column temperature 

was maintained at 30 °C. The flow rate was optimized to 1.5 mL/min and the sample injection volume was 10 µL. The mobile 

phase consisted of solvent A (0.02% phosphoric acid in water) and solvent B (12% methanol acetonitrile). Gradient elution was 

programmed as follows: 0–3 min, 12% B; 3–7 min, 12–45% B; 7–7.5 min, 45-55% B; 7.5–8 min, 55-85% B; 8–10 min, 85% B; 

10–11 min, 85-12% B; 11–14 min, 12% B. UV absorption was monitored at 330 nm. 

 

Force degradation  

ETL was subjected to four stress testing conditions defined in the ICH guideline Q1A [13]: acid hydrolysis, alkali hydrolysis, 

oxidation, and photolysis. For acid hydrolysis, 100 µL of 0.2N HCl was added to 1 mL of ETL and heated at 60 °C for 1 h. For 

basic hydrolysis, 50 µL of 0.2 N NaOH was added to 1 mL of ETL and kept at room temperature for 30 min. For oxidative stress, 

10 µL of 30% w/w H₂O₂ was added to 1 mL of ETL and incubated at 60 °C for 1 h. For photolysis, 1 mL of ETL was exposed to 

sunlight for 4 h. Before HPLC analysis, all stress samples were diluted with 10% acetonitrile in water to make the volume of 10 mL 

and filtered through a 0.45-μm PTFE syringe filter. 

 

Method Validation  

The method was validated following ICH Q2(R1) guidelines [14] for specificity, linearity, accuracy, precision, and limit of 

quantitation (LOQ). Specificity was assessed to ensure that there were no interferences affecting the retention times of marker. 

This was achieved by comparing chromatograms of forced degradation and control samples with peak purity value exceeding 0.9 

and a resolution greater than 2. For linearity, calibration curves were established using six concentration levels of standard solutions 

covering the ranges of 2.09–104.4 µg/mL of RA. The linearity was evaluated through linear regression analysis, with correlation 

coefficient (r) more than 0.99. Accuracy was evaluated by spiking samples with 3 different concentration levels of RA (10, 20, and 

40 µg/mL) and the percentage recovery was calculated from three replicates per concentration level. Precision was assessed by 

analyzing six samples (n=6) on the same day for repeatability and 12 samples (n=12) on different days for intermediate precision. 

The percentage relative standard deviation was calculated to ensure precision of the method. The LOQ was determined as the 

lowest concentration that yielded acceptable accuracy (%recovery) and precision (%RSD). Six samples prepared at the 

concentration of LOQ were determined %recovery and %RSD.  

 

Determination of RA content in ETLs 

For ETL preparation, the powder samples were extracted using varied percentages of ethanol (55%, 60%, 75%, and 95% v/v) 

as outlined in the section on plant extract preparation. Prior to HPLC analysis, the samples were diluted with 10% acetonitrile in 

water to achieve a total volume of 10 mL and subsequently filtered using a 0.45-μm PTFE syringe filter.  
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Method for Evaluating Greenness using AGREE software  

The environmental impact and human safety of the develop HPLC method were assessed using AGREE (Analytical 

GREEnness) software [15], a tool based on the principle of green analytical chemistry. The software evaluates various factors 

including solvent selection, energy consumption, reagent toxicity, and waste production to generate an overall greenness score on 

scale from 0 to 1 and displayed on a red-yellow-green color scale as explained in results. A green colored one represents the most 

environmentally friendly method. Each criterion was presented by the color in the numbered segment around the center circle. Size 

of each segment is corresponded to the assigned weight of that criterion. 

 

RESULTS AND DISCUSSION 

Results  

For method optimization, the chromatographic condition was adjusted from Onsawang et al. [12]. The flow rate was increase 

to 1.5 mL/min to compensate differences between the monolithic column used in this study and the fully porous silica column. 

Isocratic elution using 0.02% phosphoric acid in water (A) and methanol (B) at a 40:60 ratio resulted in poor separation, Similarly, 

replacing methanol with 50% acetonitrile failed to improve resolution. To enhance the separation of RA, a gradient elution method, 

as described by Onsawang et al., was applied using acetonitrile as organic phase (B). However, resolution of RA from adjacent 

peaks remained unsatisfactory. To migrate these issues, 12% methanol was added to organic phase to reduce its eluting power, and 

the gradient was extended between 7.5 and 8.0 min. This modification improved the resolution of RA to greater than 2, with a total 

runtime of 14 min.  

The analytical technique was validated in accordance with the ICH Q2(R1) guideline [14]. Forced degradation studies were 

employed to assess the specificity. Figure 1 illustrates that the percentage of remaining RA in stressed samples varied between 

12% and 104% relative to the control sample. No interfering peaks were detected at the RA retention time, with peak purity index 

0.9581–0.9702, therefore demonstrating the specificity of method. As shown in Table 1, RA exhibited linearity over 2.09–

104.4 g/mL, with r of 0.9999. Precision was evaluated through intra-day and inter-day variability, with all %RSD values3. 

Recovery was determined using standard addition method, the recovery of standard spiked concentration found divided by its 

nominal concentration were calculated and reported in Table 1. Moreover, the LOQ was 2.04 µg/mL with %RSD of 0.46 and 

%recovery of 99.4 (98.7–100.0%). 

 

Table 1. Validation results of the optimized HPLC method for determination of rosmarinic acid 

Validation parameter Criteria Result 

Linearity N/A y=17317x-10009 

 r ≥0.99 r =0.9999 

Range N/A 2.09–104.4 g/mL 

Accuracy (%recovery, n=9) 

- 10 µg/mL (n=3) 

- 20 µg/mL (n=3) 

- 40 µg/mL (n=3) 

Mean recovery 90-108% 

 

 

 

100.6 (99.6–102.7) 

101.6 (99.9–102.7) 

100.1 (99.6–100.5) 

100.1 (99.9–100.4) 

Repeatability (%RSD, n=6) %RSD3 1.46, 1.74 

Intermediate precision (%RSD, n=12) %RSD3 1.60 

Limit of quantitation N/A 2.04 g/mL 

r = correlation coefficient, RSD = relative standard deviation, N/A = not applicable 

The validated method was applied to quantify RA in performed at 40 C for 45 min. The contents of RA in extracts using 

ethanol concentrations of 55%, 60%, 75%, and 95% were 5.61 ± 0.25, 7.78 ± 0.46, 5.92 ± 0.31, and 0.24 ± 0.02 mg/g dried 

leaves, respectively.  

In addition to analytical performance, the environmental impact of the method was assessed using AGREE software [15] 

with scored 0.7 (Figure 2), The developed method is greener than Onsawang et al. with scored 0.64 [12] by improving sample 

throughput and minimizing of sample preparation steps. 

admin
Typewriter
77



 

 

Figure 1. The chromatogram of standard solution 10 g/mL (A) and the ethanolic extract of T. laurifolia leaf control (unforced) 

sample (B), as well as under acid hydrolysis (C), alkali hydrolysis (D), photolysis (E), and oxidation (F) detected at 330 nm, with 

the peak of rosmarinic acid (RA) observed at 7.7 min. Percent remaining, relatively to RA peak of the ETF control, was presented 

on each chromatogram. 

 

 

 
Figure 2. Greenness pictogram of the developed method. Overall greenness score and the corresponding color were presented in 

the center circle (1 with green color = the best overall greenness performance as displayed in the color scale with greenness score). 

Each performance criterion was represented by the outer element which was identified with the numbers. 

 

Discussions 

Research on RA in plant extracts has employed several approaches for quantification [10–12]. Many of these strategies need 

considerable time-consuming procedures. This study selected a monolithic column for its capacity to provide high-speed analysis, 

hence enhancing cost-efficiency in analytical procedures. The study utilized a 12% methanol in acetonitrile combination with 

0.02% (v/v) phosphoric acid due to its efficacy in chromatographic separation and its ability to reduce the ionization of RA during 

analysis. The method's capacity to precisely estimate RA in ETL without influence from degradation products is crucial, particularly 

for stability studies. The method's stability-indicating properties were also assessed. The degraded sample verified that the RA 

remained stable in acidic condition but deteriorated in basic, oxidative, and photolytic conditions. The suggested technique was 

validated, and all parameters conformed to the acceptance requirements. The technique was effectively utilized to determine RA 

content using 55–95% v/v ethanol. Extraction with 60% ethanol yielded the maximum concentration, while extraction with 95% 

ethanol resulted in the lowest level. These findings imply that the amount of ethanol used affects the efficacy of RA extraction. 
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Additional studies could investigate the influence of different solvents on RA extraction in order to optimize the procedure for 

optimal yield. 

Furthermore, a small sample volume and the single-step sample preparation method without derivatization have been 

highlighted as reasons for the AGREE software's 0.7 out of 1 greenness score. No additional solvent or hazardous reagents were 

used. Energy consumption was limited to HPLC operation, with no additional sample preparation equipment. The runtime was 

reduced to 14 min, compared to the 40-min method of Onsawang et al. [12], improving sample throughput. The only limitation 

was the use of acetonitrile as the mobile phase. Overall, the method is rapid, robust, and environmentally sustainable. 

 

CONCLUSIONS 

A stability-indicating HPLC method was developed and validated for the determination of RA in ETL. The method is simple, 

accurate, precise, and effective across a wide concentration range of RA. From a green chemistry perspective, it minimizes reagent 

use and energy consumption through single step sample preparation and reduced solvent volumes, offering a sustainable analytical 

approach.  
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Abstract. Gamma-aminobutyric acid (GABA) enhances elastin fiber production, while glycine and L-proline promote collagen 

formation. High-performance liquid chromatography (HPLC) is widely used for amino acid analysis but requires derivatization to 

improve detection. This study investigates the determination of GABA, glycine, and L-proline using 2-hydroxynapthaldehyde 

(HN) as a derivatizing agent. GABA and glycine were derivatized using the same agent under similar conditions, while L-proline 

underwent derivatization with slight variations in preparation parameters. Validation confirmed specificity, linearity, accur acy, 

and precision. The linear range was 6 – 100 µg/mL for GABA and glycine, and 600 – 9600 µg/mL for L-proline. The limits of 

detection (LOD) were 1.47, 1.72, and 132.48 µg/mL, while the limits of quantitation (LOQ) were 4.47, 5.21, and 401.47 µg/mL 

for GABA, glycine, and   L-proline, respectively. GABA and glycine showed greater reactivity with HN and higher sensitivity 

than L-proline. This validated HPLC method provides a reliable approach for quantifying anti-aging amino acids. 

 

Keywords: GABA; glycine; L-proline; 2-hydroxynapthaldehyde 

INTRODUCTION 

Amino acids are vital biomolecules involved in various physiological processes and have recently gained attention for their 

at-aging potential in cosmetics. γ-aminobutyric acid (GABA), a major inhibitory neurotransmitter found in plants, animals, and 

microbes [1, 2], enhances elastin fiber production [3], reduces MMP-1-mediated collagen degradation [4], and promotes filaggrin 

synthesis, a key component of the natural moisturizing factors (NMFs) [4]. Glycine and proline, key components of collagen 

fibers, support skin structure [5, 6] and are primarily derived from dietary sources [7]. Arginine, abundant in foods like salmon 

and pumpkin seeds, boosts nitric oxide production for improved dermal circulation and acts as a precursor for proline and 

glutamine [8, 9]. Glutamine supplement has been reported to alleviate signs of skin aging caused by oxidative stress [10], while  

taurine aids skin regeneration and accelerating the repair of damaged skin tissue [11].  

Growing evidence suggests that combinations of amino acids can exert synergistic benefits beyond those of individual 

components. For example, Diaz at al. (2022) [11] reported that a combination of taurine, glycine, and arginine (AAComplex) 

effectively reduced skin irritation and improved skin hydration. In alignment with this trend, our research group recently 

developed and obtained a Thai petty patent for a synergistic amino acid blend comprising GABA, glycine, and L-proline, 

specifically designed to enhance anti-aging efficacy in cosmetic products. Despite the increasing use of amino acid mixtures in 

cosmetic formulations, there remains a limitation in validated analytical methods capable of simultaneously quantifying 

individual amino acids within such combinations. Amino acids can be quantified using various techniques, including gas 

chromatography-mass spectrometry (GC-MS) [12, 13], capillary electrophoresis-mass spectrometry [14], liquid chromatography-

mass spectrometry (LC-MS) [15], and high-performance liquid chromatography (HPLC) [16, 17, 18]. Among these, HPLC is 

widely utilized due to its high resolution, sensitivity, and reproducibility. However, amino acids exhibit weak UV absorption and 

fluorescence, necessitating derivatization to enhance detection. Several derivatizing agents, such as o-phthaladehyde (OPA) [18, 

19], phenylisothiocyanate [17], 9-fluorenylmethyloxycarbonyl derivatives (FMOC) [16, 20], and 2-hydroxynapthaldehyde (HN) 

[18] have been employed, each interacting differently with amino acids. HN has been reported to improve the detection of                           

HPLC-based amino acids, particularly GABA [18, 21]. Amino acids react with HN to form Schiff base derivatives via 

nucleophilic attack by their amino groups. While this is effective for primary amines, its reactivity with secondary amines, such 

as in L-proline, is limited due to steric hindrance from the pyrrolidine ring and requires modified derivatization conditions. 

Previous studies have been reported the use of GABA-HN derivative for the determination of GABA content in cerebrospinal 

fluid, which also consisted other primary amine - containing amino acids such as glycine, tyramine, and lysine [21]. However, 

there is a lack of validated analytical methods for the simultaneous quantifying amino acid mixtures with diverse amine groups. 

As amino acid combinations are increasingly incorporated in formulations, a validated method capable of quantifying multiple 

amino acids in a single run is urgently needed. This research addresses this gap by developing a robust, HN-based HPLC method 

to analyze GABA, glycine, and L-proline simultaneously. 
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This study aims to develop and validate an HPLC method for the simultaneous determination of  GABA, glycine, and                     

L-proline using 2-hydroxynapthaldehyde (HN) as a derivatizing agent. GABA and glycine were derivatized under identical 

protocol, while L-proline required a modified protocol. After derivatization, the amino acids were analyzed using HPLC equipped 

with a UV detector. GABA and glycine were detected at a wavelength of 330 nm, while L-proline was detected at 280 nm.  

MATERIALS AND METHODS 

Materials 

γ-amino butyric acid was purchased from Shaanxi Youbio Technology Co., Ltd (China). Glycine was purchased from 

Kemaus (Australia). L-proline and 2-hydroxy-1-napthaldehyde were purchased from Sigma-Aldish (Germany). Potassium 

chloride, boric acid, and sodium hydroxide were purchased from Merck (Germany). Methanol was purchased from RCI Labscan 

Limited (Thailand). Ultrapure water obtained from Faculty of Pharmaceutical Sciences, Chulalongkorn University. 

Methods 

Derivatization method 

Derivatization of GABA, glycine (Gly), and L-proline (Pro) with 2-hydroxynaphthaldehyde (HN) were performed based on 

protocol modified from Panrod et al  [18]. GABA and glycine were prepared as a combined solution at a 1:1 ratio,                            

while L-proline was prepared separately. The solution was mixed with 0.6 mL of borate buffer (pH 8) and 1 mL of 0.3 %w/v                    

2 – hydroxynaphthaldehyde in methanol. The mixture of GABA and glycine were heated in a water bath at 80 ºC for 10 minutes. 

While the mixture of L-proline was heated at 50 ºC for 40 minutes. After that, the mixture of each amino acids cooled down at             

30 ºC and protected from light for 10 minutes and then adjusted to 5 mL with methanol before HPLC analysis. 

HPLC method 

The HPLC equipped with a UV detector was used for analysis. Separation was performed on ACE Excel 5 C18-AR                
(4.6 mm × 250 mm) at 25 ºC. The mobile phase consists of methanol and water (62:38, v/v). The mobile phase was filtered 

through 0.45 µm membrane filters and vacuum degassed before use. The injection volume was 5 µL and isocratically eluted at a 

flow rate of 0.95 mL/min. The UV detector was set at 330 nm for GABA-HN and Gly-HN derivatives and 280 nm for Pro-HN 

derivatives. Each sample was analyzed in triplicated. 

Validation method of HPLC 

The validation method was conducted in accordance with the ICH guideline Q2(1).  Specificity was assessed by comparing                    

the HPLC chromatograms of each amino acid derivatized with HN and a blank derivatized with HN. GABA and glycine solutions          

at concentration of 6, 10, 20, 60, and 100 µg/mL were analyzed, while L-proline solutions at concentration of 600, 1200, 2400, 

4800, and 9600 µg/mL were analyzed. A calibration curve was plotted between the peak area and concentrations.                                   

Each concentration was analyzed in triplicated. The linearity was determined based on the coefficient of determination                           

(r2 ≥ 0.999). The accuracy was performed at three different concentrations covering the range and the percentage of recovery 

should range from 85-115%. The intra-day precision was performed by analyzing three concentrations within the same day and                              

three consecutive days for the inter-day precision. The percentage of coefficient of variation (% CV) should be less than 2%.                                 

The limit of detection (LOD) and the limit of quantitation (LOQ) were analyzed by determination of the signal -to-noise (S/N) 

ratio, with a S/N ratio of 3:1 or 2:1 for LOD and 10:1 for LOQ. 

RESULTS AND DISCUSSION 

Results 

The regression analysis is shown in Table 1. The linearity was plotted between peak area vs concentrations. GABA-HN and 

Gly-HN derivatives were plotted at concentration ranging from 6 to 100 µg/mL. The linear equations were y = 15058x + 15223 

and y = 16213x – 19830 for GABA-HN and Gly-HN derivatives, respectively. The results showed the coefficient of determination 

(r2) of 0.9998 for both GABA-HN and Gly-HN derivatives. Pro-HN derivative was plotted at concentrations ranging from                       

600-9600 µg/mL and the linear equation was y = 41.012x + 6727, with a coefficient of determination (r2) of 0.9991. The limit of 

detection (LOD) was 1.47, 1.72, and 132.48 µg/mL for GABA-HN, Gly-HN, and Pro-HN derivatives, respectively. The limit of 

quantitation (LOQ) was 4.47, 5.21, and 401.47 for GABA-HN, Gly-HN, and Pro-HN derivatives, respectively. 
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Table 1. Regression analysis of the linearity data of GABA-HN, Gly-HN, and Pro-HN derivatives  

Parameters GABA-HN derivative Gly-HN derivative Pro-HN derivative 

Concentration range (µg/mL) 6-100 6-100 600-9600 

Slope 15058 16213 41.012 

Intercept 15222.68 -19830.2 6727.028 

Coefficient of determination (r2) 0.9998 0.9998 0.9991 

LOD (µg/mL) 1.47 1.72 132.48 

LOQ (µg/mL) 4.47 5.21 401.47 

 

Table 2. Intra-day and Inter-day precision and accuracy of GABA-HN, Gly-HN, and Pro-HN derivatives 

Parameters GABA-HN derivative Gly-HN derivative Pro-HN derivative 

Precision  

(Coefficient of variation, %) 
   

Intra-day 1.08-1.40 0.99-1.81 0.90-1.45 

Inter-day 0.97-1.56 1.25-1.96 0.72-1.79 

Accuracy, (Recovery, %) 101.68-105.98 100.24-110.41 93.54-104.22 

 

The specificity of all amino acid derivatives was assessed by comparing the chromatograms of each amino acid derivatized 

with HN and a blank derivatized with HN to ensure no interference from the other compounds in the solution. These results are 

shown in Figure 1 and Figure 2. The amino acid derivatized with HN were completely separate from HN. The peak purity index 

was 1.000000, 0.999808, and 0.999398 for GABA-HN, Gly-HN, and Pro-HN derivative, respectively. GABA-HN and Gly-HN 

derivatives were analyzed at 330 nm, with retention times of 4.60 and 3.36 minutes, respectively. Pro-HN derivative was analyzed 

at 280 nm, with a retention time of 3.41 minutes. The accuracy and precision were performed at concentrations of 10, 20, and 60 

µg/mL for GABA-HN and Gly-HN derivatives. While Pro-HN derivative was performed at concentrations of 2400, 4800, and 

9600 µg/mL. The results of Intra-day and Inter-day precision and accuracy are shown in Table 2. GABA-HN and Gly-HN 

derivatives showed the percentage of recovery in the range of 101.68-105.98 and 100.24-110.41, respectively. Pro-HN derivative 

showed the percentage of recovery of 93.54-104.22. For intra-day precision, GABA-HN and Gly-HN derivatives showed the 

coefficient of variation (% CV) in the range of 1.08-1.40% and 0.99-1.81%, respectively, while Pro-HN derivative showed % CV 

in the range of 0.90-1.45%. For inter-day precision, GABA-HN and Gly-HN derivatives showed % CV in the range of                               

0.97-1.56% and 1.25-1.96%, respectively, while Pro-HN derivative showed % CV in the range of 0.72-1.79%. These results 

demonstrate that the methods are accurate and precise for analyzing GABA, glycine, and L-proline content. 

 

 

 

 

 

Figure 1. Spectrum chromatograms demonstrated the detection wavelength selection of each amino acid derivatized with             

2-hydroxynapthaldehyde (HN): (A) GABA-HN derivative, (B) Gly-HN derivative, and (C) Pro-HN derivative 
 

Figure 2. HPLC Chromatograms demonstrated the specificity of amino acids derivatized with 2-hydroxynapthaldehyde 

(HN): (A) Blank-HN derivative, (B) GABA-HN and Gly-HN derivatives, and (C) Pro-HN derivative 
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Discussions 

The amino acids consist of an amino group (-NH2), a carbonyl group (-COOH), a hydrogen atom and an R group (side chain). 

They are both anionic and cationic molecules in their structure, a state referred to as “zwitterion” or “dipolar ions”. Glycine                 

is the smallest amino acid. γ-aminobutyric acid (GABA) contains a primary amino group on the gamma (γ) carbon.                                

Pyrrolidine-2-carboxilic acid (L-proline) has a secondary amino group, that is part of the pyrrolidone ring. Borax buffer at pH 8 

was considered the optimal condition for the reaction of amino acids with HN [22].  Amino acids exist in a nucleophilic form               

in borate buffer at pH 8, allowing them to react with an aldehyde to form a Schiff base. The primary or secondary amine group of 

amino acids acts as a nucleophile, attacking the aldehyde group (-CHO) of 2-hydroxynapthaldehyde. This reaction forms a                 

Schiff base (imine or -C=N-) through condensation [23, 24]. The reactions of amino acids with HN are presented in Figure 3.              

GABA and glycine are primary amines, while L-proline is a secondary amine, which may make imine formation slower and                

less efficient than primary amines due to steric hindrance and lower nucleophilicity, resulting in lower reactivity. As a result,               

Pro-HN derivative showed lower signal intensities in HPLC and required higher concentrations of L-proline, along with a specific 

derivatization method, to be effectively detected.  

Additionally, the resulting Schiff base may undergo keto-enamine tautomerism, which can affect the UV absorbance [25].           

This explains why derivatized L-proline has different detection properties than glycine and GABA. Panrod et al (2017) [18] 

suggested that GABA-HN derivative remain stable for 240 minutes after derivatization. While glycine has a similar chemical 

structure to GABA, its derivative may also be stable under the same conditions. On the other hand, Pro-HN derivative has a 

limited stability period after derivatization. However, all amino acid derivatives should be detected immediately after 

derivatization to ensure accuracy and precision.  

CONCLUSIONS 

GABA, glycine, and L-proline derivatized with HN can be used to determine the content of GABA, glycine, and L-proline. 

After validation following ICH guidelines, these methods demonstrate notable specificity, sensitivity, accuracy, and precision. 

The LOD and LOQ results showed that GABA and glycine exhibited greater reactivity with HN and higher sensitivity than                 

L-proline. This is due to L-proline being a secondary amine, which requires a modified, specific derivatization method                       

for analysis. These validated HPLC methods provide an approach for the quantification of anti-aging amino acid combinations, 

such as GABA, glycine, and L-proline, in cosmetic formulations. Additionally, this method is suitable for analysis of raw 

materials, finished products, or potentially biological fluids where amino acid-based actives are incorporated.  
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Figure 3. Scheme of the reaction between amino acids with 2-hydroxynapthaldehyde (HN) 
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Abstract. Nowadays, saffron (Crocus sativus L.) products are growingly popular among health-aware consumers, with appealing 

claims of anti-inflammatory, antioxidant, and anticancer properties. However, due to the deficit of regulations affirming their 

therapeutic efficacy and safety, these products remain widely accessible, especially in the online market. The present study aimed 

to preliminarily identify saffron samples following ISO 3632-2:2010 standard and assess their in vitro biological activities including 

anti-inflammatory, antioxidant and cytotoxic activities. Three commercial saffron tea samples were purchased from online 

marketplaces and cultivation site. They were extracted with hot and cold-water before being tested for biological activities. All 

three samples were confirmed as genuine saffron but exhibited variations in quality. Both hot and cold-water extracts demonstrated 

anti-inflammatory activities using protein denaturation method, with hot-water extracts showing greater potency. This suggest a 

superior benefit of thermally prepared saffron tea.  The MTT cytotoxicity assay on HepG2 cell cultures revealed that all samples 

showed a significant cell growth inhibition compared to the control (p < 0.05), but this effect was not concentration-dependent. 

The DPPH antioxidant assay indicated that all samples exhibited antioxidant activity, with variations in potency depending on 

concentration and sample differences. Nevertheless, the quality of saffron tea products varies among manufacturers, depending on 

the cultivation source and other factors. Therefore, the regulation for quality control of these products should be established to 

ensure the reliability and consumer safety.  

 

Keywords: Saffron (Crocus sativus L.); Anti-inflammation; Antioxidation; Cytotoxicity 

 

INTRODUCTION 

The use of saffron, like other herbal products, has become increasingly widespread among health-aware consumers. It is 

believed that natural products have a high safety profile compared to chemically synthesized drugs. Furthermore, herbal products 

marketed as food supplements are not subject to strict regulations regarding their effectiveness in treating or preventing diseases, 

making them easily accessible. Saffron is derived from the stigmas of the flower Crocus sativus, in which each flower yields only 

three stigmas. It is widely used in cooking, medicine, and cosmetics with its characteristics of deep red color, distinct aroma and 

earthy taste. Moreover, saffron cultivation is limited to specific regions, such as Iran, Italy, and Spain. The quality of saffron is 

classified based on the quality of the stigmas, which affects the levels of bioactive compounds [1]. These compounds contribute to 

saffron therapeutic effects, including blood sugar-lowering, anti-inflammatory, antioxidant, and anticancer properties [2,3]. Due to 

its high value and market demand, saffron is often adulterated with other substances to reduce production costs. In the saffron raw 

material trade, the ISO (IEC) 3632(2)-2010 standard is widely recognized as the benchmark for evaluating the quality, purity, and 

authenticity of saffron [4].  

This study aims to evaluate the anti-inflammatory, antioxidant, and cytotoxic effects of commercial saffron tea products 

available on the market. The results will help determine the reliability of online saffron products and raise consumer awareness of 

saffron safety and quality. 
  

MATERIALS AND METHODS 

Materials  

Saffron tea products were purchased from online marketplaces and a cultivation site. HepG2 cells were obtained from 

American Type Culture Collection, ATCC (Manassas, VA). Dulbecco's Modified Eagle Medium (DMEM), fetal bovine serum 

(FBS), trypsin-EDTA, penicillin weer streptomycin were obtained from Gibco BRL (Rockville, MD, USA). MTT (3-(4,5-

Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide), bovine serum albumin (BSA) and 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) were purchased from Sigma-Aldrich (USA). All other chemicals were purchased from standard sources. 

 

Methods  

Sample preparation  

Three saffron tea products used in biological tests and UV-Visible spectrophotometry were prepared according to 

ISO(IEC)3632(2)-2010 standard. Five mg of each saffron tea product was extracted in water at the temperature of 70 °C (hot water) 

or 22°C (cold water) for 15 min.  
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Physiochemical tests 

1. Identification procedures were conducted in accordance with ISO 3632-2:2010 and ISO 3632-1:2011 standards. 

a. Microscopic examination: Saffron tea products were depigmented using methanol and examined under a light 

microscope. Morphological features were compared with reference descriptions to confirm authenticity. 

b. Sulfuric acid and nitric acid test: Concentrated sulfuric acid or nitric acid was directly applied to saffron samples. 

The development of a purple-blue color with sulfuric acid and a light blue with nitric acid was indicative of 

genuine saffron.   

c. UV-Visible spectrophotometry: Saffron samples were extracted in hot or cold water and analyzed using UV-

Visible spectrophotometry. Absorbance was measured at wavelengths of 254, 330, and 440 nm, corresponding 

to the characteristic peaks of saffron constituents. 

2. Adulteration detection tests  

a. Floatation test: Saffron stigmas were placed in water to assess buoyancy. Authentic stigmas remained afloat, 

whereas adulterants typically sank.  

b. Color test: Samples were immersed in water, and the rate and pattern of color release were monitored. Genuine 

saffron releases color slowly and uniformly, while adulterated samples exhibit rapid or uneven color diffusion.   

c. Whatman paper test: Samples were gently rubbed onto pre-moistened Whatman filter paper to observe staining. 

Authentic saffron produces a light yellow stain without spreading, whereas artificial colorants often produce 

intense or diffuse stains.  

 

Protein denaturation assay 

Bovine serum albumin (BSA) was prepared at 1% w/v in PBS (pH 6.4). Saffron extracts were diluted in distilled water to yield 

four to five different concentrations. Diclofenac (1,000 µg/mL) and BSA alone served as positive and negative controls, 

respectively. For each test, 480 µL of extract was mixed with 1% w/v BSA and 960 µL PBS, then incubated under controlled 

condition. Absorbance was measured at 660 nm using a spectrophotometer. All experiments were performed in triplicate. The 

percentage inhibition of protein denaturation was calculated as follows:  

 
where Ac is the absorbance of the control, and As is the absorbance of the sample. 

 
DPPH Radical Scavenging Assay 

   A 0.004% DPPH solution was prepared by diluting a 0.5% stock solution with methanol. A 1.002 mg/mL vitamin C standard 

was diluted to at least five concentrations for a standard curve. Each 20 µL standard was mixed with 3 mL DPPH, incubated in the 

dark for 30 min, and measured at 517 nm. Saffron tea extract was prepared at 200-1000 µg/mL. A 0.2 mL aliquot of each was 

mixed with 2.8 mL DPPH under the same conditions. The assay was performed in triplicate, with a DPPH-methanol as the control. 

Antioxidant capacity (mg vitamin C equivalent/g dry sample) was determined from the standard curve. Percentage inhibition was 

calculated as follows: 

 
where Ac is the absorbance of the control, and As is the absorbance of the sample. 

 

Cytotoxicity Assay (MTT Assay) 

HepG2 liver cancer cells were culture in DMEM supplemented with 10% PBS, 100 U/mL penicillin, and 100 μg/mL 

streptomycin at 37°C with 5% CO2. For the MTT assay, HepG2 cells (1×10⁴ cells/well) were seeded in 96-well plates and incubated 

overnight. Cells were then treated with 100 μL of saffron extracts at 15.625, 31.25, 62.5, 125, and 250 μg/mL for 24 h. Afterward, 

10 μL of MTT solution was added and incubated for 2 hours. Formazan crystals formed by mitochondrial enzymes in viable cells 

were then dissolved in DMSO, and the absorbance was measured at 570 nm. Cell viability (%) was calculated compared to control. 

All experiments were performed in triplicate. 

 

Data Analysis 

Data were reported as mean ± standard deviation (SD). Statistical significance was analyzed using two-way ANOVA, with a 

significance level set at p < 0.05. If significant differences were observed, post-hoc analysis was conducted using Tukey's Honestly 

Significant Difference (TukeyHSD) test. 
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RESULTS AND DISCUSSION 

Results  

To assess the authenticity of saffron in three samples, several physiochemical tests were conducted. Microscopic examination 

under a light microscope revealed the presence of stigmas with finger-shaped papillae in all samples (Table 1), consistent with the 

morphological characteristics reported by Girme et al [5]. In sulfuric acid test, the major constituents of saffron reacted with sulfuric 

acid, producing an immediate blue coloration in all three samples.  Similarly, the nitric acid test resulted in a light blue color across 

all samples, indicating their genuineness [6]. UV-Vis spectrophotometry analysis further confirmed saffron authenticity, displaying 

characteristic absorbance peaks at 243, 330 and 440 nm corresponding to picrocrocin, safranal and crocin, respectively (Figure 1).   

To evaluate potential adulteration, flotation, color diffusion and Whatman paper tests were performed. When saffron strands 

were placed in water, Sample 2 and 3 remained floating, whereas Sample 1 partially sank. Additionally, Sample 1 exhibited rapid 

color diffusion, releasing a yellow-orange hue into the water, suggesting the presence of artificial coloring agents. Similarly, when 

rubbed on Whatman paper, Sample 1 left a more intense yellow stain compared to the other samples. These findings strongly 

indicate the presence of food coloring in Sample 1, suggesting possible adulteration.   

 

Table 1. Physiochemical tests of three samples of saffron tea products compared with findings from reference studies.  

 

 

 

Method Sample 1 Sample 2 Sample 3 Reference study 
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Microscopic 

examination 

    Girme A, 

et.al. 2022 [5] 

Sulfuric test     Shukla SK, 

et.al. 2015 [6] 

Nitric acid test 

 

 

    Shukla SK, 

et.al. 2015 [6] 
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Flotation test     Shukla SK, 

et.al. 2015 [6] 

Color test     Shukla SK, 

et.al. 2015 [6] 

Whatman 

paper test 

    Shukla SK, 

et.al. 2015 [6] 
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Figure 1. UV-Vis spectra of three saffron tea products showing characteristic absorbance peaks at 243, 330 and 440 nm.  

Antioxidant activity of saffron tea products 

The DPPH radical scavenging activity assay revealed that saffron tea products in Samples 1 and 2, at a concentration of 0.80 

mg/mL, exhibited antioxidant activities of 12.10 ± 9.51 and 11.15 ± 5.50, respectively. These values were comparable to the 

antioxidant activity of the standard ascorbic acid at its lowest concentration (0.10 mg/mL), which showed a scavenging activity of 

11.33 ± 0.03. In contrast, Sample 3, even at its highest concentration (1 mg/mL), did not exhibit antioxidant activity comparable to 

that of ascorbic acid. Furthermore, a statistically significant difference (p < 0.001) was observed between Samples 1 and 2 compared 

to Sample 3 across all tested concentrations, indicating differences in product quality. 

 

  

Figure 2. Antioxidant activity of saffron tea extract in hot water (B) or cold water (C) as compared to standard ascorbic acid (A) 

using DPPH assay. (*; p ≤ 0.05 compared to the negative control, #; p ≤ 0.05 compared to the 1,000 μg/mL concentration). 

Anti-inflammatory activity of saffron tea products 

The anti-inflammatory activity of saffron tea products was evaluated using the protein denaturation assay with BSA serving 

as the protein source. Among the hot-water extracts, only Sample 2 demonstrated statistically significant anti-inflammatory activity 

at all tested concentrations when compared to the control group (Figure 3). Notably, the percent inhibition at the concentration of 

600, 800 and 1,000 µg/mL was similar to that of diclofenac (1,000 µg/mL), the positive control (data not shown). In contrast, 

Sample 1 and 3 exhibited significantly lower activity than diclofenac at all tested concentrations. 

For the cold-water extracts, Sample 2 demonstrated significant anti-inflammatory effects, but with a lesser extent than its hot-

water counterpart. At the concentration of 1,000 μg/mL, both Samples 1 and 2 demonstrated inhibitory activity similar to 

diclofenac. Meanwhile, Sample 3 exhibited anti-inflammatory effects only within the concentration range of 400 -1,000 μg/mL, 

but not at lower concentration, when compared to the control.  

 

 
Figure 3. Effect of saffron water extract on BSA denaturation assay. (***; p ≤ 0.001 compared to the negative control). 
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Cytotoxic activity of saffron water extract on HepG2 cells 

Using MTT assay, the toxicity of saffron extract was evaluated in cultured HepG2 cells. The percentage of cell viability, 

compared to the vehicle control, indicated that all three samples exhibited cytotoxic effects against liver cancer cells. However, the 

observed cytotoxicity was not concentration-dependent.  

 

 

 

 

 

 

 

 

 

Figure 4. Effect of three saffron tea extracts on HepG2 cell viability after 24 h treatment as compared to control.  n = 3 (*, p<0.001) 

 

Discussions 

This study confirms that all tested saffron tea products from various marketplaces contained authentic saffron. However, 

differences in quality were observed, with some products potentially containing added coloring agents. Given the widely claimed 

pharmacological properties of saffron, we evaluate its key biological activities. The anti-inflammatory activity was assessed using 

the protein denaturation assay with BSA as the protein source. The results indicated that Samples 2 exhibited the highest anti-

inflammatory activity, particularly in the hot-water extract. At higher concentrations, its activity was comparable to diclofenac, a 

commonly used non-steroidal anti-inflammatory drug (NSAID). In contrast, cold water extracts of Sample 2 showed lower anti-

inflammatory effects than the hot-water extract and diclofenac. The other samples were less effective, especially in cold-water 

extracts. These findings support the traditional consumption of saffron as hot tea, which may enhance its effectiveness. 

Additionally, all three saffron tea samples demonstrated antioxidant activity in the DPPH assay, regardless of extraction 

temperature. Furthermore, the study suggests that saffron tea may have potential anticancer effects against hepatic cancer cells. 

However, the effective concentrations tested were far exceeded those typically consumed in tea form. 

 

CONCLUSIONS 

In summary, these findings highlight the potential anti-inflammatory, antioxidant, and anticancer properties of saffron tea, 

while also emphasizing the influence of extraction temperature on its bioactivity. Being a high-value herb with several claimed 

pharmacological activities, saffron is often adulterated which may compromise its therapeutic potential. Therefore, consumers 

should be careful when selecting the source of saffron to ensure authenticity and effectiveness. 
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Abstract. Titration is a widely used and methodologically simple technique in pharmaceutical analysis; however, manual titration 

can present limitations in precision, reproducibility, and reagent efficiency when performed in high-throughput or routine settings. 

This study addressed these challenges by developing a microcontroller-driven instruction set for an automated titration system. The 

system quantified sodium bicarbonate content in tablet formulations using acid-base reactions in aqueous solutions. It constructed 

accurate pH versus titrant volume curves from titration data and precisely determined the equivalence point using first and second 

derivative spline fit techniques. Device calibration was conducted in two phases. The peristaltic pump was calibrated by delivering 

titrant at a constant voltage (3.76 V) over three trials, achieving 100% flow accuracy with 0% RSD. The glass electrode was 

calibrated using standard buffer solutions (pH 4.01, 7.00, and 9.21), showing a strong linear voltage-to-pH correlation (R² = 0.9999) 

and minimal variation (%RSD < 0.15%). The system's performance was verified by analyzing sodium bicarbonate tablets, 

achieving 97.3% of the labeled claim with a %RSD of 0.28%. No significant difference was found between results obtained using 

the proposed method and the official USP method, confirming its equivalency. The average analysis time per sample was 

approximately 5–6 minutes. The automated titration system reduces human error in endpoint determination, enhancing system 

reliability and decreasing titration time, thereby improving operational efficiency. Incorporating spline fit data processing further 

enhances the precision of equivalence point identification, making this system superior to conventional methods.   

 

Keywords: Microcontroller; Automatic titration; Pharmaceutical analysis; Equivalence point; Spline fit  

 

INTRODUCTION  

Technological advancements have significantly transformed scientific practices, improving analytical efficiency, accuracy, 

and reproducibility. Titration remains a fundamental method for quantifying analytes in pharmaceutical and chemical laboratories. 

Traditionally, titration involves the stepwise addition of a titrant to an analyte solution until the equivalence point is reached, 

typically detected by a visual indicator. However, manual titration has limitations, including subjective endpoint determination, 

time-consuming procedures, and substantial chemical waste, particularly with colored or opaque samples [1]. 

Recent innovations have addressed these challenges using automation with affordable microcontroller platforms like Arduino 

and Raspberry Pi. These open-source systems provide flexible, low-cost solutions for laboratory automation [2,3]. Examples 

include web-enabled titration systems that allow remote control and real-time monitoring [1], Bluetooth-enabled autotitrators with 

voice feedback for inclusive education [4], and syringe-pump-based systems costing a fraction of commercial autotitrators [5]. 

Galvanostat systems with photometric endpoint detection have also demonstrated excellent reproducibility in various titrations [6]. 

These advances align with Industry 4.0 demands for technological literacy, critical thinking, and innovation in Science, 

Technology, Engineering, and Mathematics (STEM) education [7].  

Compared to commercial autotitrators costing USD 5,000–15,000 [8,9], the developed system was built for under USD 250 

using open-source components. It offers comparable precision, customizable settings, and ease of programming [4,5], making it 

ideal for teaching, research, and low-resource pharmaceutical labs [6]. 

This study developed a microcontroller-based automated titration system for quantifying sodium bicarbonate tablets. 

Integrating a peristaltic pump, pH electrode, and custom instruction set with spline fit analysis ensures accurate, real-time data 

acquisition. Its open-source, modular design offers a cost-effective alternative to commercial autotitrators and is adaptable to other 

titration applications.    

 

MATERIALS AND METHODS 

Materials  

The study employed laboratory-grade analytical equipment and high-purity chemical reagents appropriate for pharmaceutical 

analysis. The primary analytical instrumentation involved an automated titration system driven by a microcontroller (TitraLab 

Board) connected to a peristaltic pump (DP-DIY, INTLLAB, USA) and a glass electrode for potentiometric measurements. 
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Chemical reagents consisted of analytical reagent-grade sulfuric acid (98%, QRëC, New Zealand), sodium carbonate (99.5%, 

KEMAUS, Australia), pharmaceutical-grade sodium bicarbonate tablets (local manufacturer in Thailand), and indicators such as 

methyl red (Merck, Germany) and methyl orange (Riedel-de Haën, Germany). Buffer solutions for electrode calibration (pH 4.01, 

7.00, and 9.21) were sourced from Mettler Toledo, USA.  

 

Methods  

Automated Titration System and Calibration Procedures 

The automated titration system was developed using Arduino IDE software version 2.2.1, featuring a Thin Film Transistor 

(TFT) display, a potentiometer for flow control, push buttons, and an SD card for data logging. The peristaltic pump was calibrated 

by timing the 10 mL sulfuric acid delivery at various speeds, ensuring precise flow. The glass electrode was calibrated using 

standard buffers (pH 4.01, 7.00, 9.21), and linear regression confirmed electrode accuracy. These procedures followed best 

practices for automated titration system validation [4], ensuring precise potentiometric measurements throughout pharmaceutical 

analyses. Systematic evaluations at various pump speeds were performed by measuring the volume and time of sulfuric acid 

delivery to determine the optimal titrant flow rate, ensuring consistent and reproducible analytical results [5]. 

 

Standardization and Quantitative Analysis of Pharmaceutical Samples [10, 11] 

The titration system was first standardized by titrating 0.2 g of sodium carbonate dissolved in 50 mL purified water with 

sulfuric acid, using methyl red as an indicator and recording pH data to determine the equivalence point with the automated titration 

system precisely; this was repeated three times for consistency. Twenty sodium bicarbonate tablets were weighed for sample 

analysis to determine the average tablet mass (352 mg/tablet). The tablets were powdered, and 300 mg portions were dissolved in 

50 mL of water, yielding a final 6 mg/mL concentration of sodium bicarbonate. Each sample was titrated under the same conditions, 

and endpoints were determined using visual and potentiometric methods to validate system accuracy and repeatability. 

 

Method Validation Procedures [12] 

The automated titration system was validated following ICH Q2(R2) guidelines and USP, incorporating current best practices 

[10,11]. Validation covered key parameters: linearity, accuracy, precision, specificity, and robustness. Linearity was assessed 

across 100–350 mg sodium carbonate, with regression analysis showing R² ≥ 0.995. Accuracy was evaluated by spiking blank 

solutions with known amounts of sodium carbonate at 40%, 100%, and 140% of the nominal 250 mg level (i.e., 100 mg, 250 mg, 

and 350 mg). Each spiked sample was dissolved in 50 mL of water and titrated using the same method, with recoveries between 

98% and 102%, ensuring freedom from systematic error. Precision was determined by analyzing three replicates of sodium 

bicarbonate tablets per day across three consecutive days. Each sample contained 300 mg of the active ingredient in a 50 mL 

solution. Intra-day and inter-day %RSD values were all ≤ 2%. Specificity was confirmed by comparing titration profiles of pure 

standards and pharmaceutical samples, showing no interference from excipients or indicators [13]. Robustness was demonstrated 

by varying flow rate, calibration intervals, and temperature, with minimal effect (<2% deviation) on results consistent with 

established protocols [4]. 

 

RESULTS AND DISCUSSION 

Optimization and Calibration of the Automated Titration System  

The optimization process included determining the ideal titrant flow rate and calibrating the peristaltic pump and glass 

electrode to ensure reliable and precise measurements. The optimal titrant flow rate was assessed at three voltage settings: 3.76 V, 

4.71 V, and 8.47 V. At 3.76 V, the system achieved a stable flow rate of 0.10 mL/sec, compared to 0.14 mL/sec and 0.24 mL/sec 

at higher voltages. This setting was optimal for further experiments due to its precision and suitability for accurate pH measurement 

near the equivalence point. 

Peristaltic pump calibration at 3.76 V across three trials demonstrated outstanding performance, achieving 100% accuracy 

with a %RSD of 0%, confirming the pump’s reliability and consistency. Glass electrode calibration was performed using standard 

buffer solutions (pH 4.01, 7.00, and 9.21), yielding measured accuracies of 99.75%, 100.00%, and 99.89%, respectively, with 

minimal %RSD values (0.14%, 0.14%, 0.06%). The electrode showed a strong linear relationship between voltage and pH (R² = 

0.9999), confirming its high precision. Proper electrode maintenance, continuous solution stirring, and selective averaging of stable 

potential readings were essential to reduce variability, consistent with best practices [4, 1]. 

Figure 1A shows the microcontroller with related devices, illustrating the system’s compact integration of hardware 

components and highlighting the practical design that supports accurate and efficient titration performance. The optimized flow 

rate and precise calibration ensured that the automated titration system met pharmaceutical standards, demonstrating excellent 

potential for routine pharmaceutical and analytical applications.  
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Figure 1. Microcontroller with related devices (A) and setup of the automated titration system (B). 

 

Standardization and Quantitative Analysis of Pharmaceutical Samples 

The sulfuric acid (H₂SO₄) titrant was first standardized using primary standard sodium carbonate (Na₂CO₃, 99.5% purity). 

Three replicates yielded normality values of 1.1565 N, 1.1755 N, and 1.1791 N, with an average normality of 1.1704 ± 0.0121 N 

and a relative standard deviation (%RSD) of 1.04%, well within the pharmaceutically acceptable limit (≤2%). This standardization 

ensured the accuracy and reproducibility of analytical results and confirmed the system's robust precision, aligning with ICH 

Q2(R2) guidelines and USP. 

Following titrant validation, the quantitative analysis of sodium bicarbonate tablets was performed using the automated 

titration system and standardized sulfuric acid solution. As shown in Figure 1B, the titration system consists of a microcontroller 

connected to a peristaltic pump that delivers the titrant through a 40 cm polytetrafluoroethylene (PTFE) tube. The titrant is 

dispensed into an Erlenmeyer flask positioned on a magnetic stirrer, and pH is continuously monitored using a glass electrode. The 

waste solution is directed into a separate container. This configuration enables real-time pH tracking and precise, automated titration 

suitable for pharmaceutical assays. Three replicates yielded assay values of 99.7%, 102.9%, and 102.2% of the labeled amount, 

with an average content of 101.6% and %RSD of 1.68%, falling within the USP acceptance range of 95.0–105.0%. It is noted that, 

unlike the USP manual method, this automated procedure did not include a boiling step to expel dissolved CO₂ gas before titration. 

However, this omission did not negatively impact result accuracy. The system uses real-time potentiometric monitoring with 

continuous stirring, allowing stabilization of the pH signal before equivalence point detection. The titration curve showed no 

evidence of delayed endpoints or plateauing, and the results were statistically comparable to those obtained via the USP procedure. 

Therefore, the absence of the boiling step under the controlled automated conditions did not compromise the reliability of the assay. 

Further, the system operates semi-closed, reducing CO₂ loss variability during titration. While the system showed high reliability, 

minor delays in titrant delivery, inherent to microcontroller-based control, occasionally caused minor deviations in titrant volume. 

Although these had minimal impact, they could introduce cumulative errors in extended analyses. Future improvements to pump 

activation timing are recommended to enhance precision, consistent with current literature [14, 15]. 

 

Method Validation 

The microcontroller-based automated titration system was validated according to ICH Q2(R2) guidelines and USP. Validation 

parameters included specificity, linearity, precision, accuracy, robustness, and sensitivity, confirming the method’s reliability for 

pharmaceutical analysis. 

Specificity was demonstrated by comparing titration curves obtained from sodium carbonate standards and sodium bicarbonate 

tablet formulations. In the standard solution (Figure 2A), the equivalence point was identified at 4.08 mL; in the tablet solution 

(Figure 2B), it appeared at 3.50 mL. Both endpoints were determined using second derivative spline fit analysis. The absence of 

additional peaks or distortions in the curves indicated that excipients in the tablet formulation or indicators did not interfere with 

endpoint detection. The results confirmed that the system selectively responds to the active analyte, supporting its specificity. 

Linearity was assessed using sodium carbonate standards across the concentration range of 100 to 350 mg (equivalent to 40–

140% of nominal concentration). Calibration curves were constructed by plotting analyte concentration (x) against the volume of 

titrant at the equivalence point (y).These results demonstrate a strong linear relationship between analyte concentration and titration 

response, well above the acceptance threshold of R² ≥ 0.995. 
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Figure 2. Titration curves processed with spline fitting and derivative analysis: (A) Standardization of sulfuric acid with sodium 

carbonate; (B) Quantitative analysis of sodium bicarbonate tablets. 

 

Precision was assessed through intra-day and inter-day testing across three days, using daily triplicate titrations of sodium 

bicarbonate tablets. All results met the pharmacopeial acceptance criterion of %RSD ≤ 2%, confirming the method's precision 

under routine laboratory conditions. 

Measured accuracy by spiking sodium carbonate at 40%, 100%, and 140% levels. All recovery values were within the USP-

accepted range of 98–102%, indicating high analytical accuracy and freedom from systematic error. 

Robustness was evaluated by varying the titrant flow rate (±10%), calibration intervals (daily vs. every 3 days), and temperature 

(20–30°C). Deviations in measured results remained under 2%, confirming the method’s reliability under typical laboratory 

fluctuations. 

Sensitivity was evaluated based on the response's standard deviation and the calibration curve's slope. Using the regression 

approach, the limit of detection (LOD) was calculated to be 3.45 mg/mL, and the limit of quantification (LOQ) was 10.44 mg/mL. 

These values demonstrate that the system can confidently detect and quantify low concentrations of analytes. 

 

Table 2. Summary of validation results 

Parameter Test Condition/Details Results 

Linearity Sodium carbonate 100-350 mg 

(40-140% Range) 
y = 0.016x + 0.0017; R2 = 0.9985 

y = 0.016x - 0.0345; R2 = 0.9991               

y = 0.016x + 0.0126; R2 = 0.9983 

Precision  

(Repeatability & Intermediate) 

Day 1-3, 3 times titration  

(Sodium bicarbonate tablets) 

Day 1: 101.58% LA; %RSD = 1.68 

Day 2: 100.28% LA; %RSD = 1.49 

Day 3: 101.60% LA; %RSD = 1.69 

Inter-day: 101.15% LA; %RSD = 1.55 

Accuracy Spiked levels 40%,  

Spiked levels 100%,  

Spiked levels 140% 

Recovery = 99.55%; %RSD = 0.76 

Recovery = 100.54%; %RSD = 0.78 

Recovery = 99.05%; %RSD = 1.07 

Robustness Flow rate ±10%,  

Calibration every 3 days,  

Temperature 20-30C 

Deviation = 1.4% 

Deviation = 1.2% 

Deviation <1.2% 

Sensitivity Calculated via regression analysis LOD = 3.45 mg/mL;                  

LOQ = 10.44 mg/mL 
 

CONCLUSIONS 

This research successfully developed and validated a microcontroller-based automated titration system tailored for 

pharmaceutical analysis. The system demonstrated excellent analytical performance, with strong linearity (R² ≥ 0.998), high 

precision (intra- and inter-day %RSD ≤ 1.69%), and accuracy (recoveries within 98–102%) across a broad concentration range. 

Robustness testing confirmed stable performance under varied laboratory conditions, and sensitivity assessments established low 

limits of detection and quantification (LOD: 3.45 mg/mL; LOQ: 10.44 mg/mL), supporting its suitability for trace-level analysis. 
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By integrating a microcontroller-driven instruction set, peristaltic pump, and potentiometric pH sensor, combined with spline 

fit and derivative analysis, the system achieved precise automated endpoint detection, reduced human error, and improved 

reproducibility compared to manual titration. Compared to commercial autotitrators, which typically cost USD 5,000–15,000, the 

developed system's total component cost was under USD 250, representing a cost reduction of over 95%. It offers a cost-effective, 

customizable, and reliable alternative to commercial autotitrators, making it highly applicable for pharmaceutical quality control, 

research, and educational use. 

However, some limitations were identified. Minor delays in titrant delivery inherent to the microcontroller control system 

occasionally caused minor deviations in titrant volume, which could affect accuracy in extended or highly sensitive assays. 

Additionally, the current system was tested mainly for acid-base titrations, and its performance with more complex reactions or 

multi-component systems remains to be evaluated. Future development should focus on improving pump response time, enhancing 

real-time control algorithms, expanding application to various titration types, and integrating data transfer interfaces for laboratory 

information management systems (LIMS). Addressing these aspects will further strengthen the system’s capabilities and broaden 

its use in pharmaceutical and chemical laboratories.  
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Abstract. The increasing use of dietary supplements for weight control has raised concerns about their intentional adulteration 

with pharmaceutical compounds, such as bisacodyl, which may pose health risks to consumers. Existing analytical methods for 

bisacodyl detection, including chromatographic and immunoassay-based techniques, are highly sensitive but require specialized 

equipment and expertise, limiting their suitability for rapid or on-site screening. Given the lack of simple and low-cost colorimetric 

methods for bisacodyl detection, this study aimed to investigate the use of colorimetric reagents for its rapid detection on a paper-

based platform. Six reagents were screened for their reactivity toward bisacodyl. Among these, Dragendorff’s reagent selectively 

interacted with the pyridine group in bisacodyl, producing a visually detectable response, especially when the bisacodyl solution 

was prepared in 0.01 N hydrochloric acid. Additionally, acid- and base-catalyzed hydrolysis of bisacodyl enhanced color 

development with Folin-Ciocalteu reagent and Fast Blue B, which reacted with the phenolic groups in bis-(p-hydroxyphenyl)-

pyridyl-2-methane (BHPM), a hydrolysis product of bisacodyl. This is the first study to demonstrate a reagent-based colorimetric 

screening method for bisacodyl on a paper platform. These preliminary findings highlight the potential of colorimetric reagents for 

further developing a simple, rapid, and cost-effective paper-based method for bisacodyl detection. 

 

Keywords: Bisacodyl; Colorimetric detection; Paper-based device  

 

INTRODUCTION 

Obesity and overweight have become major public health concerns due to their association with various chronic diseases. 

Consequently, the use of dietary supplements for weight control has gained popularity among the general public. Despite regulatory 

controls to ensure the quality and safety of these supplements, the issue of illegal adulteration with pharmacologically active 

substances persists. The Department of Medical Sciences in Thailand has reported numerous cases of drug adulteration in slimming 

products, including sibutramine, fluoxetine, and commonly available drugs such as orlistat and bisacodyl (1). Although bisacodyl, 

a diphenolic stimulant laxative, is generally safe at recommended doses, excessive or prolonged use, especially when consumers 

are unaware of its adulteration in dietary supplements, may increase the risk of drug dependence and gastrointestinal issues (2). 

Current analytical methods for detecting bisacodyl adulteration, such as ion exchange chromatography (3) and liquid 

chromatography-mass spectrometry (4), are highly precise, sensitive, and specific. However, these methods are expensive, time-

consuming, and require sophisticated laboratory setups and expertise, making them impractical for routine or on-site testing. Paper-

based analytical devices (PADs) offer an attractive alternative due to their simplicity, portability, and cost-effectiveness. A recent 

report described a paper-based immunosensor for detecting stimulant laxatives in slimming products (5), demonstrating rapid and 

sensitive on-site testing without requiring specialized equipment. However, the preparation of antigen-antibody pairs for 

immunochromatographic assays can be challenging, as producing high-quality, specific antibodies requires expertise, time, and 

resources. 

Colorimetry based on a chemical reaction is one of the most commonly used detection methods in PADs (6). Specific reagents 

that react with target analytes to produce a visible color change on a paper-based platform have been reported for the rapid detection 

of adulterants such as dexamethasone, allopurinol, and sibutramine in herbal medicines and slimming products (7-9). Given the 

lack of simple and low-cost colorimetric methods for bisacodyl detection, this study focused on screening various colorimetric 

reagents for rapidly detecting bisacodyl on a paper-based platform. The color change on the paper device was observed, captured 

with a scanner, and analyzed using image analysis software, providing preliminary insights into colorimetric reagents for 

visualizing bisacodyl on paper. 

 

MATERIALS AND METHODS 

Materials  

All chemicals used were of analytical grade. Bisacodyl and Fast Blue B were obtained from Sigma-Aldrich (St Louis, MO, 

USA). Bismuth nitrate, potassium iodide, nitric acid, ferric chloride (FeCl₃), 2 N Folin-Ciocalteu reagent, sodium carbonate, sodium 
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hydroxide (NaOH), hydrochloric acid (HCl), and ethanol were obtained from Merck (Darmstadt, Germany).  0.01, 1 and 6 M HCl, 

1 and 6 M NaOH, and 20% sodium carbonate were prepared in distilled water. Whatman No. 1 filter paper was purchased from 

GH Healthcare (Buckinghamshire, United Kingdom).  

 

Methods  

Preparation of colorimetric reagents 

Dragendorff’s reagent was prepared accordingly. A solution of 7.2 g of potassium iodide in 50 mL of distilled water was mixed 

with a solution of 8 g of bismuth nitrate in 20 mL of nitric acid, then adjusted to 100 mL with distilled water. 0.5%  and 1% Fast 

Blue B solution and 2% and 5% FeCl₃ solution were made in distilled water. 2N Folin-Ciocalteu reagent was directly used from 

Merck.  

 

Preparation of bisacodyl and hydrolyzed bisacodyl solutions 

Bisacodyl solutions (1 mg/mL) were prepared in 0.01 N HCl and ethanol. Acid hydrolysis of bisacodyl (A) was carried out by 

preparing bisacodyl solutions (1 mg/mL) in 1 M HCl, left for 24 hours at room temperature, and then neutralizing with 1 M NaOH 

(10). Basic hydrolysis (B) was performed by adding 20 µL of 6 M NaOH to 2 mL of the 1 mg/mL bisacodyl solution (11). The 

solutions were heated at 70°C for 30 minutes, then cooled and neutralized with 6 M HCl. The resulting acid and basic-hydrolyzed 

bisacodyl solutions were used for subsequent analysis. 

 

Paper fabrication and screening of colorimetric reagents for bisacodyl detection 

The paper-based device was fabricated using Whatman No. 1 filter paper, which was cut into a specified design comprising a 

rectangular area (5x24 mm) and six circular test zones (7x7 mm), connected by small channels (1.5 x 12 mm by width and 1.5 x 

21 mm by length) as shown in Figure 1. The cutting was done using a laser cutter. The rectangular area of the patterned paper was 

affixed to a transparent, hydrophobic plastic sheet with adhesive tape. Each circular zone was designated for the application of 

colorimetric reagents, followed by the test solutions (sample or blank solvent). For color comparison, the three circular zones on 

the left were used for testing blanks, while the three zones on the right were designated for the sample solution.  

A schematic of the procedure for the screening of colorimetric reagents for rapid detection of bisacodyl on the paper-based 

device is shown in Fig. 1. The screening was performed using various colorimetric reagents including Dragendorff's, 2% and 5% 

FeCl₃, 0.5%, and 1% Fast Blue B, as well as 2 N Folin-Ciocalteu. For Fast Blue B and Folin-Ciocalteu, 20% sodium carbonate was 

added after the test solutions before observation. The resulting color was observed within 5 minutes and captured by a flatbed 

scanner with 300 dpi resolution using a color photo mode in a joint photographic experts group (JPEG) format. The color intensity 

of each zone was measured using an open-source image processing program, ImageJ 1.54h software (National Institutes of Health, 

USA). The relative percentage change between IBIS and I, where IBIS and I are the intensity with and without bisacodyl, respectively, 

was calculated (rel. I% = (IBIS-I/I)*100) from three replicates. 

 
Figure 1. The design of the paper-based device and the procedure for colorimetric reagent screening. 

 

RESULTS AND DISCUSSION 

In this work, six colorimetric reagents were screened for bisacodyl detection. The reagents were chosen based on their 

reactivity towards two functional groups: pyridine in bisacodyl and phenol in its hydrolyzed product, BHPM (Fig. 2). To detect the 

nitrogen-containing pyridine group in bisacodyl, Dragendorff’s reagent was used. For the phenolic group in BHPM, 2% and 5% 

FeCl₃, 0.5% and 1% Fast Blue B, and 2N Folin-Ciocalteu were screened. 

Whatman No. 1 filter paper, the most widely used paper type in colorimetric PADs, was chosen in this study due to its 

affordability, small pore size, and moderate retention and flow rate, which facilitate uniform reagent distribution and enhanced 
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detection performance (12). The paper design (Fig. 1) allowed for a side-by-side visual comparison of color development between 

the blank and sample test zones. 

 
Bisacodyl    bis-(p-hydroxyphenyl)-pyridyl-2-methane (BHPM) 

 

Figure 2. The structure of bisacodyl and its hydrolyzed product. 

 

Figure 3 shows the color responses in the blank and sample zones with various colorimetric reagents. An orange stain appeared 

in the sample zones when Dragendorff’s reagent was applied (Fig. 3aII). Dragendorff’s reagent is known to form colored complexes 

with nitrogen-containing compounds through ion-pair formation between protonated nitrogen atoms and the tetraiodobismuthate 

anion in the reagent (9). In the case of bisacodyl, the pyridyl nitrogen may become protonated under acidic conditions, facilitating 

ion-pair formation with the tetraiodobismuthate anion, leading to the observed orange coloration. The solvent used for sample 

preparation significantly influenced the intensity and clarity of the color formation. Bisacodyl prepared in 0.01 N HCl produced a 

more intense orange stain compared to bisacodyl prepared in ethanol, as shown in Fig. 3a. This difference could be attributed to 

the acidic environment promoting protonation of the nitrogen and enhancing its reactivity with Dragendorff’s reagent. Additionally, 

the staining intensity may have been influenced by the diffusion behavior of the solvents on the paper (13). The acidic aqueous 

solution likely diffused more slowly, allowing bisacodyl to remain concentrated in a smaller area, which enhanced its interaction 

with Dragendorff’s reagent, resulting in a more distinct orange stain. 

 

 
Figure 3. Color responses in the blank and sample zones with various colorimetric reagents. I and II: Bisacodyl in ethanol and 0.01 

N HCl, respectively. A and B: Acid- and basic-hydrolyzed samples, respectively. The relative percentage change (rel. ΔI%) in 

color intensity is indicated in parentheses. 

 

Bisacodyl itself does not contain a phenol group. However, upon the acid and basic hydrolysis, bisacodyl is converted into 

BHPM, which contains phenolic groups capable of reacting with specific reagents to produce a color change. The screening results 

showed that 0.5% and 1% Fast Blue B and 2 N Folin-Ciocalteu reagents produced a dark red color (Fig. 3d and 3e) and an intense 

blue color (Fig. 3f), respectively. The color intensity increased with the concentration of Fast Blue B. To enhance color 

development, 20% sodium carbonate was introduced to maintain an alkaline environment. The reaction with Fast Blue B involved 

an azo coupling of phenolic groups in BHMP with the diazonium salt in Fast Blue B, which, at basic pH, resulted in the formation 

of red-colored azo complexes (14). The alkaline medium enhanced the nucleophilicity of the hydroxyl groups, facilitating the 

reaction.   
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Similarly, the formation of a blue-colored complex with the Folin-Ciocalteu reagent is based on the redox reaction between 

the phenolic groups and phosphomolybdate/ phosphotungstate complexes under basic pH. The basic medium likely increases the 

abundance of phenols in their phenolate form, facilitating the redox reaction and the formation of a blue-colored complex (14, 15). 

In contrast, no detectable color change was observed with 2% and 5% FeCl₃. Although BHPM contains phenolic groups, the lack 

of color formation may be due to its inability to form suitable complexes with FeCl₃. Steric hindrance or electronic effects could 

prevent its effective complexation with FeCl₃, resulting in the absence of color formation.  

 

CONCLUSIONS 

Various colorimetric reagents, including Dragendorff’s reagent, ferric chloride, Folin-Ciocalteu reagent, and Fast Blue B, were 

screened for the rapid detection of bisacodyl on a paper-based platform. Among these, Dragendorff’s reagent, Fast Blue B, and 

Folin-Ciocalteu reagent exhibited distinct color changes due to their reactivity with pyridine and phenolic groups, respectively. In 

contrast, ferric chloride did not result in a detectable color change, likely due to unsuitable reaction conditions or limited reactivity 

under the tested conditions. These preliminary findings support the study objective of screening colorimetric reagents for rapid 

bisacodyl detection on a paper-based platform and demonstrate their potential for further development into a simple, low-cost, and 

portable detection method. However, further study is needed to validate the specificity, sensitivity, and interference potential of 

these colorimetric reagents on a paper-based platform for bisacodyl detection in dietary supplements, ensuring its reliability for 

real-world applications. 
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Abstract. Pouteria campechiana is a tropical fruit rich in bioactive compounds and essential nutrients. This study 

investigated and compared the phytochemical compositions and biological activities of ethanolic extracts from 

different parts of P. campechiana fruit including the peel, pulp, and seed collected from medium-ripe and ripe 

fruits. The phytochemical profiles were assessed by measuring the total phenolic content and total flavonoid 

content. Antioxidant, anti-tyrosinase, and anti-aging activities of each extract were evaluated using standard in 

vitro assays. The results showed that the medium-ripe seed extract exhibited the strongest free radical scavenging 

activity in the DPPH assay, with an IC₅₀ value of 0.04 ± 0.00 mg/mL. The FRAP assay also confirmed its superior 

antioxidant capacity, yielding a value of 114.86 ± 1.44 mg FeSO₄/g extract. Furthermore, this extract demonstrated 

the most potent anti-tyrosinase activity. In anti-aging assays, the medium-ripe seed extract showed the highest 

collagenase and elastase inhibitory activities, with percentage inhibitions of 61.92 ± 12.46% and 49.62 ± 13.24%, 

respectively. These bioactivities are consistent with its elevated total phenolic and total flavonoid contents. 

Interestingly, the ripe seed extract showed the highest antioxidant activity in the β-carotene bleaching assay, with 

a percentage inhibition of 84.56 ± 11.25%, and exhibited the most potent hyaluronidase inhibitory activity at 21.61 

± 0.79%. These findings suggest that extracts from P. campechiana, particularly those from medium-ripe and ripe 

seeds, are rich in phytochemicals and exhibit promising biological activities. Therefore, they hold potential for 

further development as natural active ingredients in cosmetic formulations. 

Keywords: Pouteria campechiana; fruit extracts; cosmetic raw materials; anti-oxidant; anti-aging 

 

INTRODUCTION 

Pouteria campechiana, commonly known as canistel or eggfruit, is a tropical plant cultivated in several 

countries, including Thailand. The fruit can be consumed fresh or incorporated into a variety of foods and 

beverages. However, peel and seeds are typically discarded as waste. This plant is recognized as a valuable source 

of bioactive compounds and has been traditionally used for medicinal purposes [1]. Phytochemical investigations 

have identified several polyphenolic compounds in P. campechiana, including dihydromyricetin, (+)-catechin-3-

O-gallate, (+)-gallocatechin, (+)-catechin, (−)-epicatechin, gallic acid, and myricitrin [2,3]. Previous studies have 

demonstrated that the fruit pulp is rich in minerals, carotenoids, polyphenols, flavonoids, carbohydrates, amino 

acids, and vitamins B and C, all of which contribute to its notable antioxidant properties. Additionally, various 

parts of the plant such as bark, unripe fruit, seeds, and leaves have been utilized in traditional medicine for a range 

of therapeutic purposes [3,4]. While P. campechiana has been extensively studied in the context of food science 

for its nutritional and antioxidant benefits, its potential cosmetic applications, particularly in terms of anti-aging 

and anti-tyrosinase activities, remain underexplored. Therefore, this study aims to evaluate the cosmetic potential 

of residual fruit parts, including the peel and seeds, in comparison to the pulp. Samples from medium-ripe and 

ripe stages were analyzed for their phytochemical content and cosmetic properties, including antioxidant, anti-

aging, and anti-tyrosinase activities, to assess their suitability as natural active ingredients in cosmetic 

formulations. The use of fruit peels and seeds not only contributes to waste reduction but also provides a 

sustainable source of functional ingredients. The findings from this study are expected to support the incorporation 

of P. campechiana extracts into cosmetic and cosmeceutical products for skincare applications. 

MATERIALS AND METHODS 

Materials  

1,1-Diphenyl-2-Picrylhydrazyl (DPPH) was purchased from Fluka (Buchs, Switzerland). Aluminium chloride, 

calcium chloride, L-dopa, and sodium chloride were purchased from Loba Chemie (Mumbai, India). Tris-HCl 

were purchased by RCI Labscan (Bangkok, Thailand). Ascorbic acid, L-tyrosine, gallic acid, collagenase, elastase, 

N-[3-(2-Furyl) acryloyl]-Leu-Gly-Pro-Ala (FALGPA), N-succinyl-Ala-Ala-Ala-p-nitroanilide (AAAPVN), 

epigallocatechin gallate (EGCG), linoleic acid, and tricine were purchased from Sigma-Aldrich (St. Louis, MO, 

USA). Ethanol and dimethyl sulfoxide (DMSO) were purchased from Union Science (Chiang Mai, Thailand). 

Folin-Ciocalteu reagent was purchased from Merck (Darmstadt, Germany). 
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P. campechiana fruits were collected in November 2023 from local agricultural sources in Chai Prakan District, 

Chiang Mai, Thailand. The ripe and medium-ripe P. campechiana fruits were peeled and dried in a hot air oven at 50 

°C for three days. Then, the peel, pulp, and seed were separated and coarsely ground. 

 

Methods  

Preparation of P. campechiana extracts  

Peel, pulp, and seed of P. campechiana were ground into a coarse powder and extracted using a Soxhlet 

apparatus with 95% v/v ethanol [5]. The solvent was removed using a rotary evaporator (Buchi, R-300, 

Switzerland). The extracts were stored in a well-closed container protected from light at 4 ˚C. The yield of the 

extract was calculated.  

Determination of total phenolic content (TPC) 

The total phenolic content (TPC) of the extracts was determined using the Folin–Ciocalteu assay [5]. Each extract 

was prepared by dissolving it in ethanol to a concentration of 1 mg/mL. The sample solution was mixed with Folin–

Ciocalteu reagent followed by sodium carbonate. The mixture was allowed to stand at room temperature for 30 

minutes. Absorbance was then measured at 765 nm using a UV–visible spectrophotometer (Shimadzu UV-2600i, 

Japan). The results were expressed as milligrams of gallic acid equivalents (GAE) per gram of extract (mg GAE/g 

extract). 

Determination of total flavonoid content (TFC) 

The total flavonoid content (TFC) of the extracts was determined using the aluminum chloride colorimetric 

assay [5]. Each extract was prepared by dissolving it in ethanol to a concentration of 1 mg/mL. The extract solution 

was mixed with sodium nitrite and deionized water, and the mixture was incubated for 5 minutes. Subsequently, 

aluminum chloride and sodium hydroxide were added. The absorbance was measured at 510 nm using a UV–

visible spectrophotometer. The results were expressed as milligrams of quercetin equivalent (QE) per gram of 

extract (mg QE/g extract). 

Determination of antioxidant activity 

DPPH radical scavenging assay  

The extract solutions were prepared in ethanol. Each concentration, along with the standard, was mixed with 

a DPPH solution and incubated in the dark at room temperature for 30 minutes. After incubation, the absorbance 

was measured at 520 nm using a microplate reader (BMG SPECTROstar Nano, Germany) [6]. Trolox was used 

as the positive control. The antioxidant activity was expressed as the half-maximal inhibitory concentration (IC₅₀). 

Ferric reducing antioxidant power (FRAP) assay  

The extract solution was prepared by dissolving each sample in ethanol at a concentration of 1 mg/mL. The 

FRAP reagent was mixed with the extract and incubated at room temperature for 5 minutes. Absorbance was then 

measured at 593 nm using a microplate reader [6]. Trolox was used as the positive control. The antioxidant activity 

was expressed as FRAP value, reported in milligrams of FeSO₄ equivalent per gram of extract (mg FeSO₄/g 

extract). 

β-carotene bleaching assay 

The β-carotene bleaching assay was conducted following the method described by Barros et al. [7]. β-carotene 

was dissolved in chloroform, followed by the addition of linoleic acid and Tween 80. After the chloroform was 

evaporated, distilled water was added to form a stable emulsion. The emulsion was mixed with each extract (1 

mg/mL). Absorbance was measured at 490 nm using a microplate reader in kinetic mode. Trolox was used as a 

positive control. The antioxidant activity was expressed as the percentage of inhibition of β-carotene oxidation. 

Determination of anti-tyrosinase activity  

The anti-tyrosinase activity was evaluated using L-tyrosine and L-DOPA as substrates [8]. The sample was 

dissolved in 20% v/v Tween 20 at a concentration of 1 mg/mL. The sample was mixed with phosphate-buffered 

saline (PBS, pH 6.5) and mushroom tyrosinase enzyme solution (50 units/mL). After incubation at room 

temperature for 10 minutes, the substrate was added, and the mixture was further incubated for 20 minutes. 

Absorbance was measured at 765 nm using a microplate reader. Kojic acid was used as a positive control. The 

anti-tyrosinase activity was expressed as the percentage inhibition of tyrosinase activity. 

Determination of anti-aging activity 

Anti-collagenase assay   

Collagenase inhibitory activity was measured using the procedure described by Preedalikit et al. [8]. The 

collagenase enzyme was prepared in 50 mM tricine buffer (pH 7.5) containing 400 mM sodium chloride and 10 

mM calcium chloride. The sample was dissolved in 20% v/v DMSO at a concentration of 1 mg/mL. Each extract 

was mixed with the collagenase enzyme solution and incubated at room temperature for 15 minutes. The reaction 

was initiated by the addition of the substrate (FALGPA). Absorbance was measured at 340 nm in kinetic mode 
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using a microplate reader. Epigallocatechin gallate (EGCG) served as the positive control. The collagenase 

inhibitory activity was expressed as the percentage inhibition of enzyme activity. 

Anti-elastase assay 

Elastase inhibitory activity was evaluated using a method based on Preedalikit et al. [8]. The sample was 

dissolved in 20% v/v DMSO at a concentration of 1 mg/mL. Elastase, prepared in 100 mM Tris-HCl buffer (pH 

8.0), was pre-incubated with each extract for 20 minutes at room temperature. The reaction was then initiated by 

adding 4.4 mM AAAPVN in the same buffer. Absorbance was measured at 410 nm in kinetic mode using a 

microplate reader. Ascorbic acid was used as a positive control. The elastase inhibitory activity was expressed as 

the percentage inhibition of enzyme activity. 

Anti-hyaluronidase assay 

Hyaluronidase inhibitory activity was determined using a modified turbidimetric method [8]. The sample was 

dissolved in 20% v/v DMSO at a concentration of 25 µg/mL. The hyaluronidase enzyme was initially pre-

incubated with each extract for 10 minutes at 37 ± 5 °C. Subsequently, hyaluronic acid in buffer solution was 

added, and the mixture was incubated for 45 minutes at 37 ± 5 °C. Acetic acid containing bovine serum albumin 

was then added to precipitate the undigested hyaluronic acid. After 10-minute incubation, the turbidity of the 

mixture was measured at 600 nm using a microplate reader. Tannic acid was used as a positive control. The 

hyaluronidase inhibitory activity was expressed as the percentage inhibition of enzyme activity. 

Statistical analysis  

All experiments were conducted in triplicate, and the results are presented as mean ± standard deviation (SD). 

Statistical analysis was performed using one-way analysis of variance (ANOVA), followed by Tukey’s Honestly 

Significant Difference (HSD) post hoc test to determine significant differences among groups. A p-value of less 

than 0.05 (p<0.05) was considered statistically significant. All data analyses were performed using SPSS software 

(version 17). 

RESULTS AND DISCUSSION 

1. Plant extraction  

The extraction yields for each part are presented in Table 1. The medium-ripe pulp extract (PuM) yielded the 

highest percentage at 55.90%, followed by the ripe peel extract (PeR), ripe seed extract (SeR), medium-ripe peel 

extract (PeM), ripe pulp extract (PuR), and medium-ripe seed extract (SeM), respectively. These results indicate 

notable variations in chemical composition across different parts and ripening stages of the fruit, which may 

influence extraction efficiency [9]. As these extracts are derived from natural sources, they may be sensitive to 

environmental conditions. Therefore, all samples were stored at 4 °C prior to analysis to preserve their stability.  

Table 1. Percentage yields of each P. campechiana extract 
Sample PeM PuM SeM PeR PuR SeR 

Yield (%) 10.15 55.9 7.27 37.89 8.29 12.16 

2. Total phenolic content and total flavonoid content of P. campechiana extracts 
The total phenolic and flavonoid contents of each extract are presented in Figure 1. The SeM exhibited the 

highest levels of both total phenolics and flavonoids among all samples (p<0.05). Similarly, the ripe seed extract 

SeR demonstrated higher phenolic and flavonoid contents than the peel and pulp extracts at both ripening stages. 

These findings confirm that phytochemical content varies significantly among different fruit parts and ripeness 

levels. This trend is consistent with previous reports indicating that seeds often accumulate high concentrations 

of bioactive secondary metabolites such as β-carotene, lutein, and quercetin [10]. The analysis of P. campechiana 

seed extracts revealed a strong correlation between specific phytochemical constituents and significant biological 

activity. In particular, the seeds were rich in flavonoids, including myricitrin, quercetin, and kaempferol. These 

results highlight that the phytochemical profile of the seeds directly influences their biological effects.  

Figure 1. Total phenolic content and total flavonoid content of P. campechiana extracts. Different superscript letters (a-d) 

indicate significant differences by one-way ANOVA with multiple comparisons test using Tukey (p<0.05). 
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3. Antioxidant activity of P. campechiana extracts 

The antioxidant activity of P. campechiana extracts was evaluated using DPPH, FRAP, and β-carotene bleaching 

assays. Antioxidants mitigate oxidative stress by scavenging free radicals, interrupting chain reactions, chelating metal 

ions, and inhibiting lipid peroxidation [7,9]. The results are summarized in Table 2. The SeM exhibited the lowest IC₅₀ 

value in the DPPH assay (0.04 ± 0.00 mg/mL), although the difference was not statistically significant when compared 

with the PeM, SeR, and Trolox. Notably, the SeM also showed the highest antioxidant capacity in the FRAP assay, with a 

value of 114.86 ± 1.44 mg FeSO₄/g extract (p<0.05), indicating strong electron-donating ability. In the β-carotene bleaching 

assay, the SeR, SeM, and PeM effectively inhibited lipid peroxidation, displaying antioxidant activities comparable to 

Trolox. These findings are closely associated with the high total phenolic content of the extracts, reinforcing their potential 

for protecting the skin from oxidative damage. Among the phenolic constituents, gallic acid identified in P. campechiana 

is known to contribute significantly to antioxidant mechanisms. It can donate hydrogen atoms or electrons from its hydroxyl 

groups to neutralize reactive oxygen species. It can chelate transition metal ions (e.g., Fe²⁺, Cu²⁺), preventing them from 

catalyzing free radical formation. In addition, it can intercept lipid peroxyl radicals (LOO•), thereby reducing oxidative 

chain propagation [3]. 

Table 2. Antioxidant activities of P. campechiana extracts using DPPH assay, FRAP assay, and β-carotene bleaching assay 

Sample 
DPPH assay 

IC50 (mg/mL) 

FRAP assay 

FRAP value 

(mg FeSO4/g of extract) 

β-carotene bleaching assay  

Inhibition (%)  

Trolox 0.01±0.00a 134.35±1.18a 88.71±7.48a 

SeR 0.14±0.01a 22.32±0.50c 84.56±11.25ab 

SeM 0.04±0.00a 114.86±1.44b 83.82±5.79ab 

PuM 0.72±0.02b 15.48±0.40d 82.35±1.80b 

PeM 0.14±0.00a 20.59±2.88c 81.11±3.14ab 

PuR 3.26±0.06d 6.54±0.40e 79.41±1.04bc 

PeR 2.25±0.27c 5.25±0.39e 69.85±1.04c 

Different superscript letters (a-e) indicate significant differences in each assay by one-way ANOVA with multiple comparisons 

test using Tukey (p<0.05) 

4. Anti-tyrosinase activity of P. campechiana extracts 

Tyrosinase is a key enzyme involved in melanin synthesis within melanocytes and plays a central role in skin 

pigmentation [8]. Therefore, inhibiting tyrosinase activity is a widely targeted approach in skin-brightening and 

anti-hyperpigmentation treatments. The anti-tyrosinase activity of P. campechiana extracts is presented in Figure 

2. Among all samples, the SeM exhibited the highest tyrosinase inhibitory activity, closely followed by the SeR. 

This activity is strongly correlated with the high total phenolic and flavonoid contents observed in SeM. Phenolic 

and flavonoid compounds can suppress tyrosinase activity by binding directly to its active site (competitive 

inhibition) or by chelating copper ions essential for its catalytic function. Additionally, some compounds exert 

non-competitive inhibition by interacting with allosteric sites, inducing conformational changes that reduce 

enzyme activity. Gallic acid, one of the major phenolics identified in P. campechiana, acts primarily as a 

competitive inhibitor of tyrosinase. Quercetin, another key flavonoid, exhibits either competitive or mixed-type 

inhibition [8].  

 

Figure 2. Tyrosinase inhibitory activity of P. campechiana extracts. Different superscript letters (a-c) indicate significant 

differences by one-way ANOVA with multiple comparisons test using Tukey (p<0.05). 

5. Anti-aging activity of P. campechiana extracts 

Collagenase, elastase, and hyaluronidase are key enzymes involved in the degradation of collagen, elastin, and 

hyaluronic acid, respectively, which are structural components essential for maintaining skin firmness and elasticity. 

Their activity accelerates the skin aging process, contributing to wrinkle formation and loss of skin resilience [8]. 

Therefore, inhibiting these enzymes is a promising strategy for anti-aging skincare. The anti-aging activities of P. 

campechiana extracts against collagenase, elastase, and hyaluronidase are summarized in Table 3. The SeM exhibited 
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the highest collagenase (61.92%) and elastase (49.62%) inhibitory activities; however, these differences were not 

statistically significant compared to the other extracts. The SeR showed the strongest hyaluronidase inhibitory activity 

(21.61%), although it was also not significantly different from other tested extracts and the positive control. The notable 

anti-aging effects of the seed extracts may be attributed to their high content of phenolic compounds and triterpenoids, 

which are known to inhibit skin-degrading enzymes. Gallic acid typically acts via non-competitive inhibition. It chelates 

metal ions such as Zn²⁺and alters the enzyme's conformation, thereby reducing its activity. Quercetin inhibits these 

enzymes primarily through competitive or mixed-type mechanisms by binding to their active sites, forming hydrogen 

bonds, and engaging in hydrophobic interactions. Additionally, it can chelate essential metal ions required for enzymatic 

activity [1]. Additionally, flavonoids present in the extracts have been reported to suppress hyaluronidase activity, 

thereby helping to preserve skin hydration and elasticity. 

Table 3. Anti-aging activities by anti-collagenase assay, anti-elastase assay and anti-hyaluronidase assay of P. campechiana 

extracts 

Sample Collagenase inhibition (%) Elastase inhibition (%) Hyaluronidase inhibition (%) 

Ascorbic acid ND 79.13±7.02a  ND 

EGCG  68.20±5.67a  ND ND 

Tannic acid  ND ND 29.78±16.58a 

SeM  61.92±12.46a  49.62±13.24b  19.78±0.76a  

SeR  58.74±3.86a  35.92±0.86b  21.61±0.79a  

PeM  53.25±7.32a  39.27±13.20b  14.41±0.15a  

PuM  51.83±8.74a  34.25±16.96b 17.31±0.66a  

PuR  45.33±2.64a  48.71±13.24b  17.31±1.33a  

PeR  45.12±0.81a  29.76±9.64b  15.91±1.35a  

ND means not determined. Superscript letters (a-b) indicate significant difference (p<0.05) in each assay evaluated by one-

way ANOVA with multiple comparisons test using Tukey  

CONCLUSIONS 

The seed extract of P. campechiana from medium-ripe fruits exhibited the highest levels of phenolic and 

flavonoid contents, along with potent antioxidant activity. Its strong inhibitory effects on tyrosinase and matrix-

degrading enzymes highlight its potential for application in skin-whitening and anti-aging products. This extract 

shows promise as a novel natural active ingredient for cosmetic formulations. However, future studies should 

focus on the identification and quantification of chemical markers to determine the specific bioactive compounds 

responsible for the observed biological activities. This will enhance the understanding of the extract’s mechanism 

of action and support standardization for cosmetic applications. In addition, cytotoxicity evaluation is essential to 

ensure its safety. A comprehensive stability study is recommended in future research to determine optimal storage 

conditions for maintaining extract integrity.  
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Abstract. Deferasirox (DFX), an approved medicine indicated for chronic iron overload, is primarily metabolized through UDP 

Glucuronosyltransferase Family 1 Member A1 (UGT1A1). UGT1A1*80 (rs887829) and *93 (rs10929302), SNPs in the promotor 

region, have been associated with plasma levels of drugs reported in clinical studies. However, their impact on DFX metabolism 

remains uncharacterized. This study investigated the function of these two SNPs on DFX metabolism using in vivo and 

transcriptional regulation using cell-based assays. Thalassemia patients with chronic iron overload receiving DFX at Siriraj 

Hospital were screened and genotyped for SNPs. The linkage disequilibrium (LD) between these SNPs was examined and 

demonstrated the strong LD of UGT1A1*80 and *93. Patients were categorized based on UGT1A1 diplotypes and measured for 

trough concentration (Ctrough) of DFX and its primary glucuronide metabolite (M3) using LC-MS/MS. The M3/DFX Ctrough 

ratio was analyzed and compared across diplotypes to infer DFX metabolism. Variations in M3/DFX Ctrough ratios across 

diplotypes suggest SNP-dependent alterations in DFX metabolism. For the in vitro analysis, CRISPR-Cas9/12-mediated disruption 

was performed to interrupt the SNP positions in HepG2 cells. We did not detect alteration in UGT1A1 mRNA level between SNP-

disrupted and wild-type cells using mixed cell populations, suggesting further elucidation using stable single cells. In conclusion, 

our study showed UGT1A1*80 and *93 corresponding to DFX metabolism in vivo; although, a larger sample size and the in vitro 

analysis should be further investigated. These findings suggest the potential clinical relevance of UGT1A1 polymorphisms in 

optimizing DFX treatment. 

 

Keywords: Deferasirox (DFX); UGT1A1*80; UGT1A1*93; trough concentration (Ctrough); deferasirox acyl-β-D-glucuronide 

(M3). 

 

INTRODUCTION 

Deferasirox (DFX), used to treat chronic iron overload, exhibits variable therapeutic responses. DFX is metabolized by UDP-

glucuronosyltransferase 1A1 (UGT1A1) into deferasirox acyl-β-D-glucuronide (M3) and is excreted via bile and urine [1]. Promoter 

SNPs, UGT1A1*80 (rs887829) [2,3] and *93 (rs10929302) [3,4], have been correlated with variabilities in the plasma concentrations 

of several drugs, but their impact on DFX metabolism remains unclear. This study analyzed the impact of UGT1A1*80 and *93 on 

DFX metabolism through in vivo analysis using 46 thalassemia patients and investigated transcriptional regulation via in vitro 

analysis involving CRISPR/Cas9/12-mediated SNP disruption in HepG2 cells. 

 

MATERIALS AND METHODS 

Materials 

 

This study used hepatocellular carcinoma HepG2 cell lines (ATCC, USA), Dulbecco’s modified Eagle medium (DMEM) 

(Gibco Life Technologies; USA ), Penicillin-Streptomycin (Cytiva, USA) , Fetal Bovine Serum (FBS) (Sigma-Aldrich, USA). 

Plasmids and reagents used in this study included  PX458 plasmid (Addgene, USA),  oligonucleotides (Macrogen, Korea), the 

Polyethylenimine “Max” (PEI MAX) transfection reagent (Polysciences, USA), Opti-MEM® (Invitrogen Life Technologies, USA), 

Phusion high-fidelity DNA polymerase (NEB, USA), QIAamp® DNA Investigator (Qiagen, USA), TRIzol (Invitrogen, USA), 
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iScript™ Reverse Transcription Supermix (Bio-Rad, US), iTaq Universal SYBR Green Supermix(Bio-Rad, US)  and T4 DNA 

ligase (NEB, USA).  

 

Methods  

 

Patient: inclusion and exclusion criteria  

This study included 46 beta-thalassemia patients with transfusional iron overload who received DFX treatment for a minimum 

of six months. Patients were excluded if they were taking medications known to interact with DFX, i.e., strong inducers of UGT 

isoenzymes (e.g., rifampicin, barbiturates, carbamazepine, phenytoin, efavirenz, nevirapine, ritonavir, and rifabutin) or bile acid 

sequestrants (e.g., cholestyramine, colesevelam, colestipol). Additionally, individuals with hepatic or renal dysfunction were not 

included in the study. 

 

Blood sample collection 

For the analysis of deferasirox trough concentration (Ctrough) and its metabolite, deferasirox acyl-β-D-glucuronide (M3), 

blood samples were collected from participants at steady-state prior to the administration of their next DFX dose. The collected 

blood samples were immediately centrifuged, and the resulting plasma was stored at −80°C until analyzed using LC-MS/MS. 

 

LC-MS/MS Assay for DFX and M3 

The LC-MS/MS method was developed and validated to quantify plasma concentrations of DFX Ctrough and its metabolite 

M3. The study used the Nexera™ UPLC system (Shimadzu Corporation, Kyoto, Japan) coupled with a TSQ Quantum Ultra mass 

spectrometer (Thermo Fisher Scientific, USA). Data acquisition and processing were performed using Xcalibur™ 4.0.27.42 and 

LCquan™ 3.0.26.0 software (Thermo Fisher Scientific, USA). Validation followed FDA and EMA bioanalytical guidelines, 

assessing linearity, recovery, detection/quantification limits, matrix effects, precision, accuracy, selectivity, stability, and 

reproducibility. Additionally, the M3/DFX Ctrough ratio was analyzed across UGT1A1 diplotypes to evaluate DFX metabolism. 

 

Cell culture 

HepG2 cells were cultured in DMEM supplemented with 10% FBS, along with 1% penicillin and streptomycin. The cell lines 

were maintained at 37°C with a humidified atmosphere containing 95% air and 5% CO2. The cell lines were maintained below 

80% confluency and passaged as needed. 

 

Plasmid construction 

PX458 plasmid containing a green fluorescent protein gene (GFP) was used for expression of the gRNA and SpCas9 protein. 

Complementary oligonucleotides (Table 1) encoding the gRNAs targeting UGT1A1*80 and*93 promoter region sequence were 

annealed and ligated into PX458 using T4 ligase enzyme. The gRNA sequences in constructed plasmids were confirmed by the 

Sanger sequencing (U2BIo, Thailand).  

Table 1. Oligonucleotides encoding gRNAs targeting UGT1A1*80 and*93  

Oligo name Sequences 

*80-Cas9-gRNA1-Fw CACCAAAGCCTTCTGTTTAATTTC 

*80-Cas9-gRNA1-Rw AAACGAAATTAAACAGAAGGCTTT 

*80-Cas9-gRNA2-Fw CACCAAAGCCTTCTGTTTAATTTT 

*80-Cas9-gRNA2-Rw AAACAAAATTAAACAGAAGGCTTT 

*93-Cas9-gRNA2-Fw CACCGAGGAGGAATGAGCTTGGAC 

*93-Cas9-gRNA2-Rw AAACGTCCAAGCTCATTCCTCCTC 

 

Transfections 

HepG2 cells were seeded into 24-well flat-bottom cell culture plate at 1.3 × 105 cells/well. Transfections were carried out 18–

24 hours post-seeding with 1 ug of the expression PX458 plasmid containing gRNA for UGT1A1*80 and UGT1A1*93 and SpCas9 

protein per transfection (per well, in a 24-well plate). Polyethylenimine “Max” (PEI MAX) was used as the transfection reagent at 

2 ug per transfection.  

 

Cell sorting by flow cytometry 
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Regarding the vector PX458 encoding GFP, the transfected HepG2 cells were harvested and sorted for selection of GFP-

positive cells by fluorescence-activated cell sorting (FACS) using a BD FACSMelody™ (Beckton Dickinson, USA). The mixed 

populations of cell clones of GFP-expressing cells were selected and cultured.  

 

Targeted amplicon sequencing 

The gDNA was extracted from the disrupted cells and measured for its concentration by NanoDrop 2000 spectrophotometer 

(Thermo Fisher Scientific, USA). The PCR was performed to amplify the genomic regions of UGT1A1*80 and UGT1A1*93 using 

Phusion™ High-Fidelity DNA Polymerase. PCR products were purified using GenepHlow™ Gel/PCR Kits according to the 

manufacturer’s protocol and sequenced using next-generation sequencing (NGS) using Fast NGS sequencing (U2BIo, Thailand).  

 

RNA extraction, cDNA synthesis, and Reverse Transcription Quantitative PCR (RT-qPCR) 
The mixed populations of disrupted cells were harvested, and extracted for RNA using TRIzol according to the manufacturer’s 

protocol. The total RNA amount was quantified using Nanodrop. The 1 ug of RNA was reverse transcribed using iScriptTM Reverse 

Transcription Supermix, diluted in nuclease-free water (1:10), and stored at −20oC. For the qPCR, reaction mixtures (10 ul) 

contained 5 ul of iTag SYBR supermix buffer, 0.5 mM of the respective forward and reverse primers, and 4 ul of the thawn cDNA. 

Beta-actin was used as an endogenous control. Primer sequences for UGT1A1 are CCTTGCCTCAGAATTCCTTC as forward and 

ATTGATCCCAAAGAGAAAACCAC as reverse primers for qPCR. 

 

Statistical analysis 

All measurement data presented were expressed as mean ± standard deviation (SD). The Kruskal–Wallis test was used and the 

statistical significance was defined as P < 0.05. 

 

RESULTS AND DISCUSSION 

 

The linkage disequilibrium (LD) between SNPs 

We analyzed the linkage disequilibrium (LD) of UGT1A1*80, *93, and the previously reported known functional promotor 

SNPs, including *60 (rs4124874) and *28 (rs3064744).  LD analysis of UGT1A1 promotor SNPs in a Thai thalassemia cohort 

revealed strong co-inheritance (r² ≈ 1) among UGT1A1*80, *93, and *28, forming a tightly linked haplotype. In contrast, 

UGT1A1*60 showed weak LD (r² < 0.5) with this haplotype, segregating independently (Table 3). These findings suggest 

UGT1A1*80/*93/*28 function as a coordinated regulatory unit, while UGT1A1*60 contributes to metabolic variability through 

distinct mechanisms. 

 

Table 2. Pairwise linkage disequilibrium (r² values) 

among UGT1A1 variants (UGT1A1*60, *93, *80, 

and *28). N/A; Not Applicable. 

 

 

 

 

 

Classification of patients based on UGT1A1 diplotypes  

Patients were stratified into six diplotype groups based on UGT1A1 variants, including haplotype-tagged SNPs (*80, *93, *28; 

LD r² ≈ 1) and the functionally validated *60 polymorphism.  

 

Table 3.  Diplotype Patterns of UGT1A1 Variants 

 

Noted: (Reference allele > Alternative allele). Dark 

blue indicates homozygous variant genotypes, moderate 

blue represents heterozygous genotypes, and pale blue 

denotes homozygous wild-type genotypes. 

 

 

 
UGT1A1*60 UGT1A1*93 UGT1A1*80 UGT1A1*28 

UGT1A1*60 N/A 0.38 0.43 0.43 
UGT1A1*93 

 
N/A 0.89 0.89 

UGT1A1*80 
  

N/A 1.00 
UGT1A1*28 

   
N/A 

Diplotype 

pattern

UGT1A1*60 

(T>G)

UGT1A1*93 

(G>A)

UGT1A1*80 

(C>T)

UGT1A1*28 

(6TA>7TA)

1 T/T G/G C/C 6TA/6TA

2 T/G G/G C/C 6TA/6TA

3 T/G G/A C/T 6TA/7TA

4 G/G G/A C/T 6TA/7TA

5 G/G G/G C/C 6TA/6TA

6 G/G A/A T/T 7TA/7TA
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Variations in the DFX metabolism across UGT1A1 diplotypes 

 

 

 

Figure 1.  Boxplot analysis of the M3/DFX Ctrough ratio across diplotype patterns. 

 

A comparison between diplotype patterns 1 vs 2, as well as patterns 3 vs 4, revealed that patients carrying the UGT1A1*60 

variant allele G (T/G and G/G) exhibited a decreasing trend in the M3/DFX ratio compared to homozygous wild-type carriers 

(T/T). The median M3/DFX ratios for T/G and G/G carriers ranged from 0.11−0.12, whereas T/T carriers showed higher median 

values of 0.16−0.17. These findings suggest that the UGT1A1*60 variant is associated with reduced UGT1A1 metabolic function 

as well as DFX metabolism. The observed influence of the UGT1A1*60 variant is consistent with previous studies [3], [5]. However, 

two patients with pattern 5, having homozygous UGT1A1*60 variant (G/G), did not show a decreasing trend of M3/DFX ratios 

compared to those with the heterozygous (T/G) and homozygous wild-type in patterns 1 and 2, respectively. This discrepancy may 

be attributed to the influence of additional SNPs within the UGT1A1 or other genes involved with DFX metabolism. For example, 

the multidrug resistance-associated protein 2 (MRP2) gene, having a well-known role in the excretion of DFX and M3 [1], was not 

considered in this analysis.  

Analysis of diplotype patterns 2 vs 3, and 5 vs 6 revealed that patients carrying heterozygous genotypes of UGT1A1*93 (G/A), 

*80 (C/T), and *28 (6TA/7TA) exhibited a trend toward higher M3/DFX ratios compared to those with the homozygous wild-type 

genotypes UGT1A1*93(G/G), *80(C/C), and *28(6TA/6TA). , as well as the UGT1A1*93(A/A), *80(T/T), and *28(7TA/7TA) 

homozygous variants also exhibited a trend toward higher M3/DFX ratios compared to those with the homozygous wild-type 

genotypes of UGT1A1*93(G/G), *80(C/C), and *28(6TA/6TA). These results suggest that the combination of UGT1A1*93, *80, 

and *28 variants may contribute to increased UGT1A1 metabolic activity as well as DFX metabolism. Conversely, comparing 

diplotype patterns 5 vs 4 demonstrated the decreasing trend of the median ratios in heterozygous genotypes of *93, *80, and *28 

compared to those with the homozygous wild-type, with consistency to previous studies[2], [3], [4], [6], [7], This discrepancy may be 

attributed to the influence of additional SNPs within the UGT1A1 or other genes. In addition, the number of patients included in 

this analysis remains limited, particularly some diplotype patterns, therefore, further in vivo studies, with larger sample sizes are 

warranted to obtain more definitive results. 

 

Transcriptional regulation of UGT1A1*80 and *93  

 

 

 

 

Figure 2. UGT1A1 mRNA expression levels in the mixed 

populations of cells disrupted at UGT1A1*80 and *93. 

 

 

For the in vitro analysis, CRISPR-Cas9 was successfully introduced into HepG2 cells to disrupt promoter regions 

containing the UGT1A1*80 and *93 variants, as confirmed by GFP fluorescence in mixed-cell populations. These promoter regions 

may contain transcription factor (TF) binding sites, and SNP-induced disruptions could alter UGT1A1 transcription. However, no 

significant changes in UGT1A1 mRNA levels were detected between edited and wild-type cells (Figure 2). This may be due to the 
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Diplotype Pattern Count Min Max Mean Median Std Dev

1 21 0.08 0.57 0.20 0.17 0.12

2 13 0.07 0.41 0.15 0.12 0.09

3 4 0.11 0.17 0.15 0.16 0.03

4 4 0.08 0.32 0.16 0.11 0.11

5 2 0.08 0.20 0.14 0.14 0.09

6 2 0.15 0.17 0.16 0.16 0.02
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mosaic nature of CRISPR editing, where edited and unedited cells coexist, and bulk RNA analysis masks transcriptional changes 

occurring in subpopulations. The resulting dilution effect emphasizes the importance of using single-cell clones, particularly 

homozygous knockouts, to isolate and evaluate SNP-specific regulatory effects more precisely [8]. In addition, UGT1A1*80 and 

*93 may affect post-transcriptional regulation, such as mRNA stability, rather than transcription, suggesting further studies under 

stimulated conditions and protein-level analyses. 

Several additional factors could explain the lack of observed mRNA changes. Post-transcriptional effects, such as altered 

mRNA stability, cryptic splicing, or internal ribosome entry sites (IRES)-generated translation [9], could allow protein synthesis 

without affecting transcript levels. Moreover, protein expression may also differ due to changes in turnover or post-translational 

modification. These possibilities underscore the need for complementary approaches, including Western blotting to assess protein 

levels, ChIP assays to confirm disrupted TF binding, and stimulated cell models to uncover SNP effects. Editing efficiency may 

also be limited by flanking sequence constraints [9] or chromatin accessibility, such as DNA methylation or repressive histone 

marks, potentially impairing Cas9 access [10]. Single-cell sequencing and further analyses could clarify cellular heterogeneity and 

compensatory responses. 

 

CONCLUSIONS 

This study suggested the function of promoter polymorphisms, UGT1A1*80 and *93, linked to the well-known *28, on DFX 

metabolism in vivo, with the trend of variations in M3/DFX Ctrough ratios across diplotypes. While CRISPR-Cas9 disruption of 

these SNPs in HepG2 cells did not alter UGT1A1 mRNA levels in mixed populations, further investigations using stable single-

cell clones are needed to clarify their transcriptional regulatory roles. These findings highlight the clinical relevance of UGT1A1 

polymorphisms in optimizing DFX treatment for thalassemia patients.  
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Abstract. Platelet-rich plasma (PRP) is an autologous blood-derived bioproduct used for pain management due to its high content 

of growth factors. However, the underlying mechanisms of those growth factors in pain-related diseases remain unclear. In this 

study, network pharmacology was employed to evaluate the role of transforming growth factor-β (TGF-β), a major growth factor 

presents in PRP, in pain-related conditions, including neuropathic pain, osteoarthritis, and rheumatoid arthritis. Target genes of 

TGF-β and disease-associated genes were identified and analyzed. A protein-protein interaction (PPI) network was constructed 

using the STRING database, and the top 10 genes were identified, revealing a strong association between TGF-β and disease-

associated genes, as indicated by high interaction scores in the PPI network. Furthermore, Gene Ontology (GO) and Kyoto 

Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed to determine the biological activities 

and pathways involved. The results demonstrate that TGF-β in PRP regulates biological pathways related to pain perception and 

immune response. This study provides valuable insights into the role of TGF-β, a key component of PRP, in pain-related conditions. 
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INTRODUCTION 

Pain is an unpleasant sensation associated with numerous conditions such as tissue damage, infections, cancer, and 

inflammatory conditions. Pain is also linked with multiple chronic diseases, such as osteoarthritis (OA), diabetic neuropathy, 

fibromyalgia, and rheumatoid arthritis (RA) (1). The symptoms of pain observed in these diseases are clinically characterized by 

allodynia, hyperalgesia, and emotional strain (2). Although non-steroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase-2 

(COX-2) inhibitors, gabapentinoids, opioids, tricyclic antidepressants (TCAs), serotonin-norepinephrine reuptake inhibitors 

(SNRIs), local anesthetics, and intra-articular corticosteroids are commonly used to manage neuropathic pain (NP) and chronic 

inflammatory pain, modest efficacy and unwanted side effects remain a concern (3-5). Therefore, finding alternatives will be 

beneficial to overcome current conditions, and novel analgesic agents need to be discovered and developed. 

Platelet-rich plasma (PRP) is a bioproduct prepared by centrifuging peripheral blood to concentrate platelets (6, 7). PRP 

has been investigated for its potential benefits in alleviating pain and inflammation in various conditions, including rotator cuff 

tendinopathy (8, 9), carpal tunnel syndrome (CTS) (10, 11), adhesive capsulitis (12), osteoarthritis (13-16), diabetic neuropathic 

pain (17), and spinal cord injury (SCI) (18, 19). The beneficial effects of PRP are attributed to its abundance of growth factors 

found in PRP (20). As such, the high concentration of TGF-β in PRP likely makes it the most influential growth factor, contributing 

to the therapeutic efficacy of PRP. As shown in the previous study, TGF-β showed a significant correlation with pain score 

reduction in osteoarthritis patients following PRP injection (21). Although clinically studied, the underlying mechanisms of TGF-

β in pain-related conditions remain unclear. In this study, network pharmacology was employed to elucidate the potential targets 

and pathways involved in TGF-β-mediated pain relief.  

MATERIALS AND METHODS 

Methods  

Identification of TGF-β-target genes and target genes associated with pain-related diseases. 

In the present study, the main growth factor present in PRP (22), TGF-β, was used. The structure of TGF-β was obtained 

from the PUBCHEM database. Subsequently, the SMILES representation of TGF-β was entered into the databases of Swiss Target 

Prediction (https://www.swisstargetprediction.ch/), the Similarity Ensemble Approach (SEA Search Server) 

(http://sea.bkslab.org/), and Super-PRED (https://prediction.charite.de/) to identify target genes of TGF-β. All identified target 
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genes were combined, and duplicate genes were removed. Target genes associated with neuropathic pain, osteoarthritis, and 

rheumatoid arthritis were acquired from several databases, including OMIM (https://www.omim.org/) and GeneCards 

(http://www.genecards.org/). All identified target genes were combined, and duplicate genes were removed.  

Construction of protein-protein interaction (PPI) network and Enrichment analyses 

The intersection genes between neuropathic pain-associated genes, osteoarthritis-associated genes, rheumatoid arthritis-

associated genes, and growth factor-affected genes were determined using the online Venn diagram tool (23). Furthermore, the 

overlapping genes were analyzed using the STRING databases and visualized with Cytoscape 3.10.1. In addition, the top 10 genes 

were analyzed and determined using the cytoHubba plugin v.0.1 within Cytoscape. 

Enrichment analyses, including Gene Ontology (GO) and Kyoto Encyclopedia of Gene and Genomes (KEGG), were 

performed using the online tool for bioinformatic data analysis (http://www.bioinformatics.com.cn/). The enrichment analyses 

provide information regarding biological processes, cellular components, molecular functions, and involved pathways. 

RESULTS AND DISCUSSION 

Network of protein-protein interaction and the top 10 influenced genes 

In the present study, the underlying mechanism of TGF-β in pain-related diseases was investigated using network 

pharmacology. As shown in Figure 1A, the total number of target genes for TGF-β was 268. Furthermore, the target genes 

associated with diseases include 2,262 neuropathic pain-associated genes, 5,459 osteoarthritis-associated genes, and 6,566 

rheumatoid arthritis-associated genes. The intersection of TGF-β target genes and disease-associated genes was identified. As 

shown in the Venn diagram, the intersection of target genes between TGF-β and neuropathic pain, osteoarthritis, and rheumatoid 

arthritis was 122, 136, and 160, respectively. Furthermore, as illustrated in the network of TGF-β and disease-associated genes, 

there are strong interactions with the target genes (Figure 1B). 

 

 
 

Figure 1. The intersection of genes between TGF-β-affected genes and neuropathic pain, osteoarthritis, and rheumatoid arthritis-

associated genes, and TGF-β interactions with neuropathic pain-, osteoarthritis-, and rheumatoid arthritis-associated genes. 

 

Intersection targets between TGF-β and neuropathic pain-, osteoarthritis-, and rheumatoid arthritis-associated genes were 

used to construct protein-protein interactions. In the network of TGF-β and neuropathic pain, there were 121 nodes and 1041 edges 

constructed, with 17.2 average node degrees and 0.503 average clustering coefficients (Figure 2A). In the network of TGF-β and 
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osteoarthritis, there were 135 nodes and 1046 edges constructed, with 15.5 average node degrees and 0.535 average clustering 

coefficients. In the network of TGF-β and rheumatoid arthritis, there were 158 nodes and 1343 edges constructed, with 17 average 

node degrees and 0.471 average clustering coefficients.  

 

Furthermore, the top 10 gene interactions were determined using CytoHubba's maximal clique centrality (MCC) analysis. 

As shown in Figure 2B, the top 10 genes involved in TGF-β and neuropathic pain were NFKB1, HSP90AA1, STAT3, IKBKB, 

PTGS2, BCL2L1, SIRT1, IL1B, PARP1, and CASP8. The top 10 genes associated with TGF-β and osteoarthritis were NFKB1, 

CASP8, HSP90AA1, STAT3, SIRT1, IL1B, PARP1, PTGS2, BCL2L1, and IKBKB. Additionally, the top 10 genes related to 

TGF-β and rheumatoid arthritis were NFKB1, IL1B, HSP90AA1, PARP1, STAT3, CASP9, BCL2L1, CASP8, PTGS2, and MCL1. 

These genes represent the most influential genes in each disease, indicating their potential roles in the mechanisms of TGF-β 

targeting neuropathic pain, osteoarthritis, and rheumatoid arthritis 

 

 
 

Figure 2. Protein-protein interaction networks of TGF-β in neuropathic pain, osteoarthritis, and rheumatoid arthritis (A). The top 

10 most influential genes in TGF-β-related interactions for neuropathic pain, osteoarthritis, and rheumatoid arthritis (B). NP: 

neuropathic pain; OA: osteoarthritis; RA: rheumatoid arthritis. 

GO and KEGG pathway enrichment of PRP on neuropathic pain, osteoarthritis, and rheumatoid arthritis 

 To determine the mechanistic and organizational role of TGF-β in PRP, enrichment analyses related to neuropathic pain, 

osteoarthritis, and rheumatoid arthritis were performed. In Figure 3A, the top 10 biological processes, molecular functions, and 

cellular components are shown. Among the top 10 biological processes, 'sensory perception of pain' was identified, indicating that 

PRP may play a role in alleviating neuropathic pain. Furthermore, in the biological process associated with TGF-β in osteoarthritis 

(Figure 3B), the results indicated that TGF-β plays a role in sensory perception of pain and regulation of cytokine production. In 

the biological process related to TGF-β in rheumatoid arthritis, the results showed that TGF-β is involved in cytokine production 

and the regulation of the inflammatory response. 

 

Pathway enrichment analyses were performed using KEGG, as shown in Figure 3. The analyses demonstrated that TGF-

β in PRP modulates pathways associated with pain. The role of TGF-β in modulating pain pathways is through regulating apoptosis 

and neuroactive-ligand receptor interactions. The role of TGF-β on apoptosis was observed in simulation studies in neuropathic 

pain and OA, whereas its role in neuroactive-ligand receptor interactions was observed in OA and RA. These findings are consistent 

with previous studies showing that TGF-β protects against neuronal cell death and downregulates microglial activation (24). 

Furthermore, TGF-β has been shown to increase the Bcl-2/Bax ratio, thereby protecting chondrocytes from apoptosis (25). These 
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results are also consistent with previous studies, which demonstrated the ability of TGF-β to maintain regulatory T cells, suppress 

inflammation, and regulate apoptosis (26-28). Altogether, the enrichment results suggest that TGF-β in PRP regulates biological 

processes and pathways associated with pain-related diseases, including neuronal protection and apoptosis regulation. 

  
Figure 3. Enrichment analyses including Gene Ontology (biological processes, cellular components, and molecular functions) and 

KEGG pathways, highlighting the role of TGF-β. The enrichment analyses for GO and KEGG are demonstrated for each disease, 

including neuropathic pain (A), osteoarthritis (B), and rheumatoid arthritis (C). 

CONCLUSIONS 

In conclusion, network pharmacology demonstrated that TGF-β, a key growth factor in PRP, targets multiple genes 

involved in pain-related diseases, including neuropathic pain, osteoarthritis, and rheumatoid arthritis. TGF-β regulates biological 

processes and pathways associated with pain and apoptosis in pain-related diseases. This study supported the application of PRP 

in the management of pain. Further studies are required to validate these network pharmacology-based results through wet lab 

experiments.  
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Abstract.  Phytochemical investigation of the whole plant of Pinalia densa resulted in the isolation of five compounds 

identified as  2,7-dihydroxy-3,4,6-trimethoxy-9,10-dihydrophenanthrene (1), 2,7-dihydroxy-3,4,6-trimethoxyphenanthrene 

(2), nudol (3), liparisphenanthrene B (4) and 9,9'-O-di-(E)-feruloyl-(-)-secoisolariciresinol (5). All compounds were evaluated 

for the cytotoxic activity against human prostate cancer cell lines (PC-3 and DU145) together with the human normal 

keratinocyte HaCaT cell line by using MTT assay. 9,9'-O-di-(E)-feruloyl-(-)-secoisolariciresinol (5) showed cytotoxic activity 

against human prostate cancer cell lines (PC-3 and DU145) as well as HaCaT cell line in a concentration-dependent manner, 

while liparisphenanthrene B (4) exhibited a significant cytotoxic effect on PC-3 cell line with an IC50 value of 30.97 ± 9.0 μM 

with less cytotoxic effect on HaCaT cell line. 

Keywords: Pinalia densa; Orchidaceae; cytotoxicity; PC-3; DU145 

INTRODUCTION 

 Cancer is one of the serious diseases characterized by uncontrolled cell growth and spread to other parts of the body.[1] 

Prostate cancer is the second most diagnosed cancer and the fifth most prevalent cause of cancer-related deaths in males 

worldwide. Around 1.4 million new cases were reported in 2022, and more than 396,000 people died as a result.[2, 3] Some of 

example current treatments for prostate cancer are chemotherapy, radiation and surgery. However, most of them either have 

side effects or are ineffective. Natural products are particularly essential against cancer.[4, 5] There have been reports of several 

orchid species having the ability to treat various types of cancer.[6] Orchids have been used in traditional medicine in various 

cultures including traditional Chinese, Ayurvedic, and Native American medicine for centuries as they possess a significant 

number of health benefits. It is well known that orchids are widely used to treat serious ailments, for example cough, asthma, 

digestive issues, stomachache, fever, headache and high blood pressure.[7, 8] Pinalia densa is an orchid species that belongs to 

the family Orchidaceae, native to Southeast Asia, including Malaysia, Indonesia, and Thailand. Numerous orchids play  

a major role in traditional medical systems due to their high content of alkaloids, flavonoids, glycosides, carbohydrates, and 

other chemical components.[9] However, no research has been conducted on the chemical constituents of Pinalia densa.  

The objectives of this study are to isolate and identify the constituents of Pinalia densa extract as well as evaluate cytotoxic 

activity against prostate cancer. 

MATERIALS AND METHODS 

Materials 

 The Bruker MicroTOF mass spectrometer (ESI-MS) (Billerica, MA, USA) was used to measure the mass spectra.  

1D and 2D NMR spectra were recorded on Bruker Avance Neo 400 MHz NMR spectrometer (Billerica, MA, USA). Column 

chromatography (CC) was carried out on silica gel 60 size 0.063-0.200 mm (No. 1.07734.2500) and size 0.040-0.063 mm 

(No. 1.09385.2500) (Merck, NJ, USA). Sephadex LH-20 (Merck, NJ, USA) was also utilized for isolation. Thin-layer 

chromatography (TLC) was performed on silica gel 60 F254 (Merck, NJ, USA). Solvents including methanol, acetone, ethyl 

acetate, dichloromethane and hexane used in this study were of commercial grade and redistilled before use. 

Extraction and isolation 
 The dried whole plant of Pinalia densa (2.2 kg) was macerated with methanol (MeOH) (3 x 10 L) at room temperature  

for 3-5 days to yield a methanolic extract (112.5 g).  Then the methanolic extract was separated by vacuum liquid 

chromatography (silica gel, gradient dichloromethane-ethyl acetate, 99:1 to 0:100) to give 7 fractions (A-G). Fraction C (7.6 

g) was subjected to CC (silica gel, gradient hexane-acetone, 9:1 to 0:10) to produce fractions C1-C11. Fraction C7 (110 mg) 

was subjected to CC (dichloromethane-hexane, 1:9), and 2,7-dihydroxy-3,4,6-trimethoxy-9,10-dihydrophenanthrene (1) (20.1 
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mg) was obtained. Fraction C9 (360 mg) was further purified by CC (silica gel, dichloromethane) to yield 2,7-dihydroxy-

3,4,6-trimethoxyphenanthrene (2) (6.0mg) and other 5 fractions (C9A to C9E). Fraction C9B (134 mg) was then separated on 

silica gel (hexane-dichloromethane, 1:1), and then by preparative thin-layer chromatography (hexane-dichloromethane, 3:7) 

to furnish nudol (3) (15.3 mg). Fraction E (5.98 g) was separated again with a silica gel column (gradient ethyl acetate-

dichloromethane, 9:1 to 0:10) to yield 8 fractions (E1-E8). Liparisphenanthrene B (4) (5.0 mg) was purified from fraction E4 

(1.0 g) by Sephadex LH-20 (MeOH) and CC (silica gel, hexane-ethyl acetate, 6:4). Fraction E6 (1.0 g) was separated on 

Sephadex LH-20 (acetone; MeOH, respectively) to give 9,9'-O-di-(E)-feruloyl-(-)-secoisolariciresinol (5) (3.9 mg). 

Cell culture 

 The human prostate cancer cell lines PC-3 and DU145 as well as the human normal keratinocyte HaCaT cell line were 

used in this study. PC-3 cells were cultured in Ham’s F-12 medium, DU145 cells in Eagle’s Minimum Essential Medium 

(EMEM), and HaCaT cells in Dulbecco’s Modified Eagle Medium (DMEM). All media were supplemented with 10% fetal 

bovine serum (Merck, DA, Germany), 100 units/mL of penicillin/streptomycin (Gibco, Grand Island, NY, USA) and 2 mM 

L-glutamine (Gibco, Grand Island, NY,USA). Cells were maintained at 37°C in a humidified atmosphere with 5% CO₂. 

Methods 

Cell viability assay 

 Cell viability was evaluated by using the MTT assay. PC-3, DU145 and HaCaT cells (5x103 cells) were seeded into 

each well of a 96-well plate, and cell attachment was facilitated by an overnight incubation. After that, the cells were treated 

with varying concentrations of the methanol extract of Pinalia densa (0-125 μg/mL) and isolated compounds (0-200 μM). 

The cell viability assay was performed after 48 hours. After treatment, the cells were exposed to 100 μL of the MTT solution 

for 4 hours at 37 °C. Next, dimethyl sulfoxide (DMSO) (100 μL) was added to each well to dissolve the formazan crystals.  

The absorbance of the resulting MTT product was assessed at 570 nm using a microplate reader. The percentage of viable 

cells were determined to be relative to the control cells. Additionally, the half-maximal inhibitory concentration (IC50) values 

for cytotoxicity against prostate cancer cells of the active compounds were evaluated. 

Statistical analysis 

 All data were analyzed using Graph Pad Prism, and the results will be displayed as the mean ± standard deviation  

(SD). One-way ANOVA and Tukey's post hoc test will be used for statistical analysis with p < 0.05 as the significant level. 

 

RESULTS AND DISCUSSION 

Results 

 Isolation of the methanolic extract of Pinalia densa yielded five known compounds that were characterized by NMR 

and HR-ESI-MS. They were identified as 2,7-dihydroxy-3,4,6-trimethoxy-9,10-dihydrophenanthrene (1)[10], 2,7-dihydroxy-

3,4,6-trimethoxyphenanthrene (2)[11], nudol (3)[12], liparisphenanthrene B (4)[13] and 9,9'-O-di-(E)-feruloyl-(-)-

secoisolariciresinol (5)[14]. The structures of isolated compounds are shown in Figure 1. 

2,7-dihydroxy-3,4,6-trimethoxy-9,10-dihydrophenanthrene (1); Brown amorphous powder. HR-ESI-MS m/z 303.1239 

[M+H]+ (calcd 303.1154 for C17H19O5). 1H NMR (acetone-d6, 400 MHz): 6.59 (1H, s, H-1), 7.94 (1H, s, H-5),  

6.72 (1H, s, H-8), 2.62 (4H, s, H-9, H-10), 3.77 (3H, s, 4-OMe), 3.87 (6H, s, 3-OMe, 6-OMe); 13C NMR (acetone-d6,  

100 MHz): 111.1 (C-1), 148.9 (C-2), 139.9 (C-3), 151.1 (C-4), 119.7 (C-4a), 124.2 (C-4b), 111.1 (C-5), 145.7 (C-6),  

144.9 (C-7), 114.4 (C-8), 130.9 (C-8a), 28.9 (C-9), 30.1 (C-10), 134.4 (C-10a), 60.2 (3-OMe), 59.5 (4-OMe), 55.6 (6-OMe). 

2,7-dihydroxy-3,4,6-trimethoxyphenanthrene (2); Brown amorphous powder. HR-ESI-MS m/z 301.1081 [M+H]+ (calcd  

301.0998 for C17H17O5). 1H NMR (acetone-d6, 400 MHz): 7.15 (1H, s, H-1), 9.05 (1H, s, H-5), 7.27 (1H, s, H-8), 7.51(1H, d, 

J = 8.8, H-9), 7.45 (1H, d, J = 8.8, H-10), 8.31 (1H, s, 2-OH), 7.95 (1H, s, 7-OH), 4.02 (3H, s, 3-OMe), 4.04  

(3H, s, 4-OMe), 4.06 (3H, s, 6-OMe); 13C NMR (acetone-d6, 100 MHz): 108.7 (C-1), 149.0 (C-2), 141.6 (C-3), 151.1 (C-4),  

117.7 (C-4a), 123.8 (C-4b), 107.3 (C-5), 147.8 (C-6), 145.6 (C-7), 111.7 (C-8), 127.5 (C-8a), 125.8 (C-9), 124.4 (C-10), 

129.7 (C-10a), 60.4 (3-OMe), 59.5 (4-OMe), 55.2 (6-OMe). 

Nudol (3); Brown yellow crystal. HR-ESI-MS m/z 271.0969 [M+H]+ (calcd 271.0892 for C16H15O4). 1H NMR (acetone-d6, 

400 MHz):  7 .16 (1H, s ,  H -1) ,  9 .34 (1H, d ,  J = 9.2,  H-5) ,  7 .20  (1H, dd,  J  =  9 .2 ,  2 .8 ,  H-6) ,  7 .25 (1H, d ,  

J = 2.8, H-8), 7.51 (1H, d, J = 8.8, H-9), 7.54 (1H, d, J = 8.8, H-10), 3.98 (3H, s, 3-OMe), 4.01 (3H, s, 4-OMe); 13C NMR 

(acetone-d6,100 MHz): 108.9 (C-1), 149.0 (C-2), 141.9 (C-3), 151.3 (C-4), 118.3 (C-4a), 123.4 (C-4b), 128.0 (C-5),  

116.7 (C-6), 154.9 (C-7), 111.6 (C-8), 133.7 (C-8a), 126.2 (C-9), 126.8 (C-10), 129.4 (C-10a), 60.4 (3-OMe), 59.2 (4-OMe). 

Liparisphenanthrene B (4); Brown amorphous powder. HR-ESI-MS m/z 539.1752 [M+H]+ (calcd for 539.1628 C32H27O8).  
1H NMR (ace tone-d 6,  400  MHz) :  7 .40  (1H,  d ,  J  = 9 .2 ,  H-3 ') ,  9 .56  (1H,  d ,  J  =  9 .2 ,  H-4 ' ) ,  9 .49  (1H,  d ,  
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J = 9.2, H-5), 7.25 (1H, dd, J = 9.2, 2.8, H-6), 7.21 (1H, d, J = 2.8, H-8), 7.11 (1H, s, H-8'), 7.34 (1H, d, J = 9.6, H-9), 7.36 

(1H,  d, J = 9.2, H-9'), 7.03 (1H, d, J = 6.4, H-10), 7.00 (1H, d, J = 6.4, H-10'), 4.12 (3H, s, 3-OMe), 4.11 (3H, s, 

4-OMe), 4.08 (3H, s, 5'-OMe), 4.05 (3H, s, 6'-OMe); 13C NMR (acetone-d6, 100 MHz): 114.2 (C-1), 117.4 (C-1'), 148.0 

(C-2), 153.1 (C-2'), 141.9 (C-3), 116.8 (C-3'), 151.0 (C-4), 127.8 (C-4'), 118.8 (C-4a), 124.0 (C-4a'), 123.8 (C-4b), 118.5  

(C-4b'), 128.3 (C-5), 151.5 (C-5'), 116.9 (C-6), 142.1 (C-6'), 155.0 (C-7), 149.1 (C-7'), 111.3 (C-8), 108.6 (C-8'), 133.6  

(C-8a), 129.2 (C-8a'), 126.1 (C-9), 126.7 (C-9'), 124.6 (C-10), 124.1 (C-10'), 129.1 (C-10a), 132.9 (C-10a'), 60.5 (3-OMe), 

59.3 (4-OMe), 59.3 (5'-OMe), 60.4 (6'-OMe). 

9,9'-O-di-(E)-feruloyl-(-)-secoisolariciresinol (5); Yellow amorphous powder. HR-ESI-MS m/z 715.2793 [M+H]+ (calcd 

715.2833 for C40H43O12). 1H NMR (acetone-d6, 400 MHz): 6.78 (2H, d, J = 2.0, H-2, H-2'), 7.34 (2H, d, J = 1.6, H-2",  

H-2"'), 6.75 (2H, d, J = 8.0, H-5, H-5'), 6.87 (2H, d, J = 8.0, H-5", H-5"'), 6.66 (2H, dd, J = 8.0, 2.0, H-6, H-6'), 7.16 (2H, dd, 

J = 8.0, 1.6, H-6", H-6"'), 2.71, 2.83 (each 2H, dd, J = 14.0, 8.0, H-7, H-7'), 7.63 (2H, d, J = 16.0, H-7", H-7"'), 2.32 (2H, m, 

H-8, H-8'), 6.46 (2H, d, J = 16.0, H-8", H-8"'), 4.19, 4.41 (each 2H, dd, J = 11.6, 6.4, H-9, H-9'), 7.35 (2H, s, 4-OH, 4'-OH), 

8.17 (2H, s, 4''-OH, 4"'-OH), 3.77 (6H, s, 3-OMe, 3'-OMe), 3.92 (6H, s, 3"-OMe, 3"'-OMe); 13C NMR (acetone-d6,  

100 MHz): 131.6 (C-1, C-1'), 126.5 (C-1'', C-1'"), 112.3 (C-2, C-2'), 110.5 (C-2", C-2"'), 147.4 (C-3, C-3'), 149.2 (C-3",  

C-3"'), 144.9 (C-4, C-4'), 147.9 (C-4", C-4"'), 114.7 (C-5, C-5'), 115.2 (C-5", C-5"'), 121.5 (C-6, C-6'), 123.1 (C6", C-6'"), 

34.5 (C-7, C-7'), 144.9 (C-7", C-7"'), 40.4 (C-8, C-8'), 115.0 (C-8", C-8"'), 63.9 (C-9, C-9'), 166.7 (C-9", C-9"'), 55.5  

(3-OMe, 3'-OMe), 55.2 (3''-OMe, 3"'-OMe). 

  

  

Figure 1. Chemical structures of compounds 1–5 isolated from Pinalia densa 

 The methanolic extract of Pinalia densa was screened for cytotoxic activity against melanoma cell (A375), colorectal 

adenocarcinoma cell (HCT 116), gastric carcinoma cell (NCI-N87), prostate cancer cell (PC-3), breast cancer cell  

(MDA-MB-468), ovarian cancer cell (SK-OV-3), and human normal keratinocyte (HaCaT). At a concentration of 15.62 

μg/mL, it exhibited significant cytotoxic effects on prostate cancer cell (PC-3). Therefore, two prostate cancer cell lines  

(PC-3 and DU145) were used to further assess the cytotoxic effects of the isolated compounds from Pinalia densa. According 

to Table 1, liparisphenanthrene B (4) exhibited a significant cytotoxic effect on PC-3 cell (IC50 = 30.97 ± 9.0 μM) and less 

cytotoxic effect on human normal keratinocyte HaCaT cell (IC50 = 88.56 ± 3.0 μM). Additionally, liparisphenanthrene B (4) 

has been reported to have a cytotoxic profile on human stomach (HGC-27) and colon (HT-29) cancer cell lines (IC50 = 15.23 

± 0.035 μM and 27.44 ± 0.029 μM).[13] Furthermore, 9,9′-O-di-(E)-feruloyl-(-)-secoisolariciresinol (5) shown cytotoxic 

activity against PC-3 and DU145 prostate cancer cell lines which was dependent on concentration. According to a prior study, 

9,9′-O-di-(E)-feruloyl-(-)-secoisolariciresinol (5) exhibited significant cytotoxic effects on human cancer cell lines including 

human leukemia (HL-60), liver (SMMC-7721), lung (A-549), breast (MCF-7), and colon (SW-480) cancer cell lines 

 (IC50 = 3.58, 4.55, 6.39, 5.09, and 4.80 μM, respectively).[15] However, 9,9′-O-di-(E)-feruloyl-(−) secoisolariciresinol (5) 
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showed cytotoxic effects on normal keratinocyte HaCaT cell in our study at concentrations comparable to those effective on 

prostate cancer cells. Therefore, liparisphenanthrene B (4) could be a candidate therapeutic agent against prostate cancer. 

Table 1. Cytotoxic activity of isolated compounds on PC-3, DU145 and HaCaT cell lines. 

Compounds 
Cytotoxicity IC50 ± SD (µM) 

PC-3 DU145 HaCaT 

1 >100 >100 >100 

2 >100 >100 >100 

3 >100 >100 >100 

4 30.97 ± 9.0 >100 88.56 ± 3.0 

5 62.35 ± 4.0 123.1 ± 4.0 49.13 ± 3.0 

CONCLUSION 

 Five known compounds, 2,7-dihydroxy-3,4,6-trimethoxy-9,10-dihydrophenanthrene (1), 2,7-dihydroxy-3,4,6-

trimethoxyphenanthrene (2), nudol (3), liparisphenanthrene B (4) and 9,9'-O-di-(E)-feruloyl-(-)-secoisolariciresinol (5), 

were obtained from Pinalia densa in this research. Their structures were determined after a thorough spectroscopic 

evaluation. Liparisphenanthrene B (4) demonstrated a notable cytotoxic effect against PC-3 cell with an IC50 value of  

30.97 ± 9.0 μM, but less cytotoxic effect on human nomal HaCaT cells. Moreover, 9,9'-O-di-(E)-feruloyl-(-)-

secoisolariciresinol (5) had a concentration-dependent cytotoxic effect against PC-3, DU145, and HaCaT cells. 
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Abstract. Clinacanthus nutans (CN) is an endemic Acanthaceae species in Thailand with significant ethnopharmacological 

relevance, traditionally used as an anti-inflammatory and antiviral agent for conditions like herpes simplex. Current extraction 

methods often rely on organic solvents, presenting sustainability and safety challenges, including flammability and energy-

intensive removal steps. This research compared a green extraction approach using a natural deep eutectic solvent (NADES) 

composed of proline and glycerol with conventional 95% ethanol extraction via ultrasonic-assisted extraction. We then determined 

the total phenolics, total flavonoids, and total chlorophyll contents for quality control and comparison of the green extract. CN-

NADES extract had TPC (13.00 ± 0.21 mg/g GAE) and TFC (6.81 ± 0.22 mg/g QAE), which were significantly higher than those 

of CN-ethanol extract (3.17 ± 0.48 mg/g GAE, 5.01± 0.71 mg/g QAE) (p-value < 0.05). Both extracts inhibited HSV-1 plaque 

formation dose-dependently at non-cytotoxic concentrations. The CN-ethanol extract exhibited higher specific potency (IC₅₀ = 7.98 

± 0.83 µg/mL, equivalent to 0.1 mg CN powder/mL) compared to the CN-NADES extract (IC₅₀ = 1.66 ± 0.20 %(v/v), equivalent 

to 1.7 mg CN powder/mL). This study highlights a critical compromise, while CN-ethanol extract yields higher specific anti-HSV-

1 potency, potentially linked to chlorophyll derivatives, the CN-NADES extract offers a greener alternative, yielding 

phenolic/flavonoid-rich extracts with lower chlorophyll content, suggesting advantages in safety, stability, and formulation 

suitability. The choice of extraction method should therefore be guided by the intended application, balancing the need for maximal 

specific potency with the principles of green chemistry and consideration of practical usability. 

 

Keywords: Clinacanthus nutans; deep eutectic solvent; antiviral; traditional medicine; green extraction  

 

INTRODUCTION 

Clinacanthus nutans (Burm.f.) Lindau, commonly known as 'Phaya Yo', is a medicinal plant widely used in Southeast Asia 

for various ailments, including skin rashes, insect bites, and viral infections [1, 2]. Notably, it holds a place in traditional medicine 

specifically for treating Herpes Simplex Virus (HSV) infections [3, 4]. The Thai Herbal Pharmacopoeia typically recommends 

extraction using 95% ethanol to obtain the bioactive constituents responsible for this anti-herpes activity [5]. While effective, 

conventional organic solvents like ethanol pose environmental and safety concerns due to their volatility, flammability, and 

potential toxicity [6]. 

The search for greener, safer, and more sustainable extraction methods has led to growing interest in Natural Deep Eutectic 

Solvents (NADES) [7]. NADES are mixtures of natural compounds (like amino acids, sugars, organic acids) that form a eutectic 

liquid with unique solvent properties, often exhibiting low volatility, non-flammability, biodegradability, and high solubilizing 

power for various plant metabolites [8, 9]. Proline and glycerol are natural, readily available, and generally recognized as safe 

(GRAS) compounds that can form effective NADES systems [10]. Previous studies have indicated the potential of NADES for 

extracting phenolic and flavonoid compounds, which are often implicated in the antiviral activity of medicinal plants [11]. Gallic 

acid, a simple phenolic acid, has itself been reported to inhibit HSV-1 entry [12]. 

Despite the traditional use and established pharmacopoeial standard of C. nutans, limited research has been conducted to 

compare eco-friendly NADES extraction with the conventional ethanol method for this plant, particularly in relation to its anti-

HSV-1 potential. This study aims to address this knowledge gap by preparing and comparing a proline-glycerol-based NADES 

extract of C. nutans (CN-NADES extract) with the standard 95% ethanol extract of C. nutans (CN-ethanol extract). Here, we 

quantified and compared the extraction efficiency in terms of total phenolic content (TPC), total flavonoid content (TFC),  and total 

chlorophyll content (TC), evaluated and compared the in vitro anti-HSV-1 activity of both extracts using a plaque reduction assay 

on Vero cells and finally assessed the potential of proline-glycerol-based NADES as a viable green alternative to ethanol for 

obtaining anti-HSV-1 active extracts from C. nutans. This research will contribute to the development of alcohol-free, ready-to-

use extracts that are non-toxic, biodegradable, green, and a sustainable source of cost-effective antiviral agents. 
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MATERIALS AND METHODS 

Materials 

L-Proline (≥99%), and glycerol (≥99.5%) were purchased from TCI AMERICA (Portland, OR, USA). Ethanol (absolute, 

analytical grade) was obtained from RCI Labscan (Bangkok, Thailand). Ultra-pure water was obtained using a Milli-Q water 

purification system (Millipore, Bedford, MA, USA). Gallic acid, quercetin standard (≥98% purity), and dimethyl sulfoxide 

(DMSO) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Minimum Essential Medium (MEM), fetal bovine serum 

(FBS), penicillin-streptomycin, Carboxymethyl cellulose (CMC), and trypsin-EDTA were purchased from Gibco (Thermo Fisher 

Scientific, Waltham, MA, USA). The Human herpesvirus 1 strain KOS (HSV-1, ATCC, VR1493) and Vero cells (African green 

monkey kidney epithelial cells, ATCC CCL-81) were obtained from the Center for Vaccine Development, Mahidol University. All 

other chemicals were standard analytical reagent-grade commercial products. 

 

Methods  

Plant Material 

Clinacanthus nutans leaves were collected in Phu Khiao District, Chaiyaphum Province, Thailand. The material was identified, 

and a voucher specimen (PMB-006443) was deposited at Sireeruckhachati Nature Learning Park, Mahidol University. Leaves were 

washed, oven-dried (50°C, 2 days), ground into a fine powder (electric grinder HC-2500Y), and sieved (18-mesh) for uniformity. 

The powder was stored in ziplock bags at 4°C, protected from light, until use. 

Preparation of Solvents 

The proline-glycerol-based NADES was prepared by mixing L-proline and glycerol at a molar ratio of 1:2.5. Deionized water 

was added to achieve a final water content of 30% (v/v). The mixture was heated at 50°C with constant stirring until a clear, 

homogeneous liquid was formed [13]. The 95% ethanol solution was prepared by diluting the absolute ethanol with deionized 

water. 

Extraction Procedure 

One gram (1.0 g) of dried C. nutans powder was accurately weighed and added to 10 mL of either 95% ethanol or NADES 

solvent in a 15 mL centrifuge tube. Extraction was performed using ultrasonication for 60 min, heating at 50-60°C. After extraction, 

the mixtures were filtered through cotton. The entire CN-ethanol extract was evaporated to dryness using a hot air oven at 40°C. 

The CN-NADES extract was stored at 4°C until use.  

Phytochemical Content Determination 

Total phenolic content (TPC) was determined using a modified Folin-Ciocalteu method [14], with quantification based on a 

gallic acid calibration curve (0-250 µg/mL), and results expressed as mg GAE/g DW. Total flavonoid content (TFC) was 

determined via a modified aluminum chloride colorimetric method [15], with quantification based on a quercetin calibration curve 

(0-250 µg/mL), and expressed as mg QAE/g DW. Chlorophyll content was measured spectrophotometrically (absorbance at 664 

and 648 nm) following a modified procedure [16]. All analyses were performed in triplicate. 

Cell Culture and Virus Propagation 

Vero cells (ATCC, CCL-81) were maintained in minimal essential medium (MEM) supplemented with 10% fetal bovine serum 

(FBS) and 1% penicillin-streptomycin at 37°C in a humidified atmosphere with 5% CO₂. Human herpesvirus 1 strain KOS (HSV-

1, ATCC, VR1493) stock titer was determined by standard plaque assay, expressed as Plaque Forming Units per mL (PFU/mL). 

Plaque Reduction Inactivation Assay 

Preliminary cytotoxicity of the extracts and gallic acid at the highest concentrations used in the antiviral assay was assessed 

on uninfected Vero cells using the Presto blue assay. The anti-HSV-1 activity was evaluated using a plaque reduction assay based 

on direct virus inactivation, following the protocol outlined by [17] with slight modification. Briefly, various serial dilutions of the 

CN-NADES extract (10%, 5%, 2.5%, 1.25%, and 0.625% v/v), CN-ethanol extract (100, 50, 25, 12.5, 6.25, and 3.125 µg/mL) and 

gallic acid (100, 50, 25, 12.5, 6.25, and 3.125 µM) were prepared in serum free MEM. Blank NADES solvent and vehicle controls 

(MEM with 0.5% DMSO) were included. Subsequently, equal volumes (300 µL) of the appropriately diluted virus stock (30-40 

PFU/100 µL inoculum) and the test substance dilutions (or controls) were mixed and kept for 30 minutes at room temperature. 

Confluent monolayers of Vero cells in 24-well plates were washed, and then 100 µL of the virus-substance mixture was inoculated 

per well in triplicate. After 1 hour of adsorption at 37°C with gentle rocking, the inoculum was removed. Cells were overlaid with 

1 mL of MEM containing 1.5% CMC and 2% FBS. Plates were incubated at 37°C with 5% CO₂ for 48 hours. Cells were then fixed 

with 4% paraformaldehyde for 1 hour. The overlay was removed, and monolayers were stained with 0.5% crystal violet solution 

for 15 minutes. Plates were rinsed with water and air-dried. Plaques were counted, and percentage inhibition was calculated relative 

to the virus control wells. 
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Statistical analyses 

Data are presented as mean ± standard deviation (SD) from three independent experiments (n=3). Statistical comparisons 

between the two extraction methods (TPC, TFC, TC) were made using an independent samples t-test. IC₅₀ values were calculated 

using non-linear regression. Statistical significance was set at p < 0.05. Analyses were performed using GraphPad Prism Version 

10.4.2. 

 

RESULTS AND DISCUSSION 

Results  

Table 1. Phytochemical contents in Clinacanthus nutans extracts (mean ± SD, n=3). 

Sample TPC (mg GAE/g DW) TFC (mg QAE/g DW) Total Chlorophyll (mg/g DW) 

CN-NADES extract 13.00 ± 0.21*** 
6.81 ± 0.22* 0.1424 ± 0.0016 

CN-Ethanol extract 3.17 ± 0.48 5.01 ± 0.71 0.7868 ± 0.0960*** 

*** p < 0.001, * p < 0.05 (Independent samples t-test). DW = Dry Weight. 

 

Table 2. Anti-HSV-1 activity (IC₅₀) of Clinacanthus nutans extracts and gallic acid (mean ± SD, n=3). 

Sample IC50 (Primary Units) Equivalent CN powder (µg/mL) 

CN-NADES extract 1.66 ± 0.20 %(v/v) 1660 ± 200 

CN-Ethanol extract 7.98 ± 0.83 µg/mL 106.4 ± 11.1 

Gallic acid 21.92 ± 4.78 µM - 
 

 
Figure 1. Dose-response curves showing inhibition of HSV-1 plaque formation by (A) CN-NADES extract, (B) CN-ethanol 

extract, and (C) gallic acid. Data points represent mean ± SD (n=3). 

 

Discussions 

The positive control, gallic acid, exhibited an IC₅₀ of 21.92 ± 4.78 µM (equivalent to 3.73 ± 0.81 µg/mL), confirming the 

validity of the assay and consistent with literature reports of its anti-HSV-1 activity [12]. When comparing the extracts, the CN-

ethanol extract (IC₅₀ = 7.98 ± 0.83 µg/mL) was approximately 2-fold less potent than pure gallic acid on a weight basis, which is 

expected for a complex crude extract. Studies have identified gallic acid as one of the major phenolic compounds present in C. 

nutans extracts [18]. Therefore, gallic acid likely contributes intrinsically to both the measured TPC value and the observed anti-

HSV-1 activity of the extracts, particularly the CN-NADES extract, which showed significantly higher TPC (Table 1). However, 

the available phytochemical analyses of C. nutans indicate a diverse range of phenolic and flavonoid compounds [19]. Without 

specific quantification of individual phenolics in the current extracts, it cannot be concluded that gallic acid is the predominant 

phenolic compound. The markedly higher TPC value obtained with NADES (13.00 mg GAE/g DW) compared to ethanol (3.17 

mg GAE/g DW) strongly suggests that the proline-glycerol NADES system is more efficient at extracting a broader spectrum or 

higher quantity of various phenolic compounds from C. nutans, beyond just gallic acid. 

To assess the potency of the two extraction methods relative to the starting material, IC₅₀ values were expressed as equivalent 

original CN powder weight per mL of assay medium. This comparison revealed a substantial difference where the CN-ethanol 

extract (IC₅₀ = 0.1 mg CN powder/mL) was about 17 times more potent than the CN-NADES extract (IC₅₀ = 1.7 mg CN 

powder/mL). This indicates that while NADES is superior for bulk extraction of total phenolics and flavonoids, the conventional 
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ethanol method is significantly more efficient at isolating the specific compounds from C. nutans that possess the highest intrinsic 

anti-HSV-1 activity. Previous research identified three chlorophyll derivatives (phaeophytins), isolated from a chloroform extract 

of C. nutans, that exhibited anti-HSV-1F activity at subtoxic concentrations by interfering with viral adsorption or penetration prior 

to host cell entry [17]. In this study, the CN-ethanol extract contained significantly higher total chlorophyll (0.7868 ± 0.0960 mg/g 

DW) than the CN-NADES extract (0.1424 ± 0.0016 mg/g DW) (Table 1). Given the structural similarity between these 

phaeophytins and chlorophyll, it is plausible that these or related chlorophyll derivatives are enriched in the CN-ethanol extract, 

contributing to its superior specific potency against HSV-1. However, the high TPC in the CN-NADES extract, measured in gallic 

acid equivalents, combined with the known activity of gallic acid itself, suggests phenolic acids likely contribute to the CN-NADES 

extract's activity, but they clearly do not solely account for the large difference in specific potency compared to the CN-ethanol 

extract. 

This study highlights a critical trade-off in phytopharmaceutical development between extraction efficiency for broad 

phytochemical classes and the specific biological potency of the resulting extract. The proline-glycerol-based NADES efficiently 

extracts phenolics and flavonoids while minimizing chlorophyll co-extraction. Such extracts could be advantageous for applications 

where antioxidant or anti-inflammatory activities associated with phenolics are primary targets, or where the presence of 

chlorophyll is undesirable. However, the significantly higher chlorophyll content in the ethanol extract, while linked to its greater 

specific anti-HSV-1 potency, introduces potential drawbacks for practical application, particularly in topical formulations 

commonly used for HSV lesions. Natural chlorophylls are known to be unstable and susceptible to degradation by factors such as 

light, heat, oxygen, and acidic pH, leading to pheophytinization and loss of the characteristic green color to olive-brown hues [20]. 

This instability can impact product shelf-life, visual appeal, and potentially efficacy. Furthermore, chlorophyll and its derivatives 

can act as photosensitizers, increasing the skin's sensitivity to sunlight and potentially leading to phototoxic reactions like 

exaggerated sunburn, rashes, or even blistering upon exposure [21]. Topical application has also been associated with skin irritation, 

itching, or burning in some individuals [22]. These factors and challenges related to intense and unstable color represent significant 

hurdles for developing safe and effective topical products based on chlorophyll-rich extracts like the CN-ethanol extract. 

Despite the lower specific anti-HSV-1 potency per milligram of starting material, the CN-NADES extract presents compelling 

practical advantages stemming from its composition and the nature of the NADES system. Composed of proline, glycerol, and 

water, components generally recognized as safe and biodegradable, the NADES itself is non-volatile and non-flammable [23]. This 

allows the resulting extract potentially to be incorporated directly into topical formulations like creams or lotions without requiring 

energy-intensive and time-consuming solvent evaporation steps [24]. This simplification of the manufacturing process can reduce 

production costs and environmental impact, aligning with green chemistry principles. Furthermore, the NADES components 

themselves (proline, glycerol) are often used in cosmetic and pharmaceutical formulations and may even contribute beneficial 

properties like moisturization or enhanced skin penetration [25]. Therefore, while the CN-ethanol extract might be preferred for 

applications demanding the highest possible specific potency (e.g., for isolating lead compounds), the NADES system offers a 

distinct set of advantages regarding ease of use, environmental sustainability, formulation simplicity, and potentially an improved 

safety profile due to the significantly lower chlorophyll content. These characteristics make the NADES approach an attractive 

alternative, particularly in contexts where direct incorporation into final products is desired and adherence to green chemistry 

principles is a priority. The choice between ethanol and NADES extraction should thus be carefully considered based on the specific 

requirements and priorities of the intended application, balancing in vitro potency against practical formulation and safety 

considerations. Nevertheless, the potential of NADES system to support sustainable product development positions it as a forward-

looking and promising alternative that merits further investigation and optimization. 

 

CONCLUSIONS 

This study compared proline-glycerol NADES and 95% ethanol for extracting phytochemicals and anti-HSV-1 compounds 

from Clinacanthus nutans. NADES yielded higher total phenolic (TPC) and flavonoid (TFC) content, consistent with its properties. 

Conversely, ethanol extracted significantly more total chlorophyll (TC). Both extracts showed dose-dependent in vitro anti-HSV-

1 activity. However, ethanol extract exhibited about 17-fold higher specific potency (IC₅₀ = 0.1 mg CN powder/mL) compared to 

the CN-NADES extract (IC₅₀ = 1.7 mg CN powder/mL). These findings highlight a significant trade-off. While NADES offers a 

greener, safer method yielding high phenolics/flavonoids with minimal chlorophyll, potentially advantageous for formulation. 

Ethanol maximizes specific anti-HSV-1 potency, likely via chlorophyll derivatives. Optimal method selection depends on 

prioritizing specific antiviral potency (ethanol) versus green chemistry, broad phytochemical yield, and formulation ease (NADES). 

Further research should identify the specific anti-HSV-1 compounds and characterize the NADES extract's phenolics. 
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Abstract. Ultraviolet (UV) radiation is a major environmental factor that induces inflammation and skin damage. Post-UV 

exposure skin care is essential for alleviating these effects but is often overlooked. Nicotinamide adenine dinucleotide (NAD+) has 

demonstrated promising anti-inflammation and cellular repair effects in vitro. However, strategies to enhance cellular repair 

following UVB-induced skin damage remain unclear. This study aimed to investigate the efficacy of 5% topical NAD+ in alleviating 

short-term skin damage after UV exposure in C57BL/6NJcL mice. Mice were exposed to broadband UVB radiation at a minimum 

erythema dose (MED) every other day for seven days, mimicking short-term sun exposure, similar to a summer vacation in humans. 

Topical NAD+ was applied daily for seven days. Skin damage was assessed using double skin fold thickness and erythema severity 

scores (0-3). Skin biopsies were collected from three different groups (n=3 per group) for histological analysis. Results showed 

that the NAD+-treated group exhibited significant reduction in both double skin fold thickness and erythema severity scores. Double 

skin fold thickness increased 41.9% in the UVB-exposed group, while the NAD⁺-treated group showed a significantly smaller 

increase of 9.3% (p < 0.001). Mean erythema score in UVB-exposed was 2.67, whereas NAD+-treated group exhibited a 

significantly lower score of 1.33 (p < 0.001). Histological analysis further demonstrated reduction in epidermal thickness with the 

mean epidermal thickness in the NAD⁺-treated group measured at 10.93 μm, compared to 33.9 μm in the UVB-exposed (p < 0.05). 

These preliminary results suggest that topical NAD⁺ effectively alleviates short-term UVB-induced skin damage at both 

macroscopic and microscopic levels. 

 

Keywords: Nicotinamide Adenine Dinucleotide, ultraviolet B, aftersun, photodamage, cellular repair 

 

INTRODUCTION 

Aging is an inevitable and dynamic biological process. Skin aging is one of the most noticeable features of the aging process. 

Human skin aging is divided into two distinct mechanisms: intrinsic and extrinsic. While intrinsic or chronological aging involves 

multiple physiological changes that are deemed to be unavoidable as these changes are controlled by genetic and hormonal factors, 

extrinsic skin aging or photoaging is influenced by environmental factors. Ultraviolet radiation (UVR) is considered the most 

significant factor that leads to photoaging of the skin.(1) 

Acute and chronic exposure to UVR can induce serious damage to the skin including erythema (sunburn), skin dryness, 

hyperpigmentation, deep wrinkles, telangiectasia and even skin cancers. These changes are due to the production of reactive oxygen 

species (ROS), increase in inflammation cytokines, degradation of collagen fibers and DNA damage induced by photoproducts. 

Therefore, searching for ways to prevent or reduce UVR damage on the skin is one of the main focuses in the modern world. 

At the moment, most of the photoprotection methods are mainly focusing on the pre-exposure to sunlight, such as the use of 

sunscreens, oral photoprotections or even the application of topical botanical agent extracts. However, there is limited knowledge 

or research on interventions and DNA repair following sun exposure. Most of the after-sun products in the market are mainly 

focusing on the soothing, hydrating and moisturizing effects. Hence it would be ideal if an after-sun protective method, which is 

able to enhance DNA repairing ability of the cells, is being made available. 

NAD+ is an essential pyridine nucleotide that mediates the production of energy and fuels enzymes with crucial cellular 

functions like DNA repair. NAD+ exists in all cells of the human body, and its normal level is vital for maintaining the functions 

of mitochondria, homeostasis of organisms, normal activities of tissues and organs, and delaying aging. Recent studies have shown 

that NAD+ plays role in ROS reduction in the skin cells, leading to the alleviation of oxidative stress and damage DNA. Application 

of NAD+ also made it instantly available for being used by the cells for DNA repair without having to go through multiple synthesis 

processes from its precursors.(2) 

Nevertheless, there are only a few reports on the effect of topical NAD+ on UVB-induced skin damage. The purpose of this 

study is to assess the efficacy of NAD+ applied topically for the alleviation of short-term skin damage induced by UVB exposure 

in mouse skin. In this experiment, a situation similar to a short summer vacation in humans will be simulated. Artificial UVB lamp 

will be used every other day for 4 times within 7 days to induce skin damage on the dorsal skin of the experimental mice. 5% 
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Topical NAD+ will then be applied every day for 7 days. We will then measure the double skin fold thickness, evaluate the skin 

damage, the epidermis thickness and the number of apoptotic keratinocytes.  

The present study may provide theoretical knowledge of the prevention or treatment of skin damage induced by UVB radiation 

with topical NAD+. It may also provide foundational insights into novel approaches for managing photoaging and UV-induced skin 

injury, potentially guiding the formulation of next-generation after-sun treatments with active DNA repair properties. 

 

MATERIALS AND METHODS 

Materials  

1. Animal 

a. C57BL/6NJcL female mice, 6 weeks old (Purchased from Nomura Siam International) 

2. Experimental Substances 

a. Nicotinamide Adenine Dinucleotide (Cayman chemical; CAS 53-84-9) was purchased from S.M. Chemical 

supplies Co., Ltd. 

b. Vehicle (standard cream base) 

 

Methods  

Animal Experiment 

All animal care was performed in accordance with the Ethical Principles and Guidelines for the Use of Animals for Scientific 

Purposes, and was approved by Thammasat University’s Ethical committee.  A total of twelve 6-week-old C57BL/6NJcl female 

mice were used in this experiment. The animals were housed under conventional room temperature (22 ± 2oC), relative humidity 

(30-70%) with 12 hours light/dark cycle conditions. Free access to food and water were also provided. All experiments were 

performed to minimize the number of animals used and their suffering due to the procedure used in the present experiment. 

 

Experiment Design and Groups 

For the UVB protection experiment, the mice were divided into four groups (n=3 per group). The experimental groups were 

as follows: (A) control mice, (B) UVB-exposed mice, (C) UVB-exposed and vehicle-treated mice, and (D) UVB-exposed and 5% 

topical NAD+-treated mice.  

BB-UVB radiation exposure was given for 3 mins and 30 seconds (Minimal erythema dose = 150 mJ/cm2) for 4 times at day 

1, 3, 5, 7 using the BB-UVB lamps (Two Phillips UVB TL 40W/12RS, 280-320nm with peak emission at 311nm). Our two BB-

UVB lamps put a combined output of around 0.7 mW/cm2. This was measured using a digital UV energy monitor. The measurement 

was done inside the UVB box with two UVB lamps installed at the top, 30 cm away from the bottom of the box.(3) In order to 

determine the duration for UVB exposure, we divided the MED (150 mJ/cm2) by the total energy output of the lamps (0.7 mW/cm2) 

and this gave us 214 seconds. Therefore, we decided to use the duration of 3 minutes and 30 seconds for this experiment (mW/cm2 

x second = mJ/cm2). 

At the start of the experiment, the dorsal hairs of the mice were shaved 3 days prior to UVB exposure. Mice in group B, C, 

and D were then exposed to BB-UVB for 3 minutes and 30 seconds. Two mice were placed in the UVB box at a time under 

anesthesia to prevent them from moving around and to ensure that each of them received similar amount of UVR.  

The vehicle and 5% NAD+ were applied on the dorsal skin of the mice every day for 7 days. For vehicle-treated group (C), 

vehicle was applied on the dorsal skin of the mice at 20 minutes after exposure to UVB. For NAD+-treated group (D), 5% topical 

NAD+ was applied on the dorsal skin of the mice at 20 minutes after exposure to UVB. 

NAD+ (CAS number: 53-84-9) was purchased from S.M. Chemical supplies Co., Ltd. (Bangkok, Thailand). NAD+’s purity 

was measured by high-performance liquid chromatography (by Sigma-Aldrich) and was shown to be ≥95%. 

 

Result Assessment 

Skin damage was assessed using double skin fold thickness and erythema severity scores. Double skin fold thickness was 

measured five times at day 1, 3, 5, 7, 8 before UVB exposure using engineer’s micrometer.(4) The erythema severity score was 

also evaluated four times (day 1, 3, 5, 7) by three independent individuals. The erythema severity score was scored as 0 (none), 1 

(mild), 2 (moderate), 3 (severe).(5) 

For histological analysis, skin samples from the dorsal back of mice were collected by punch biopsy technique (using 6 mm 

punch biopsy equipment), then they were stained with H&E staining and evaluate under a microscope for epidermal thickness and 

the number of apoptotic keratinocytes (sun-burn cells) presented in the epidermis. The epidermal thickness was calculated by 

performing measurement at 10 randomly selected sites from each section and the mean value of the epidermal thickness from each 

group was calculated for comparison.(6) 
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Statistical analyses 

All of the values are presented as mean ± standard deviation. A multiple sample comparison was applied to test the differences 

between groups. Stata statistical software was used to determine the statistical significance. Values of p < 0.05 were considered 

statistically significant. The comparison between two groups was performed by T-test. 

 

RESULTS AND DISCUSSION 

Results  

The effect of topical NAD+ on the UVB-exposed dorsal skin was assessed by measuring double skin fold thickness and 

analyzing erythema severity scores. The percentage change in double skin fold thickness at day 3, 5, 7, and 8 were significantly 

higher in UVB-exposed and vehicle-treated groups compared to the NAD⁺-treated group. Double skin fold thickness at day 8 

increased by 41.9% in the UVB-exposed group, while the NAD⁺-treated group showed a significantly lower increase of 6.0% (p < 

0.05). The NAD+-treated group also showed similar level of percentage change in double skin fold thickness compared to the 

control group (Figure 1). Control group showed a change in the double skin fold thickness by 4.9%, which is not significantly 

different from NAD+-treated group. Meanwhile, double skin fold thickness did not differ between the vehicle-treated and UVB-

only groups, suggesting that the effect is not due to moisturization. 

 

 
Figure 1. The percentage change in double skin fold thickness in the control, UVB, Vehicle and NAD+ group at day 

1,3,5,7 and 8. Bars indicate the standard deviation. * indicates a significant different from the UVB and vehicle group 

(p < 0.05). 

The erythema severity score was significantly higher in the UVB-exposed and vehicle-treated group at day 7 of the experiment 

compared to the NAD+-treated group. Mean erythema severity score in UVB-exposed group at day 7 was 2.67, whereas NAD+-

treated group exhibited a significantly lower score of 1.33 (p < 0.001). The mean erythema severity score of vehicle group was 

2.44, which was also significantly higher than that of the NAD+-treated group (p < 0.05) (Figure 2).   

 

 
Figure 2. The erythema severity score in control, UVB, vehicle and NAD+ group at day 1, 3, 5, and 7. Bars indicate 

the standard deviation; * indicates a significant different from the UVB group (p < 0.001). 

* 

* 
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The histological analysis of the dorsal skin was performed on day 8 using H&E staining. Epidermal thickness was measured 

at 10 randomly selected sites per specimen, and the mean value was calculated for each group. The UVB-exposed and vehicle-

treated groups showed a significant increase in epidermal thickness, indicative of both epidermal hyperplasia and hypertrophy. The 

mean epidermal thicknesses were 33.97 μm and 32.62 μm, respectively. In contrast, the NAD⁺-treated group exhibited a markedly 

lower epidermal thickness, with a mean value of 10.93 μm, representing a 3.11-fold reduction compared to the UVB-exposed group 

(Figure 3A). 

The mean number of apoptotic keratinocytes in the epidermis was counted and expressed as the number of cells per mm². The 

UVB-exposed group exhibited a significantly higher number of apoptotic keratinocytes (14.8 cells/mm²) compared to the NAD⁺-

treated group (7.6 cells/mm², p < 0.05). Similarly, the vehicle-treated group also showed a significantly greater number of apoptotic 

cells (13.3 cells/mm²) than the NAD⁺-treated group (p < 0.05) (Figure 3B). 

 

Discussions 

This study demonstrates the photoprotective effect of topical NAD⁺ in alleviating short term UVB-induced skin damage in 

mice. UVB radiation is one of the primary extrinsic factors contributing to photoaging and epidermal damage, primarily by 

generating reactive oxygen species (ROS), triggering pro-inflammatory cytokine release, and inducing DNA photolesions such as 

cyclobutane pyrimidine dimers (CPDs) and 6-4 photoproducts.(7) 

Our findings revealed that NAD⁺ treatment significantly reduced percentage change in double skin fold thickness and erythema 

severity score compared to both UVB-exposed and vehicle-treated groups. Histological analysis confirmed that mice in the NAD⁺ 

group exhibited a markedly thinner epidermis, suggesting that NAD⁺ effectively inhibited keratinocyte hyperproliferation and 

UVB-induced hyperplasia and hypertrophy, which are the common side effects observed after UVB-exposure. These results are 

consistent with previous studies showing that oxidative stress-induced epidermal thickening can be alleviated through anti-

oxidative and anti-inflammatory interventions.(8) 

NAD⁺ is a vital coenzyme involved in mitochondrial function, and cellular energy metabolism. It is also a substrate for key 

DNA repair enzymes such as poly(ADP-ribose) polymerases (PARPs) and sirtuins, which maintain genomic stability, cellular 

repair and DNA repair.(9) Topical application of NAD⁺ may allow direct uptake by skin cells, bypassing the need for intracellular 

synthesis from precursors such as nicotinamide riboside and nicotinamide mononucleotide. This immediate bioavailability could 

enhance cellular repair activity in UVB-damaged cells, explaining the significant reduction in skin erythema severity scores 

observed in our study. 

Moreover, the lower erythema severity scores suggest an anti-inflammatory effect of NAD⁺. Prior reports have shown that 

NAD⁺ and its associated enzymes can help regulate the inflammatory responses by inhibiting NF-κB activation and downregulating 

cytokines such as TNF-α and IL-6.(10) These effects contribute to the overall reduction of UVB-induced skin inflammation and 

support the role of NAD⁺ in alleviating short-term UVB-induced skin damage. 

While most current photoprotection strategies focuses on prevention (e.g., sunscreen, antioxidants), post-exposure 

interventions are often limited to hydration and soothing agents. There are very few options for active cellular repair. Our findings 

Figure 3. (A)The mean value of epidermal thickness in control, UVB, vehicle and NAD+ group at day 8. * indicates a 

significant different from the control group (p < 0.05); # indicates a significant difference from UVB and vehicle group 

(p < 0.05). (B)The mean number of apoptotic keratinocytes in control, UVB, vehicle and NAD+ group. * indicates a 

significant different from the control group (p < 0.05); # indicates a significant difference from UVB and vehicle group 

(p < 0.05). 
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indicate that NAD⁺ could fill the gap as a promising after-sun product, providing both anti-inflammatory and cellular repair-

enhancing properties. 

 

CONCLUSIONS 

In summary, this study provides preliminary evidence supporting the potential of topical NAD⁺ as an effective agent for 

alleviating short term UVB-induced skin damage at both macroscopic and microscopic levels. Topical NAD+ may serve as a 

promising post-exposure care for photodamaged skin. Future research should further explore its molecular mechanisms and 

potential applications in clinical dermatology and human skin treatment. 
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Abstract. Exposure to high doses of ultraviolet B (UVB) radiation induces acute sun damage and immediate 

severe cellular injury. Current treatments primarily offer symptomatic relief, lacking direct interventions for 

cellular repair. Nicotinamide Adenine Dinucleotide (NAD⁺) is a key coenzyme in oxidative stress reduction and 

DNA damage repair. However, its potential in alleviating UVB-induced acute sun damage remains unclear. This 

study assessed the effectiveness of a 1% topical NAD⁺ treatment in reducing sun damage induced by a high dose 

of UVB radiation (at least twice the minimal erythema dose, MED) in C57BL/6NJcL mice. Skin damage was 

assessed using an erythema severity score (0-3) and objective histological analysis of dorsal skin biopsies from 

three groups (n=3/group). Results demonstrated that 1% topical NAD⁺, significantly reduced erythema severity. 

The cumulative erythema score in UVB-exposed mice was 19, while NAD⁺-treated mice showed a significant 

lower score of 8 (p<0.05). Histological analysis revealed improved control of epidermal edema and a significant 

reduction in sunburn cells counts. Mean epidermal edema was significantly lower in NAD⁺-treated mice (10.9 

µm) compared to UVB-exposed mice (35.5 µm) (p<0.001). The UVB-exposed group displayed 53.4 sunburn 

cells/mm, while the NAD⁺-treated group exhibited a significantly lower count of 16.3 cells/mm (p<0.001). These 

preliminary findings strongly suggest that immediate topical NAD⁺ application alleviates UVB-induced acute sun 

damage at both macroscopic and microscopic levels, highlighting its potential protective role in acute sun damage. 

Further investigation is needed to explore underlying mechanisms in sun damage prevention. 

Keywords: Acute sun damage; Nicotinamide Adenine Dinucleotide; Skin erythema; Ultraviolet B (UVB) 

INTRODUCTION 

 Sunburn, primarily affects Fitzpatrick skin type I-III, is an acute inflammatory response to intense UVB 

(280-320 nm) overexposure, characterized by erythema, a burning sensation with pain, swelling, and, in severe 

cases, blistering and skin peeling. UVB exposure leads to significant cellular injury, triggering the release of 

inflammatory cytokines (IL-1b, IL-6 and TNF-α), oxidative stress, DNA damage, and apoptotic keratinocytes(1). 

In response to UVB-induced skin damage, the skin activates several repair mechanisms, including inflammatory 

responses, oxidative stress pathways, and DNA repair processes. One of the essential molecules involved in the 

repair activities is NAD⁺. NAD⁺ is essential for oxidative stress regulation and acts as substrate for DNA repair 

enzymes through poly(ADP)polymerases (PARPs) and sirtuins (2). Precursors of NAD⁺, such as nicotinamide 

and nicotinamide mononucleotide (NMN), have shown promise in mitigating UVR-induced skin damage in 

preclinical studies. Nicotinamide inhibits inflammatory mediators (IL-6 and TNF-α) and promotes DNA repair(3), 

while intraperitoneal NMN, enhances antioxidant enzyme activity and reduces anti-inflammatory cytokines in 

UVB-exposed mice(4), supporting the potential of NAD⁺ in alleviating UVB-induced skin damage. Despite the 

evidence, limited research exists on the direct topical application of NAD⁺ to alleviate sunburn symptoms such as 

erythema, edema, and sunburn cell formation. This research aim to evaluate the efficacy of topical NAD⁺ in acute 

sun damage condition. This may provide a potential approach to post-sunburn care.  

 

 

MATERIALS AND METHODS 

Materials 

Experimental substance – Nicotinamide adenine dinucleotide (Cayman chemical; CAS 53-84-9), Cream 

base - an oil-in-water emulsion containing key components such as glyceryl stearate, PEG-100 stearate, 

caprylic/capric triglyceride, dimethicone, and cetearyl alcohol, designed to enhance skin absorption and maintain 

formulation stability. 
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Animals and Housing The study protocol number 022/2022 was approved and conducted under the Animals 

Ethics Committee of Thammasat university, Thailand and the animal care were in accordance to the ethical 

guidelines. In this study, female C57BL/6NJcL mice, aged at 6 weeks, were purchased from Nomura Siam 

International. They were housed under Laboratory Animal Center, Thammasat university, and experiments were 

performed under institutional animal care and use committee (IACUC) guidelines.  

Methods 

Experimental design and Groups 

Mice were randomly arranged in three experimental groups (n = 3/group), including: 

A Control: Mice not exposed to UVB radiation and not treated with topical NAD⁺. 

B  UVB: Mice exposed to UVB radiation without treatment. 

C 1% NAD⁺ (20 minutes post-UVB exposure): Mice exposed to UVB radiation and treated with 

1% topical NAD⁺ 20 minutes post exposure. This 20-minute delay was chosen to simulate a more realistic 

scenario of post-sun exposure intervention, as individuals typically do not apply treatments immediately upon 

UV exposure. 

Experiment protocol: Two groups of mice; UVB and UVB+1%NAD⁺ were irradiated in UV box, receiving 360 

mJ/cm2 for 8 minutes 30 seconds. The broadband UVB lamps of two Phillips UVB TL 40W/12RS, 280-320 nm 

with peak emission at 311 nm were constructed in a UV box and set 30 cm distant from the mice area(5). Irradiated 

mice were put under inhaled isoflurane during radiation. Group C (Treated group) received 0.5 g, 1% topical 

NAD⁺ applied 20 minutes post-UVB radiation at dorsal of mice. The 1% concentration was chosen based on 

previous research by Wozniacka et al. (2006), which demonstrated the efficacy of 1% topical NAD⁺ in improving 

erythematous plaques in psoriatic patients(6). 

Skin erythema evaluation: Erythema, a marker of sunburn, was assessed 24 hours post-UVB exposure using a 

scale of 0 to 3: 0 = No erythema, 1 = Mild redness, 2 = Moderate redness, 3 = Severe redness with swelling. Three 

independents evaluators, blinded to the treatment groups, scored erythema on the dorsal skin of mice (9 images) 

based on reference photographs. A cumulative erythema score was calculated from the individual evaluations. 

Histological Analysis: Dorsal skin with 6 mm biopsies were collected at 24 hours post-exposure. Samples were 

fixed in 10% formalin, embedded in paraffin, and sectioned at 5 µm thickness. Hematoxylin and eosin (H&E) 

staining was performed to assess epidermal edema and apoptotic keratinocytes formation. Epidermal edema was 

vertically measured by determining the thickness of the epidermis in micrometers (µm), five randomly positioned 

were measured in one tissue then the average was calculated. Apoptotic keratinocytes were counted by an observer 

blinded to the treatment groups per square millimeter (cells/mm) in a standardized region of the epidermis at five 

randomized positions in one tissue, the average then was calculated.  

Statistical analyses: All data are analyzed using mean ± standard error of the mean (SEM). Statistical significance 

between groups was determined using Kruskal-Wallis test for multiple comparisons. A p-value of less than 0.05 

was considered statistically significant. Data were conducted using GraphPad Prism ver10.3. 
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RESULTS AND DISCUSSION 

Results (Skin erythema severity): There was a significant reduction in the mean cumulative erythema score in 

the 1% NAD⁺ treatment group compared to the UVB-only group. The mean cumulative erythema score from three 

individuals for the UVB-only group was 19, whereas the 1% topical NAD⁺ group exhibited a significantly lower 

erythema score of 8 (p < 0.05), as shown in Figure 1. This preliminary data illustrates that the topical NAD⁺ 

treatment effectively alleviates erythema and skin damage from UVB over exposure. These findings are consistent 

with prior research showing that NAD⁺ precursor, nicotinamide mononucleotide (NMN) plays a protective role 

in cellular damage, ROS(2, 4). 

 

Figure 1. The effect of 1% topical NAD⁺ on UVB-skin exposure. (A) The frequency distribution of 

erythema severity 24 hours post-UVB exposure in the UVB-only and UVB+1%NAD⁺ groups, as evaluated by 

three different evaluators. (B) Representative dorsal skin images 24 hours after exposure to UVB radiation. (A) 

Control, (B) UVB-exposed group, and (C) UVB + 1% NAD⁺ (20 minutes post-exposure) treated group.  

Epidermal edema: Histological assessments, epidermal changes such as dyskeratotic and vacuolated 

keratinocyte edema with spongiosis were shown in acute sun damage condition, which peak at 24 hours post-

irradiation(7). Hematoxylin and eosin (H&E) staining revealed that the NAD⁺-treated groups presented 

significantly reduced epidermal edema and lower number of apoptotic keratinocytes compared to the UVB-

exposed group. The mean epidermal edema in the UVB-only group was 35.5 µm, while the 1% NAD⁺ treated 

group showed a significant reduction to 10.9 µm (p < 0.001) (Figure 2D). A research by Perluigi, et al. (2010) 

demonstrated that UVB exposure produces ROS, leading to the damage of proteins, DNA, RNA, and cellular 

inflammation(8). NAD⁺’s properties show crucial roles in protecting against these processes, acting as both 

enzymes and substrates for antioxidant defense, anti-inflammation activity and DNA repair(2, 3, 9).  Our 

preliminary results align with these findings, suggesting that topical NAD⁺ may alleviate UV-induced skin damage 

by reducing oxidative stress and inflammation.  

Therefore, epidermal edema was significantly less in NAD⁺-treated compared to UVB groups. 

   

Figure 2 illustrates (A-C) H&E stained of mice dorsal skin in three groups: Control (A), UVB (B) and (C) 

UVB+1%NAD⁺ at 24 hours post-irradiation. 40x magnification. The mean comparison of epidermal thickness in 

the control, UVB, and UVB+NAD⁺ are shown in (D). The data represents mean +/- standard deviation of 

epidermal thickness(µm). * indicates significant different p <0.05. 
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Apoptotic keratinocytes: The main characteristics of acute sun damage include the presence of apoptotic 

keratinocytes. They determine a direct result of DNA damage and are crucial determinant of the damage severity, 

inflammatory response, and the extent of cellular injury(7, 10). In our study, the mean number of apoptotic 

keratinocytes per millimeter were counted in all groups. The UVB-exposed group had a significant higher count 

of 53.4 cells/mm, whereas the 1% NAD⁺-treated group showed a significantly lower count of 16.3 cells/mm (p < 

0.001), indicating that 1% topical NAD⁺ can mitigate the product of acute sun damage (Figure 3). The preliminary 

data suggests that NAD⁺ may also help reducing the inflammatory and apoptotic processes induced by UVB-

exposed.  

Figure 3. Average of apoptotic keratinocytes counts per millimeter in 

control, UVB, and UVB+1%NAD⁺.The data represents mean +/- standard 

deviation. ** Indicates significant different p <0.001. 

Previous studies support topical NAD⁺ against skin damage and 

inflammation. Notably, 1% and 0.3% topical NAD⁺ improved chronic 

psoriatic plaques over 4 weeks(6), and topical NADH, in Vaseline ointment 

(applied twice daily) showed a potential treatment for contact dermatitis and 

rosacea (11), suggesting potential for post - inflammatory conditions. Our 

findings also raise important questions about the concentration and 

application timing of NAD⁺. The significant reduction in erythema and 

epidermal edema observed 24 hours post-UVB exposure suggests that NAD⁺ 

may be most effective when applied immediately after UVB exposure. 

However, it is crucial to acknowledge that the small sample size (n=3 per 

group) in this pilot study limits the statistical power and generalizability of 

these observations. Future studies with larger cohorts are needed to confirm these trends. Furthermore, the absence 

of a vehicle control group makes it difficult to definitively attribute the observed effects solely to NAD⁺, as the 

vehicle itself might have influenced the results. Only single concentration and application time were tested, future 

research should explore the optimal concentration and the best application timing of NAD⁺ and whether it can 

prevent long-term effects of UVB damage, such as photoaging or skin cancer. 

CONCLUSION 

In summary, our preliminary data suggests that 1% topical NAD⁺ has the potential as a therapeutic agent 

for mitigating acute UVB-induced skin damage, by reducing erythema, epidermal edema, and apoptotic 

keratinocytes, suggesting a role in modulating inflammation and cellular repair. However, further research should 

broaden the assessment beyond clinical and histological evaluations to include molecular mechanisms and 

investigate its capacity to prevent long-term UVB skin damage.  
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Abstract. Long-term exposure to ultraviolet B (UVB) radiation is known to cause lasting damage to skin, including DNA damage, 

premature aging, and an increased risk of skin cancer. The buildup of DNA damage can lead to the transformation of normal skin 

cells into abnormal ones, contributing to cancer development. While Nicotinamide Adenine Dinucleotide (NAD+) plays a crucial 

role in cellular energy metabolism and DNA repair, its potential protective effects against repeated UVB-induced skin damage 

remain largely unexplored. This study investigates the effectiveness of topical NAD+ in repairing skin damage caused by prolonged 

UVB exposure in C57BL/6NJcL mice. The mice were subjected to sub-minimal erythema dose (sub-MED) UVB radiation three 

times per week for 12 weeks. Immediately following each UVB exposure, the treatment group received a topical NAD+ cream, 

while the vehicle group and other controls served as comparisons. Skin biopsies were collected and analyzed at the end of the study 

to assess histological changes. The NAD+-treated mice exhibited thinner epidermal layers and less epidermal dysplasia than those 

in the vehicle control group. Interestingly, while the vehicle-treated group, which provided a moisturizing effect, showed some 

reduction in skin thickness, it did not significantly decrease epidermal dysplasia compared to the UVB-only group. This suggests 

that NAD+ aids in epidermal repair beyond just moisturization. These initial results indicate that NAD+ may play a role in repairing 

long-term UVB-induced skin damage at the molecular level. However, further research is necessary to determine its potential in 

preventing skin cancer. 

 

Keywords: Nicotinamide Adenine Dinucleotide; UVB Radiation; chronic skin side effects; photocarcinogenesis; DNA damage 

 

INTRODUCTION  

In recent times, the increasing intensity of ultraviolet radiation (UVR) has become a major concern, largely due to the continued 

depletion of the ozone layer. With UVR stronger than ever, it poses a serious health risk to humans. Acting as both a direct mutagen 

and an indirect tumor promoter, UVR is classified as a human carcinogen and is a main contributor to skin damage, particularly 

from UVB exposure (1).  

Persistent exposure to UV radiation leads to more serious consequences. Photoaging, characterized by solar elastosis, 

accelerates skin aging, resulting in wrinkles and reduced elasticity which mostly caused by inflammation and generation of reactive 

oxygen species (ROS). Photocarcinogenesis is the process by which UV radiation causes DNA damage especially from 

photoproduct called cyclobutane pyrimidine dimers (CPDs), heightening the risk of skin cancer as a long-term effect (9).  

Among the many preventive methods, sunscreen remains one of the most widely recognized and effective solutions. Extensive 

research has been conducted over the years to enhance its quality and effectiveness. However, despite awareness of its importance, 

several factors cause people to forget to apply sunscreen before sun exposure. Additionally, potential side effects like skin irritation 

or allergic reactions can discourage consistent use (2). 

Nicotinamide adenine dinucleotide (NAD+) is a vital coenzyme involved in redox reactions essential for adenosine triphosphate 

(ATP) production, various metabolic processes such as glycolysis, fatty acid oxidation, and the citric acid cycle, DNA repair and 

immune function. Maintaining adequate NAD+ level is crucial for genomic stability and cellular energy. Thus, NAD+ could be 

thought to aid in chemoprophylaxis by facilitating DNA damage response and reducing UV-induced immunosuppression. 

Considering this, the 2020 recommendations from the Journal of the American Academy of Dermatology support the use of oral 

nicotinamide (precursor of NAD+) at a dosage of 500 mg twice daily for 12 months in individuals with a cutaneous skin cancer. 

The incidence of new Nonmelanoma skin cancer (NMSC) and Actinic Keratosis (AK) were notably lower in the group receiving 

nicotinamide compared to the placebo group with further reductions when continue follow up (3).  

However, we would like to study Nicotinamide in a topical formulation. Topical administration of NAD+ may be more 

effective than oral dosing in skin conditions because of localized delivery and quicker absorption into the skin without unwanted 

side effects such as nausea, vomiting or diarrhea from oral medication (6). Therefore, our research aims to examine NAD+ as a 

topical medication ingredient by studying their cellular mechanisms and potential to help the skin recover after sun exposure, as 

well as their ability to prevent epidermal transformation into dysplasia lesions. 
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MATERIALS AND METHODS 

Materials  

1. Animals  

- Female C57BL/6NJcL mice aged 6 weeks were purchased from Nomura Siam International.  

2. Experimental substance 

- NAD+ were purchased via Cayman chemical; CAS 53-84-9 with 5% concentration. 

- Vehicle cream - standard cream base 

3. Other equipment 

- UV exposure chamber made of black polyvinyl chloride boards with size 60*20*20 inches 

- Two broadband UVB lamps 120cm of Philips F40T12/12RS TL40W/12RS  

- UVAB light meter of Tenmars TM-223 

- Digital camera Nikon D5500, compact DSLR 

- Puluz studio box 25*25cm 

- Codos CP-5200 pet hair trimmer 

- Veet hair removal cream aloe vera & vitamin E sensitive skin 

 

Methods  

Animal experiment  

The study protocol received approval from Thammasat University's Ethical Committee and was carried out in accordance with 

the Ethical Principles and Guidelines for the Use of Animals for Scientific Purposes. Female C57BL/6NJcL mice aged 6 weeks 

were housed at Laboratory Animal Center, Thammasat University, and the experiment was performed under institutional animal 

care and use committee (IACUC) guidelines. 

The mice were assigned to four groups, with each group consisting of three mice: Group A served as the normal control; Group 

B was exposed to UVB without any topical treatment; Group C received a vehicle application 20 minutes after UVB exposure; and 

Group D was treated with 5% NAD⁺ 20 minutes after UVB exposure. Prior to the experiment, all mice were anesthetized using an 

inhaled isoflurane mask, and the hair on their dorsal side was removed using a pet trimmer and hair removal cream every two 

weeks. At the beginning of each procedure, anesthesia was administered in a chamber then, biweekly photographs of each mouse 

were taken using a compact DSLR camera before radiation exposure. 

Groups B through D were exposed to UVB radiation for 4 minutes every other day, three times per week for a total of 12 

weeks, using a dose of 120 mJ/cm² (representing the sub-minimal erythema dose for this mouse strain to induce precancerous 

lesions). Two broadband UVB lamps were used, positioned 30 cm above the floor within a UV exposure chamber. To ensure 

uniform UV energy distribution, the position of each group within the chamber was rotated during each exposure session. After 

each UVB irradiation, a 20-minute interval was observed before applying 200 µl of either the vehicle cream or 5% NAD⁺ cream 

to the dorsal skin of the mice, according to the group-specific protocol. 

 

Histological assessment 

 At week 12 of the experiment, tissue samples were obtained from the dorsal skin of all mice using a 4-mm punch biopsy. The 

collected skin specimens were fixed in 10% neutral-buffered formalin, embedded in paraffin, sectioned, and mounted onto serial 

slides. Hematoxylin and eosin (H&E) staining was performed for histological evaluation. Epidermal thickness was measured using 

the scale bar tool provided by the Motic Digital Slide Assistant software, which is designed for analyzing microscope slide images. 

Epidermal thickness was assessed by taking measurements at 10 different locations on each skin sample. The average epidermal 

thickness for each group was then calculated and compared across control and treatment groups. A pathologist evaluated the 

histological slides for abnormal epidermal cell features in each group. Additionally, the average percentage of lesion area in each 

biopsy was determined by dividing the length of the lesion by the total length of the skin biopsy. 

 

Statistical analyses 

Statistical analyses were performed using GraphPad Prism 10.0 software. The sample size (n) was 12. All group comparisons 

were conducted with Kruskal-Wallis test, and comparisons between two groups were used Mann–Whitney test. A difference with 

a p-value of < 0.05 was considered statistically significant. 
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RESULTS AND DISCUSSION 

Results and Discussions 

Epidermal thickness 

To assess the efficacy of topical NAD⁺ in preventing long-term skin damage, epidermal thickness was measured in skin 

biopsies from each mouse in all groups at week 12 of the experiment. Group B (UVB without topical treatment) exhibited the 

greatest epidermal thickness, followed by Group C (vehicle), Group D (5% NAD⁺), and Group A (no UVB exposure), respectively. 

These results were consistent with the minimum and maximum values recorded for each group, see Table 1. 

 

Group Mean (µm) ± SD Min Max [95% Conf. Interval] 

A 13.23 ± 2.81 8.4 17.2 [12.18, 14.28] 

B 41.71 ± 7.40 28.5 57.6 [38.94, 44.46] 

C 28.82 ± 6.50 17.6 45 [26.39, 31.25] 

D 16.25 ± 4.40 10.6 26.9 [14.50, 17.79] 

Table 1. Epidermal thickness results of each group 

 

 
Figure 1. Bar chart of average epidermal thickness of each group 

 

       Figure 1 illustrated the average epidermal thickness across the control, UVB-irradiated, vehicle-treated, and NAD⁺-treated 

groups. The UVB-unexposed control group showed a statistically significant difference in epidermal thickness compared to all 

UVB-exposed groups, although the difference was minimal when compared to the NAD⁺-treated group. In contrast, both the 

UVB-only and vehicle-treated groups exhibited significantly greater epidermal thickness compared to the NAD⁺ group. Bars 

indicate the mean, and error bars represent the SD. Mann-Whitney test was used for analysis. *, p < 0.05. ****, p < 0.0001. SD, 

standard deviation. 

      Prolonged UVB exposure is known to trigger hyperproliferative responses in the epidermis, leading to acanthosis and abnormal 

keratinocyte differentiation. Previous studies investigated the effects of chronic low-dose UV irradiation in mice, revealing that it 

induced photoaging, characterized by wrinkle formation that persisted even after exposure ended. UV irradiation also caused 

epidermal thickening (hyperkeratosis), a protective adaptation to further damage (7). Moreover, other research demonstrated that 

continuous application of topical agents with anti-inflammatory and antitumor properties can reduce keratinocyte proliferation in 

mice (4). 

       NAD+ plays a role in cellular repair, stress response, and inflammation regulation by activating sirtuins (SIRTs), which are 

NAD+-dependent deacetylase enzymes. SIRTs contribute to various skin-related processes, including reducing skin inflammation, 

protecting against UV damage, and aiding wound healing (10). Thus, our study suggested that NAD+ can mitigate epidermal 

damage, as evidenced by reduced epidermal thickness compared to both the non-treated and vehicle-treated groups. Although the 

NAD⁺ group differed from the UVB-unexposed group, the difference was minimal, and its raw data was most similar to that of the 

control group, suggesting it was the most effective treatment among the others. 
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Histopathology of dysplastic cells 

Lesions exhibiting features of epidermal dysplasia were assessed using digital microscopy at 40x magnification (Figure 2).  

No dysplastic lesions were observed in Group A (non-exposed control). Group C (vehicle-treated) showed the highest average 

percentage of dysplasia, followed by Group B (UVB-only) and Group D (NAD⁺-treated), see Table 2. The non-irradiated control 

group differed significantly from all UVB-exposed groups. Statistically, there was no significant difference between the UVB-only 

and vehicle-treated groups. However, both of these groups showed a significant increase in dysplastic lesion percentage compared 

to the NAD⁺-treated group, see Figure 3. Bars indicate the mean, and error bars represent the SD. Mann-Whitney test was used for 

analysis. *, P < 0.05. **, P < 0.002. ns, not statistic significant. SD, standard deviation. 

 

a)      b)      c)   

Figure 2. Representative H&E staining of UVB only (a) vehicle (b) and NAD group (c). Red bars represent 30 µm. 

 

Group Mean (%) ± SD Min Max [95% Conf. Interval] 

A 0 0 0 [0, 0] 

B 70.62 ± 2.81 48.4 95.7 [51.07, 90.16] 

C 76.57 ± 8.08 64.6 89 [68.08, 85.05] 

D 15.03 ± 7.91 5.2 24.5 [6.73, 23.3] 

Table 2. Epidermal dysplasia results of each group 

 

 
Figure 3. Bar chart of average percentage of dysplastic lesion of each group 

 

        The DNA repair system comprises several mechanisms, including base excision repair (BER), nucleotide excision repair 

(NER), and double-strand break repair (DSBR), all of which involve complex pathways and numerous proteins. A key enzyme in 

this system is Poly(ADP-ribose) polymerase (PARP), which acts as a DNA damage sensor and plays a vital role in DNA repair 

and replication. PARP uses NAD⁺ as a substrate to synthesize poly(ADP-ribose) (PAR) chains and transfers them to target 

proteins via ADP-ribosylation. In addition, several DNA repair proteins—such as DNA ligases I and III—require ATP for their 

activity. Therefore, enhancing ATP production in UV-irradiated cells may improve DNA repair efficiency and reduce the risk of 

mutation formation (8). 
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        In this study, dysplastic cells were identified as indicators of long-term UVB-induced damage that may represent an early 

sign of photocarcinogenesis. The NAD+ treated group exhibited a significantly lower percentage of abnormal lesions compared to 

the UVB-only group and vehicle group. Interestingly, while the vehicle group provided a moisturizing effect that reduced 

epidermal thickening, it did not influence the reduction of skin mutations. This suggests that topical NAD+ effectively reduces 

skin side effects from repeated UVB exposure beyond surface-level hydration and involve molecular mechanisms such as DNA 

repair enhancement.  

          Limitations of this study include a small sample size (n=12). The variation in hair cycle among the mice may have affected 

the skin area exposed to UV. Future studies should explore the enduring effects of NAD⁺ treatment, including its effect on tumor 

development over extended periods and in models that simulate the full UV spectrum.  

 

CONCLUSIONS 

In conclusion, this research investigated the potential of topical NAD+ cream to prevent skin damage from long-term UVB 

exposure using a murine model. The results indicated that topical NAD+ had beneficial effects in reducing epidermal thickness 

and epidermal dysplasia which were the key markers of photodamage. However, further studies are needed to assess the cream’s 

effectiveness in larger sample sizes and different models. Ultimately, this research provides a basis for continued exploration and 

progress in chemoprevention. 
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Abstract. Alzheimer’s disease (AD) is a leading cause of dementia, marked by pathological protein aggregation, including 

amyloid-beta (Aβ) plaques and neurofibrillary tangles. Current treatments offer only symptomatic relief, emphasizing the need for 

alternative approaches targeting disease mechanisms. Trikatu remedy, containing ginger, black pepper, and Java long pepper, has 

previously demonstrated antioxidant, anti-inflammatory, and neuroprotective properties. However, its effects on Aβ toxicity and 

oxidative stress remain unexplored. This study investigated the pharmacological effects of the Trikatu remedy on anti-Aβ toxicity 

and antioxidant activity in Caenorhabditis elegans (C. elegans), a widely used model organism in Alzheimer’s disease research. 

The transgenic C. elegans CL4176 strain expressing human Aβ in body wall muscle was used to assess paralysis, while oxidative 

stress resistance assay was conducted in wild-type C. elegans. Trikatu extract was prepared using equal amounts of each herb 

(1:1:1) through water extraction and spray drying. It was tested at varying concentrations (10,100, and 1,000 μg/mL) along with its 

primary active components, including piperine and 6-shogaol. Kaplan-Meier survival analysis was used to determine therapeutic 

potential. We found that Trikatu 10 μg/mL significantly delayed Aβ-induced paralysis with median paralysis time (PTMdn) 28 hours 

compared with a control group (PTMdn = 26 hours, p < 0.0001). Oxidative resistance also found in 10 μg/mL of Trikatu by median 

survival time (STMdn) at 3 hours compared with the control (STMdn = 2 hours, p = 0.0005). These findings suggest potential activity 

on anti-Aβ toxicity and antioxidant effect of Trikatu, which require further investigation into its molecular mechanisms of action. 
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INTRODUCTION 

Aging is a risk factor for various diseases, including cognitive impairment, which can lead to dementia. Alzheimer’s disease 

is the most common cause of dementia, caused by an accumulation of proteins called amyloid beta (Aβ) and neurofibrillary tangles 

(NFTs) or hyperphosphorylated tau protein. These toxic proteins could lead to cell dysfunction and death.[1] Current treatment 

offered only symptomatic relievers of the disease by compensation of imbalanced neurotransmitters.[2] Therefore, preventive 

treatment of Alzheimer’s disease remains challenging. The transgenic Caenorhabditis elegans (C. elegans) model for Alzheimer's 

disease was the most common model of study with several advantages including short life cycle, ease of observation, numerous 

orthologues in humans, and low maintenance cost. This model provides the amyloid cascade hypothesis, which was expressed by 

progressive paralysis. Aβ aggregation can induce oxidative stress and inflammation. It also involves with the insulin/insulin-like 

growth factor-1 signaling (IIS) pathway, which is the established pathway that associates with aging and proteotoxicity.[3] Both 

processes are the target for disease-modifying interventions. 

Trikatu is a traditional Ayurvedic polyherbal remedy composed of three potent spices: ginger (Zingiber officinale Roscoe), 

black pepper (Piper nigrum L.), and long pepper (Piper retrofractum Vahl) in equal proportions.[4] It is widely used to alleviate 

gastrointestinal disorders, and also known for its anti-inflammatory, antiallergic, antioxidant, and anthelmintic properties.[5] The 

primary bioactive components are gingerol and shogaol. Studies have demonstrated the antioxidant properties of 6-gingerol and 6-

shogaol, contributing to neuroprotection and cholinesterase inhibition.[6] Moreover, gingerol and 6-shogaol from ginger inhibit Aβ 

peptide aggregation and enhance neuroprotection in Alzheimer’s models[7], while piperine from black pepper modulates 

amyloidogenic pathways.[8] Although various studies have explored the pharmacological benefits of Trikatu and its active 

compounds, the mechanisms underlying its effects on neurodegenerative disease, particularly with Aβ toxicity hypothesis in 

Alzheimer’s disease remain unclear. This study aims to investigate the pharmacological effects of Trikatu remedy on anti-amyloid 

beta toxicity and antioxidant activity in Caenorhabditis elegans Alzheimer’s model. 

 

MATERIALS AND METHODS 

Materials 

Trikatu remedy was prepared by boiling equal amounts of dried long pepper, black pepper, and ginger. The mixture of herbal 

powder 300 mg was boiled in 2,000 mL deionized water for 5 minutes. Then, vacuum filtration was used to separate the supernatant 
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from the sediment. The supernatant was spray dried with a Buchi mini spray dryer B-290 (Buchi labortechnik AG, Flawil, 

Switzerland). The yield of brownish extracted powder was 49 mg/g after water removal and contained piperine at 2.7 µg/mg of 

powder. Standard piperine (CAS RN 94-62-2) and 6-shogaol (CAS RN 555-66-88) were purchased from Tokyo Chemical Industry 

(TCI), Japan. Paraquat (CAS RN 75365-73-0) was purchased from Sigma-Aldrich. The transgenic C. elegans strains CL4176, 

CL802, and wild-type N2 were obtained from the Caenorhabditis Genetic Center (CGC, University of Minnesota). They were 

incubated at 20 oC for N2 and 16 oC for transgenic strains.  

  

Methods  

C. elegans model strains and maintenance 

The transgenic C. elegans CL4176 strain was used for paralysis assay, CL802 strain was used as a control strain for CL4176, 

and wild-type (N2) strain was used for oxidative stress resistance assay. They were maintained on a petri dish filled with nematode 

growth media (NGM) and seeded with Escherichia coli (E. coli) strain OP50 as a food source. Worms were prepared for each 

experiment by transferring adult worms onto fresh NGM plates and allowing them to lay eggs for 4-6 hours to ensure  

age-synchronization. 

 

Trikatu stock solutions and standard extracts preparation 

Stock solutions of Trikatu were prepared using distilled water and OP50 as solvents. They were diluted to the desired test 

concentrations of 10, 100, and 1,000 μg/mL. Standard extracts were prepared using DMSO and OP50 as solvents and diluted to 

100 μg/mL with a final DMSO content of 1% to prevent toxicity. Each extract was seeded and left overnight at room temperature 

before worm transfer. 

 

Oxidative stress resistance assay 

Age-synchronized wild-type C. elegans eggs were treated with various concentrations of Trikatu, or with the standard 

compounds, until they reached the L4 stage at approximately 56 hours. They were then collected and transferred into 96-wells plate 

containing 40 μL of M9 buffer (3 g KH2PO4, 6 g Na2HPO4, 5 g NaCl, and 0.25 g MgSO4 · 7H2O) with 100 mM paraquat, with 6 

worms per well. Worms were monitored at 1-hour intervals until the last worm died.  

 

Paralysis assay 

After egg synchronization of the transgenic C. elegans CL4176 strain, eggs were maintained at 16 oC for 36 hours until they 

reached the L3 stage. The temperature was then upshifted to 25 oC to induce Aβ-producing gene expression. Scoring began 24 

hours after the temperature upshifting at 2-hour intervals. Worm that was immobilized or exhibited only head movement when 

touched with a platinum loop was scored as paralyzed.  

 

Statistical analyses 

Data were reported as mean ± SD from at least 3 independent experiments. Each experiment included a minimum of 100 

worms per group. Median paralysis time (PTMdn) and survival time (STMdn) were calculated from the median value of each survival 

curve. Survival and paralysis curves were generated using GraphPad Prism 10 software. Kaplan-Meier survival analysis and log-

rank (Mantel-Cox) tests were used to determine the significant difference between treated and control groups. A p-value < 0.05 

was considered statistically significant. 

 

RESULTS AND DISCUSSION 

Results  

Paralysis assay was conducted to determine the potential effects of the extracts on Aβ-toxicity alleviation using CL4176 strain. 

Trikatu extract at 10 μg/mL significantly delayed paralysis to 28 hours (p<0.0001). Other concentrations did not show the benefit 

on paralysis delay (26 hours by 100 and 1,000 μg/mL of Trikatu, p=0.2019 and p=0.1121, respectively). Moreover, piperine and 

6-shogaol also showed a significant delay in paralysis to 28 hours (p<0.0001). The C. elegans CL802 strain was used as a control 

for CL4176. Paralysis was not observed in this strain following the temperature upshift (Figure 1, Table 1). 

For paraquat-induced oxidative stress experiments in wild-type C. elegans, we found that Trikatu extract at 10 μg/mL 

significantly extended survival to 3 hours, compared with 2 hours in non-treated group (p=0.005). In contrast, higher concentrations 

of Trikatu extract did not show the benefit of oxidative resistance. Trikatu 100 μg/mL was not different from the control group 

(p=0.2489), and 1,000 μg/mL of the extract worsened the resistance effect (p=0.0432). Epigallocatechin Gallate (EGCG), a 

polyphenolic compound from green tea was used as a positive control. It was found that EGCG 100 μg/mL increased survival to 4 

hours (p<0.0001). We found that 1% DMSO used as solvent significantly extended survival from 2 to 3 hours compared with OP50 
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(p<0.0001). However, piperine 100 μg/mL and 6-shogaol 100 μg/mL failed to protect against oxidative stress induced by paraquat  

(Figure 2, Table 2). 

Table 1. Paralysis assay on C. elegans CL4176 strain treated with Trikatu at 10, 100, and 1,000 μg/mL and standard compounds 

Experiment Treatment Median paralysis time (PTMdn, hours) Significant 

1 OP50 

Trikatu 10 μg/mL 

Trikatu 100 μg/mL 

Trikatu 1,000 μg/mL 

26 

28 

26 

26 

 

p < 0.0001* 

p = 0.2019 

p = 0.1121 

2 DMSO 1% v/v 

Piperine 100 μg/mL 

6-shogaol 100 μg/mL 

26 

28 

28 

 

p < 0.0001# 

p < 0.0001# 

3 OP50 

DMSO 1% v/v 

26 

26 

 

p = 0.2575 

4 CL4176 

CL802 

26 

- 

 

p < 0.0001* 

Table 2. Oxidative stress resistance assay on wild-type C. elegans treated with Trikatu at 10, 100, and 1,000 μg/mL and standard 

compounds  

Experiment Treatment Median survival time (STMdn, hours) Significant 

1 Control (OP50) 

Trikatu 10 μg/mL 

Trikatu 100 μg/mL 

Trikatu 1,000 μg/mL 

2 

3 

3 

2 

 

p = 0.0005* 

p = 0.2489 

p = 0.0432* 
2 DMSO 1% v/v 

Piperine 100 μg/mL 

6-shogaol 100 μg/mL 

3 

4 

3 

 

p = 0.8240 

p = 0.0216# 

3 Control (OP50) 

EGCG 100 μg/mL 
2 

4 
 

p < 0.0001* 

4 Control (OP50) 

DMSO 1% v/v 

2 

3 

 

p < 0.0001* 

*Significantly different from OP50 control at a p-value < 0.05. 
#Significantly different from DMSO 1% v/v control at a p-value < 0.05. 

 
Figure 1. Effect of Trikatu, EGCG, DMSO, piperine and 6-shogaol on paralysis assay using C. elegans CL4176 strain.  

Worms were treated with OP50 containing vehicle (control) or Trikatu (10, 100, and 1,000 μg/mL) (A), compared with CL802 

strain (B), DMSO 1% v/v vehicle (C). Piperine 100 μg/mL (D) and 6-shogaol 100 μg/mL (E) were compared with DMSO 1% v/v 

as a solvent. Worms were maintained at 16 oC until they reached L3 stage and then upshifted to 25 oC to induce Aβ-producing gene 

expression. The paralysis was scored at 2-hour intervals. Data were shown as percentage of worms not paralyzed. 
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Figure 2. Effect of Trikatu, EGCG, DMSO, piperine and 6-shogaol on oxidative resistance induced by paraquat at 100 mM using 

wild-type C. elegans. Worms were treated with OP50 containing vehicle (control) or Trikatu (10, 100, and 1,000 μg/mL) (A), 

EGCG 100 μg/mL (B), DMSO 1% v/v vehicle (C). Piperine 100 μg/mL (D) and 6-shogaol 100 μg/ml (E) were compared with 

DMSO 1% v/v as a solvent. Worms were transferred to 96-well plate containing 40 μL of M9 buffer with 100 mM paraquat and 

then monitored at 1-hour intervals until the last worm died. Data were shown as percentage of survival.  
Discussions 

This study was a pilot study of using Trikatu remedy, extracted with distilled water to mimic traditional use, in a 1:1:1 ratio of 

each herb in a C. elegans animal model. The protective effect of Trikatu against Aβ and oxidative stress resistance were observed 

at a concentration of 10 μg/mL, which may represent an optimal concentration for further investigation. Paralysis assays with 

piperine and 6-shogaol also demonstrated protective effects, consistent with existing evidence of gingerol and 6-shogaol in 

inhibiting Aβ aggregation in mice model[7], as well as piperine’s role in modulating the amyloidogenic pathway.[8] 

For oxidative resistance, paraquat was used to generate the oxidative stress by inducing mitochondrial dysfunction and 

increasing reactive oxygen species (ROS) production. This herbicide exposure can leads to gene expression and lifespan change.[9] 
Although our study showed no difference between piperine and 6-shogaol and DMSO 1% v/v as a vehicle control in oxidative 

resistance, previous reports have indicated that gingerol and 6-shogaol exert marked positive effects on lifespan and stress 

resistance. 6-shogaol also reported with the capacity of stress resistance by increasing superoxide dismutase (SOD) and heat-shock 

protein (HSP) expression in a C. elegans model. This discrepancy may result from methodological differences, such as the use of 

thermal, osmotic, and oxidative stress model using 1 mM of juglone.[10-12] Juglone and paraquat are both commonly used for stress 

induction, but differ in concentrations, exposure rate, and ROS-generating mechanisms may produce a different outcome.[13] 

Moreover, differences in worm developmental stage, variation in an amount of food source, and the interaction between E. coli and 

the tested compound could also affected the survival outcomes.[14] In addition, antioxidant capacity of previous findings in ginger 

may resulted from other components, such as gingerols.[11] Thus far, antioxidant effect of piperine and 6-shogaol may still be 

unclear based on our findings. 

The antioxidant activity of Trikatu may in part contribute to the extended paralysis time. Studies on ginger components have 

demonstrated increased activity of superoxide dismutase (SOD) and catalase enzyme, along with upregulated expression of SOD-

3 and heat shock protein HSP-16.2.[10, 11] These effect may contributed to reduced Aβ toxicity and are also associated with anti-

aging mechanisms.[15] Gene regulations effects have also been observed with ginger extract, which promotes the translocation of 

DAF-16 and SKN-1 within the IIS pathway.[16] This pathway involves with aging and proteotoxicity, particularly through its role 

in modulating Aβ peptides, which may represent a mechanism underlying the delay in paralysis observed in the C. elegans model.  

Both experiments revealed that higher dose of Trikatu worsened worm paralysis and declined survival rates. Trikatu toxicity 

has been assessed only in murine model, where it was reported to be well tolerated both in acute toxicity at a dose of 2,000 mg/kg 

body weight and in long term administration at doses up to 300 mg/kg body weight for 28 days.[17] In contrast, high doses of 

piperine have been reported as toxic when given intravenously to adult mice, with a lethal dose (LD50) of 15.1 mg/kg body 

weight.[18] Additionally, Trikatu exhibited anthelminthic effects by inducing paralysis in adult earthworms at a concentration of 4 

mg/mL.[19] In our experiments, Trikatu at concentrations above 10 μg/mL led to the formation of a small, thick, round film on the 

OP50 lawn, which appeared to slow worm movement. Therefore, higher doses may exert direct toxic effects or contribute to the 

behavioral changes observed in our study. Our study suggested that Trikatu at 10 μg/mL is an appropriate dose for further 

investigation and lower concentration should be evaluated to better determine the effect of the remedy. 

Our findings support the anti-Aβ toxicity and oxidative resistance effects of Trikatu at 10 μg/mL. However, other possible 

mechanisms may also contribute to Aβ toxicity resistance. The toxicity profile of Trikatu in C. elegans remains unclear and requires 
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further studies to confirm an appropriate neuroprotective dose without adverse effects. Additionally, the potential synergistic effects 

of the components in Trikatu have not yet been studied and should be investigated by comparing its effects with those of individual 

constituents such as piperine and 6-shogaol.  

 

CONCLUSIONS 

This study shows that Trikatu extract at a concentration of 10 μg/mL reduces amyloid beta toxicity and enhances resistance to 

oxidative stress. The anti-Aβ toxicity property is likely attributed to its main components, piperine and 6-shogaol. Future study will 

investigate the relationship between delayed paralysis and oxidative stress, elucidate the underlying molecular mechanisms, assess 

effects on longevity, and explore the potential synergistic actions of piperine and 6-shogaol to validate the pharmacological efficacy 

of this remedy. 
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Abstract. Aegle marmelos (L.) Corrêa or the so-called bael, is a medicinal plant with natural sources of flavonoid and phenolic 

content, contributing to its antioxidant properties. This study examines Total Flavonoid Content (TFC), Total Phenolic Content 

(TPC), and Antioxidant Activities i.e. 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) and 1,1-diphenyl-2-

picrylhydrazyl (DPPH) assays using Ultrasonic-Assisted Extraction (UAE) and Heat Reflux Extraction (HRE) to investigate their 

effects. Bael fruit samples from seven provinces across Thailand’s floristic regions were analyzed. UAE with ethanol yielded the 

highest TPC in Chanthaburi (1171.84 ± 0.00 mg% garlic acid equivalent (mg% GAE)), showing a correlation with DPPH activity 

(p < 0.05). In contrast, HRE with water was more effective for phenolic extraction, and Nakhon Ratchasima sample contained the 

highest TFC (0.11 ± 0.00 µg% quercetin equivalents (µg% QE)) with a statistical difference (p < 0.05). For antioxidant potential, 

Kanchanaburi sample extracted by UAE with ethanol exhibited the highest ABTS activity (1674.64 ± 0.10 mg Trolox 

equivalent/mL), while Nong Bua Lam Phu sample using HRE with water showed the highest DPPH activity (1392.87 ± 0.00 mg 

TE/mL). In conclusion, HRE-ethanol more efficiently enhances phenolic and antioxidant yields, while UAE-ethanol is more 

suitable for flavonoid extract recovery. Regional diversity significantly affected bioactive content, showing the need for tailored 

extraction to optimize bael’s medicinal potential. Bael’s strong antioxidant activity suggests its potential to alleviate oxidative 

stress and inflammation by inhibiting pro-inflammatory pathways leading to cardiovascular, immune and endocrine disorders, 

arthritis, and neurodegenerative diseases. These findings support bael’s use in functional foods and anti-inflammatory treatment. 

 

Keywords: Bael (Aegle marmelos (L.) Corrêa); TFC; TPC; Antioxidant; UAE  

 

INTRODUCTION 

Aegle marmelos (L.) Corrêa, commonly known as bael, is a medicinal plant belonging to the Rutaceae family and is highly 

valued for its diverse pharmacological properties, primarily attributed to its rich content of flavonoids and phenolic compounds. 

The extensive use of bael in traditional medicine for treating ailments associated with oxidative stress, inflammation, metabolic 

disorders, arthritis, and neurodegenerative diseases has stimulated considerable research interest in exploring its bioactive 

components and therapeutic potentials (Sharma et al., 2018; Singh & Agrawal, 2020). 

The antioxidant activity of bael extracts is primarily linked to the presence of flavonoids and phenolic compounds, which act 

as potent scavengers of free radicals, thereby mitigating oxidative stress and preventing cellular damage. Moreover, these bioactive 

compounds have been reported to exhibit anti-inflammatory, anti-carcinogenic, and neuroprotective properties, which contribute 

to their potential applications in managing chronic health conditions such as cardiovascular diseases, arthritis, and 

neurodegenerative disorders like Alzheimer’s and Parkinson’s diseases (Chandrasekaran & Mathuram, 2020; Zhang et al., 2021). 

Notably, the antioxidant mechanisms of bael are associated with its ability to inhibit pro-inflammatory pathways, enhance cellular 

antioxidant defenses, and modulate neuronal signaling pathways, suggesting its promising role in preventing or ameliorating 

oxidative stress-related diseases (Hano & Tungmunnithum, 2021; Tungmunnithum et al., 2022). 

Given the increasing demand for natural antioxidants and their therapeutic benefits, optimizing extraction techniques to 

enhance the recovery of phenolic and flavonoid compounds from bael fruit has become a critical focus of research. Various 

extraction methodologies, including Ultrasonic-Assisted Extraction (UAE) and Heat Reflux Extraction (HRE), have been employed 

to improve the yield and antioxidant activity of bael extracts (Patel & Goyal, 2017; Wang et al., 2022). The studies conducted by 

Tungmunnithum et al. have provided valuable insights into the optimization of extraction methods for improving the recovery of 

bioactive compounds and enhancing antioxidant efficacy (Tungmunnithum et al., 2018; Tungmunnithum & Hano, 2020). 

Furthermore, the work of Hano and colleagues has demonstrated the importance of optimizing extraction parameters to maximize 

phenolic yield and antioxidant activity (Hano & Tungmunnithum, 2021; Hano et al., 2022). 

This study aims to comparatively evaluate the efficiency of UAE and HRE methods in maximizing Total Flavonoid Content 

(TFC), Total Phenolic Content (TPC), and antioxidant activities of Aegle marmelos (L.) Corrêa extracts. To achieve this, bael fruit 

samples were collected from seven provinces representing Thailand’s diverse floristic regions, allowing for the investigation of 
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regional variations in bioactive content. Antioxidant activities were assessed using two widely recognized assays: 2,2′-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid) (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH). 

The findings of this study are expected to establish correlations between extraction methodologies, geographical origins, and 

antioxidant properties of bael extracts, thereby providing valuable insights into their therapeutic potential. Moreover, this research 

seeks to contribute to the development of optimized extraction protocols that enhance the utilization of Aegle marmelos (L.) Corrêa 

in functional foods and anti-inflammatory treatments. 

  

MATERIALS AND METHODS 

Materials  

 

The plant material utilized in this study was bael fruit (Aegle marmelos (L.) Corrêa), collected in April 2022 from seven 

provinces representing all floristic regions of Thailand, namely the Northern, Northeastern, Central, Eastern, Western, Southern, 

and Peninsular regions. This simultaneous collection ensured consistency in fruit maturity and minimized the impact of seasonal 

variation on phytochemical content. The samples were harvested during their mature fruiting stage to ensure optimal levels of 

phenolic and flavonoid content. Plant authentication was conducted through morphological comparison with herbarium specimens 

preserved at the Bangkok Forest Herbarium (BKF), Thailand, following the standard protocols outlined by Tungmunnithum et al. 

(2020). 

The collected bael fruit samples were subjected to air drying using the sun drying method described by Sarker et al. (2006), 

and hot air oven drying at 30°C for 60 min until a constant weight was achieved. The dried samples were then coarsely ground 

using a porcelain pestle and mortar to obtain particles close to fine powder. The processed samples were stored in tightly-sealed, 

opaque containers at room temperature to prevent photodegradation and maintain sample integrity. 

The chemicals and reagents used in this study included Folin-Ciocalteu reagent (Merck, Germany), quercetin standard (Sigma-

Aldrich, USA), gallic acid (Sigma-Aldrich, USA), DPPH (1,1-diphenyl-2-picrylhydrazyl) (Sigma-Aldrich, USA), ABTS (2,2′-

azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)) (Sigma-Aldrich, USA), ethanol (Merck, Germany), and potassium persulfate 

(Merck, Germany). All chemicals were of analytical grade and used without further purification. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The bael (Aegle marmelos (L.) Corrêa) (A) plant in natural habitat, (B) fruits, (C) samples before drying and (D) dry 

specimens after coarsely ground, (E-F) herbarium specimen from BKF in part of (E) Overall and (F) Fruits. 

Table 1. The collected 10 populations of the bael (Aegle marmelos (L.) Corrêa). 

Population 

Number 
Floristic Region in Thailand 

Number on Floristic 

Regions Map 
Population Name 

1 Central (C) 52 Nonthaburi 

2 Northeastern (NE) 18 Nong Bua Lam Phu 

3 Eastern (E) 29 Nakhon Ratchasima 

4 Northern (N) 14 Phichit 

5 Central (C) 42 Chainat 

6 Southeastern (SE) 62 Chanthaburi 

7 Southwestern (SW) 38 Kanchanaburi 

8 Northern (N) 5 Nan 

9 Northeastern (NE) 27 Khonkaen 

10 Peninsula (PEN) 71 Phatthalung 
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Figure 2. The bael (Aegle marmelos (L.) Corrêa) fruits and trees from (A) all 7 Floristic Regions in Thailand Map, included (B-K) 

10 populations, were collected from bael plant in (B) Nonthaburi, (C) Nong Bua Lam Phu, (D) Nakhon Ratchasima, (E) Phichit, 

(F) Chainat, (G) Chanthaburi, (H) Kanchanaburi, (I) Nan, (J) Khonkaen and (K) Phatthalung. 

 

Methods  

1. Extraction Methods  

1.1. Ultrasonic-Assisted Extraction (UAE)  

The UAE method was performed following the optimized protocol established by Tungmunnithum et al. (2020). The coarsely 

ground bael fruit samples (500 mg) were extracted using an ultrasonic bath (Hielscher Ultrasonics GmbH, Germany) operating at 

a frequency of 45 kHz and a power of 200 W. Extraction was conducted using 10 mL of 75% ethanol as the solvent. The extraction 

process was carried out for 60 min at a controlled temperature of 45°C. The resulting extracts were filtered through a 0.45 µm of 

nylon syringe membranes (Whatman, USA) and stored at 4–8°C until further analysis. 

1.2. Heat Reflux Extraction (HRE)  

The HRE method was employed as a conventional extraction technique for comparison, following the procedure described by 

Hano et al. (2021). Coarsely ground bael fruit samples (500 mg) were extracted with 10 mL of 75% ethanol under reflux conditions 

at 45°C for 2 hours. After extraction, the filtrates were collected by filtration through a 0.45 µm of nylon syringe membranes 

(Whatman, USA) and stored at 4–8°C until further analysis. 

2. Phytochemical Characterization and Antioxidant Activity Assays  

2.1. Total Phenolic Content (TPC) Determination  

TPC was assessed using the Folin-Ciocalteu method adapted from Tungmunnithum et al. (2020). Bael extract (500 mg) was 

dissolved in 10 mL of 75% ethanol (50 mg/mL), and gallic acid standards (5–100 µg/mL) were prepared. A 96-well microplate 

was loaded with 20 µL of extract or standard, followed by 100 µL of Folin-Ciocalteu reagent (1:9 dilution) and 100 µL of distilled 

water. After 6 min of incubation, 80 µL of 7% sodium carbonate and 80 µL of distilled water were added, mixed, and incubated 

for 30 min in the dark. Absorbance was measured at 760 nm, and TPC was expressed as gallic acid equivalents (GAE) per gram of 

extract (g GAE/g extract) and will be calculated into mg% GAE. 

2.2. Total Flavonoid Content (TFC) Determination 

TFC was quantified using the aluminum chloride colorimetric assay (Tungmunnithum et al., 2020). Extract solutions (50 

mg/mL) and quercetin standards (3.125–100 µg/mL) were prepared. In a 96-well microplate, 100 µL of extract or standard was 

mixed with 100 µL of 2% aluminum chloride, incubated at room temperature for 15 min, and measured at 415 nm. TFC was 

calculated using a quercetin calibration curve and expressed as quercetin equivalents (QE) per gram of extract (g QE/g extract) and 

will be calculated into µg% QE. 

2.3. ABTS Radical Scavenging Activity Assay 

ABTS radical scavenging activity was determined following Tungmunnithum et al. (2020). ABTS reagent was prepared by 

mixing 7 mM ABTS with 2.45 mM potassium persulfate (1:1 ratio) and incubating for 12–16 hours in the dark before dilution to 

an absorbance of 0.7 ± 0.02 at 734 nm. A 96-well microplate was loaded with 20 µL of extract or standard (Trolox, 2.5–30 µg/mL) 

and 180 µL of ABTS reagent, incubated for 15 min, and measured at 734 nm. Antioxidant activity was calculated using a Trolox 

calibration curve and expressed as TEAC (mg TE/mL). 
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2.4. DPPH Radical Scavenging Activity Assay 

The antioxidant capacity of bael extracts was evaluated using the DPPH radical scavenging assay (Tungmunnithum et al., 

2020). Extract solutions (50 mg/mL) and Trolox standards (2–20 µg/mL) were prepared. A 96-well microplate was loaded with 75 

µL of extract or standard and 75 µL of freshly prepared DPPH solution. After 30 min of incubation in the dark, absorbance was 

recorded at 517 nm. The results were expressed as Trolox equivalent antioxidant capacity (TEAC, mg TE/mL). 

 

RESULTS AND DISCUSSION 

Results  

1. Phytochemical Characterization correlation with Antioxidant Activity 

Table 2. Phytochemical Characterization (TPC and TFC), and Antioxidant Activities (ABTS and DPPH) of 10 

populations of bael (Aegle marmelos (L.) Corrêa) extracts from various optimized extraction conditions. 

 

Sample Optimized Extraction Method TPC (mg% GAE) TFC (µg% QE) ABTS (mg TE/mL) DPPH (mg TE/mL) 

52 HE 180.29 ± 0.00 0.01 ± 0.00 581.36 ± 2.27 1223.88 ± 0.40 

52 HW 498.06 ± 0.00 0.01 ± 0.00 1220.87 ± 1.88 1380.12 ± 0.19 

52 UE 35.74 ± 0.00 0.01 ± 0.00 169.65 ± 5.06 1217.45 ± 1.55 

52 UW 70.15 ± 0.00 0.01 ± 0.00 1052.14 ± 1.74 1214.13 ± 0.32 

18 HE 17.40 ± 0.00 0.06 ± 0.00 722.25 ± 1.30 1221.64 ± 0.92 

18 HW 374.76 ± 0.00 0.06 ± 0.00 1187.83 ± 3.86 1392.87 ± 0.00 

18 UE 13.33 ± 0.00 0.05 ± 0.00 1119.88 ± 3.14 1221.38 ± 0.00 

18 UW 379.52 ± 0.00 0.07 ± 0.00 1185.17 ± 0.05 1347.99 ± 0.77 

29 HE 14.29 ± 0.00 0.05 ± 0.00 702.96 ± 0.39 1236.22 ± 0.52 

29 HW 298.39 ± 0.00 0.11 ± 0.00 1077.30 ± 0.92 1217.25 ± 1.29 

29 UE 23.56 ± 0.00 0.01 ± 0.00 510.04 ± 1.25 1234.84 ± 2.17 

29 UW 73.64 ± 0.00 0.01 ± 0.00 1223.22 ± 1.01 1092.05 ± 3.14 

14 HE 1.46 ± 0.00 0.01 ± 0.00 196.94 ± 0.53 1202.41 ±7.17 

14 HW 98.22 ± 0.00 0.01 ± 0.00 1173.50 ± 1.89 1181.42 ± 8.92 

14 UE 135.10 ± 0.00 0.05 ± 0.00 68.69 ± 0.53 1232.65 ± 1.56 

14 UW 29.49 ± 0.00 0.02 ± 0.00 1209.98 ± 0.82 1299.22 ± 4.16 

42 HE 14.03 ± 0.00 0.05 ± 0.00 990.64 ± 1.50 1200.00 ± 0.00 

42 HW 678.61 ± 0.00 0.06 ± 0.00 1205.49 ± 1.01 1218.19 ± 0.23 

42 UE 0.79 ± 0.00 0.01 ± 0.00 1132.65 ± 2.36 1234.94 ± 2.66 

42 UW 35.62 ± 0.00 0.01 ± 0.00 1101.83 ± 1.01 1203.02 ± 4.54 

62 HE 382.77 ± 0.00 0.01 ± 0.00 945.25 ± 0.14 1225.20 ± 9.52 

62 HW 156.67 ± 0.00 0.06 ± 0.00 910.73 ± 1.30 1216.97 ± 0.58 

62 UE 1171.84 ± 0.00 0.01 ± 0.00 99.39 ± 2.41 1225.71 ± 3.67 

62 UW 514.20 ± 0.00 0.01 ± 0.00 1416.31 ± 0.10 1236.50 ± 4.27 

38 HE 488.43 ± 0.00 0.01 ± 0.00 1085.96 ± 0.58 1207.00 ± 5.84 

38 HW 211.92 ± 0.00 0.01 ± 0.00 1171.33 ± 1.35 1218.47 ± 0.16 

38 UE 20.76 ± 0.00 0.06 ± 0.00 1674.64 ± 0.10 1231.58 ± 1.51 

38 UW 191.78 ± 0.00 0.05 ± 0.00 755.90 ± 0.24 1217.67 ± 0.23 

5 HE 18.04 ± 0.00 0.05 ± 0.00 1074.73 ± 2.94 1212.66 ± 5.15 

5 HW 350.75 ± 0.00 0.01 ± 0.00 1213.48 ± 1.21 1209.34 ± 8.33 

5 UE 106.10 ± 0.00 0.01 ± 0.00 946.52 ± 0.77 1212.56 ± 10.99 

5 UW 119.14 ± 0.00 0.01 ± 0.00 1192.46 ± 0.53 1200.00 ± 0.00 

27 HE 247.66 ± 0.00 0.05 ± 0.00 494.91 ± 1.30 1234.69 ± 2.06 

27 HW 399.73 ± 0.00 0.01 ± 0.00 1179.56 ± 0.77 1231.14 ± 1.35 

27 UE 2.05 ± 0.00 0.05 ± 0.00 968.66 ± 1.88 1216.18 ± 8.48 

27 UW 186.22 ± 0.00 0.01 ± 0.00 1222.27 ± 0.48 951.56 ± 7.79 

71 HE 29.81 ± 0.00 0.05 ± 0.00 225.03 ± 1.11 1172.65 ± 9.68 

71 HW 170.71 ± 0.00 0.01 ± 0.00 1192.88 ± 2.46 1215.84 ± 7.30 

71 UE 56.14 ± 0.00 0.01 ± 0.00 1205.40 ± 0.87 1215.34 ± 4.92 

71 UW 6.35 ± 0.00 0.01 ± 0.00 1203.33 ± 0.05 1199.43 ± 3.45 

  

The total flavonoid content (TFC) and total phenolic content (TPC) showed significant correlations with antioxidant activities, 

supporting their role in free radical scavenging. Using the aluminum chloride and Folin-Ciocalteu methods, the highest TFC was 

observed in HRE-water extracts from Nakhon Ratchasima (0.11 ± 0.00 µg% QE) while the highest TPC was found in UAE-ethanol 

extracts from Nan (106.10 ± 0.00 mg% GAE), correlating with strong DPPH activity (p < 0.05), while Chanthaburi’s UAE-ethanol 
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extract yielded the highest TPC (1171.84 ± 0.00 mg% GAE), with Kanchanaburi’s UAE-ethanol extract showing the strongest 

ABTS activity (1674.64 ± 0.10 mg TE/mL). Pearson correlation analysis confirmed strong associations between TPC and both 

ABTS and DPPH, as well as between TFC and antioxidant assays (p < 0.01), highlighting the contribution of phenolics and 

flavonoids to antioxidant potential, in agreement with previous phytopharmaceutical research. 

 

Discussions 

These findings indicate that morphological traits, particularly fruit coloration, significantly influence the bioactive 

compound content in bael (Aegle marmelos (L.) Corrêa) fruit, aligning with previous studies that suggest pigmentation can serve 

as an indicator of phenolic and antioxidant levels (Kumar & Yadav, 2023; Soni & Kumar, 2018). While current research focuses 

on the fruit, other plant parts such as leaves and bark also hold notable phytochemical potential (Sharma & Kumar, 2017). Future 

studies could explore these variations across different plant parts, supporting natural product development and herbal medicine 

applications (Raut & Sushil, 2020). 

CONCLUSIONS 

HRE-ethanol enhances phenolic and antioxidant yields, while UAE-ethanol favors flavonoid extraction. Regional differences 

significantly impact bioactive content, highlighting the need for tailored extraction. Bael’s strong antioxidant activity supports its 

potential in reducing oxidative stress and inflammation, suggesting applications in functional foods and anti-inflammatory 

treatments. The strong correlation between phenolic/flavonoid content and antioxidant activity points to their pharmaceutical and 

nutraceutical potential. Further studies should isolate and characterize key active compounds. 
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Isolation and Identification of Phenolic Compounds from Cylindrolobus mucronatus 

and Their Cytotoxic Activity Against Glioblastoma Cells 
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Abstract. Natural products derived from plants are an essential source of bioactive compounds with diverse pharmacological 

activities. This study investigates the phytochemical constituents of Cylindrolobus mucronatus orchid for the first time. The 

cytotoxic screening revealed that the ethyl acetate extract exhibited significant activity against U87 glioblastoma cells, reducing cell 

viability to 16.3  1.1 % at 50 µg/mL. Three phenolic compounds were isolated from the ethyl acetate fraction. Structural 

determination through nuclear magnetic resonance spectroscopy (NMR) and mass spectrometry confirmed their structures as 

confusarin (1), nudol (2), and bleformin I (3). The results showed that bleformin I exhibited significant cytotoxic activity, with an 

IC50 value of 17.08  3.7 µM. This research is the first report on these compounds in Cylindrolobus mucronatus, providing new 

insights into phytochemistry and its potential cytotoxic activity.  

Keywords: Orchid, Phenolic compounds, Cytotoxic activity, Glioblastoma cells 

INTRODUCTION 

Cancer is a complex disease characterized by uncontrolled cell growth, affecting various organs and requiring diverse 

treatment approaches [1]. Among them, gliomas are aggressive brain tumors, with glioblastoma (GBM) being the most prevalent and 

lethal disease, classified as grade IV astrocytoma by the World Health Organization (WHO) due to its rapid invasion and resistance 

to conventional therapies [2,3]. Despite the standard treatment of surgical resection followed by temozolomide chemotherapy and 

radiotherapy, GBM has a poor prognosis, with a five-year survival rate of only 4.7% and a median survival of approximately 15 

months [2,4]. Given its intrinsic chemoresistance and limited treatment options, there is an urgent need for alternative therapeutic 

strategies [5]. Natural products have been a crucial source of anticancer agents, with approximately 60% of anticancer drugs derived 

from plants and other natural sources [6-8]. Orchids, belonging to the Orchidaceae family, have gained attention for their diverse 

bioactive compounds, including alkaloids, flavonoids, phenanthrenes, and terpenoids, which exhibit potential anticancer properties 

against various cancer types [9]. Several genera, such as Dendrobium, Habenaria, and Coelogyne, have been traditionally used in 

herbal medicine for various ailments, including cancer treatment [10]. Cylindrolobus mucronatus is an epiphytic orchid belonging to 

the Orchidaceae family. This genus comprises approximately 39 species, with a geographical distribution in southwest China and 

Southeast Asia [11]. However, research on the orchid species Cylindrolobus mucronatus remains unexplored. This study represents 

the first investigation into its chemical constituents and cytotoxic activity against glioblastoma U87 cells, addressing a significant 

gap in understanding its potential as an anticancer agent. 

 

MATERIALS AND METHODS 

Experimental 

The whole plant material of Cylindrolobus mucronatus was purchased from Chatuchak Market. Mass spectra were obtained 

using a Bruker microTOF mass spectrometer equipped with an electrospray ionization (ESI) source (Bruker Daltonics, Billerica, 

MA, USA). Nuclear magnetic resonance (NMR) spectra were recorded on Bruker Avance Neo 400 MHz spectrometers (Bruker 

BioSpin, Billerica, MA, USA). Cytotoxicity assays were performed using a CLARIOstar microplate reader (CLARIOstar, BMG 

Labtech, Ortenberg, Germany). The U87-MG human glioblastoma cell line (ATCC® HTB-14) was obtained from the American 

Type Culture Collection (ATCC, Manassas, VA, USA). Cell viability was evaluated using the Cell Counting Kit-8 (CCK-8; 

ab228554, Abcam, Cambridge, UK). Data analysis was conducted using GraphPad Prism® software version 9.5.1 (GraphPad 

Software, San Diego, CA, USA). All chemicals and solvents used in this study were of analytical grade. 

Extraction and Isolation 

Air-dried, powdered whole plant material of Cylindrolobus mucronatus (2 kg) was macerated in 10 L of methanol for 3 

days at room temperature. This extraction process was repeated 3 times, resulting in the extraction of 169.36 g of methanol extract 

after removing the solvent. This extract was then separated into ethyl acetate (62.41 g) and aqueous (30.25 g) fractions by partition 

method using each 1 L of solvents. Preliminary tests indicated that the ethyl acetate fraction exhibited notable cytotoxic effects 

against U87 glioblastoma cells, while the aqueous fraction demonstrated no such activity. Consequently, further phytochemical 

analysis was conducted on the ethyl acetate fraction. The ethyl acetate extract was fractionated using vacuum liquid chromatography 

on silica gel with a dichloromethane-ethyl acetate gradient, yielding five fractions A - E. Confusarin (1) was isolated from fraction 

B using a hexane-ethyl acetate gradient via silica gel column chromatography. Additionally, nudol (2) was extracted from fraction 
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B through repeated silica gel column chromatography and purified using Sephadex LH-20 column chromatography with methanol 

as the solvent. Lastly, bleformin I (3) was isolated from fraction C through preparative thin-layer chromatography utilizing a 

dichloromethane-methanol solvent system. 

Cell Culture  

Glioblastoma U87-MG cells (ATCC® HTB-14) were cultured in Dulbecco's Modified Eagle Medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin and maintained at 37°C in a humidified 

atmosphere containing 5% CO₂. [12]. 

Cytotoxicity Assay 

The cytotoxic effects were determined using the Cell Counting Kit-8 (CCK-8) assay. Cells were cultured in a 96-well plate 

at a density of 1 × 10⁴ cells per well and left to incubate overnight. The methanolic, ethyl acetate, and aqueous extracts were dissolved 

in 0.5% DMSO and tested at a concentration of 50 μg/mL. Bleformin I was also dissolved in 0.5% DMSO and prepared at 10, 20, 

40, 60, 80, and 100 μM concentrations. A 100 µL volume of each treatment was introduced into the wells, followed by a 24-hour 

incubation period. Subsequently, 10 µL of CCK-8 solution (ab228554, Abcam, Cambridge, UK) was added to each well, and the 

plates were incubated in the dark at 37°C for 1 hour. Finally, the absorbance was recorded at 450 nm using a microplate reader 

(CLARIOstar, BMG Labtech, Ortenberg, Germany) [13]. The IC₅₀ value was determined using non-linear regression analysis with 

the log(inhibitor) vs. response–variable slope (four-parameter) model in GraphPad Prism® 9.5.1 (San Diego, CA, USA). The data 

were analyzed by variance (ANOVA) followed by post-hoc test and expressed as the mean ± SD.  

RESULTS AND DISCUSSION 

Three phenolic compounds were isolated from the ethyl acetate extract of Cylindrolobus mucronatus and identified as 

confusarin (1), nudol (2), and bleformin I (3). The spectral data are consistent with previously published data [14,15,16]. The structures 

of isolated compounds are shown in Figure 1. 

 

Figure 1. Structures of confusarin, nudol and bleformin I 

Confusarin (1); White crystal. HR-ESI-MS m/z: [M+H] + Calcd. for C17H17O5, 301.1076, found: m/z 301.1070. 1H NMR (acetone-

d6, 400 MHz)：7.19 (1H, s, H-1), 9.15 (1H, d, J = 9.6, H-5), 7.27 (1H, d, J = 9.6, H-6), 7.91 (1H, d, J = 9.2, H-9), 7.61 (1H, d, J = 

9.2, H-10), 4.02 (3H, s, 3-OCH3), 3.98 (3H, s, 4-OMe), 3.94 (3H, s, 8-OMe); 13C NMR (acetone-d6, 100 MHz)：108.9 (C-1), 149.3 

(C-2), 142.0 (C-3), 151.5 (C-4), 117.3 (C-4a), 124.2 (C-4b), 127.1 (C-5), 118.3 (C-6), 146.4 (C-7), 141.5 (C-8), 124.2 (C-8a), 119.4 

(C-9), 129.3 (C-10), 126.8 (C-10a), 60.5 (3-OMe), 59.2 (4-OMe) , 60.4 (8-OMe). 

Nudol (2); Brown yellow crystal. HR-ESI-MS m/z: [M+H] + Calcd. for C16H15O4, 271.0970, found: m/z 271.0967. 1H NMR (acetone-

d6, 400 MHz)：7.16 (1H, s, H-1), 9.34 (1H, d, J = 9.2, H-5), 7.20(1H, dd, J = 9.2, 2.8, H-6), 7.26 (1H, d, J = 2.8, H-8), 7.51 (1H, 

d, J = 8.8, H-9), 7.55 (1H, d, J = 8.8, H-10), 4.02 (3H, s, 3-OMe), 3.99 (3H, s, 4-OMe); 13C NMR (acetone-d6, 100 MHz：108.9 

(C-1), 149.0 (C-2), 141.9 (C-3), 151.3 (C-4), 133.7 (C-4a), 118.3 (C-4b), 128.0 (C-5), 116.7 (C-6), 154.9 (C-7), 111.5 (C-8), 129.4 

(C-8a), 126.2 (C-9), 126.8 (C-10), 123.4 (C-10a), 60.4 (3-OMe), 59.18 (4-OMe). 

Bleformin I (3); Brown solid. HR-ESI-MS m/z: [M+H] + Calcd. for C32H29O8, 541.1862, found: m/z 541.1883. 1H NMR (acetone-

d6, 400 MHz) 8.19 (1H, d, J = 8.4, H-5), 6.78 (1H, dd, J = 8.4, 2.8, H-6), 6.68 (1H, d, J = 2.8, H-8), 2.51 (2H, m, H-9), 2.32 (1H, 

m, H-10), 2.22 (1H, m, H-10), 9.45 (1H, d, J = 10.0, H-5), 7.23 (1H, dd, J = 10.0, 2.8, H-6), 7.22 (1H, d, J = 2.8, H-8), 7.43 (1H, 

d, J = 9.2, H-9), 7.24 (1H, d, J = 9.2, H-10), 3.95 (3H, s, 3-OMe), 3.83 (3H, s, 4-OMe), 4.06 (3H, s, 3-OMe), 4.04 (3H, s, 4-
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OMe); 13C NMR (acetone-d6, 100 MHz)：117.6 (C-1), 147.0 (C-2), 139.8 (C-3), 150.6 (C-4), 119.9 (C-4a), 124.8 (C-4b), 128.5 

(C-5), 113.1 (C-6), 155.7 (C-7), 144.1 (C-8), 139.6 (C-8a), 29.7 (C-9), 26.6 (C-10), 134.3 (C-10a), 115.5 (C-1), 147.6 (C-2), 141.6 

(C-3), 150.5 (C-4), 118.5 (C-4a), 123.7 (C-4b), 128.3 (C-5), 116.7 (C-6), 154.9 (C-7), 111.3 (C-8), 133.6 (C-8a), 126.0 (C-9), 

124.5 (C-10), 128.4 (C-10a), 60.5 (3-OMe), 59.5 (4-OMe), 60.3 (3-OMe), 59.2 (4-OMe). 

The cytotoxic activity of crude extracts and isolated compounds was assessed against U87 glioblastoma cells using the 

CCK-8 assay. The results, including cell viability percentages and IC50 values, are shown in Table 1. Among the crude extracts 

evaluated at 50 μg/mL, the ethyl acetate (EtOAc) extract exhibited the highest cytotoxicity. Notably, bleformin I (3) displayed the 

most potent cytotoxic effect at 100 μM. The IC₅₀ value for bleformin I (3) was determined, while doxorubicin exhibited a 

significantly lower IC₅₀ value as the positive control. 

Table 1. Cytotoxic activity of crude extracts and isolated compounds against U87 glioblastoma cells 

Crude Extract Cell viability % 

at 50 µg/ml 

(Mean  SD) 

 Compound Cell viability % 

at 100 μM 

(Mean  SD) 

 Compound IC50   

(Mean  SD)(µM)   

MeOH Extract 36.4  3.9  Confusarin (1) 62.5  4.3  Bleformin I (3) 17.08  3.7 

EtOAc Extract 16.3  1.1  Nudol (2) 53.6  6.6  Doxorubicin   0.3  1.9 

Aqueous Extract 69.4  6.9  Bleformin I (3) 11.9  0.6    

 

The cytotoxic activities of methanolic, ethyl acetate, and aqueous extracts were evaluated using the CCK-8 assay against 

U87 cells to identify the most active crude extract. Among the three extracts tested at 50 μg/mL, the ethyl acetate extract exhibited 

the highest cytotoxicity, with a cell viability of 16.3  1.1 %, indicating its potential as the most active fraction. In contrast, the 

methanol (MeOH) and aqueous extracts showed higher cell viability of 36.4  3.9 % and 69.4  6.9 %, respectively, suggesting 

lower cytotoxic effects. At 100 μM, bleformin I (3) exhibited the strongest cytotoxicity, reducing cell viability to 11.9  0.6 %, while 

confusarin and nudol showed moderate activity with viabilities of 62.5  4.3% and 53.6  6.6%, respectively. Confusarin and nudol 

are monophenanthrene and both exhibsited only moderate cytotoxic activity. In contrast, bleformin I, a biphenanthrene, showed 

potent cytotoxic activity. The stronger activity of bleformin I may be attributed to the presence of two phenanthrene units, which 

could result in a synergistic effect and enhance its biological activity. The dimeric structure might allow bleformin I to interact more 

effectively with cellular targets compared to monophenanthrenes, leading to improved cytotoxic potency. These observations 

suggest that the structural complexity of biphenanthrenes like bleformin I may play an important role in their anticancer potential. 

Due to its potent cytotoxic effect (cell viability < 50%), bleformin I (3) was selected for IC₅₀ determination using the CCK-8 assay, 

with doxorubicin (0.3  1.9 μM) as the standard drug. Although bleformin I (3) had a higher IC₅₀ (17.08  3.7 μM) than doxorubicin, 

it demonstrated significant cytotoxicity against U87 glioblastoma cells, highlighting its potential for further investigation across 

various cancer cell types.  

CONCLUSIONS 

In summary, the isolation of bioactive compounds from the ethyl acetate extract led to the identification of three phenolic 

compounds: confusarin (1), nudol (2), and bleformin I (3). Among these, bleformin I (3) demonstrated the strongest cytotoxic effect. 

Although its IC₅₀ value is higher than that of the standard drug doxorubicin, it still holds potential for further development as an 

anticancer agent. To gain deeper insights into its therapeutic potential, future studies will focus on investigating its detailed 

mechanism of action, including its role in apoptosis induction, cell cycle regulation, and interactions with key molecular targets 

involved in cancer progression. 
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Abstract. Hair loss remains a widespread concern, driving continuous research into novel treatment approaches. Pyrrolidinyl 

Diaminopyrimidine Oxide (PDPO), commonly known as Kopyrrol, is a promising hair growth active ingredient that enhances 

follicular proliferation and scalp microcirculation. However, its poor water solubility, limited to 2% w/w in 70:30 ethanol-water, 

restricts its bioavailability and therapeutic potential. This study aims to develop a 1% w/w Kopyrrol-loaded microemulsion system 

to enhance solubility since 70:30 ethanol-water is not proper vehicle for cosmetic preparations. Kopyrrol solubility was evaluated 

in various solvents, including Cetiol AB, Tween®20, Labrasol® ALF, and propylene glycol. A ternary phase diagram was 

constructed using an oil phase (Cetiol AB), a surfactant mixture (Tween®20, Labrasol®ALF, and propylene glycol), and water. The 

optimized formulation was determined at an oil: surfactant: water (O:S:W) ratio of 12.9:71.3:15.8, corresponding to an oil-to-

surfactant phase ratio of 1.5:8.5. This system significantly enhanced Kopyrrol solubility to 17.50 ± 1.49 mg/mL, allowing the 

incorporation of 1% w/w Kopyrrol. The optimized microemulsion exhibited a pH of approximately 5, a viscosity of 126.3 mPa.s 

at 25 °C under a shear stress of 3.173 Pa, and a particle size of 1190 nm. The translucent solution appeared as a pale yellowish tint, 

indicating uniform dispersion of Kopyrrol within the system. These findings demonstrated the potential of using a microemulsion 

system to overcome Kopyrrol’s solubility challenges, paving the way for more effective hair care formulations. 

 

Keywords: Kopyrrol, microemulsion, solubility, enhancement, hair care 

 

INTRODUCTION  

Hair loss remains a widespread concern, driving continuous research into novel treatment approaches. Hair loss is a common 

condition that significantly affects self-confidence and quality of life. It is estimated that more than 70% of men experience hair 

loss at some point in their lives (1-4). One promising active ingredient used in hair care formulations is Pyrrolidinyl 

Diaminopyrimidine Oxide (PDPO) or Kopyrrol (KP). Recent studies suggest that Kopyrrol could accelerate hair regrowth by 

promoting the proliferation of human dermal papilla cells (HDPCs) and optimizing the hair growth cycle (5, 6). Despite its potential 

benefits, one of the main challenges of using Kopyrrol is its limited permeability due to its water-soluble nature. Kopyrrol is 

classified as a water insoluble compound (<0.1 mg/mL). It has been reported to have a solubility profile of 70% w/w in ethanol-

water mixtures, which may hinder its effectiveness in topical applications (7). This study aims to enhance the solubility of Kopyrrol 

using a microemulsion system for hair care applications. 

 

MATERIALS AND METHODS 

Materials  

Pyrrolidinyl Diaminopyrimidine Oxide (PDPO) or Kopyrrol was purchased from Kuma Organic (India). C12-15 Alkyl 

Benzoate (CETIOL®AB) was purchased from BASF (Ludwigshafen,Germany). Bergamot oil was purchased from Thai - China 

Flavours and Fragrances Industry Co., Ltd. (Nonthaburi, Thailand). Caprylocaproyl polyoxyl-8 glycerides (Labrasol®ALF) was 

provided by Gattefossé SAS (Saint-Priest Cedex, France Polyoxyethylene (20) sorbitan monolaurate (Tween®20) was provided by 

Croda. Absolute Ethanol was purchased from Merck. Ethanol 95% (L PURE 95) was purchased from Liquor Distillery 

Organization (Chachoengsao, Thailand).  Propylene glycol was purchased from S. Tong Chemicals Co., Ltd. (Nonthaburi, 

Thailand), Batch No. C815O6JR41. Ultrapure water was provided by the Pharmaceutical Research Instrument Center, Faculty of 

Pharmaceutical Sciences, Chulalongkorn University. 

 

Methods  

Kopyrrol Calibration Curve  

A concentration calibration curve was established for Kopyrrol in the concentration range of 1.6 - 16 µg/mL. Initially, 20 mg 

of Kopyrrol was accurately weighed using a balance (XS105, Mettler Toledo, USA) and dissolved in 95% w/w ethanol in a 50 mL 

volumetric flask. Standard solutions of Kopyrrol at concentrations of 1.6, 3.2, 4.8, 6.4, 8.0, 12.8, and 16.0 µg/mL were prepared. 
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The absorbance of Kopyrrol was measured at 260 nm by using a UV-Vis Spectrophotometer (Agilent Cary 60, Agilent 

Technologies, USA) (5). 

 

Solubility Study of Kopyrrol 

An excess amount of Kopyrrol was added to various solvents. The mixture was placed in light protected amber vials. The vials 

were sealed with rubber stoppers and aluminum caps and then shaken using a shaker (Glas-Col, Rugged Rotator 099A RD5512, 

USA) for 72 hours at ambient temperature (app. 25 ± 5 °C). After equilibration, the undissolved Kopyrrol was filtered out using a 

0.45 µm Nylon syringe filter (PRECLEAN SCEQ-CF2101, ANPEL Laboratory Technology, China). A 1 mL aliquot of the clear 

filtrate was diluted in 95% w/w ethanol. The absorbance of Kopyrrol was measured at 260 nm using a UV-Vis Spectrophotometer. 

The concentration was calculated based on the calibration curve. 
 

Preparation of Kopyrrol Microemulsion 

Microemulsion systems were prepared using the surfactant/co-surfactant (Smix), which consisted of Tween®20:Labrasol® 

ALF:Propylene glycol with corresponding compositions of 22.5:7.5:10 and 20:10:10 where  Tween®20:Labrasol® ALF ratios were 

3:1 and 2:1, respectively. Ternary phase diagrams were constructed using Cetiol® AB as oil phase. The water phase was gradually 

titrated into the mixture of oil and surfactant mixture. Then the mixtures were visually checked for homogeneous and heterogeneous 

mixtures. Microemulsions were defied for the clear and homogeneous systems.  Excess amount of Kopyrrol was added to the 

selected microemulsions and the solubility of Kopyrrol was determined in the same manner as mentioned previously. 

 

Physical properties characterization of kopyrrol microemulsion. 

The physical properties of kopyrrol microemulsion was monitored at 25 °C including color, transparency, pH, viscosity and 

particle size were evaluated by using the digital pH meter with pH Sensor LE 438 (Mettler Toledo, Switzerland), HAAKE™ 

MARS™ Rheometer (Thermo Scientific, Germany) and Zetasizer Nano-ZS, Malvern Panalytical, UK). 

 

Statistical analyses 

The solubility of Kopyrrol was calculated and reported as mg/mL ± standard deviation (SD) based on triplicate samples in 

each experiment. 

 

RESULTS AND DISCUSSION 

Results and Discussion 

Kopyrrol Calibration Curve 

 

Figure 1.  Kopyrrol Calibration standard curve. 
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The calibration is shown in Figure 1 at absorption wavelength of 260 nm. The curve present a good correlation absorbance 

vs concentration at r square of 0.9998. 

 
 

Table 1. Solubility of Kopyrrol in various surfactants and solvents at 25 ± 5°C (mean ± SD, n=3) 

  

Chemical Name Solubility (mg/mL) 

Bergamot oil 13.4 ± 2.03 

Cetiol AB 31.0 ± 1.44 

Propylene glycol 31.5 ± 3.62 

Tween® 20 (20% w/w) 5.3 ± 0.57 

Labrasol® ALF (20% w/w) 6.6 ± 0.24 

Ethanol 70% (w/w) 20.5 ± 1.96 

 

Solubility study of Kopyrrol 

The solubility of kopyrrol in various solvents is presented in Table 1. Cetiol AB and propylene glycol show higher ability to 

dissolve kopyrrol than 70%w/w ethanol. Micellar systems partially increase solubility of Kopyrrol in water which is <0.1 mg/mL. 

 

Preparation of Kopyrrol microemulsion 

Microemulsion is another approach that applies to the micellar solubilization technique. This method consists of a combination 

of oil, surfactant, and water, with the addition of a co-surfactant to enhance system stability and solubilization efficiency (8, 9). 

Propylene glycol (PG) was investigated ability to enhance the solubility of Kopyrrol, with the expectation as co-surfactant in the 

preparation of a microemulsion system.The diagrams shown in the figure 2 present the appropriate concentration ranges for the 

microemulsion components. This was achieved using the water titration method while varying the oil/surfactant/cosurfactant ratios.  

The optimal microemulsion formulation was determined to consist of an oil-to-surfactant-to-water (O:S:W) ratio of 12.9:71.3:15.8, 

corresponding to an oil-to-surfactant phase ratio of 1.5:8.5. The surfactant/cosurfactant mixture (Tween®20 and Labrasol®ALF : 

PG) was optimized at a 3:1 ratio. When evaluating the solubility of Kopyrrol in this optimized microemulsion system, it was found 

to be 17.5 ± 1.49 mg/mL, which was significantly higher than in the system where the surfactant/cosurfactant ratio (Smix) was set 

at 2:1. In the latter case, the solubility of Kopyrrol was measured at 12.3 ± 0.39 mg/mL. Additionally, the O:S:W ratio for the 

system with Smix at 2:1 was determined to be 12.1:67.6:20.4. Both formulations resulted in a translucent microemulsion, indicating 

successful formation of a stable system regardless of the Smix ratio. However, the 3:1 Smix ratio provided better Kopyrrol 

solubility. Furthermore, based on the Kopyrrol solubility data, the optimal formulation whereas 3:1 Smix ratio can successfully 

load 1% Kopyrrol. 

 

Physical properties characterization of Kopyrrol microemulsion 

 

The microemulsion appearance (color and translucency) from visual observation had appeared as a pale yellowish tint, and 

microscopically using a polarized light microscope (Olympus SC180, Model BX53F2, Japan), no birefringence was observed. This 

confirmed the formation of a microemulsion and the absence of a liquid crystal structure (8-10). The pH of the microemulsion 

incorporating Kopyrrol was determined to be 5.5, indicating its suitability and safety for use in hair care products (5, 6, 11-13). 
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Figure 2. Ternary phase diagram of the oil (Cetiol AB), surfactant/co-surfactant (Smix), which consisted of Tween®20: Labrasol® 

ALF: Propylene glycol with corresponding compositions of 22.5:7.5:10 and 20:10:10 where Tween®20:Labrasol® ALF ratios were 

3:1 and 2:1, respectively Note: Shaded area shows microemulsion zone. 

 

 

Figure 3. The rheological profile of the microemulsion, consisting of an oil:surfactant:water (O:S:W) ratio of 12.9:71.3:15.8, with 

Smix at a 3:1 ratio.  

 

The viscosity of the microemulsion was measured at 126.3 mPa·s (or 0.1263 Pa·s) at 25°C under a shear stress of 3.173 Pa. 

This value aligns with typical viscosities observed in microemulsions, suggesting figure 3., showed a stable and consistent flow 

behavior. This indicated Newtonian fluid behavior.(9, 10). The particle size measurement result was shown in Figure4., indicated 

that the majority of the particles had a size of 1190±2.496 nm.  
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Figure 4. Particle size data of the optimum microemulsion formulation. 

 

CONCLUSIONS 

This study has successfully investigated and enhanced the solubility of Kopyrrol through microemulsions. The microemulsion 

system achieved a remarkable solubility enhancement, reaching 17.5 ± 1.49 mg/mL, thereby confirming its capability to effectively 

encapsulate Kopyrrol under the specified conditions. This significant improvement not only underscores the feasibility of 1% 

Kopyrrol loading but also highlights its substantial potential for high-performance hair care applications. 
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Abstract. α-Gels, known for their lamellar liquid crystal structure, offer high water retention, controlled rheology, and stability, 

making them valuable for skincare formulations. However, the stability and physical properties of α-Gels are highly sensitive to 

formulation parameters, and the optimal conditions for consistent and stable gel formation remain insufficiently explored. This 

study addresses this research gap by investigating the impact of formulation parameters, specifically the ratio of potassium cetyl 

phosphate (KCP) to L-arginine, heating time, and temperature, affect the physical properties and stability of α-Gel. α-Gel 

formulations were prepared using KCP to L-arginine ratios of 1:1, 2:1, and 3:1; heating durations of 1, 2, 3, and 4 hours; and 

temperatures of 75°C, 80°C, and 85°C at constant stirring speed of 100 rpm. Physical properties, including color, pH, viscosity, 

and microscopic structure, were evaluated. Preliminary stability results indicated that the optimal formulation (2:1 KCP to L-

arginine ratio and 2-hour heating at 80°C) showed consistent viscosity with minimal fluctuations: 9,517 ± 9.16 cP (Day 7), 9,685 

± 2.00 cP (Day 14), 9,979 ± 22.00 cP (Day 21), and 10,415 ± 33.00 cP (Day 28), indicating strong structural integrity and resistance 

to phase separation. This formulation also exhibited a smooth, homogenous appearance, skin-compatible pH of 7, and a well-

defined lamellar organization under polarized optical microscopy. These results highlight the significance of formulation 

parameters in achieving stable α-Gel systems, supporting their use in advanced skincare products. 

 

Keywords: α-Gel; Lamellar Liquid Crystal; Film-forming Polymers; Water Resistance 

 

INTRODUCTION 

α-Gel, or α-form hydrated gel, is a lamellar liquid crystalline phase, which is a specially structured form obtained as a result 

of the self-assembly of surfactants and fatty alcohols in the aqueous systems. Its characteristic structure consists of hexagonally 

packed hydrophobic chains and hydrated hydrophilic layers, enabling it to trap large amounts of water and provide high viscosity 

and elasticity. These physical properties make α-Gel an ideal candidate for pharmaceutical and cosmetic formulations, including 

topical emulsions and creams, where it enhances product moisturizing, stability, and spreadability [1]. 

A key factor in α-Gel formulation is the potassium cetyl phosphate-to-L-arginine ratio, which impacts the packing structure of 

the gel and its stability. The focus of this study is the relationship between potassium cetyl phosphate (KCP), which is an anionic 

surfactant, and L-arginine. This ratio significantly impacts hydrogen bonding and electrostatic interactions that affect the gel’s 

structural integrity. Notably, an imbalance in the KCP-to-L-arginine ratio can lead to undesirable shifts in pH and viscosity, 

potentially destabilizing the α-Gel system [2]. At lower KCP concentrations, limited amounts of anionic surfactants result in 

reduced micellization and weaker electrostatic forces, leading to minimal viscosity enhancement and a more neutral or slightly 

alkaline pH that may be attributed to the greater prevalence of basicity of L-arginine. In contrast, at higher KCP concentrations, 

excessively high anionic concentrations lead to denser lamellar packing, which promotes further viscosity increase via H-bonding 

interactions and an even greater drop in pH caused by acidic characteristics of excess KCP. Therefore, the ratio of KCP to L-

arginine plays a vital role in defining the structural and physicochemical properties of α-Gel; critically, viscosity and pH profiles 

[1,2]. 

Heating is a critical factor in α-Gel formation, as the transition to the α-phase requires sufficient energy input through an 

endothermic process. Heating disrupts existing molecular assemblies, allowing new lamellar bilayers to form. Both temperature 

and duration must be carefully controlled, insufficient heating results in incomplete α-phase formation, while excessive heat or 

prolonged exposure can degrade sensitive components or disrupt lamellar alignment [3,4]. Typically, the system should be heated 

above the melting points of both the surfactant and fatty alcohol, followed by controlled cooling to promote the formation of ordered 

lamellar structures. 

Accordingly, achieving a stable α-Gel with the desired physicochemical properties requires optimizing both the KCP-to-L-

arginine ratio and the heating conditions. This study focuses on adjusting formulation parameters and evaluating their impact on 

physical appearance, pH, and viscosity, aiming to establish a reproducible procedure for α-Gel preparation to support future 

research in pharmaceutical and cosmetic applications. 
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MATERIALS AND METHODS 

Materials 

Potassium cetyl phosphate (KCP) (MySkinRecipes, Thailand), L-arginine (MySkinRecipes, Thailand), and deionized water. 

 

Methods  

Initial Screening of Critical Variables Affecting α-Gel Formation 

Given the complex and sensitive nature of α-Gel self-assembly, where small formulation or processing changes can greatly 

impact lamellar structure and stability, a systematic screening was essential to define reliable conditions for future optimization. 

This preliminary study aimed to identify suitable parameters for producing physically homogeneous α-Gels with desirable 

physicochemical properties. 

A full-factorial experimental design was used to test 36 unique conditions by varying two formulation factors, the KCP to L-

arginine ratio (1:1, 2:1, 3:1 at a total concentration of 3% w/w), and three processing parameters: heating duration (1–4 hours), 

temperature (75°C, 80°C, 85°C), and a fixed stirring speed (100 rpm). Each condition was tested in a single-beaker batch, reflecting 

practical constraints during early exploration. Though each test was performed once, careful control and standardization of 

procedures ensured consistent and comparable results. This screening confirmed that α-Gel formation is feasible under specific 

conditions and provided a foundational reference for identifying key formulation and processing parameters for future refinement. 

Preparation of α-Gel 

A measured amount of KCP was melted at 200 °C on a hotplate stirrer. Separately, L-arginine was dissolved in water, stirred 

until homogeneous, and its pH was checked using pH paper. Using a 100 mL beaker with a magnetic stirrer (2/3 the base width), 

the α-Gel was prepared. A water bath was heated on a hotplate, with the temperature continuously monitored. The beaker was 

covered with a watch glass to minimize evaporation. Once KCP was fully melted, it was placed in the water bath and stirred at 

100 rpm. The L-arginine solution was added slowly into the melted KCP. After mixing, the temperature was checked and 

maintained as needed. Finally, the mixture was cooled to room temperature while stirring gently at 60 rpm, allowing the α-Gel 

structure to form. 

Physical Appearance Evaluation of α-Gel 

The α-Gel formulations were observed visually by characterizing its color, separation phase, and consistency [5,6]. 

pH Measurement of α-Gel 

The pH of α-Gel formulations will be measured using a digital pH meter (Mettler Toledo, Germany). An approximately 30 

mL amount of α-Gel will be placed into a 50 mL glass beaker, then stir gently to homogenize the sample. Next, the pH electrode 

will be immersed directly into the α-Gel sample, and afterwards, wait for the reading to stabilize, typically around 30-60 seconds. 

Viscosity Measurement of α-Gel 

The viscosity of α-Gel formulations was measured using Viscometer (Brookfield DV-II+ Viscometer, US). An approximately 

40 mL amount of α-Gel was poured into viscometer tube, then its viscosity was measured using suitable spindle and rpm speed. 

The reading of α-Gel’s viscosity measurement results should be done within 30 until 60 seconds after the spindle start spinning. 

 Characterization of α-Gel: POM 

Polarized optical microscopy (POM) (Olympus, Japan) was used to examine the micromorphology of the samples. Lamellar 

structures, such as α-Gels, typically exhibit a characteristic Maltese cross under polarized light. A small amount of sample was 

placed on a slide, covered with a cover glass, and gently pressed to ensure uniformity. Observations were first made under regular 

light, followed by polarized light. Representative images were captured at 10× magnification [2,5]. 

Stability Evaluation of selected α-Gel Formulations 

Based on preliminary screening results, formulation candidates with suitable viscosity (8,000–12,000 cP), pH (7.0–8.0), 

distinct Maltese cross patterns under polarized optical microscopy (POM), and no visible phase separation after one week were 

selected for further stability evaluation. These selected formulations represent optimal combinations of KCP-to-L-arginine ratios 

and heating conditions capable of consistently forming α-Gel. To assess their physical stability, the selected formulations were 

prepared in triplicate and stored in sealed glass containers under two conditions: ambient temperature and accelerated conditions 

(40 ± 2°C). Physical stability was monitored over a 28-day period, with evaluations conducted on days 7, 14, 21, and 28. The 

assessments included visual inspection, pH measurement, viscosity analysis, and microstructural examination via POM to confirm 

the integrity and robustness of the α-Gel structure over time. 

Statistical Analyses 

All experiments were conducted in triplicate (n = 3), and data are expressed as mean ± standard deviation (SD). One-way 

ANOVA was used to analyze differences among groups. For stability data collected over multiple time points, repeated measures 

ANOVA was applied. A p-value of < 0.05 was considered statistically significant. 
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The KCP:L-arginine ratio significantly influenced the physicochemical 

characteristics of the α-Gel. Among the tested ratios (1:1, 2:1, and 3:1), the 2:1 ratio 

consistently yielded the most favorable results. This formulation maintained a stable 

pH around 7.35–7.36 over days 2, 4, and 7 (Figure 1a), aligning well with the skin’s 

natural pH range (4.5–6.5), thereby minimizing potential irritation. In comparison, the 

1:1 ratio exhibited alkaline pH values (>8.3), which may disrupt the skin barrier, while 

the 3:1 ratio resulted in a slightly acidic pH (~6.35–6.37) [7]. Viscosity measurements 

further supported the superiority of the 2:1 ratio, showing values between 9064 and 

9527 cP (Figure 1b), which fall within the optimal range for topical gels balancing 

spreadability and adhesion. The 1:1 ratio yielded significantly lower viscosities 

(4654–5117 cP), producing a less cohesive gel, whereas the 3:1 ratio showed 

moderately high viscosity (6855–7322 cP) but remained below the desirable threshold 

[8]. The enhanced performance of the 2:1 ratio may be attributed to a more balanced 

amphiphilic interaction between KCP and L-arginine, promoting the efficient 

formation of lamellar phases and contributing to a more stable α-Gel structure. 

RESULTS AND DISCUSSION 

Effect of KCP to L-arginine Ratio on α-Gel Properties

 

 
 

Effect of Heating Time on α-Gel Structure and Stability 

(a) Physical Appearance (b) POM  (a) Physical Appearance (b) POM 

   

 

  

  

 

  
Figure 2. Result of (a) physical appearance and (b) POM at day 7 from different heating time. 

Heating duration played a critical role in determining the internal structure and physical stability of α-Gels. Among the tested 

conditions (1, 2, 3, and 4 hours), the 2-hour heating period yielded the most favorable outcomes. By day 7, α-Gels heated for 2 

hours maintained a homogeneous appearance with no visible phase separation (Figure 2a), whereas other durations exhibited signs 

of sedimentation. Polarized optical microscopy (POM) further supported these findings. The 2-hour formulation displayed 

prominent Maltese cross patterns (Figure 2b), indicative of a well-formed lamellar liquid crystalline phase. In contrast, gels heated 

for 1 hour or 4 hours showed weak or absent birefringence, suggesting either incomplete assembly or thermal disruption of the 

lamellar structure. 

Viscosity  Viscosity measurements (Figure 3) showed that the 2-hour samples 

consistently retained values within the desired topical gel range of 8000–12000 

cP (9064–9527 cP), indicating both adequate spreadability and skin adhesion. 

Insufficient heating (1 hour) may not provide enough energy to drive proper 

molecular assembly, while excessive heating (3–4 hours) likely disrupts the 

lamellar network through thermal degradation, as previously observed in 

thermosensitive gel systems [1,9]. Thus, a 2-hour heating period offers an 

optimal balance, supplying sufficient thermal energy to promote self-assembly 

while preserving the gel’s structural integrity.  

 

(a) 

(b) 

Figure 1. (a) pH and (b) viscosity from different ratios of KCP to L-arginine in 7 days. 

Figure 3. Result of viscosity within 7 days 

from different heating time. 
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Result Effect of Heating Temperature on α-Gel Microstructure and Rheology 

75°C 80°C 85°C 

   
(a) POM              (b) Viscosity 

Figure 4. Result of (a) POM at day 7 and (b) viscosity within 7 days from different heating temperature. 

 

Heating temperature plays a critical role in determining the microstructure and rheological behavior of α-Gels (Figure 4). 

Among the temperatures tested (75 °C, 80 °C, and 85 °C), heating at 80 °C yielded the most favorable results. At this temperature, 

the α-Gel exhibited high viscosities ranging from 9064 to 9527 cP, along with distinct Maltese cross patterns under polarized optical 

microscopy (POM), indicating the formation of a well-organized lamellar liquid crystalline phase. The superior structural properties 

observed at 80 °C can be attributed to sufficient thermal energy promoting the alignment and packing of surfactant molecules and 

fatty alcohols, enhancing hydrophobic interactions and hydrogen bonding [1]. In contrast, heating at 75 °C resulted in lower 

viscosities (7248–7561 cP) and poorly defined lamellar structures, likely due to inadequate thermal input for complete self-

assembly. At 85 °C, viscosity decreased slightly (8249–8633 cP), and fewer birefringent domains were observed, possibly due to 

thermal degradation or disruption of previously formed structures. These findings are consistent with earlier reports indicating that 

overheating may shrink the gel network and reduce viscoelasticity, ultimately compromising the physical integrity of the α-Gel 

system [10]. 

 

Result of Stability Study 

α-Gel formulations prepared with a 2:1 KCP-to-L-arginine ratio and heated for 2 hours at either 80°C or 85°C were selected 

based on their optimal physical characteristics, including a smooth appearance, well-defined lamellar structures (Maltese cross 

patterns), and ideal viscosities within the 8000–12000 cP range. These properties indicate robust gel strength and structural 

integrity, making them suitable candidates for further stability evaluation. 

(a) pH 

Ambient Condition Accelerated Condition 

  
(b) Viscosity 

Ambient Condition Accelerated Condition 

  
* 80°C and 85°C are statistically different (p < 0.05); ** statistically different within times 

Figure 5. Stability result of (a) pH and (b) viscosity from 80°C and 85°C heating temperature within 28 days. 
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Properties 
Ambient Condition Accelerated Condition 

Day 7 Day 28 Day 7 Day 28 

 

(a) 

Physical 

Appearance               
 

 

 

 

 

 

(b) 

POM 

 

 

 

 

 

 

 

 

The selected α-Gel formulations (2:1 KCP-to-L-arginine ratio, heated for 2 hours at 80°C and 85°C) exhibited good stability 

over 28 days under both ambient and accelerated conditions. Physically, both remained stable with no phase separation, 

discoloration, or consistency loss (Figure 6a) [5]. Under ambient conditions, pH remained stable: 80°C averaged 7.36 ± 0.01, while 

85°C was 7.41 ± 0.01. Under accelerated conditions, both increased significantly (p < 0.05), with 80°C rising to 7.50 ± 0.01 and 

85°C to 7.61 ± 0.01, indicating higher pH drift at elevated temperature (Figure 5a) [3]. Viscosity under ambient conditions 

increased: 80°C from 9,042 ± 25.66 to 10,415 ± 33 cP, and 85°C from 8,768 ± 8.54 to 10,365 ± 2.00 cP. Under accelerated 

conditions, viscosity declined: 80°C from 9,051 ± 3.00 to 8,444 ± 1.53 cP, and 85°C from 8,731 ± 9.50 to 7,513 ± 5.67 cP, with 

greater loss at 85°C (Figure 5b) [1]. POM analysis confirmed structural stability: both gels showed clear Maltese crosses under 

ambient conditions. Under accelerated conditions, crosses remained visible but became smaller and more diffuse—yet still 

indicative of lamellar structures (Figure 6b) [2]. Overall, the 80°C formulation maintained better pH, viscosity, and microstructural 

stability, making it more suitable for long-term topical use. 

CONCLUSIONS 

This study concluded that the optimal parameters for preparing stable α-Gel are a KCP:L-arginine ratio of 2:1, heating 

temperature of 80 °C, and heating duration of 2 hours. These conditions produced α-Gels with desirable pH (around 7), viscosity 

(8000–12000 cP), uniform physical appearance, and abundant Maltese cross patterns under POM. The selected formulation also 

demonstrated good physical appearance and structural stability under both ambient and accelerated storage conditions. 
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Figure 6. Stability result of (a) physical appearance and (b) POM from 80°C and 85°C heating temperature at day 7 and day 28. 

admin
Typewriter
164



*Corresponding author: email address of corresponding author 

 Presenting author: email address of presenting author    

Nanofibril Cellulose from Pineapple Core: A Sustainable Solution for 

Antimicrobial Air Filtration 
 

Chayaphat Phechkrajang1, Saranyapong Boonprasit1, Nannaphat Nantawisit1, Waraphon Sinsiri1, 

Jiraphong Suksiriworapong2, Nanthawan Jinakul3, Nantana Nuchtavorn4,* 

 

1 Benchamaracharungsarit School, 222 Chumpol Rd., Na Mueang, Mueang, Chachoengsao, 24000, THAILAND 

2 Department of Pharmacy, Faculty of Pharmacy, Mahidol University, 447 Sri-Ayudhaya Rd., Rajathevee, Bangkok, 10400, THAILAND 

3 Department of Microbiology, Faculty of Pharmacy, Mahidol University, 447 Sri-Ayudhaya Rd., Rajathevee, Bangkok, 10400, 

THAILAND 

4 Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Mahidol University, 447 Sri-Ayudhaya Rd., Rajathevee, Bangkok, 

10400, THAILAND 

*Corresponding author Email: nantana.nuc@mahidol.ac.th  

 

Abstract. Pineapple (Ananas comosus Linn.) is widely cultivated in Thailand, with the Batavia variety (Smooth Cayenne), also 

known as Sriracha pineapple, being particularly popular in the eastern region. The pineapple core, often discarded as waste at both 

household and industrial levels, is a valuable source of cellulose. This study aims to extract nanofibril cellulose (NFC) from 

pineapple cores to develop an air filter capable of removing fine dust particles while exhibiting antibacterial properties. Batavia 

pineapple cores were processed into NFC using a ball mill, followed by chemical treatments (acid hydrolysis, alkaline hydrolysis, 

or enzymatic hydrolysis with cellulase), and subsequently high-pressure homogenization. The particle size and functional groups 

of the samples were analyzed using a Zetasizer (Nano series) and Fourier Transform Infrared Spectroscopy (FT-IR). The NFC was 

then fabricated into filter sheets using a grille method, dried, and evaluated for particulate filtration efficiency and antibacterial 

activity. Zinc oxide (ZnO) powder was used to simulate dust particles. The concentration of ZnO in deionized water, before and 

after filtration through the membrane, was determined by complexometric titration to evaluate the membrane's filtration efficiency. 

Antibacterial activity against S. epidermidis was assessed using gentamicin as a positive control. The results showed that the 

proposed method yielded nanofibril cellulose with an average particle size of approximately 400 nm. Membrane filters were 

successfully produced by drying the NFC slurry at 60°C in a hot air oven. The filters achieved a ZnO filtration efficiency of 51.7% 

and demonstrated 44.4% antibacterial activity compared to the control against S. epidermidis. 

Keywords: Nanofibril cellulose, Smooth Cayenne, Antibacterial membrane     

 

INTRODUCTION  

The applications of nanofibril cellulose materials have increased over the past decade due to their desirable properties, 

including high strength and stiffness, low weight, and high surface area, which enable strong interactions with surrounding species. 

Novel nanofibril cellulose derived from plant sources has gained interest due to its potential as a sustainable material, high natural 

abundance, and biodegradability [1–3]. This study aimed to isolate and extract nanofibril cellulose from the core of pineapple 

(Ananas comosus Linn.). The extracted nanofibril cellulose was further processed to form a filtration membrane. The filtration 

efficiency and antibacterial properties of the resulting membrane were evaluated. Ananas comosus Linn., a pineapple variety, is 

abundantly found in eastern Thailand. Its core is usually not consumed and is often discarded as waste. This study adds value to 

pineapple core waste by converting it into a functional material. 

 

MATERIALS AND METHODS 

Materials  

Zinc oxide was purchased from Honeywell (NC, USA). Hydrochloric acid was purchase from ACI Labscan (Thailand). Silver 

nitrate and sodium hydroxide were obtained from Carlo Erba (Cornaredo, Italy). Ethylenediaminetetraacetate sodium and enzyme 

cellulase, 4.8 units/mg, were from Sigma-Aldrich (MO, USA). Sodium borohydride was purchase from TCI (Tokyo, Japan). 

Polyvinylpyrrolidone was from O-BASF (Ludwigshafen, Germany).     
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Methods  

Production of nanofibril cellulose (NFC) 

The core of the pineapple was washed and dried for 30 minutes before being cut into small pieces and finely ground using a 

food blender. The resulting fine material was washed several times with deionized water until the rinse water was clear. The 

material was then dried at 60 °C in a hot air oven for 3 hours. The dried material was ground using a ball mill (QM-3SP2, Nanjing 

T-Bota Scietech Instruments & Equipment Co., Ltd, China), and both the milling speed and grinding time were evaluated. The 

particle sizes were measured using a Mastersizer 3000 (Malvern Instruments, UK). The smallest particle size fraction was further 

subjected to hydrolysis using acid (5 g of dried material in 50 mL of 2.5 M HCl), base (5 g in 50 mL of 2.5 M NaOH), and enzymatic 

treatment (5 g in 50 mL of 10 mg/mL cellulase). The hydrolysis conditions were 105 °C for 30 minutes for acid and base, and 50 °C 

for 30 minutes for enzymatic hydrolysis. After 30 minutes, the hydrolyzed materials were washed with deionized water until the 

pH of the rinse water was neutral. Fourier-transform infrared spectroscopy (Nicolet iS5, Thermo Fisher Scientific, USA) was used 

to analyze the functional groups of the cellulose material. To further reduce the particle size, a cellulose suspension in reverse 

osmosis water (5 g in 400 mL) was processed using a high-pressure homogenizer (APV 2000, UK), and the particle size was 

monitored with a Zetasizer (Malvern Instruments, UK). Finally, the resulting suspension was lyophilized using a freeze dryer 

(Christ Alpha 1–4 LD plus, Osterode am Harz, Germany) to remove the water. 

 

Membrane filter formation 

The nanofibril cellulose (NFC) slurry was prepared by dispersing 0.4 g of dried nanocellulose fibrils in deionized water. A 

nanofibril cellulose membrane filter was formed using one sheet of stainless-steel wire mesh and two sheets of gauze as support 

layers. Two types of membranes, with surface densities of 1 mg/cm² and 2 mg/cm², were prepared. The membranes were dried at 

60 °C for 1 hour and 2 hours for the 1 mg/cm² and 2 mg/cm² membranes, respectively. A schematic diagram of the nanofibril 

cellulose membrane filter formation is shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The schematic diagram of nanofibril cellulose membrane filter formation. 
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Evaluation of filtration properties 

The filtration efficiency of the nanocellulose fibril membrane was evaluated using zinc oxide (ZnO) particles with a size range 

of 3–4 µm. Approximately 50 mg of ZnO, accurately weighed, was dispersed in 50 mL of deionized water and filtered through the 

membrane using a water jet pump (Sigma Aldrich, MO, USA). Amount of ZnO in the filtrate was quantitatively determined by 

complexometric titration with 0.05 M ethylenediaminetetraacetic acid disodium salt [4]. The remaining ZnO on the membrane was 

calculated by subtracting amount of ZnO in the filtrate from the total weight of ZnO taken, this was amount filtered ZnO by the 

membrane. Then, the filtration efficiency of the membrane was calculated using the following equation: 

 

𝐹𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒 (%) =  
𝐴𝑚𝑜𝑢𝑛𝑡 𝑓𝑖𝑙𝑡𝑒𝑟𝑒𝑑 𝑍𝑛𝑂 (𝑚𝑔) 𝑏𝑦 𝑡ℎ𝑒 𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑍𝑛𝑂 𝑡𝑎𝑘𝑒𝑛 (𝑚𝑔)
 × 100 

 

Evaluation of antibacterial properties  

The antibacterial properties of nanofibril cellulose membranes, both with and without silver nanoparticles, were evaluated 

against S. epidermidis, using gentamicin as a positive control. The silver nanoparticle solution was prepared by reacting silver 

nitrate with sodium borohydride [5]. Specifically, 0.255 g of silver nitrate was dissolved in 15 mL of deionized water and slowly 

added dropwise to a solution containing 0.575 g of sodium borohydride in 15 mL of 1 M NaOH under continuous stirring. Finally, 

20 mL of 10% polyvinylpyrrolidone was added and mixed thoroughly to stabilize the silver nanoparticle solution. Varying volumes 

(10–30 µL) of the silver nanoparticle solution were added to the nanofibril cellulose membranes for antibacterial testing. 

 

RESULTS AND DISCUSSION 

Production of nanofibril cellulose (NFC)  

The dried pineapple core obtained from the first step was ground using a ball mill machine. The milling speed (ranging from 

1200 to 1500 rpm) and grinding time (ranging from 10 to 30 minutes) were varied. The results showed that the smallest particle 

size was achieved at a speed of 1500 rpm for 30 minutes. The sample obtained under this condition was then hydrolyzed using 

acid, base, and the enzyme cellulase according to the procedure described in the Experimental section. After hydrolysis, the sample 

was analyzed using infrared spectroscopy. As shown in Figure 2, the IR spectrum of the sample exhibited characteristic absorption 

bands corresponding to functional groups present in the cellulose structure: O–H stretching at 3200–3400 cm⁻¹, C–H stretching 

(aliphatic) at 2800–2900 cm⁻¹, C–O stretching at 1000–1280 cm⁻¹, and C–C stretching at 1000 cm⁻¹. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The representative IR spectrum of cellulose material after hydrolysis condition exbibits the absorption bands correspond 

to the functional groups in cellulose structure i.e., O–H stretching at 3200–3400 cm⁻¹, C–H stretching (aliphatic) at 2800–2900 

cm⁻¹, C–O stretching at 1000–1280 cm⁻¹, and C–C stretching at 1000 cm⁻¹.  
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After size reduction using a high-pressure homogenizer at 1000 bar for 10 cycles, the base-hydrolyzed sample exhibited the 

smallest particle size, approximately 270 nm. Therefore, the sample obtained under the base hydrolysis condition was selected for 

further experiments. The output from the high-pressure homogenizer was subsequently dried using a freeze-dryer to obtain the final 

nanofibril cellulose product. From 5 g of starting material, 1.76 g of product was recovered after freeze-drying, corresponding to a 

yield of 35.2%. 

 

Membrane filter formation 

Membrane filters were prepared both with and without support sheets. As shown in Figure 1, the membrane filter without 

support sheets appeared clear and transparent. However, the resulting membrane lacked elasticity and could not be used in filtration 

equipment. To improve mechanical strength, three layers of support sheets were incorporated. The membranes with support sheets 

were used for filtration property evaluation and antibacterial property evaluation experiments. 

 

Evaluation of filtration properties 

In this study, three water insoluble compounds which were available in our laboratory, Al(OH)3, ZnO, CaCO3, were measured 

the particles size. Eventually, zinc oxide (ZnO) was selected as a representative small airborne particle due to its average particle 

size of approximately 3-4 µm. Filtration performance was tested for: (1) support sheets without membrane, (2) membranes 

containing 1 mg/cm² of nanofibril cellulose, and (3) membranes containing 2 mg/cm² of nanofibril cellulose. As shown in Figure 

3, the membranes with nanofibril cellulose demonstrated significantly improved filtration efficiency compared to the support sheets 

alone. The average filtration efficiencies for the 1 mg/cm² and 2 mg/cm² membranes were 41.4% and 51.7%, respectively. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Filtration properties of the formation nanofibril cellulose membrane. The filtration efficiency (average % ± SD (n = 3)) 

of the support without membrane, the membrane containing cellulose 1 mg/cm2 and the membrane containing cellulose 1 mg/cm2 

were 12.8 % ± 0.1, 41.4 % ± 3.5 and 51.7 % ± 1.3, respectively. 

 

Evaluation of antibacterial properties  

Airborne particles may contain microorganisms; therefore, the antibacterial properties of the candidate filter membranes were 

further evaluated. Both the synthetic membrane and the membrane incorporating silver nanoparticles were tested for their ability 

to inhibit S. epidermidis, using gentamicin as a positive control. The results indicated that the synthetic membrane alone did not 

exhibit antibacterial activity (Figure 4). However, the membranes doped with silver nanoparticles demonstrated antibacterial 

effects, with the activity increasing in accordance with the concentration of silver nanoparticles. 
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Figure 4. Antibacterial properties of the formation nanofibril cellulose membrane. The membrane containing cellulose material 2 

mg/cm2 with 30 µL of silver nanoparticles exhibited the maximum antibacterial activity of 44.4% compared with the control, 

gentamicin.  

CONCLUSIONS 

This study successfully developed a nanofibril cellulose filter membrane derived from pineapple core, an abundant, 

sustainable, and biodegradable agricultural waste material. The process yielded approximately 35% nanofibril cellulose from the 

dried pineapple core. The resulting membrane effectively filtered zinc oxide particles with an average size of 3-4 µm, achieving 

average filtration efficiencies of 41.4% for the 1 mg/cm² membrane and 51.7% for the 2 mg/cm² membrane. Furthermore, the 

incorporation of silver nanoparticles endowed the membrane with antibacterial activity against S. epidermidis, with the degree of 

inhibition increasing alongside the concentration of silver nanoparticles. The results of this study successfully demonstrate a 

valuable approach for converting agricultural waste into functional and environmentally friendly filtration materials. In addition, 

to validate these findings, future studies should focus on enhancing the mechanical strength and flexibility of the membrane to 

expand its practical applications. More precise PM2.5 filtration experiments and particle size measurements using scanning electron 

microscopy should also be conducted. 
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Abstract. Hyperglycemic wounds are characterized by delayed healing due to high glucose levels, impairing cell 

migration, vascular function, immune response, and collagen synthesis. Chronic inflammation and oxidative stress 

further hinder tissue regeneration and increase infection risk. Plant-derived compounds such as flavonoids and 

triterpenoids are emerging as potential alternatives for hyperglycemic wound management. This study aimed to 

evaluate the wound- healing potential of Mimosa pudica L. and Centella asiatica, individually and in combination, 

using a hyperglycemic planarian regeneration model. Planarians were rendered hyperglycemic by exposure to 50 

mM D-glucose before being assigned to four groups:A (0.2 μg/mL M. pudica + 1 mg/mL           C. asiatica), B 

(0.2 μg/mL Mimosa pudica L.), C (1 mg/mL Centella asiatica), and D (negative control). Regeneration was 

assessed by photoreceptor recovery over time, serving as a proxy for tissue regeneration.         A exhibited the most 

significant regenerative response, with complete photoreceptor restoration observed within the shortest period. B 

and C showed slower regeneration and mild signs of toxicity. D displayed the poorest recovery, confirming the 

baseline impairment of the hyperglycemic model. These results, based on preliminary observation, suggest that the 

combination of M. pudica and C. asiatica demonstrates a synergistic effect on tissue regeneration, likely due to 

the complementary action of flavonoids and triterpenoids on fibroblast-like blastema cells. These findings support 

the potential application of combined phytotherapeutics in hyperglycemic wound care. Future studies should 

involve larger sample sizes and usage of mammalian models and molecular analyses to confirm efficacy and 

elucidate underlying mechanisms.  

 

Keywords: Hyperglycemic wound healing; Phytotherapy; Planarian regeneration; Mimosa pudica L.; Centella 

asiatica  

 

 

INTRODUCTION  

Hyperglycemic conditions impair numerous bodily processes, including cellular proliferation, angiogenesis, 

and immune responses—particularly those involving neutrophils, a type of leukocyte.[1][2][3] This impairment is 

primarily due to glucose toxicity, which, if prolonged, is indicative of diabetes.[2] As a result, diabetic wounds 

exhibit a significantly slower regeneration rate compared to those in non-diabetic individuals. These wounds are 

also more susceptible to infection, which can escalate into severe complications, often leading to amputation.[4]  

According to the latest data from The Lancet, approximately 828 million adults aged 18 and older are living 

with diabetes.[5] The condition is strongly associated with aging, and with the global elderly population projected 

to increase from 1.1 billion in 2023 to 1.4 billion by 2030, diabetes is set to become one of the most critical health 

concerns of the future.[6][7]  

With the rising diabetic population, the demand for wound care solutions in hyperglycemic conditions is 

undeniably increasing. Treatment options span from basic wound dressings to advanced therapies such as skin 

grafts.[8] Among these, herbal extracts have emerged as popular and promising alternatives. For example, Centella 

asiatica, widely used in Thailand, contains triterpenes—such as asiatic acid (AA), asiaticoside (AS), 

madecassoside (MS or brahminoside), and madecassic acid (MA or brahmic acid)—which are known for their 

anti-inflammatory, antiviral, antimicrobial, and immunomodulatory properties.[9][10] In addition, Centella 

asiatica also contains alkaloids, tannins, flavonoids, terpenoids, and reducing sugars.[11] Flavonoids, in particular, 

are known for their strong antioxidative and anti-inflammatory effects, further contributing to the wound healing 

process.[11][12]  

However, many other medicinal plants with wound-healing potential remain underutilized. One such example 

is Mimosa pudica Linn, commonly known as the shameplant. Often dismissed as a weed and appreciated solely 

for its unique sensitivity, this plant actually contains valuable active compounds—including alkaloids, the non-
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protein amino acid mimosine, flavonoids, C-glycosides, sterols, terpenoids, tannins, and fatty acids—that suggest 

its potential to accelerate tissue regeneration.[13]  

To confirm its efficiency both individually and in combination on this specific type of wound, the extracts 

were tested on hyperglycemic planarians regeneration model as they one of the common in vivo model for studying 

tissue regeneration.[14] Moreover, the results were assess based on photoreceptors regeneration since the eyes are 

visible under a light microscope and discrete.[15] 

 

MATERIALS AND METHODS 

Materials  

D-glucose (analytical grade) [LOBA CHEMIE PVT.LTD., India], 70% Ethanol (EtOH), 95% Ethanol (EtOH), 

Dimethyl sulfoxide (DMSO), dried Mimosa pudica L. (Thailand) plant, Centella asiatica extract [GREENTECH, 

France], Sodium acetate [SIGMA CHEMICAL, USA], Aluminium chloride [Riedel, Germany], Planarians, 

Reversed osmosis (RO) water, Deionised (DI) water, Shrimp pellet food, Rotary evaporator, Micro Pipette, Light 

microscope, Spectrophotometer 

 

Methods  

Animal 

Ethical approval was not required for this study, as it only involved planarians, an invertebrate species not subject 

to Ethical Principles and Guidelines for the Use of Animals, National Research Council of Thailand. 
 
Mimosa pudica L. extraction 

Dried Mimosa p. plants were soaked in 70% Ethanol (EtOH) for 48 hours prior and the mixture of extract and 

EtOH were separated by rotary evaporation under 150 rpm, 60˚C, and 100 mbar. The extract was then dissolved 

in 20 ml of DMSO and diluted to the wanted concentration. 

 

Total Flavonoid Content Analysis (Aluminium Chloride Colorimetric Method) 

For total flavonoid content determination of the sample, Quercetin was used to create a standard calibration curve. 

The standard solutions of Quercetin were prepared by serial dilutions using DMSO (5-50 µg/mL). The sample 

solution was diluted by 100 fold using DMSO. The standard or sample solution (800 µL) was mixed with 2.4 mL 

of 95% Ethanol, 160 µL of 10% AlCl3 and 1M Sodium acetate. After mixing, the solution incubated for 10 min at 

room temperature. The absorbance of the reaction mixtures was measured against blank at 440 nm wavelength 

with a Thermo Fisher UV-Vis Spectrophotometer (GENESYS 150 Spectrophotometer, Thermo Fisher). The 

estimated concentration of total flavonoid content in the test samples was calculated from the calibration plot and 

expressed as µg Quercetin equivalent (µg QE)/mL of extract. However, the extract was diluted by 100 fold so the 

actual estimated total flavonoid content is about 1.91±0.12 mg QE/mL. All the determinations were carried out in 

triplicate. [16][17][18] 

 

 

 
Figure 1. Total flavonoid content for standard Quercetin 
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Hyperglycemic planarian induction 

Planarians were immersed in 50 mM of D-glucose 48 hours. As an observation, the planarians curled in a          c-

shape and have less movement activity. 

 

Planarian’s photoreceptor regeneration assessment 

Hyperglycemic planarians were decapitated and divided into 4 groups to test 4 different conditions including group 

A (0.2 μg/mL M. pudica + 1 mg/mL C. asiatica), group B (0.2 μg/mL Mimosa pudica L.), group C          (1 mg/mL 

Centella asiatica), and group D (negative control). The planarians were observed under a light microscope for eye 

spots every day and were feed with pellet food every 3 days.  

 

Statistical analyses 

Statistical analysis was conducted using the independent two-sample t-test in Microsoft Excel to compare the 

effects of different treatments on planarian regeneration under hyperglycemic conditions. Each group consisted of 

five planarians (n = 5). Among the comparisons, Group A (0.2 μg/mL M. pudica + 1 mg/mL C. asiatica) and 

Group D (negative control) showed a significant difference (p < 0.05), indicating a potential synergistic and 

regenerative-promoting effect of the combined treatment under hyperglycemic stress. 

 

RESULTS AND DISCUSSION 

Results  

Group A significantly improves photoreceptor regeneration and behavioral recovery in hyperglycemic planarians 

indicating a synergistic effect between extracts while group B and C shows slower regeneration rate when compare 

to group A. However, group B and C still effectively healed the wound while group D regeneration rate is almost 

0 making it insignificant. The results in Table 1. shows the observative results of all group of planarians tested 

with different conditions (A - 0.2 μg/mL M. pudica + 1 mg/mL C. asiatica, B - 0.2 μg/mL Mimosa pudica L., C - 

1 mg/mL Centella asiatica, and D - negative control). Moreover, groups treated with extracts both individually 

and combination shows faster regeneration rate than the negative control group.  

 

Table 1. Observative results of photoreceptor regeneration from Day 3 to Day 5  

Day Group A Group B Group C 
Group D  

(Control) 

D3 +/- - - - 

D4 + +/- +/- - 

D5 ++ + +/- - 

D6 ++++ ++ + - 

D7 ++++ ++ ++ - 

Day 1 and Day 2 are not presented on the table as there is no significant change during the time. 

 

 

 

 
 

Figure 2. Photoreceptor Formation Observation Score changed during D3 to D7 
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Discussions 

The findings of this study demonstrate that both Mimosa pudica L. and Centella asiatica extracts can 

effectively promote regeneration in hyperglycemic planarians. This suggests that these natural extracts retain 

regenerative potential even in a glucose-rich environment, which typically impairs tissue recovery. Their 

effectiveness when used individually points to each plant’s independent bioactive properties, while the enhanced 

effect observed when combined suggests a synergistic interaction that may amplify regenerative outcomes. 

The results are consistent with existing literature that highlights the wound-healing, anti-inflammatory, and 

antioxidant properties of both plants.[11][12][13] Compounds in Mimosa pudica L. and Centella asiatica like 

mimosine and flavanoids could be the main active compound for this outcome indicating the necessity in tissue 

repairment, although the exact molecular interactions remain unclear. 

Despite these promising outcomes, several limitations should be noted. The planarian model, while useful for 

observing regenerative trends, does not replicate the complexity of mammalian wound healing. Additionally, this 

study did not explore molecular mechanisms, optimal dosages, or long-term outcomes of treatment, which are 

necessary for translating the findings into clinical applications. 

Future research should aim to investigate in more advanced models, such as mammalian cells assay and 

diabetic rodent wound models to help validate the therapeutic potential of these extracts in human-related contexts. 

 

CONCLUSIONS 

By using a simple model organism like hyperglycemic planarian regeneration model, this experiment explored the 

regenerative potential of Mimosa pudica L. and Centella asiatica in a hyperglycemic environment. The 

encouraging results support the idea of using natural plant extracts in wound care, particularly for diabetic patients. 

However, studies involving mammalian systems and molecular analysis will be crucial for deeper understanding 

and application. 
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Abstract. Longan (Dimocarpus longan Lour.) seeds contain high levels of phenolic compounds with significant antioxidant 

properties. This study aimed to optimize the extraction of phenolics from longan seeds using ultrasonic-assisted extraction (UAE). 

A Box-Behnken experimental design was employed to evaluate the effects of temperature (A: 40–60°C), time (B: 5–20 min), and 

solid-to-liquid ratio (C: 1:10–1:30) on the extraction process. The optimal conditions were identified as a temperature of 50°C, an 

extraction time of 14 min, and a solid-to-liquid ratio of 1:20. Under these conditions, the total phenolic content (TPC) reached 4.36 

± 0.10 mg GAE/g, representing a threefold increase compared to the conventional maceration method (1.44 ± 0.05 mg GAE/g). 

Scanning electron microscope (SEM) imaging revealed that UAE created a more porous and disrupted seed structure, which 

facilitated enhanced bioactive compound extraction. These findings provide critical insights into the development of efficient 

protocols for recovering phenolic compounds from longan seeds, reduced processing time, and minimized solvent usage. Moreover, 

it aligns with the principles of the circular economy by transforming underutilized agricultural by-products into valuable natural 

antioxidant sources and offers significant potential for industrial applications in sectors such as food, pharmaceuticals, and 

cosmetics. 

 

Keywords: Longan Seeds; Phenolic Compounds; Ultrasonic-Assisted Extraction 

 

INTRODUCTION  

According to the Department of Agricultural Extension, fresh longan production in 2022 reached approximately 1,032,326.7 

tons, with Chiang Mai and Lamphun being the largest in-season longan-producing regions in northern Thailand (1). Notably, the 

pericarp and seeds, which make up about 20% of the fruit’s total weight, are often discarded as waste (2). Phenolic compounds are 

a diverse group of secondary metabolites essential for plant physiology and human health. Longan (Dimocarpus longan) seeds, 

typically considered agricultural by-products, have been identified as a rich source of these bioactive compounds (3). This presents 

an opportunity to add value to agricultural waste while promoting a sustainable source of beneficial compounds. Utilizing longan 

seeds aligns with the principles of a circular economy and waste valorization, highlighting the need for efficient extraction methods 

to maximize their bioactive potential (4). 

Traditional phenolic extraction techniques, such as maceration and Soxhlet extraction, are time-consuming, solvent-intensive, 

and often degrade sensitive bioactive compounds due to prolonged heat exposure (5). Ultrasonic-assisted extraction (UAE) has 

emerged as an advanced alternative that overcomes these limitations. UAE employs ultrasonic waves to break cell walls, improving 

mass transfer and enhancing phenolic compound extraction (6). This method significantly reduces extraction time and solvent use 

while preserving bioactive compound integrity, making it a more sustainable and efficient approach (5, 6). 

However, despite UAE’s advantages and the potential of longan seeds as a phenolic source, limited research has systematically 

optimized extraction parameters for this material. Most studies have focused on traditional methods or have not fully explored 

multiple interacting factors, highlighting a research gap. This study aims to optimize the UAE of phenolic compounds from longan 

seeds using Box-Behnken Design (BBD). The phenolic compounds extracted under optimized UAE conditions were compared 

with those obtained through maceration, and surface changes were analyzed using scanning electron microscopy (SEM). 

Furthermore, this study underscores the importance of utilizing agricultural by-products as sustainable bioactive compound sources, 

supporting global efforts in waste reduction and resource efficiency. 

 

MATERIALS AND METHODS 

Materials  

The study used Edor variety longan seeds harvested in-season from Makuea Chae Subdistrict, Lamphun Province. The seeds 

were washed, dried at 70°C for three days (7), ground, and stored in zip-lock bags within a desiccator to prevent moisture for 

further use. 
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The experiment utilized a prototype ultrasonic system integrated with a pulsed electric field (PEF) system. The portable 

machine operated via a touchscreen interface, where parameters were set before inserting the 0.8 L chamber into the PEF or 

ultrasound hub. The process was controlled using "start" and "stop" commands in Swift. The ultrasonic power of this device was 

fixed at 40 MHz. 

 

 
Figure 1. A portable prototype integrating a pulsed electric field (PEF) and ultrasonic system. 

 

Methods  

The experimental conditions for UAE were optimized using the BBD, a response surface methodology that assesses variable 

interactions while minimizing experimental runs. The study examined temperature (40, 50, 60 °C), extraction time (5, 12.5, 20 

min), and solid-to-liquid ratio (1:10, 1:20, 1:30) across 14 experimental runs. Longan seed powder (1 g) was mixed with 50% 

ethanol  (3) and extracted using a 40 kHz ultrasonic system under the specified conditions. The extract was then filtered, and the 

supernatant was analyzed for TPC. 

 

Table 1. Total phenolic compounds extracted from longan seeds using UAE factors. 

Run no. Factorsa TPC  

(mg GAE/g) A B C 

1 40 5 1:20 2.93±0.12 

2 60 5 1:20 2.56±0.05 

3 40 20 1:20 3.28±0.02 

4 60 20 1:20 3.08±0.11 

5 40 12.5 1:10 2.56±0.17 

6 60 12.5 1:10 2.67±0.06 

7 40 12.5 1:30 2.93±0.06 

8 60 12.5 1:30 2.33±0.13 

9 50 5 1:10 2.33±0.05 

10 50 20 1:10 2.86±0.05 

11 50 5 1:30 2.68±0.03 

12 50 20 1:30 3.01±0.13 

13 50 12.5 1:20 3.98±0.05 

14 50 12.5 1:20 4.24±0.06 
a A is temperature (°C), B is extraction time (min), and C is solid-to-liquid ratio. 

Conventional Extraction  

Maceration was used as the conventional extraction method, adapted from Keawsa-ard et al. (7). One gram of longan seed 

powder was immersed in a 50% ethanol solution at a 1:20 ratio for 6 h at 50°C. The extract was then filtered, and the liquid was 

analyzed for TPC. 
Determination of Total Phenolic Content 

The TPC of longan seed extracts was determined using the Folin–Ciocalteu colorimetric method (8). The extract was mixed 

with diluted Folin–Ciocalteu reagent in a 96-well plate, incubated, then combined with sodium carbonate and left at 24 ± 2 °C for 

2 h. Absorbance was measured at 760 nm using a microplate reader, and TPC was quantified using a gallic acid standard curve, 

expressed as micrograms of gallic acid equivalent (GAE) per gram of extract. 
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Data and Statistical analyses 

All experiments were performed in triplicate, with results presented as the mean ± standard deviation. The experimental data 

were evaluated using a second-order polynomial model (Equation 1) to estimate the regression coefficients (b) through Design-

Expert software version 13 (Stat-Ease Inc., Minneapolis, MN, USA). 

𝑌 =  𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽12𝑋1𝑋2 + 𝛽13𝑋1𝑋3 + 𝛽23𝑋2𝑋3 + 𝛽11𝑋1
2 + 𝛽22𝑋2

2 + 𝛽33𝑋3
2 (1) 

In this model, Y represents the response variable, X1, X2, and X3 are the independent variables or studied factors, β0 is the 

constant term, β1, β2, and β3 are the linear coefficients, β12, β13, and β23 are the interaction coefficients, and β11, β22, and β33 

are the quadratic coefficients. Group differences were assessed using an independent t-test at p < 0.05 with the PSPP program 

(GNU, Boston, MA, USA). 

RESULTS AND DISCUSSION 

Effect of UAE factors on TPC of longan seeds 

The experimental results demonstrated that the TPC values ranged from 2.33 ± 0.13 mg GAE/g to 4.24 ± 0.06 mg GAE/g, 

depending on the extraction conditions. The highest TPC (4.24 ± 0.06 mg GAE/g) was achieved at 40°C with a 12.5-min extraction 

time and a 1:20 solid-to-liquid ratio (Experiment 14). In contrast, the lowest TPC (2.33 ± 0.13 mg GAE/g) was obtained at 60°C 

with the same extraction time but a 1:30 solid-to-liquid ratio (Experiment 9). The findings suggest that moderate temperatures (40–

50°C), intermediate extraction times (12.5–20 min), and a 1:20 solid-to-liquid ratio are optimal for higher phenolic yields. 

Temperature significantly impacts phenolic extraction by affecting both solubility and the degradation of phenolic 

compounds. The highest TPC was achieved at 40°C, indicating that lower temperatures may help preserve phenolic stability while 

still facilitating their release from plant materials (5). Higher temperatures, such as 60°C, did not improve TPC yield and could 

lead to the degradation of phenolic compounds, as seen in Experiment 9. These results align with previous studies indicating that 

temperatures above 65°C can degrade phenolic compounds (9). 

Extraction time also influenced TPC, with shorter times (e.g., 5 min) yielding lower amounts. Longer extraction times (12.5–

20 min) generally led to higher TPC due to improved cell wall breakdown and enhanced phenolic release (10). However, 

excessively long extraction times could cause oxidation or degradation of phenolic compounds. The solid-to-liquid ratio was 

another key factor, with a 1:20 ratio providing the highest TPC yields. Increasing the ratio to 1:30 generally resulted in lower yields, 

possibly due to dilution effects that reduced extraction efficiency (10). 

The data were analyzed using a second-order polynomial equation, and the significance of the model coefficients was 

evaluated using ANOVA (Table 2). 
 

Table 2. Regression coefficients of the predicted models for TPC extracted from longan seeds using UAE. 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 4.02 9 0.4471 28.74 0.0028 significant 

A-Temperature 0.1405 1 0.1405 9.03 0.0398 
 

B-Time 0.3741 1 0.3741 24.05 0.0080 
 

C-Ratio 0.0351 1 0.0351 2.26 0.2074 
 

AB 0.0072 1 0.0072 0.4644 0.5330 
 

AC 0.1260 1 0.1260 8.10 0.0466 
 

BC 0.0100 1 0.0100 0.6428 0.4676 
 

Residual 0.0622 4 0.0156 
   

Lack of Fit 0.0284 3 0.0095 0.2803 0.8447 not significant 

Pure Error 0.0338 1 0.0338 
   

Cor Total 4.09 13 
    

R² = 0.9848; Adjusted R² = 0.9505; C.V. % = 4.21; Adeq Precision = 16.4237 

Table 4 presents the regression coefficients and corresponding p-values, emphasizing the statistical significance of the 

relationship between each term and the response. The model's F-value of 28.74 and a p-value less than 0.05 indicate that the model 

terms are significant. Significant factors influencing the TPC yield (p < 0.05) included one interaction coefficient (AC), and two 

main effects (A and B). The high R² value of 0.9848 and Adjusted R² of 0.9505, along with a coefficient of variation (CV) of 4.21 

and a non-significant lack of fit (p > 0.05), confirmed that the mathematical model accurately predicts TPC based on various 

combinations of the variables. The "Adeq Precision" value, which measures the signal-to-noise ratio, was 15.8461, well above the 

desirable threshold of 4, indicating a strong and reliable model. This suggests that the model is effective for navigating the design 

space. The final equation derived from the multiple regression analysis is provided in Equation 2. 
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TPC = −17.79 + 0.64 Temperature + 0.23 Time + 0.45 Ratio + 0.0006 Temperature  Time − 0.0018 Temperature  Ratio − 

0.0007 Time  Ratio − 0.0062 Temperature² − 0.0093 Time² − 0.0086 Ratio²       (2) 

In the polynomial equation, a negative sign signifies an antagonistic relationship between the response and the factor, while 

a positive sign indicates a synergistic relationship (11). From the equation, it was found that temperature, extraction time, and the 

solid-to-liquid ratio had a positive effect on the TPC concentration in longan seed extracts under UAE conditions.  

Combined effect of factors on TPC of longan seeds 

Figure 2 illustrates 3D response surface plots for the TPC of longan seed extracts, highlighting the effects of temperature, 

extraction time, and solid-to-liquid ratio. The color gradient represents predicted TPC values, with blue (lowest) at 2.33 mg GAE/g 

and red (highest) at 4.24 mg GAE/g.  

 
Figure 2. The 3D plots display the predicted TPC of longan seed extracts by UAE parameters. Figure 2a shows temperature vs. 

time, Figure 2b depicts temperature vs. solid-to-liquid ratio, and Figure 2c illustrates time vs. solid-to-liquid ratio. 

TPC follows a parabolic trend, peaking at moderate temperatures (40–50°C) and intermediate times (12.5–20 min) (Figure 

2A). Beyond this, degradation occurs due to excessive heat or prolonged extraction (Figure 2a). The highest TPC is observed at 

~40°C and a 1:20 ratio. Higher ratios (>1:30) reduce TPC due to dilution and lower diffusion efficiency (Figure 2b). Optimal TPC 

is achieved at 12.5–20 min with a 1:20 ratio. Longer times or higher solvent volumes do not improve extraction and may cause 

degradation or dilution (Figure 2c). 

Verification of the model 

The optimal extraction conditions were determined by maximizing desirability. The initial optimal parameters were 48.94°C, 

13.99 min, and a 1:20.43 solid-to-liquid ratio, with a predicted TPC yield of 4.14 mg GAE/g. To enhance practical applicability, 

the conditions were adjusted to 50°C, 14 min, and a 1:20 ratio. Under these modified conditions, the experimental yield was 4.36 

± 0.10 mg GAE/g, closely matching the predicted value with an error of +5.31%, thereby confirming the accuracy and reliability 

of the RSM model. 

 

Comparison between maceration and optimal UAE conditions 

The comparison was conducted using UAE at 50°C for 14 min with a 1:20 ratio, and conventional maceration at 50°C for 6 

h with the same ratio. The results indicate a significant difference (p < 0.05) in TPC yield between UAE and maceration. UAE 

yielded a higher TPC (4.36 ± 0.10 mg GAE/g) compared to maceration (1.44 ± 0.05 mg GAE/g), demonstrating its superior 

efficiency. This increased extraction efficiency is attributed to the cavitation effect, which enhances cell wall disruption and 

facilitates bioactive compound release, whereas maceration relies solely on passive diffusion, leading to lower yields (5, 12).    

 

Figure 3. The surface of longan seed powder subjected to ultrasonic treatment (a) is examined using SEM at ×500 magnification 

and compared to the conventional maceration method (b). 
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UAE-treated samples exhibited extensive cavitation, deep cavities, and a well-defined porous network, indicating enhanced 

cellular disruption (Figure 3a). These structural modifications, caused by acoustic cavitation, improve mass transfer and extraction 

efficiency, reinforcing UAE as a promising technique for bioactive compound extraction in food and pharmaceutical applications 

(5, 10). SEM analysis of conventionally macerated samples (Figure 3B) revealed modest structural modifications, with smaller, 

more superficial pores and a largely intact surface, indicating minimal cellular disruption. This contrasts with the extensive 

cavitation and porous networks observed in ultrasonically treated samples (Figure 3A). 

CONCLUSIONS 

The study successfully optimized ultrasound-assisted extraction for phenolic compounds from longan seeds using the Box-

Behnken design. The optimal condition was achieved at 50°C, 14 min, and a 1:20 solid-to-liquid ratio, nearly doubling the yield 

compared to conventional maceration. SEM analysis showed that ultrasonic treatment created a more porous seed surface, 

enhancing extraction efficiency. These findings highlight the potential of longan seeds as a sustainable source of natural 

antioxidants and contribute to developing efficient extraction protocols for applications in the food, pharmaceutical, and cosmetic 

industries. Scaling up UAE for industrial applications is feasible with optimized parameters, enhanced energy efficiency, and 

integration with conventional extraction methods. Challenges include equipment cost, process control, and material variability. 

However, advancements in reactor design and automation improve scalability, making UAE a promising technology for large-scale 

extraction industries. 
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Abstract. A film-forming spray is designed to create a thin protective layer on surfaces, including hair, offering benefits such as 

enhanced color retention, improved protection, and superior moisture preservation. This study aimed to develop a film-forming 

spray specifically for hair color applications using herbal mixtures. Various factors affecting the film-forming formulation were 

evaluated, including the type and concentration of polymers. The formulations were then characterized for their external 

appearance, viscosity, pH, drying time, and washing performance. The hair sprayed with the film-forming formulation was further 

characterized for its morphology using scanning electron microscopy (SEM). The findings indicated that the combination of 

polyvinyl alcohol (PVA) and chitosan at a ratio of 24:1, along with glycerin as a plasticizer, was the most suitable formulation. 

This formulation was transparent, with a pH of 5.50 ± 0.04. The formulation was a transparent liquid with Newtonian flow, 

exhibiting a viscosity of 4.90 ± 0.10 mPas, which allowed it to be sprayed effectively from the nozzle. The drying time was quick, 

taking only 2 minutes, making it suitable for practical applications. The herbal mixture, with a ratio of 2:2:1 from Lawsonia inermis 

leaves, Clitoria ternatea flowers, and Indigofera tinctoria leaves, was successfully incorporated into the formulation. The hair 

treated with the formulation showed no noticeable differences compared to untreated hair, indicating that the formulation did not 

affect the natural appearance or properties of the hair. Therefore, the film-forming spray containing herbal mixtures proved to be a 

promising option for hair coloring. 
 

Keywords: Film-forming spray; Polyvinyl alcohol; Lawsonia inermis; Clitoria ternatea; Indigofera tinctoria 

 

INTRODUCTION  

Film-forming sprays represent a promising alternative to conventional topical and transdermal dosage forms. These innovative 

formulations are capable of forming a thin uniform film on the skin or hair surface following application (1). Of particular interest 

is their potential to improve dye durability and ease of use. Typically, film-forming sprays are composed of an active compound 

and a film-forming polymer dissolved in a suitable solvent. When applied, the solvent rapidly evaporates, leaving behind a 

polymeric film that adheres to the target surface, such as the hair shaft (2). This film not only enhances adhesion but also contributes 

significantly to the longevity and stability of hair color. The spray format offers several advantages, including convenient 

application and improved user compliance, which are critical factors for achieving consistent and long-lasting coloring results. 

Moreover, the ability of the film to remain on the outer surface of hair minimizes direct contact with the scalp and skin, potentially 

reducing the risk of allergic reactions and irritations commonly associated with traditional hair dye formulations. Therefore, the 

present study aimed to develop and evaluate a film-forming spray formulation containing herbal mixture for hair coloring. 

Additionally, their hair dying efficacy and effects on the hair cuticles were evaluated. 

 

MATERIALS AND METHODS 

Materials  

Lawsonia inermis leaves were generously provided by the Chulabhorn Royal Pharmaceutical Manufacturing Facilities, 

Chulabhorn Royal Academy, Chon Buri, Thailand. Dried powders of Clitoria ternatea flowers and Indigofera tinctoria leaves were 

purchased from a local market in Chiang Mai, Thailand. Polyvinyl alcohol (PVA 205), a partially hydrolyzed, medium-viscosity 

grade, was purchased from Chanjao Longevity Co., Ltd. (Bangkok, Thailand). Chitosan and citric acid were purchased from Sigma-

Aldrich (St. Louis, MO, USA). Glycerin and Spectrastat BHL were purchased from Namsiang Co., Ltd. (Bangkok, Thailand). 

 

Methods  

Development of blank film-forming formulations 

The film-forming formulations were developed using varying concentrations of 100 g/L PVA, with a fixed concentration of 

0.5% w/w of 5 g/L of chitosan in 50 g/L of citric acid aqueous solution. Additionally, 3% w/w Spectrastat BHL and 1% w/w 
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glycerin were incorporated as a preservative and plasticizer, respectively. The resulting formulations were characterized based on 

their external appearance through organoleptic assessments, viscosity through a rheometer, and pH through a pH meter. The sample 

sizes used for the determination of viscosity and pH were 4 mL and 20 mL, respectively. Drying time was evaluated by spraying 

the 5 g of each formulation onto hair tresses and recording the time required for the weight to stabilize. A washing test was also 

conducted. Briefly, the initial weight of the hair tresses (W0) was recorded before applying 5 g of the formulation. After spraying 

and allowing the tresses to dry at room temperature, the weight was recorded as W1. Following washing, the tresses were dried 

again, and the final weight was recorded as W2. Washing performance was calculated as the percentage of weight loss after washing 

using the formula: Washing performance = (W1-W2)/(W1-W0)  100. The experiments were carried out in triplicate. 

 

Development of film-forming formulations containing natural dyes 

Lawsonia inermis leaves, Clitoria ternatea flowers, and Indigofera tinctoria leaves in a ratio of 2:2:1, which was suggested 

from our previous study (3), was used as a natural dye in the development of film-forming formulations for hair coloring. The most 

suitable blank film-forming formulation was selected based on their characteristic, including suitable viscosity, pH, drying time, 

and washing performance. The resulting formulations were characterized based on their external appearance, viscosity, and pH as 

described above. Additionally, the color of the formulations, in term of lightness (L*), was evaluated using a colorimeter. The 

experiments were carried out in triplicate. 

 

Performance test of film-forming formulations containing natural dyes 

The performance of the film-forming formulation was evaluated on human bleached hair tresses obtained from a salon in 

Chiang Mai, Thailand. The film-forming formulations containing natural dyes was sprayed on the hair tresses and left dry at the 

room temperature. The drying time and washing performance were evaluated as described above. The color of hair tresses after the 

application of the formulation were evaluated in term of lightness (L*) using a colorimeter. Additionally, the hair shafts were 

investigated under the scanning electron microscope (SEM). The experiments were carried out in triplicate. 

 

Statistical analyses 

The results were reported as mean and standard deviation (SD). Differences between groups were analyzed using ANOVA 

followed by Tukey’s HSD test for post-hoc comparisons (* p < 0.05). 

 

RESULTS AND DISCUSSION 

Blank film-forming formulations 

The film-forming formulations, as shown in Figure 1, were transparent liquids with viscosities ranging from 2.10 ± 0.01 to 

6.36 ± 0.05 mPas (Table 1). The higher concentrations of PVA in the formulation resulted in significantly higher viscosity, longer 

drying time, and less washing performance. However, no significant effect on the pH was detected. The washing performance 

decreased with increasing PVA concentration, plateauing after 60% w/w of PVA, representing the amount remaining on the hair. 

Higher concentrations of PVA did not offer any advantages in durability after washing, so the formulation with 60% w/w PVA 

was selected for further incorporation of the natural dye extract. 

 
Figure 1. External appearance of blank film-forming formulations containing different concentration of 100 g/L of PVA solutions. 

 

Table 1. Viscosity, pH, drying time, and washing performance of blank film-forming formulations. 

PVA solution (% w/w) Viscosity (mPas) pH Drying time (s) Washing performance (%) 

10 2.10 ± 0.10a 5.40 ± 0.01 66.67 ± 2.08a 91.33 ± 4.90a 

20 2.43 ± 0.10b 5.43 ± 0.03 69.33 ± 4.04a 83.62 ± 5.21a 

30 3.06 ± 0.03c 5.48 ± 0.01 90.33± 1.52b 81.59 ± 3.76a,b 

40 3.90 ± 0.17d 5.49 ± 0.01 96.67 ± 2.08b 85.79 ± 6.43a,b 

50 4.16 ± 0.11e 5.49 ± 0.05 108.67 ± 1.52c 76.61 ± 8.31a,b 
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60 4.90 ± 0.10f 5.50 ± 0.04 121.00 ± 1.73e 67.71 ± 2.55c 

70 5.53 ± 0.05g 5.50 ± 0.02 124.00 ± 3.51e 68.25 ± 3.68c 

80 5.93 ± 0.05h 5.53 ± 0.03 139.00 ± 1.73d 67.91 ± 5.71c 

90 6.36 ± 0.10i 5.54 ± 0.05 149.33 ± 7.50f 67.77 ± 2.77c 

NOTE: The concentration of PVA solutions was 100 g/L. The sample sizes used for the determination of viscosity, pH, drying 

time, and washing performance were 4 mL, 20 mL, 5 g, and 5 g, respectively. Different letters, a, b, c, d, e, f, g, h, and i, represent 

significant differences among the formulations, as determined by one-way ANOVA followed by Tukey’s test (p < 0.05). 

 

Film-forming formulations containing natural dyes 

The film-forming formulations containing various concentrations of natural dyes are shown in Figure 2. The color of the 

solutions became progressively darker with increasing dye concentration. The formulation without the natural dyes appeared 

transparent with no color. At 1% concentration, a light brown coloration was observed, which deepened to a darker brown at 2%. 

Further increases in concentration resulted in even more pronounced darkening, with the 3%, 4%, and 5% samples appearing nearly 

black, suggesting a saturation point was approached. These results demonstrated a clear correlation between dye concentration and 

color intensity, supporting the effectiveness of natural dyes in modulating solution appearance. The visual appearance was in good 

accordance with the lightness (L*) of the formulation measured by a colorimeter, as shown in Table 2, exhibiting lower L* values 

with increasing natural dye concentrations, which plateaued at 3%. In contrast, the increasing natural dyes concentrations had no 

significant effect on the viscosity and pH of the formulations. 

 

 
Figure 2. External appearance of film-forming formulations containing different concentrations of natural dyes. 

 

Table 2. Viscosity, pH, drying time, and washing performance of film-forming formulations containing different concentrations 

of natural dyes. 

Natural dyes concentration (% w/w) Viscosity (mPas) pH Lightness (L*) of formulation 

0 4.83 ± 0.28 5.50 ± 0.01 95.18± 0.82a 
1 5.16 ± 0.28 5.53 ± 0.01 37.02 ± 1.19b  

2 5.33 ± 0.28 5.54 ± 0.01 26.17± 1.19c  

3 5.33 ± 0.76 5.52 ± 0.01 24.97± 1.67d 
4 5.33 ± 0.76 5.50 ± 0.01 22.35± 1.32d  

5 5.33 ± 0.57 5.50 ± 0.01 22.04± 0.56d 
NOTE: The film-forming formulations composing of 60% w/w of 100 g/L, 0.5% w/w of 5 g/L of chitosan in 50 g/L of citric acid 

aqueous solution, 3% w/w of Spectrastat BHL, 1% w/w of glycerin, and 35.5% w/w of DI water. Different letters, a, b, c, and d, 

represent significant differences among the formulations, as determined by one-way ANOVA followed by Tukey’s test (p < 0.05). 

 

The visual appearance of hair samples treated with the film-forming spray containing the increasing concentrations of natural 

dyes revealed a clear trend in color intensification as shown in Figure 3. The hair treated with the blank formulation (0% natural 

dyes) retained its original light blonde tone. At 1% and 2% dye concentrations, the hair adopted progressively deeper shades of 

brown. A noticeable darkening occurred at 3%, with the color transitioning to a medium to dark brown. Further increases to 4% 

and 5% resulted in even deeper brown hues, with only minimal changes between these concentrations, suggesting a saturation point 

had been reached. This visual progression aligns with the corresponding solution appearances and supports the effectiveness of 

natural dyes in hair coloring applications. 

The influence of natural dye concentration on hair tress characteristics was quantitatively assessed and is summarized in Table 

3. The drying time increased significantly with higher dye concentrations, starting from 117.33 ± 2.52 s for the blank formulation 

and reaching 135.33 ± 3.21 s at the concentration of 5% w/w natural dyes. Notably, significant differences in drying time were 
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observed between 0% and all dyed formulations, with values plateauing from 2% onwards. The washing performance, expressed 

as color retention percentage after washing, showed no significant among the blank formulation and those containing various 

concentration of the natural dyes. Regarding lightness (L*), a clear decrease was observed with increasing dye concentrations. A 

significant drop in L* was observed up to 3%, after which the values plateaued, suggesting saturation of color deposition. This 

finding aligns with the visual observations in Figures 3. 

 

 
Figure 3. External appearance of hair tress sprayed with film-forming spray containing different concentration of herbal mixture. 

 

Table 3. Viscosity, pH, drying time, and washing performance of film-forming formulations containing different concentrations 

of natural dyes. 

Natural dyes concentration (% w/w) Drying time (s) Washing performance (%) Lightness (L*) of hair tress 

0 117.33 ± 2.52a 65.63 ± 15.53 50.14 ± 2.12a 

1 124.33 ± 4.73b 65.32 ± 18.91 24.65 ± 1.78b 
2 132.00 ± 3.46b, c 60.98 ± 17.77 20.53 ± 0.71c 
3 132.67 ± 1.15c 60.49 ± 14.92 16.21 ± 0.61d 
4 134.00 ± 1.00c 60.44 ± 11.26 16.45 ± 1.07d 
5 135.33 ± 3.21c 58.92 ± 20.50 15.61 ± 1.12d 

NOTE: The film-forming formulations composing of 60% w/w of 100 g/L, 0.5% w/w of 5 g/L of chitosan in 50 g/L of citric acid 

aqueous solution, 3% w/w of Spectrastat BHL, 1% w/w of glycerin, and 35.5% w/w of DI water. Different letters, a, b, c, and d, 

represent significant differences among the formulations, as determined by one-way ANOVA followed by Tukey’s test (p < 0.05). 

 

The SEM micrographs of a hair sprayed with film-forming spray containing different concentration of herbal mixture as 

shown in Figure 4 noted that all formulation had no damage effects on the hair.  

 

 
Figure 4. SEM micrographs showing the surface morphology of a hair sprayed with film-forming spray containing different 

concentrations of herbal mixture. Each image represents the surface topography and microstructural features of overlapping hair 

cuticles. Treated hair samples show a smoother and more uniform surface compared to the untreated control, with no visible signs 

of cuticle damage. All images were captured at a magnification of 2,000× with a scale bar of 20 μm for reference. 

 

Discussions 

The present study introduces a novel hair dye formulation utilizing plant-derived natural colorants, addressing the growing 

demand for safer, eco-conscious alternatives to synthetic hair dyes. The formulation successfully delivered progressive and uniform 
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coloration across various concentrations, with optimal performance observed at 3% w/w dye loading. This research not only 

validates the effectiveness of natural dyes in hair coloring but also provides a comprehensive analysis of their physicochemical 

behavior, including drying time, washing durability, and lightness (L*) measurements. The novelty of the formulation lies in its 

ability to achieve saturated and stable color deposition on hair fibers using a minimal concentration (3%) of natural dyes, reducing 

the need for excess pigment and improving formulation efficiency. Moreover, the study demonstrated that the visual outcomes are 

in strong agreement with instrumental color measurements, establishing a reliable basis for visual quality control in natural dye 

applications. Compared to conventional synthetic dyes, which often contain harmful chemicals like ammonia, para-

phenylenediamine, and resorcinol, the natural dye formulation offers several distinct advantages, including biocompatibility, 

reduced allergenicity, and environmental sustainability (4,5). As natural dyes are biodegradable and derived from renewable 

resources it could minimize the ecological impact (6,7). However, to ensure long-term stability, further research should focus on 

incorporating natural stabilizers or preservatives to enhance color retention and protect the formulation from environmental 

degradation. In addition, scaling-up process would be necessary for further commercialization. 

 

CONCLUSIONS 

This study highlighted the development of a novel natural hair dye formulation capable of producing rich, uniform coloration 

with minimal dye concentration. The results emphasize that a 3% w/w concentration of the natural dyes delivered the most effective 

balance between visual aesthetics, physicochemical performance, and formulation efficiency. Compared to synthetic dyes, natural 

dyes offer significant advantages including improved safety, biodegradability, and eco-friendliness, making them a highly 

promising alternative for the future of sustainable cosmetics. These findings contributed valuable insights into the formulation 

science of natural hair dyes and open opportunities for further innovation in plant-based beauty products. Future studies should 

explore long-term color stability, incorporation of multifunctional botanicals, and consumer acceptance to facilitate broader market 

adoption. 
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Abstract. Morus nigra L. (black mulberry) is a fruit rich in polyphenols, anthocyanins, and flavonoids, offering notable health 

benefits. This study investigated and compared the antioxidant and anti-tyrosinase activities of black mulberry extract, Indian 

gooseberry extract, goji berry extract, and mixed extract at various ratios. Antioxidant capacity, assessed using DPPH and FRAP 

assays, revealed that Indian gooseberry extract exhibited the strongest activity, followed by black mulberry and goji berry extracts. 

In contrast, black mulberry extract indicated the highest anti-tyrosinase activity, followed by Indian gooseberry extract and goji 

berry extract. Based on these findings, combinations of black mulberry and Indian gooseberry extracts were prepared at different 

ratios to assess potential synergistic effects. The mixed extract at a ratio of 1:7 showed the highest DPPH radical scavenging 

activity with an IC50 of 0.24 ± 0.00 mg/mL and demonstrated a synergistic effect with a combination index (CI) of 0.82 ± 0.06. 

Interestingly, the mixed extract at a ratio of 8:1 indicated the highest anti-tyrosinase activity with an IC50 of 0.84 ± 0.02 mg/mL 

and exhibited a synergistic effect with a CI of 0.58 ± 0.14. These results suggest that specific combinations of black mulberry and 

Indian gooseberry extracts enhance biological activity beyond their individual effects. In conclusion, the mixed extract exhibited 

synergistic antioxidant and anti-tyrosinase activities, supporting its potential as a multifunctional active ingredient in cosmetic 

formulations. 

 

Keywords: Morus nigra L.; Black mulberry fruit; Antioxidant; Anti-tyrosinase; Synergistic effect 

INTRODUCTION  

The cosmetics industry plays an increasingly significant role in daily life, appealing to individuals of all genders. Among Thai 

women, skin darkening is a prevalent concern, influenced by intrinsic factors such as genetics and ethnicity, as well as extrinsic 

factors including sun exposure and lifestyle. Another major challenge to skin health is oxidative stress caused by free radicals 

encountered in everyday life, such as pollutants, dust, smoke, and ultraviolet radiation. These factors contribute to premature skin 

aging, cellular damage, inflammation, wrinkles, and dullness. To combat these effects, there is rising interest in incorporating 

natural extracts derived from plants and fruits into cosmetic formulations to enhance their efficacy. One of the interesting natural 

ingredients is Morus nigra L., commonly known as black mulberry, which is widely used in cosmetic products. Previous research 

has demonstrated that mulberry root extract possessed antioxidant, anti-tyrosinase, anti-inflammatory, and antifungal activities [1]. 

However, limited research has explored the potential of black mulberry fruit extract, particularly in combination with other 

bioactive ingredients such as goji berry (Lycium barbarum L.) and Indian gooseberry (Phyllanthus emblica L.) extracts. Given the 

remarkable bioactive properties of black mulberry fruit extract, its combination with other cosmetic ingredients is particularly 

significant, as it may enhance the bioactivity of individual components, leading to improved antioxidant efficacy and tyrosinase 

inhibition. This synergistic approach could lead to the development of more effective formulations for addressing oxidative stress 

and hyperpigmentation—two major concerns in skincare [2]. Therefore, the objective of this study is to identify the optimal 

combination of extracts with the strongest antioxidant and tyrosinase inhibitory activities, providing valuable insights into their 

potential applications as cosmetic ingredients. Importantly, there is currently a lack of research on the effects of mixed extract in 

promoting skin health, highlighting the need for this study to advance the field of cosmetic science. 

MATERIALS AND METHODS 

Materials  

Mushroom tyrosinase, 2,2-diphenyl-1-picrylhydrazyl radical (DPPH), gallic acid, quercetin, kojic acid, and Trolox were 

purchased from Sigma-Aldrich, USA. Ethanol, and sodium hydroxide were purchased from RCI Labscan, Ireland. L-dopa, Folin 

Ciocalteau reagent, sodium carbonate (Na2CO3), ferrous sulfate (FeSO4), sodium acetate, aluminum chloride (AlCl3), and sodium 

nitrite (NaNO2)  were purchased from Loba Chemie, India. Potassium chloride (KCI)  was purchased from EMSURE, Germany. 

Cyanidin-3-0-glucoside was purchased from ChemFaces, China.  

Plant material 

 Black mulberry fruit was bought from the Chiang Mai Sericulture Research Center, Chiang Mai, Thailand. It was dried at 

55 ˚C for 60 hours in a hot air oven and ground into powder for extraction. Goji berry fruit extract was prepared by Cosmetic 
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laboratory, Chiang Mai University, Chiang Mai, Thailand. Indian gooseberry extract was purchased from Namsiang, Bangkok, 

Thailand. 

Methods  

Extraction 

Black mulberry fruit was extracted using 95% (v/v) ethanol by maceration and stirred using a magnetic stirrer at 105 rpm for 

24 hours per cycle, repeated for three cycles. The solution was filtered through Whatman No.1 filler paper, and then the solvent 

was removed using a rotary evaporator to obtain black mulberry fruit ethanol extract (EM). Black mulberry fruit was separately 

extracted using water by maceration with the same previous condition. The solution was condensed using a freeze dryer to obtain 

black mulberry fruit water extract (WM).  

Chemical composition determination 

Determination of total phenolic content 

The total phenolic content of extracts was determined using the Folin−Ciocalteu assay [3]. The Folin-Ciocalteu reagent and 

7.5% (w/v) sodium carbonate were mixed with each extract. After incubation for 30 minutes in the dark, absorbance was measured 

at 765 nm using a microplate reader. The experiment was performed in triplicate. The results were expressed as milligrams of gallic 

acid equivalent (GAE) per gram of extract. 

Determination of total flavonoid content 

The total flavonoid content of extracts was determined using the aluminum chloride colorimetric assay [4]. The extract solution 

was mixed with 5% (w/v) sodium nitrite and deionized water, followed by a 5 minutes incubation period. Then, 10% (w/v) 

aluminum chloride and 4% (w/v) sodium hydroxide were added to the mixed extract. The absorbance was measured at 510 nm 

using a microplate reader. The experiment was performed in triplicate. The total flavonoid content was expressed as milligrams of 

quercetin equivalent (QE) per gram of extract. 

Determination of total anthocyanin content 

The total anthocyanin content of extracts was determined using the pH differential method [5]. Each extract was diluted using 

various pH buffer solutions. The first test tube contained potassium chloride buffer (pH 1.0), while the second test tube contained 

sodium acetate buffer (pH 4.5). Each extract solution was mixed with each buffer in a ratio of 1:4. After 15 minutes in the dark, 

the absorbance was measured at 520 and 700 nm using a UV-visible spectrophotometer. The experiment was performed in 

triplicate. The results were presented as milligrams of cyaniding-3-O glucoside chloride equivalent (CGE) per gram of extract. 

Determination of in vitro antioxidant activity 

DPPH radical scavenging assay 

Various concentrations of selected black mulberry fruit extract, goji berry extract, and Indian gooseberry extract were mixed 

with freshly prepared DPPH• solution. The mixed extract was incubated at room temperature for 30 minutes in the dark. The 

absorbance was measured using a microplate reader at 520 nm [3]. Trolox was used as a positive control. The percentage of 

inhibition was calculated using the following equation: 

Inhibition (%) = [(Acontrol – Asample) / Acontrol] x 100 

Where Acontrol and Asample represent the absorbance of the control and the sample, respectively. Based on the relationship 

between the extract concentration and the percentage of inhibition, the half-maximal inhibitory concentration (IC50) was calculated. 

Ferric reducing antioxidant power (FRAP) assay   

Selected black mulberry fruit extract, goji berry extract, and Indian gooseberry extract were evaluated ferric reducing 

antioxidant power using FRAP assay [6]. Each sample was mixed with FRAP reagent. The sample was incubated at room 

temperature for 5 minutes. The absorbance was measured at 595 nm using a microplate reader. Trolox was used as a positive 

control. Ferrous sulfate was employed as a standard. Ferric reducing antioxidant power results were presented as the effective 

concentration 1 (EC1).  

Determination of anti-tyrosinase activity  

The modified dopachrome method was used to measure anti-tyrosinase activity of selected black mulberry fruit extract, goji 

berry extract, and Indian gooseberry extract using L-dopa as substrate [6]. Each extract was mixed with phosphate buffer solution 

and tyrosinase enzyme (50 units/mL). The sample was incubated for 10 minutes at 25 °C before adding 2.5 mM L-dopa. The 

absorbance was measured using a microplate reader at 450 nm. Kojic acid was used as a positive control. Anti-tyrosinase activity 

of each sample was expressed as a percentage of tyrosinase inhibition and the IC50 was calculated. 
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Determination of synergistic effect of mixed extract 

Preparation of black mulberry fruit extract combined with Indian gooseberry extract 

The selected black mulberry fruit extract with the highest levels of chemical compositions, antioxidant activity, and anti-

tyrosinase activity was selected to combine with Indian gooseberry extract in various ratios (1:1 to 1:9 for antioxidant activity test 

and 1:1 to 9:1 for anti-tyrosinase activity test). 

Determination of antioxidant and anti-tyrosinase activities of mixed extract 

Each ratio was evaluated antioxidant activity using DPPH and FRAP assays. Moreover, anti-tyrosinase activity of each ratio 

was evaluated using the same method as mentioned above. The IC50 results from each assay were then used to calculate the 

Combination Index (CI) value, which indicates the nature of the interaction between the ingredients. A CI value less than 1 (CI < 

1) indicates a synergistic effect, a CI value equal to 1 (CI = 1) indicates an additive effect, and a CI value greater than 1 (CI > 1) 

indicates an antagonistic effect. 

Statistical analysis  

The data were presented as the mean ± standard deviation (SD) and analyzed using analysis of variance (ANOVA) at the 95% 

confidence level (p<0.05). Variance analysis was performed using SPSS statistical software (Version 19.0, IBM). Additionally, 

statistical significance was determined using an unpaired t-test for comparisons between the data of two groups.  

 

RESULTS AND DISCUSSION 

Yields of black mulberry fruit extracts  

The black mulberry fruit water extract (WM) yielded 67.55%, which was higher than that of the ethanol extract (EM), which 

yielded 52.55%. Both extracts were obtained as semi-solid substances with a characteristic purple color and distinct odor. 

Total phenolic content of black mulberry fruit extracts 

The total phenolic content of WM (30.28 mg GAE/ g extract) was significantly higher than the EM (21.75 mg GAE/ g extract) 

(p<0.05). Previous research indicated that mulberry contains hydroxycinnamic acids such as chlorogenic acid, caffeic acid, and 

gallic acid [7]. 

Total flavonoid content of black mulberry fruit extracts  

       The EM (83.47 mg QE/ g extract) indicated total flavonoid content significantly higher than the WM (44.86 mg QE/ g extract) 

(p<0.05). According to previous research, black mulberry fruit extracted with a non-polar solvent exhibited a higher flavonoid 

content compared to extraction with polar solvents [8]. Mulberry contains flavonoids such as  rutin, quercetin, and resveratrol [7]. 

Total anthocyanin content of black mulberry fruit extracts  

The WM exhibited higher total anthocyanin content with 169.28 ± 0.20 mg CGE/g extract than the EM (0.00 ± 0.10 mg CGE/g 

extract). In black mulberry, anthocyanins such as cyanidin 3-glucoside (C3G) are pigments found in flowers and fruits that impart 

red, blue, or purple colors [2]. These compounds are water-soluble and exhibit high antioxidant activity. Therefore, anthocyanins 

were detected in the WM and were present at higher levels compared to the EM. 

In vitro antioxidant activity of black mulberry extract, Indian gooseberry extract, goji berry extract, and mixed extract 

Based on the results of yield and phytochemical contents, the WM was selected to evaluate antioxidant and anti-tyrosinase 

activities, as well as to assess the efficacy of the mixed extract. Antioxidant activities, as determined by DPPH and FRAP assays, 

are presented in Table 1. The Indian gooseberry extract exhibited the highest DPPH radical scavenging activity, followed by the 

WM and goji berry extracts, respectively. Interestingly, the ferric reducing antioxidant power showed the same trend as the DPPH 

assay. The results indicated that the Indian gooseberry extract had the highest ferric reducing capacity, followed by the WM. 

Therefore, Indian gooseberry extract was chosen to be mixed with the WM. The mixed extract at various ratios were tested for 

antioxidant activity and determined the synergistic effect. The antioxidant activity results of mixed extract are shown in Table 2. 

A synergistic effect between the WM extract and Indian gooseberry extract was found at ratios ranging from 1:5 to 1:9 when 

evaluated by DPPH assay. On the other hand, the mixed extract did not show the synergistic effect in the FRAP method.  

Indian gooseberry contains several components that contribute to its strong antioxidant activity, including Vitamin C, phenolic 

compounds (gallic acid and ellagic acid), flavonoids (quercetin and kaempferol), and tannins (emblicanin A and B). Based on the 

above findings, it can be concluded that the active compounds present in Indian gooseberry extract contribute to the enhanced 

bioactivity observed when its proportion is increased in the mixed extract, particularly compounds in the tannin group. Tannins can 

bind to various organic molecules, including free radicals. Through this binding, they help stabilize these molecules and enhance 

antioxidant activity [9].  
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Table 1. Antioxidant activities of black mulberry fruit water extract (WM), Indian gooseberry extract, goji berry extract, and 

trolox when evaluated using DPPH and FRAP assays 

 
Samples DPPH assay FRAP assay 

IC50 (mg/mL) EC1 (mg/mL) 

              Trolox 

              WM 

                 0.05 ± 0.00 a (ug/mL) 

                 1.55 ± 0.09 c 

0.02 ± 0.060 a 

0.32 ± 0.007 c 

              Indian gooseberry extract 

              Goji berry extract 

                 0.26 ± 0.03 b 

                          8.31 ± 0.35 d 

0.04 ± 0.002 b 

ND 

Different alphabets (a, b, c, and d) indicate significant differences among samples in each experiment based on one-way ANOVA 

(p<0.05). ND means “not detected”. 

Table 2. Antioxidant activities and CI value of mixed extract evaluated using DPPH and FRAP assays 
Ratios of black mulberry 

water extract : Indian 

gooseberry extract 

DPPH assay  

CI value 

FRAP assay  

CI value IC50  (mg/mL) EC1 (mg/mL)         

1:1 0.58 ± 0.01 1.30 ± 0.03 0.09 ± 0.003 1.26 ± 0.04 

1:2 

1:3 

1:4 

1:5 

1:6 

1:7 

1:8 

0.40 ± 0.01 

0.37 ± 0.01 

0.35 ± 0.02 

0.28 ± 0.00 

0.25 ± 0.01 

0.24 ± 0.00 

0.27 ± 0.01 

1.11 ± 0.10 

1.14 ± 0.03 

1.12 ± 0.09 

0.92 ± 0.01 

0.83 ± 0.03 

0.82 ± 0.06 

0.94 ± 0.14 

0.07 ± 0.002 

0.07 ± 0.004 

0.07 ± 0.004 

0.07 ± 0.002 

0.07 ± 0.005 

0.06 ± 0.001 

0.06 ± 0.004 

1.24 ± 0.04 

1.35 ± 0.46 

1.44 ± 0.06 

1.48 ± 0.08 

1.53 ± 0.03 

1.55 ± 0.10 

1.59 ± 0.04 

1:9 0.27 ± 0.01 0.94 ± 0.02 0.06 ± 0.010 1.61 ± 0.22 

Anti-tyrosinase activity of black mulberry extract, Indian gooseberry extract, goji berry extract, and mixed extract 

Anti-tyrosinase activity of black mulberry water extract, Indian gooseberry extract, and goji berry extract is shown in Table 3. 

The MW indicated the highest tyrosinase inhibitory activity, followed by Indian gooseberry extract and goji berry extract, 

respectively. Therefore, the MW and Indian gooseberry extract were selected to mixed and evaluate the synergistic effect of anti-

tyrosinase activity. The results are shown in Table 4. A synergistic effect between the WM extract and Indian gooseberry extract 

was found at ratios ranging from 2:1 to 9:1. It can be observed that increasing the proportion of mulberry enhances the efficacy, 

primarily due to anthocyanidins, flavonoids found in black mulberry, which inhibit tyrosinase activity by chelating Cu²⁺ ions and 

acting as competitive inhibitors. Additionally, mulberroside F (also known as moracin M-6), another compound found in mulberry, 

has been shown to suppress melanin production in melanocytes [10]. Gallic acid, a major component of Indian gooseberry, also 

exhibits tyrosinase inhibitory activity [11]. In accordance with a previous study, the combination of mulberry and Korean ginseng 

extracts exhibited greater anti-tyrosinase activity than the individual extracts, which was attributed to the synergistic interaction of 

their respective phytochemical constituents [12]. 

Table 3. Anti-tyrosinase activity of black mulberry fruit water extract (WM), Indian gooseberry extract, goji berry extract, and 

kojic acid 

Samples IC50 (mg/ml) 

          Kojic acid 

          WM 

                  0.02 ± 0.00  a 

                           1.31 ± 0.05  b 

          Indian gooseberry extract 

          Goji berry extract 

                16.56 ± 0.60  c 

                         19.74 ± 0.72 d 

Different alphabets (a, b, c, and d) indicate significant differences among samples based on one-way ANOVA (p<0.05). 

Table 4. Anti-tyrosinase activity and CI value of mixed extract 
Ratio of black mulberry water extract : 

Indian gooseberry extract 
IC50 (mg/mL) CI Value 

1:1 3.67 ± 0.06 1.51 ± 0.03 

2:1 

3:1 

4:1 

5:1 

6:1 

7:1 

8:1 

1.33 ± 0.04 

1.18 ± 0.34 

1.09 ± 0.13 

1.08 ± 0.10 

1.05 ± 0.03 

0.92 ± 0.08 

0.84 ± 0.02 

0.71 ± 0.10 

0.69 ± 0.03 

0.67 ± 0.09 

0.69 ± 0.01 

0.69 ± 0.02 

0.62 ± 0.13 

0.58 ± 0.14 

9:1 0.84 ± 0.04 0.58 ± 0.02 
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CONCLUSIONS 

This study revealed that the water extract of black mulberry fruit contains active compounds belonging to the phenolic, 

flavonoid, and anthocyanin groups, which exhibit strong antioxidant properties and tyrosinase inhibitory activity. Moreover, the 

combination of black mulberry water extract with Indian gooseberry extract demonstrated a synergistic effect in enhancing both 

free radical scavenging and tyrosinase inhibition activities. Specifically, a synergistic effect was observed at a 1:7 ratio 

(mulberry:Indian gooseberry) for antioxidant activity and at an 8:1 ratio for tyrosinase inhibition. These findings suggest that the 

mixed extract at the identified optimal ratios holds potential for use as an active ingredient in anti-aging and skin-brightening 

skincare products. This study offers a novel contribution by combining black mulberry with a potent antioxidant source such as 

Indian gooseberry and by identifying the most effective extract ratios for cosmetic application. However, future studies should 

focus on evaluating the safety of these mixed extract and developing suitable formulations for clinical trials in human volunteers.  
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Abstract. This study aimed to examine the biological activity and safety profile of Peristrophe bivalvis (L.) leaf extracts. Extraction 

methods including infusion with water for 15 min and maceration with 95% ethanol or ethyl acetate (3 × 24 h). The biological 

activities evaluated were anti-aging and whitening effects. Anti-aging activity was determined by assessing collagenase and 

hyaluronidase inhibition, while whitening potential was evaluated through tyrosinase inhibition. Furthermore, the safety profile of 

the extracts was evaluated using the hen’s egg test–chorioallantoic membrane to assess the potential for irritation. The ethanolic 

extract exhibited the highest enzyme inhibition at 1.0 mg/mL, with 137.0 ± 4.2% collagenase (suggesting both a protective effect 

and strong enzymatic inhibition) and 80.0 ± 2.1% hyaluronidase inhibition (p < 0.05). In contrast, the infusion extract showed 

lower inhibition of 99.0 ± 8.6% and 68.0 ± 4.0%, respectively. Notably, both extracts exhibited greater collagenase inhibition than 

epigallocatechin gallate (EGCG) at the same concentration, with EGCG showing 92.5 ± 3.9% inhibition. However, tyrosinase 

inhibition was relatively low in all extracts (inhibition below 25%). Regarding safety, the infusion extract caused no irritation, 

whereas ethyl acetate and ethanol extracts induced visible irritation. In conclusion, the infusion extract of P. bivalvis demonstrated 

significant anti-aging activity through the inhibition of key enzymes involved in skin aging, with no signs of irritation, highlighting 

its potential as a safe and effective ingredient for anti-aging formulations in cosmetic uses. 

Keywords: Peristrophe bivalvis; magenta plant; cosmeceutical; anti-skin wrinkles; collagenase inhibitor 

 

INTRODUCTION  

Cosmetics are now an essential part of daily life, prompting greater attention to their ingredient sources and safety profiles 

(1). Plant-derived ingredients are widely considered safer and milder, making them particularly suitable for sensitive skin types 

(1,2). As awareness of the potential health risks associated with synthetic chemicals increases, there has been a growing shift 

towards the use of natural ingredients in cosmetics and personal care products. Consumers are increasingly seeking alternatives 

made from herbal extracts, which are perceived to be safer and more environmentally friendly (2). Consequently, there has been a 

significant increase in research focused on developing innovative formulations using herbal and natural products (3,4). 

Phytochemicals derived from plants have shown to possess biological activities comparable to or even more potent than their 

synthetic counterparts, with the added benefit of being less irritating and better suited for topical applications (2,3). 

Peristrophe bivalvis (L.), a member of the Acanthaceae family, is widely distributed across Southern Asia and Africa (5). 

Traditionally, the leaves of P. bivalvis have been used as a natural dye, exhibiting a range of colors from purple and magenta to red 

and yellow (6,7). Beyond its use as a dye, P. bivalvis has a long history of medicinal applications, including the treatment of blood 

disorders, hypertension, and hyperlipidemia (6,8). Notably, the leaves are rich in bioactive compounds, particularly anthocyanins, 

which have been shown to possess antioxidant properties and may contribute to anti-aging effects (9-11). Despite these findings, 

the potential of P. bivalvis for anti-aging and skin-whitening applications, particularly through its ability to inhibit tyrosinase 

activity, a key enzyme in skin aging and pigmentation, remains underexplored. Comparing different extraction solvents is essential 

to identify the most efficient and effective method for isolating bioactive compounds. Solvents can significantly influence the yield 

and bioactivity of the extracted substances, and selecting the optimal solvent ensures the best possible outcome for specific 

applications, such as in cosmetics or pharmaceuticals. 

Therefore, this study aimed to investigate the biological activities of P. bivalvis leaf extracts, focusing on their potential anti-

aging and skin-whitening effects. The inhibitory effects of these extracts on key skin-aging enzymes, including collagenase and 

hyaluronidase, as well as on tyrosinase involved in skin whitening, were assessed. Additionally, the safety profile of the extracts 

was evaluated to determine their suitability for cosmetic and therapeutic applications. 
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MATERIALS AND METHODS 

Materials  

The leaves of P. bivalvis were purchased from a local market in Thailand. The plant materials were washed with water and 

then dried in a tray dryer (Mallory Quality Product, Bangkok, Thailand) at 60 °C for 24 h until dryness. Subsequently, dried P. 

bivalvis leaves were then ground into a fine powder using a blender. 

 

Methods  

Extraction of P. bivalvis leaves  

Maceration 

The dried P. bivalvis leaf powder (250 g) was macerated in 95% v/v ethanol or ethyl acetate with constant stirring using a 

magnetic stirrer set at 100 rpm for three cycles of 24-h (12). The macerate was then filtered through Whatman No. 1 filter paper 

and the solvent was subsequently removed using a rotary evaporator (Eyela, Tokyo, Japan). 

Infusion  

The dried P. bivalvis leaf powder (250 g) was infused in boiling water with constant stirring for 15 min (12). The infusion 

was then filtered through Whatman No. 1 filter paper and the solvent was removed using a freeze dryer (Christ, Osterode am Harz, 

Germany). 

 

Determination of biological activities of P. bivalvis leaf extracts  

Collagenase inhibition 

The collagenase inhibitory activity of P. bivalvis leaf extracts was determined as described by Chaiyana et al. (13), with some 

modifications. In brief, 20 μL of a 1 mg/mL sample solution was mixed with 20 μL of collagenase solution and incubated for 15 

min. Then, 80 μL of 50 mM Tricine buffer pH 7.5 and 40 μL of 2 mM FALGPA were added to the mixture. The absorbance was 

then immediately measured continuously at 345 nm using a multimode microplate reader (BMG LABTECH, Ortenberg, Germany). 

The collagenase inhibitory activity was calculated using the following equation (Eq. 1). 

 

Collagenase inhibition (%) = [(A-B)/A] × 100  (1) 

 

where A is the reaction rate of the system in the presence of the sample and B is the reaction rate of the system without the sample. 

Epigallocatechin gallate (EGCG) at the same concentration to the extract (1 mg/mL) was used as a positive control. The experiment 

was performed in triplicate. 

Hyaluronidase inhibition 

The hyaluronidase inhibitory activity of P. bivalvis leaf extracts was determined as described by Chaiyana et al. (13), with 

some modifications. In brief, 120 μL of a 1 mg/mL sample solution was mixed with 100 μL of a 30-unit hyaluronidase solution 

and incubated at 37°C for 10 min. Then, 100 μL of 0.03% w/v hyaluronic acid in 300 mM sodium phosphate pH 5.35 was added, 

and the mixture was incubated at 37°C for 45 min. Subsequently, 880 μL of 0.1% w/v bovine serum albumin solution was added, 

and the resulting mixture was incubated at room temperature for 10 min. The absorbance was measured at 600 nm using a 

multimode microplate reader (BMG LABTECH, Ortenberg, Germany). The hyaluronidase inhibitory activity was calculated using 

the following equation (Eq. 2). 

 

Hyaluronidase inhibition (%) = [(A-B)/A] × 100  (2) 

 

where A is the absorbance of the system in the presence of the sample and B is the absorbance of the system without the sample. 

Oleanolic acid at the same concentration to the extract (1 mg/mL) was used as a positive control. The experiment was performed 

in triplicate. 

Tyrosinase inhibition  

The tyrosinase inhibitory activity of P. bivalvis leaf extracts was determined as described by Chaiyana et al. (13), with some 

modifications. In brief, 120 μL of a 1 mg/mL sample solution was mixed with tyrosinase solution in 50 mM PBS pH 6.5 and 

incubated for 5 min at room temperature. Subsequently, 2.5 mM of L-Dopa or L-Tyrosine was added, and the mixture was incubated 

for 30 min. The absorbance was measured at 492 nm using a multimode microplate reader (BMG LABTECH, Ortenberg, 

Germany). The tyrosinase inhibitory activity was calculated using the following equation (Eq. 3). 

 

Tyrosinase inhibition (%) = (A – B)/A] x 100 (3) 
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where A is the absorbance of the system in the presence of the sample and B is the absorbance of the system without the sample. 

Kojic acid at the same concentration to the extract (1 mg/mL) was used as a positive control. The experiment was performed in 

triplicate. 

 

Irritation test 
The irritation potential of P. bivalvis leaf extracts were investigated using the hen’s egg-chorioallantoic membrane (HET-

CAM) test (14). Fertilized hen’s eggs, aged between 7 and 9 days, were obtained from the Faculty of Agriculture, Chiang Mai 

University. Ethical approval was not required as the embryo was less than half the incubation period (21 days). The shell was 

carefully opened, and the inner membrane in contact with the CAM was moistened with a normal saline solution (NSS). The 

membrane was then gently removed using forceps. The method was validated using sodium lauryl sulfate (SLS) and NSS as positive 

and negative controls, respectively. After the sample solution was applied to the CAM, the irritation signs, including hemorrhage, 

vascular lysis, and coagulation, were observed under a stereomicroscope at 5 and 60 min. The time of the first observation of each 

irritation sign was recorded in seconds, and the irritation score (IS) was calculated using the following equation (Eq. 4). 

 

IS = [(301-H) × 5]/300 + [(301-L) × 7]/300 + [(301-C) × 9]/300  (4) 

 

where H is the time point of the first observation of hemorrhage, L is the time point of the first observation of vascular lysis, and 

C is the time point of the first observation of coagulation. The IS was classified as no irritation (IS = 0.0 - 0.9), mild irritation (IS 

= 1.0 - 4.9), moderate irritation (IS = 5.0 -8.9), and severe irritation (IS = 9.0 - 21.0). The experiment was performed in triplicate.  

 

Statistical analyses 

All experiments were performed in triplicate. The data were expressed as the mean ± standard deviation (SD) and statistically 

analyzed using SPSS Statistics version 17.0 for Windows. The data were compared using one-way ANOVA followed by Tukey's 

multiple comparison test, with a p-value of < 0.05 considered statistically significant. 

 

RESULTS AND DISCUSSION 

Results  

Yield of P. bivalvis extracts  

The visual appearance of P. bivalvis leaf extracts prepared by different extraction methods is shown in Figure 1. The infusion 

extract exhibited a reddish-brown hue, while the ethanol maceration extract appeared deep green in color. In contrast, the ethyl 

acetate extract presented a yellowish-brown coloration. These differences in color reflect variations in the types and concentrations 

of phytochemicals extracted by each solvent. The corresponding extraction yields were also different, with the infusion method 

providing the highest yield (3.5% w/w), followed by ethanol (2.4% w/w) and ethyl acetate (1.21% w/w) extraction methods. 

 

Biological activities of P. bivalvis leaf extracts  

The anti-skin aging and anti-tyrosinase activities of P. bivalvis leaf extracts are shown in Figure 1. The ethanol extract 

exhibited the highest collagenase inhibition (137 ± 2.1%), followed by the infusion (99 ± 1.8%) and EtOAc extracts (77 ± 3.4%), 

while EGCG showed 75 ± 4.6% inhibition. For hyaluronidase inhibition, the EtOH extract displayed the strongest activity (80 ± 

1.6%), greater than oleanolic acid (60 ± 1.2%), infusion (36 ± 1.4%), and EtOAc (20 ± 2.1%), respectively. Regarding tyrosinase 

inhibition using L-tyrosine as a substrate, kojic acid showed the highest activity (53.54 ± 6.3%), while the infusion and EtOAc 

extracts exhibited moderate inhibition (20.20 ± 2.0% and 24.42 ± 1.5%, respectively), and the EtOH extract showed negligible 

activity. Similarly, for tyrosinase inhibition with L-DOPA, kojic acid demonstrated strong inhibition (61.89 ± 4.9%), whereas the 

EtOH, infusion, and EtOAc extracts showed low to minimal activities at 13.03 ± 1.2%, 2.35 ± 0.9%, and nearly 0%, respectively. 

These results indicate that extraction methods markedly affect the enzyme inhibitory properties of P. bivalvis leaf extracts.  
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Figure 1.  The aqueous solutions of P. bivalvis leaf extracts obtained by infusion (Infusion; A) and maceration with ethanol (EtOH; 

B) and ethyl acetate (EtOAc; C), along with their corresponding extraction yields (D). The inhibitory activities of epigallocatechin 

gallate (EGCG), oleanolic acid (OA), kojic acid (KA), Infusion, EtOH, and EtOAc were evaluated against collagenase (E), 

hyaluronidase (F), tyrosinase using L-tyrosine (G), and tyrosinase using L-DOPA (H). 

 
Irritation properties of P.bivalvis leaf extracts  

The irritation potential of P. bivalvis leaf extracts are shown in Table 1. The positive control exhibited a significantly high 

irritation score (16.54 ± 1.34), corresponding to severe irritation. In contrast, the negative control and the infusion extract showed 

no observable irritation, with irritation scores of 0.00 ± 0.00. Ethanol and ethyl acetate extracts demonstrated mild irritation, with 

scores of 1.03 ± 0.29 and 1.14 ± 0.32, respectively. These findings suggest that the infusion extract is the safest among the tested 

samples for topical application, while the mild irritation observed in the ethanol and ethyl acetate extracts may be attributed to 

solvent residues or specific semi-polar constituents. 

 

Table 1. Irritation score (IS) of P. bivalvis leaf extracts 

Sample IS Classification 
Positive control  16.54 ± 1.34a Severe irritation 
Negative control  0.00 ± 0.00c No irritation 
Infusion  0.00 ± 0.00c No irritation 
EtOH  1.03 ± 0.29b Mild irritation 

EtOAc  1.14 ± 0.32b Mild irritation 

 NOTE: Positive control = 1% w/v SLS solution, Negative control = NSS, P. bivalvis leaf extracts obtained by infusion (Infusion) 

and maceration with ethanol (EtOH) and ethyl acetate (EtOAc). Different letters *a and b) denote significant differences among 

the irritation score of each extract (p < 0.05). 

Discussions 

The findings from this study highlight the influence of extraction method on the physicochemical properties and biological 

activities of P. bivalvis leaf extracts. The aqueous extract obtained by infusion yielded the highest extraction percentage (3.5% 

w/w) and presented a reddish-brown color, indicating a rich presence of hydrophilic phytochemicals such as anthocyanin (15). 

Ethanol and ethyl acetate extractions yielded lower amounts (2.4% and 1.21% w/w, respectively), but their distinct green and 

yellowish-brown colors suggest the presence of chlorophylls and mid-polar compounds such as flavonoids (5). Among the 

biological activities tested, the ethanol extract demonstrated the strongest inhibitory effect against collagenase (137 ± 2.1%) and 

hyaluronidase (80 ± 1.6%), suggesting its potential in anti-aging applications. The collagenase inhibition exceeding 100% likely 

results from the extract not only inhibiting enzyme activity but also further retarding the reaction rate compared to the untreated 

control, potentially through enzyme destabilization, substrate interaction, or antioxidant-mediated protection. The infusion also 

exhibited notable collagenase inhibition (99 ± 1.8%), though its hyaluronidase inhibition was significantly lower (36 ± 1.4%). 

Interestingly, despite its lower yield and weaker performance in collagenase and hyaluronidase assays, the ethyl acetate extract 

maintained mild activity across all tested enzymes, reflecting its content of selective lipophilic constituents. In the tyrosinase 

inhibition assays, both L-DOPA and L-tyrosine were used in the tyrosinase assay to evaluate the enzyme activity at different stages 

of melanogenesis. L-tyrosine serves as a substrate in the initial monophenolase phase (hydroxylation to L-DOPA), while L-DOPA 
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is used in the subsequent diphenolase phase (oxidation to dopaquinone). Using both substrates allowed for a comprehensive 

assessment of tyrosinase inhibition across its catalytic cycle. Both infusion and ethyl acetate extracts showed moderate inhibition 

on L-tyrosine, while only weak activity was observed on L-DOPA, indicating a limited effect on the later stage of melanogenesis. 

Low inhibition at the diphenolase phase implies that the extracts are unlikely to completely suppress melanin formation, which 

may limit their use as standalone skin-lightening agents. Importantly, the irritation assessment revealed that the infusion extract, 

similar to the negative control, caused no irritation, while the ethanol and ethyl acetate extracts induced only mild irritation. 

Residual solvents from ethanol and ethyl acetate extractions may contribute to the observed irritation, highlighting the need for 

careful solvent removal and formulation to ensure skin safety. 

 

CONCLUSIONS 

The biological activities and safety profile of P. bivalvis leaf extracts are strongly influenced by the extraction solvents. The 

infusion with DI water showed the highest extraction yield, notable collagenase inhibition, and complete absence of irritation, 

highlighting its potential as a safe and effective ingredient for anti-aging skincare formulations. Although ethanol and ethyl acetate 

extracts exhibited stronger enzyme inhibition in certain assays, their mild irritation potential suggested the need for cautious 

formulation. Overall, the P. bivalvis infusion extract represents a promising natural source for the development of multifunctional 

cosmeceutical products targeting skin aging and pigmentation. This study was the first to evaluate the anti-aging and safety 

properties of P. bivalvis leaf extracts using different extraction solvents. The identification of the aqueous infusion as a non-

irritating, bioactive extract with high collagenase inhibition highlights its novel potential as a multifunctional ingredient for 

cosmeceutical applications. 
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Abstract. Ipomoea pes-caprae (L.) R. Br is a medicinal herb known for treating skin conditions. Green extraction typically refers 

to environmentally friendly methods recently used for extracting bioactive compounds from medicinal plants for sustainable 

purposes. Therefore, this study aimed to enhance the extraction efficacy of bioactive compounds from I. pes-caprae using green 

extraction methods, with a focus on antioxidant and anti-inflammatory effects. The dried powder of I. pes-caprae was extracted 

using 95% w/v ethanol through a conventional maceration method for 24 h over 3 cycles (CON), maceration for 30 min at room 

temperature (MC) or at 50 °C (HT), and ultrasonication for 30 min (UL). The extracts were evaluated for the antioxidant activities 

through 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric-reducing antioxidant power (FRAP) assay. The anti-inflammatory 

effects were evaluated through the inhibition of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) using enzyme linked 

immunosorbent assay. The findings showed that CON exhibited the most potent antioxidant activity, with DPPH inhibition of 31.3 

± 0.9% and a reducing power of 257.6 ± 35.6 mM FeSO₄ per g of extract. It also demonstrated the strongest anti-inflammatory 

effects, inhibiting IL-6 by 42.4 ± 2.0% and TNF-α by 16.4 ± 0.9%. Interestingly, HT exhibited a comparable reducing power, 

achieved with the assistance of heat. On the other hand, UL exhibited a comparable TNF-α inhibition, achieved with the assistance 

of ultrasonication. In conclusions, green extraction methods improved time efficiency compared to the conventional extraction 

method, while maintaining comparable antioxidant and anti-inflammatory activities of the extracts. 

 

Keywords: I. pes-caprae; environmentally friendly extraction; green extraction; sustainability; ultrasonication 

 

INTRODUCTION 

In recent years, there has been a notable shift within the cosmetics industry toward the use of natural, plant-based ingredients, 

largely driven by consumer preferences for products that are safe, sustainable, and environmentally responsible (1). This growing 

demand has, in turn, encouraged the adoption of green extraction technologies, which are innovative methods developed to reduce 

the environmental impact of extracting bioactive compounds from natural sources (1). These approaches are grounded in key 

sustainability principles, such as the use of renewable plant materials, non-toxic and biodegradable solvents, energy-efficient 

processing, and waste minimization through solvent recovery and by-product utilization (1-3). 

Ipomoea pes-caprae (Linn.) R. Br., commonly known as beach morning glory, bay hops, or railroad vine, is a halophytic 

species in the Convolvulaceae family, predominantly native to coastal regions and widely distributed along tropical and subtropical 

shorelines (4). Despite its abundance and traditional medicinal uses, including its astringent, laxative, and diuretic properties (5), 

I. pes-caprae has received limited attention in the context of modern therapeutic and cosmetic applications. Traditionally, the plant 

has been applied topically to treat skin conditions such as itching, inflammation, and irritation caused by jellyfish stings and burns 

(5,6), indicating the presence of bioactive compounds with dermatological relevance. 

Antioxidant and anti-inflammatory properties are highly valued in natural cosmetic ingredients because of their ability to 

address oxidative stress and inflammation, the two major factors contributing to skin aging, irritation, and skin damage (7). 

Therefore, this study aimed to investigate the antioxidant and anti-inflammatory effects of I. pes-caprae extracts obtained through 

eco-friendly extraction methods. 

 

MATERIALS AND METHODS 

Materials 

The whole plant of I. pes-caprae, including leaves and stems, which had been naturally grown along the beach of the Sattahip 

Sea, was collected. The plant materials were washed with water, cut into small pieces, and dried in a hot air oven set at 50 °C. The 

dried I. pes-caprae was then ground into a fine powder by a grinder. 
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Methods  

Extraction of I. Pes-caprae  

The dried powder of I. pes-caprae (80 g) was extracted using 95% w/v ethanol with a plant-to-solvent ratio of 1:10 through 

a conventional maceration method for 24 h over 3 cycles (CON), maceration for 30 min at room temperature (MC) or at 50 °C 

(HT), and ultrasonication at 40 kHz frequency and 240 W power for 30 min (UL). The extraction solvent was then removed by 

rotary evaporation. 

 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay  

The DPPH• radical scavenging ability of I. pes-caprae extracts at the final concentration of 100 µg/mL was determined using 

the DPPH assay following the method of Chaiyana et al. (2017) (8). The DPPH• radical scavenging ability was evaluated by 

measuring the decrease in the deep violet color of the DPPH solution to pale yellow using a multimode reader at 520 nm after 30 

min of reaction. The results were expressed as the percentage of DPPH• inhibition. L-ascorbic acid was used a positive control. 

The experiments were done in triplicate using a single extract preparation. 

 

Ferric reducing antioxidant power (FRAP) assay 

The ferric reducing ability of I. pes-caprae extracts at the final concentration of 100 µg/mL was determined using the FRAP 

assay following the method of Saeio et al. (2011) (9). The educing ability was evaluated by measuring the formation of a blue-

colored Fe²⁺-TPTZ complex using a multimode reader at 595 nm after 5 min of reaction. The results were expressed as EC1, which 

was millimoles of Fe²⁺ equivalents per gram of extract. L-ascorbic acid was used as a positive control. All experiments were 

performed in triplicate using a single extract preparation. 

 

Anti-inflammatory activities determination 

The anti-inflammatory activity of I. pes-caprae extracts at the final concentration of 10 µg/mL was evaluated based on 

interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-α) inhibition using the enzyme-linked immunosorbent assay (ELISA), 

following the method of Chaiyana et al. (2019) (10). RAW 264.7 cells (1 × 10⁵ cells/well) were seeded in a 24-well plate and 

incubated for 24 h. The extracts (1 μL) or vehicle were added and incubated for 2 h, followed by the addition of 200 μL of 

lipopolysaccharide (LPS), and further incubated for 24 h. Supernatant (500 μL) was collected for the 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) assay, while 100 μL was used for ELISA. A 96-well plate was coated with the capture 

antibody overnight at 4 °C, followed by sequential incubations with assay diluent, sample, detection antibody, avidin-horseradish 

peroxidase, and 3,3',5,5'-tetramethylbenzidine (TMB) substrate. The reaction was stopped with 2 N H₂SO₄, and the absorbance was 

measured at 450 nm. Dexamethasone was used as a positive control. The results were expressed as the percentage of IL-6 or TNF-

α inhibition. All experiments were performed in triplicate using a single extract preparation. 

 

Statistical analyses 

The results were reported as the mean and standard deviation. One-way ANOVA followed by Tukey’s test was used to identify 

the statistical differences (p < 0.05) 

 

RESULTS AND DISCUSSION 

Results  

I. pes-caprae extracts 

The whole plant of I. pes-caprae was successfully extracted using ethanol through eco-friendly extraction methods and their 

extraction yields are shown in Figure 1. CON yield the highest extract of 17.45% w/w, followed by HT (10.45% w/w), MC (7.45% 

w/w), and UL (6.58% w/w). 
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Figure 1. Yields I. pes-caprae extracts obtained through various eco-friendly extraction methods, including conventional 

maceration for 24 h over 3 cycles (CON), maceration for 30 min at room temperature (MC), and maceration for 30 min at 50 °C 

(HT), and ultrasonication for 30 min (UL). 

 

Antioxidant activities of I. pes-caprae extracts 

The antioxidant activities of I. pes-caprae extracts are presented in Figure 2. Ascorbic acid, used as a positive control, 

demonstrated superior DPPH• radical scavenging capacity with an inhibition of 92.8 ± 0.6%, which was significantly higher than 

all the I. pes-caprae extracts (p < 0.05). Among the various I. pes-caprae extracts, CON exhibited the most pronounced DPPH• 

radical scavenging activity (31.3 ± 0.9%), which was significantly higher than the other extraction methods. MC displayed 

moderate inhibitory potential (23.3 ± 0.6%), while HT and UL extracts showed comparable but significantly lower activities (18.9 

± 1.7% and 18.7 ± 0.7%, respectively).  

Similarly, the reducing power of the extracts, which was quantified as FeSO₄ equivalents per gram of extract, corroborated 

the trends observed in the DPPH assay. Ascorbic acid demonstrated a significantly higher reducing capacity of 2236.8 ± 37.9 mM 

FeSO₄/g extract (p < 0.05). Among the various I. pes-caprae extracts, CON, MC, and HT exhibited comparable reducing powers, 

with values of 257.6 ± 35.6, 202.7 ± 0.4, and 232.2 ± 0.9 mM FeSO₄/g extract, respectively. In contrast, UL showed a lower ferric 

reducing potential, with a value of 182.7 ± 6.8 mM FeSO₄/g extract. 

 

(a) (b) 

  
 

Figure 2.  DPPH• inhibition (a) and EC₁ (c) of ascorbic acid (ASC) and I. pes-caprae extracts obtained through various eco-friendly 

extraction methods, including conventional maceration for 24 h over 3 cycles (CON), maceration for 30 min at room temperature 

(MC), and maceration for 30 min at 50 °C (HT), and ultrasonication for 30 min (UL). The letters a, b, c, and d represent significant 

differences in antioxidant activities among the extracts, as determined by one-way ANOVA followed by Tukey’s test (p < 0.05). 

Extracts labeled with different letters are considered significantly different from each other. 

 

Anti-inflammatory activities of I. pes-caprae extracts 

The anti-inflammatory activities of I. pes-caprae extracts in terms of inhibitory activities against IL-6 and TNF-α are shown 

in Figure 3. Dexamethasone, the positive control, exhibited the most potent inhibitory effect on IL-6 production with an inhibition 
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rate of 67.6 ± 1.6%, which was significantly higher than all tested extracts (p < 0.05). Among the I. pes-caprae extracts, CON 

demonstrated superior inhibitory activity (42.4 ± 2.0%), significantly more effective than the other extraction methods. MC showed 

moderate inhibition (24.4 ± 2.4%), while UL and HT exhibited the least inhibitory effects (16.6 ± 10.3% and 12.6 ± 6.9%, 

respectively).  

Similarly, the pattern of TNF-α inhibition revealed that dexamethasone significantly outperformed all plant extracts, with an 

inhibition of 49.6 ± 6.7% (p < 0.05). However, all I. pes-caprae extracts exhibited no significant differences in TNF-α inhibition, 

with inhibition of 16.4 ± 0.9% for CON, 11.7 ± 2.5% for UL, 7.3 ± 1.1% for MC, and 4.1 ± 5.8% for HT, respectively.  

 

(a) (b) 

  
 

Figure 3.  L-6 inhibition (a) and TNF-α inhibition (b) of dexamethasone (DEX) and I. pes-caprae extracts obtained through various 

eco-friendly extraction methods, including conventional maceration for 24 h over 3 cycles (CON), maceration for 30 min at room 

temperature (MC), and maceration for 30 min at 50 °C (HT), and ultrasonication for 30 min (UL). The letters a, b, c, and d represent 

significant differences in antioxidant activities among the extracts, as determined by one-way ANOVA followed by Tukey’s test 

(p < 0.05). Extracts labeled with different letters are considered significantly different from each other. 

 

Discussions 

I. pes-caprae was successfully extracted using eco-friendly methods, including HT, MC, and UL, which offer rapid processing 

and reduced solvent and energy consumption. In this study, eco-friendly extraction refers not only to the use of ethanol as a green 

solvent but also to the application of techniques that reduce energy consumption and extraction time. Ethanol was chosen as a green 

solvent in the current study based on previous reports suggesting that ethanol is effective for extracting compounds with antioxidant 

and anti-inflammatory activities (11). Although CON also used ethanol, its prolonged duration and higher energy demand make it 

less sustainable, thus serving as a comparative benchmark rather than an eco-friendly method. Although HT, MC, and UL yielded 

less extract than CON, they offer significant advantages in terms of time efficiency, requiring only 30 min compared to the 

prolonged duration of CON (3  24 h). Additionally, these methods are more energy-efficient and considered green extraction. The 

dried plant powder in this study was not sieved and its particle size was not controlled; however, the use of a consistent batch across 

all extractions ensured method consistency. Nonetheless, future studies should standardize particle size to enhance the 

reproducibility. The findings on the antioxidant and anti-inflammatory activities of I. pes-caprae extracts suggested that this plant 

possessed notable bioactive potential, with the efficacy of these activities influenced by the extraction method employed. The 

significant differences in antioxidant capacity among the various extracts remarked the critical role of extraction. The superior 

DPPH• radical scavenging activity, ferric reducing power, and IL-6 inhibition observed in the CON could be attributed to its 

extended extraction duration of totaling 72 h (three cycles of 24 h), which likely facilitated greater extraction efficiency. Despite 

these significant differences, the slightly lower bioactivities found in the green extraction methods (MC, UL, and HT) remain 

within a promising range. Notably, these methods require only 30 min of extraction time, offering substantial advantages in terms 

of energy efficiency, time savings, and environmental sustainability. Although all the green extraction methods show promising 

results, further optimization is recommended to enhance yields, increase bioactive compounds, and improve biological activity. 
This could involve adjusting parameters such as temperature, ultrasonication frequency, and extraction time. Therefore, while 

conventional extraction may yield marginally higher activity, green extraction techniques present a more sustainable and practical 

approach for developing bioactive plant-based products. The demonstrated antioxidant and anti-inflammatory activities of I. pes-

caprae remarked its potential as a multifunctional agent in skin care applications. Its antioxidant capacity contributes to the 

neutralization of oxidative stressors, thereby protecting the skin from premature aging and environmental damage (12). 

Concurrently, its ability to modulate pro-inflammatory cytokines such as IL-6 and TNF-α supports the reduction of inflammation, 
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promoting skin barrier integrity and resilience (13). These bioactivities position I. pes-caprae as a promising candidate for the 

development of advanced dermatological and cosmeceutical formulations.  

 

CONCLUSIONS 

I. pes-caprae exhibited significant antioxidant and anti-inflammatory activities, with its bioefficacy notably influenced by the 

extraction method. While CON yielded the highest activity, likely due to prolonged extraction time, green methods such as short-

term maceration, ultrasound-assisted, and heat-assisted extraction demonstrated comparable bioactivities within a much shorter 

timeframe. These environmentally friendly techniques offer clear advantages in terms of sustainability, energy efficiency, and 

practicality for large-scale applications. Importantly, the bioactive properties of I. pes-caprae, including its ability to combat 

oxidative stress and modulate inflammatory responses, highlighted its strong potential as a multifunctional ingredient in skincare 

and cosmeceutical products. Further investigations on phytochemical profiling to pinpoint the active constituents responsible for 

the bioactivities would be suggested to identify the bioactive compounds responsible for its biological activities. 
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Abstract. Cannabis wax is a by-product of the cannabis extraction, primarily obtained during the winterization process. This study 

investigates the physicochemical properties of cannabis wax samples to assess their suitability for cosmetic and pharmaceutical 

formulations. The batch-to-batch chemical composition of cannabis wax varies depending on the cannabis strain, extraction method, 

and purification techniques. The HPLC analysis showed cannabidiol (CBD) content of 5.66–13.28 %w/w and tetrahydrocannabinol 

(THC) at 0.42 ± 0.09 %w/w, which requires legal considerations. The wax exhibited slight solubility in non-polar solvents and a 

relatively low melting point (62.40-64.60 °C), indicating compatibility with a wide range of solid and liquid lipids used in 

pharmaceutical and cosmetic formulations. By applying the USP <401> analyses indicated high acid values (2.79-5.57 mg KOH/g 

wax), low iodine values (2.28-10.74 g Iodine/100 g wax), and low peroxide values (0.97-1.95 mEq oxygen/kg), reflecting a 

composition rich in long-chain fatty acids with a low degree of unsaturation. These properties contribute to its stability and 

resistance to oxidation and rancidity. The wax was incorporated into a lipstick prototype to explore its formulation potential, 

demonstrating its feasibility as a sustainable alternative to petroleum-based wax. The findings highlight the potential of cannabis 

wax as a value-added ingredient in cosmetic and pharmaceutical applications, promoting its use in eco-friendly formulations. 
 

Keywords: Cannabis wax; By-product; Physicochemical properties; Sustainable formulation; Cosmetic application   

 

INTRODUCTION  

Cannabis is a genus in the Cannabaceae family, which includes three subspecies [1]: hemp, marijuana, and ruderalis. Hemp 

(Cannabis sativa subsp. sativa) and marijuana (Cannabis sativa subsp. indica) are commonly used in pharmaceutical and cosmetic 

applications.[2] Cannabinoid extraction from cannabis flower buds yields crude oil containing key bioactive compounds such as 

CBD and THC. The winterization process is then applied to remove impurities, including plant waxes, enhancing extract purity.[3] 

Cannabis wax, generated as a by-product of cannabinoid extraction, offers a sustainable means to valorize biomass while 

reducing waste and methane emissions, thereby supporting the carbon-neutrality goal.[4] Converting this material into high-value 

cosmetics would not only lower the environmental burden but also create additional revenue streams for growers. Rich in long-chain 

hydrocarbons, residual cannabinoids (CBD, THC) and aromatic terpenes with a relaxing scent, cannabis wax and terpenes are well-

suited to lipid-based formulations. These attributes justify its investigation as a primary raw material for cosmetic applications.[5] 
This study aimed to investigate the physicochemical properties of cannabis wax, including peroxide value, acid value, 

saponification value, ester value, iodine value, and solubility. Comprehensive characterization of these parameters is essential for 

ensuring the consistency and quality of cannabis wax, particularly to minimize batch-to-batch variation in pharmaceutical and 

cosmeceutical applications. To explore its practical use, cannabis wax was incorporated into a lipstick formulation, and the optimal 

ratio of lipid components was systematically evaluated. 

 

MATERIALS AND METHODS 

Materials                                                                                                                                                                                                                 

Cannabis waxes and CBD distillate from the cannabinoid extraction process were gifted from Atlanta Co. Ltd. (Chiang Mai, 

Thailand). Three wax samples (H02, H03, H04) obtained via the ethanol extraction method were dried at 50 °C under vacuum to 

remove residual solvents. Natural beeswax (MySkinRecipes, Bangkok, Thailand) was used as a control and for analytical validation. 
 

Methods  

Source of samples  

Three cannabis waxes differed by subspecies and harvest time; H02 and H03 were from C. sativa subsp. indica (harvested 8 

November 2023 and 25 March 2024, respectively), while H04 was from C. sativa subsp. sativa (harvested in 2023, unknown exact 

date). The CBD distillate was derived from the cannabinoid extraction process of H02 on 10 June 2024. 
 

Physical properties determination 

 Melting point  

Melting points were determined using a melting point apparatus (Stuart, United Kingdom). Each wax sample was placed 

in a glass capillary tube, and the melting point was recorded from the onset of melting until the sample was completely liquefied. 
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Solubility property 

The solubility of each wax (10 mg) was determined following the criteria outlined in USP47-NF42.[6] Solvents tested at 25 ± 2 °C 

included mineral oil, chloroform, acetone, DMSO, PEG, methanol, ethanol, ethoxydiglycol, dimethyl isosorbide, olive, sesame, 

avocado, and jojoba oils. Solvent (10 µL) was added gradually with mixing until complete dissolution or up to 1 mL total. The volume 

of solvent required was recorded, and solubility was classified according to USP47-NF42 criteria.[6]  
 

Chemical properties determination 

 Analytical methods for chemical parameters were developed using certified natural beeswax as the control. The USP47-NF42 

<401> fats and fixed oil monographs, including saponification, acid, ester, iodine, and peroxide values, were applied to determine 

the corresponding values in cannabis wax.[7] 

 Determination of saponification value  

The sample (1.5 g) was mixed with 25 mL of 0.5 M alcoholic potassium hydroxide and heated. The solution was kept at 

the boiling stage for 60 minutes for complete saponification. After adding 1 mL phenolphthalein, excess potassium hydroxide was 

titrated with 0.5 M hydrochloric acid solution. The saponification value was calculated using Eq. 1: 
 

 Saponification value = [Mr × (VB – VS) × N]/W (1) 
 

where Mr is the molecular weight of potassium hydroxide, VB is the volume of hydrochloric acid solution required by the blank 

(mL), VS is the volume of hydrochloric acid solution required for the sample (mL), N is the exact concentration of hydrochloric 

acid (M), W is the mass of the sample (g) 
 

 Determination of acid value  

The sample (3 g) was accurately weighed into an Erlenmeyer flask. Then, neutralized dehydrated alcohol (25 mL) was 

added and heated until completely melted. Next, phenolphthalein TS (1 mL) was added, and titrated with 0.5 M alcoholic 

potassium hydroxide VS.  The acid value was calculated by using the following equation (Eq. 2): 
 

   Acid value = (Mr × V) × (N/W) (2) 
 

where Mr is the molecular weight of potassium hydroxide, V is the volume of potassium hydroxide solution required (mL), N 

is the exact concentration of potassium hydroxide (M), and W is the mass of the sample (g) 
 

 Determination of ester value  

A 0.5 M alcoholic potassium hydroxide VS solution (25 mL) was pipetted into the titrated solution from the acid value 

analysis. The aldehyde-free alcohol (50 mL) was added and boiled for 4 hours. The excess base was titrated with 0.5 M 

hydrochloric acid VS. The Ester value was calculated by using the following equation (Eq. 1). 
 

 Determination of iodine value 

The sample (3 g) was dissolved in dichloromethane (10 mL) and iodobromide TS (25 mL), then kept in the dark for 30 minutes. 

Potassium iodide TS (30 mL) and water (100 mL) were added before titration with 0.1 M sodium thiosulfate until pale yellow. 

After adding 3 mL starch TS, the titration continued until the blue color disappeared. The iodine value was calculated using Eq. 3: 
 

   Iodine value = [Ar × (VB − VS) × N]/(10 × W)   (3) 
 

where Ar is the molecular weight of iodine, VB is the volume of 0.1 M sodium thiosulfate solution required by the blank (mL), 

VS  is the volume of 0.1 M sodium thiosulfate solution required for the sample (mL), N is the concentration of sodium thiosulfate 

(M), and W is the mass of the sample (g) 
 

 Determination of peroxide value 

The sample (1 g) was dissolved in chloroform, then mixed with 2 M hydrochloric acid solution and saturated potassium 

iodide. After incubation in the dark for 5 minutes at room temperature, the mixture was titrated with 0.01 M sodium thiosulfate 

using starch as an indicator. The peroxide value was calculated according to Eq. 4: 
 

   Peroxide value = 1000 × [(VS – VB) × M]/ W  (4) 
 

where VB is the volume of 0.01 M sodium thiosulfate solution required by the blank (mL), VS is the volume of 0.01 M sodium 

thiosulfate solution required for the sample (mL), N is the concentration of sodium thiosulfate (M), and W is the mass of sample (g) 
 

Spectroscopic characterization 

 The spectroscopic characterization provided insights for standardizing raw material quality of cannabis wax across production 

lots in the industrial sector. The methods include UV-Vis spectroscopy and IR spectroscopy. 
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 UV-Vis spectroscopy 

Cannabis wax samples were dissolved in chloroform (1 mg/mL), and absorption spectra were recorded in the 200–400 nm 

range at room temperature using an Agilent Cary 60 UV–Vis spectrophotometer.  
 

 IR spectroscopy 

FT-IR spectra were obtained using the ATR mode of the FT-IR spectrometer (Bruker, Germany) in the 400–4000 cm-1 

range. Cannabis waxes were finely ground and mixed with potassium bromide to ensure homogeneity prior to analysis. 
 

Determination of active content using High-Performance Liquid Chromatography (HPLC)  

 Cannabinoid content in cannabis waxes was analyzed using HPLC-UV. Identification and quantification were performed by 

comparison with reference standards (CBD, CBD-A, THC, THC-A). The analysis employed a Shimadzu HPLC system with UV 

detection at 228 nm, using a C18 column (Symmetry®, 5 µm, 250 × 4.6 mm; Waters, Ireland). The isocratic mobile phase consisted 

of acetonitrile and 0.1% trifluoroacetic acid in DI water (69:3), with a flow rate of 1.0 mL/min and an injection volume of 20 µL. 
 

Application  

 Lipsticks were prepared using a general method by melting white beeswax, cannabis wax, lanolin, cocoa butter, and CBD 

distillate in order of decreasing melting point. The coloring agent (iron oxides) was dispersed in castor oil and heated before 

combining the lipid phase at the same temperature. The mixture was poured into molds, cooled, trimmed, and flamed. Final products 

were then evaluated for their characteristics.[8] 
 

Statistical analysis 
 The experimental results were presented as the mean ± standard error and analyzed for differences using SPSS statistic 

software version 17.0 for application, using a One-way ANOVA with Turkey’s multiple comparison tests. The p-value < 0.05 level 

was considered statistically significant. 

 

RESULTS AND DISCUSSION 

Results and Discussion 

Physical properties  

 Wax by-products and CBD distillate  

The cannabis waxes (H02, H03) were sticky yellow semi-solids, while H04 was a sticky brown semi-solid. All samples 

exhibited a distinct cannabis terpene scent and darkened upon drying. The CBD distillate was observed as a viscous yellow oil. 
 

 Melting point of waxes 

The melting point of cannabis wax ranged from 62.30 ± 0.20 °C to 64.60 ± 0.20 °C, suitable for cosmetic use as it melts 

at low temperatures, reducing the risk of ingredient degradation during production. 
 

Solubility property 

 According to USP47-NF42 [6], cannabis wax is sparingly soluble in oils but slightly soluble in organic solvents such as acetone, 

chloroform, DMSO, PEG, methanol, ethanol, ethoxydiglycol, and dimethyl isosorbide. This reflects the solubility principle: 'like 

dissolves like,' wherein compounds tend to dissolve in solvents with similar polarity characteristics. 
  

Values of cannabis wax and CBD distillate 

 Natural beeswax was used as a reference for the analytical method development, whose results were consistent with the 

Certificate of Analysis (CoA). As shown in Figure 1A–1C, beeswax had the highest acid, ester, and saponification values, indicating 

a high fatty acid content. In contrast, cannabis waxes exhibited lower values across all three parameters, suggesting a lower fatty acid 

and ester content. Specifically, acid values are 4.64 ± 0.01 KOH/g for H02, 2.79 ± 0.00 KOH/g for H03 and 5.57 ± 0.01 KOH/g for 

H04. The ester values are 24.64 ± 0.03 KOH/g for H02, 26.18 ± 0.03 KOH/g for H03, and 34.65 ± 0.04 KOH/g for H04, and 

saponification values are 51.83 ± 0.93 KOH/g for H02, 46.10 ± 0.24 KOH/g for H03 and 22.60 ± 0.91 KOH/g for H04. As shown in 

Figure 1D, cannabis waxes showed higher iodine values 12.65 ± 0.01 g I₂/100 g for H02, 10.74 ± 0.01 g I₂/100 g for H03, and 

12.28 ± 0.00 g I₂/100 g for H04 than natural beeswax, all samples also exhibited low peroxide values (0.97 mEq O₂/kg), indicating 

good oxidative stability. As shown in Figure 1A-1C, the CBD distillate exhibited higher acid values (10.21 ± 0.01 mg KOH/g) and 

lower ester (5.39±0.00 mg KOH/g sample) and saponification values (5.64 ± 0.89 mg KOH/g) compared to the wax samples, 

suggesting a greater content of free fatty acids and a lower ester content or the presence of longer-chain fatty acids in the oil. Figures 

1C and 1D show the higher iodine (15.50 ± 0.01 g I2/100 g) and peroxide values (1.95±0.00 mEq oxygen/kg sample) of the CBD 

distillate than the wax samples, indicating greater susceptibility to oxidation. 
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Based on the results, the three cannabis waxes and the CBD distillate may be suitable for use in cosmetic products requiring long shelf 

lives, as they can help reduce the risk of product instability and maintain product quality. 
 

                  

                                                         
Figure 1. Acid values (A), Ester values (B), Saponification values (C), Iodine values (D), and  

Peroxide values (E) of the natural beeswax, various cannabis waxes, and CBD distillate   
 

Spectroscopic characteristics of wax samples 

 UV–Vis Absorption Spectra    
 The cannabis wax samples were diluted in chloroform and scanned for absorption bands in the UV range of 200 to 400 nm. 

The absorption bands of all three samples are similar, showing the maxima at 243 and 273 nm, respectively (Figure 2A). These 

maximums are likely related to unsaturated fatty acids and the cannabinoid structure of CBD or THC.[9] 

   
Figure 2. UV-vis spectra (A) and IR spectra (B) of cannabis wax  

 IR Spectra 

 The FT-IR spectra of cannabis wax exhibit the presence of prominent peaks at 2957 cm-1 and 2848 cm-1 (-CH), 1463 cm-1               

(-CH2), 1376 cm-1 (-CH3), 3413 cm-1 (-OH), and 1735 cm-1 (C=O), indicating the presence of alkanes, alcohols, and carboxylic 

groups of carboxylic acids and esters, respectively. The signal at 1626 cm-1 corresponds to unsaturated C=C bonds; the signals 

at 1052-1215 cm-1 indicate the presence of terpenoids and the peak at 729 cm-1 indicates the existence of long-chain alkanes. 

All three waxes exhibited similar FT-IR spectra but with different peak intensities as shown in Figure 2B. Additionally, the 

waxes are similar to the standard on another paper when compared to another finding.[10] 
 

Active compounds in cannabis waxes 

 Analysis of residual cannabinoids in wax samples revealed CBD contents of 5.70 ± 1.50% for H02, 13.66 ± 1.87% for H03, 

and 10.24 ± 0.35% for H04, with an average THC content of 0.42 ± 0.09% (n = 3). All samples showed significantly higher CBD than 

THC levels (24.31 ± 3.88%). As a non-psychoactive compound with legal accessibility and beneficial properties, including anti-

inflammatory, moisturizing, and skin-balancing effects. CBD-containing wax is more suitable than high-THC wax for cosmetic 

applications. However, due to THC levels exceeding 0.2% w/w [11], direct use of cannabis wax remains restricted. Incorporating wax 

at concentrations not exceeding 10% allows CBD to act as the primary active ingredient while maintaining THC levels within legal 

limits. Due to limited sample size, further studies are required to confirm differences between hemp and marijuana-derived waxes. 
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Cannabis lipstick formulation 

Conventional lipstick formulation was developed using plant-based waxes, cannabis wax and CBD distillate as alternatives 

to petroleum-derived ingredients. As shown in Figure 3, among the six formulations, formulation 5 demonstrated the most desirable 

characteristics, including a texture and application quality comparable to commercial products. The presence of CBD wax 

contributed to a smooth, soft touch and excellent spreadability. Evaluation results, summarized in Table 1, indicate that this 

formulation resembles standard parameters and is comparable to marketed lipsticks. 
 

Table 1. Evaluation of cannabis lipstick formulation 5 

No. Parameter Results 

1 Color Red 

2 Texture Soft 

3 pH 5.0 

4 Ease of application Good 

5 Melting point (℃) 59-62 

6 Surface anomalies No defect 

7 Solubility test Chloroform soluble 

8 Aging stability Smooth 

                                                                                                                              Figure 3. Lipstick formulation-5 
 

CONCLUSIONS 

In this work, the cannabis wax samples derived from two subspecies were evaluated. Among all three wax samples, the 

acid, ester, saponification and iodine values exhibited significant differences, whereas the peroxide values were comparable. 

Notably, their chemical profiles differed markedly from those of the CBD distillate and conventional beeswax, suggesting that 

cannabis-derived wax possesses a relatively stable composition. Additionally, low melting points and good solubility in oils mean 

that the studied CBD distillate can also be used together. The similarity of the spectroscopic UV and FT-IR spectra indicated the 

identity, consistency and quality of raw material for application in pharmaceuticals and cosmetics. Therefore, cannabis wax 

demonstrates suitability as a natural alternative to petroleum-based fats in the formulation developed in this study. In addition, the 

presence of CBD offers added functional benefits such as anti-inflammatory and moisturizing properties. Overall, cannabis wax 

shows promise as a natural alternative to petroleum-based fats in eco-friendly cosmetic and pharmaceutical applications. 
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Abstract. Enzymatic extraction is a sustainable and eco-friendly method. This study aimed to extract silk cocoons using Alcalase® 

and evaluate their cosmeceutical potential and irritation potency. Nanostructured lipid carriers (NLCs) were developed as a 

promising approach for effective cosmetic formulations. Silk cocoons were extracted with 0.5% v/v Alcalase® at pH 8.0 and 50 °C 

for 2 h. The extracts were assessed for antioxidant and anti-wrinkle properties, along with irritation potential using the hen's egg 

test on the chorioallantoic membrane. For NLC development, glyceryl monostearate and rice bran oil were used, and the 

hydrophilic-lipophilic balance (HLB) was optimized using a mixture of Tween® 80 and Span® 80 (Smix). The NLCs were 

developed using a probe sonicator set at 80 W for 5 min and characterized for physical appearance, particle size, polydispersity 

index (PDI), and zeta potential. The results showed that the silk cocoon extract demonstrated a potent collagenase inhibition of 

69.05 ± 2.0%, comparable to the positive control. The optimal silk cocoon extract loaded NLCs, composed of 3.5% glyceryl 

monostearate, 1.5% rice bran oil, 1.5% Smix, and 0.1% silk cocoon extract, had the smallest particle size (485 ± 2.35 nm), the 

narrowest PDI (0.69 ± 0.01), and a pronounced zeta potential (−40.6 ± 1.90 mV). Both the silk cocoon extract and its NLC 

formulation induced no irritation. In conclusion, this study highlighted the potential of silk cocoon extract incorporated into NLCs 

for effective and safe cosmetic applications. 

 

Keywords: Silk cocoon; Nanostructured lipid carriers; Cosmeceutical; Nano delivery system; Enzyme-assisted extraction 

 

INTRODUCTION  

Silk cocoons, produced by the silkworm Bombyx mori, are natural protein fibers primarily composed of two key proteins, 

including fibroin and sericin. While fibroin forms the structural core of the silk fiber, sericin acts as a gummy coating that binds 

the fibers together [1]. In the silk industry, sericin is commonly removed during the degumming process and often discarded as 

waste material. However, growing scientific interest has revealed that sericin is far from a useless byproduct. Numerous studies 

have demonstrated its beneficial physicochemical and biological properties, including antioxidant, anti-inflammatory, anti-aging, 

antibacterial, and moisturizing activities [2,3]. These multifunctional bioactivities make sericin a promising candidate for 

application in cosmeceuticals and dermatological formulations.  

Despite its potential, effective delivery of sericin to the skin remains a challenge due to its hydrophilic nature and relatively 

large molecular size, which can limit skin penetration. In recent years, nanocarrier systems have emerged as innovative strategies 

to overcome such limitations and improve the bioavailability of active compounds. Among these, nanostructured lipid carriers 

(NLCs) have gained significant attention in topical delivery systems [4]. NLCs are an advanced generation of lipid-based 

nanoparticles designed to enhance drug loading capacity, stability, and skin permeability, which are developed as an improvement 

over solid lipid nanoparticles (SLNs) by incorporating a blend of solid and liquid lipids [5]. This unique composition reduces the 

crystallinity of the lipid matrix, allowing for better entrapment of both hydrophilic and lipophilic compounds and promoting 

controlled release properties [4,5].  

Therefore, the aim of this study was to develop and characterize NLC formulations incorporating silk cocoon extracts and to 

evaluate their irritation potential. The findings from this research may contribute to the advancement of sustainable, effective, and 

skin-friendly cosmeceutical products derived from natural sources. 

 

MATERIALS AND METHODS 

Materials  

Silk Cocoons Materials  

Yellow silk cocoons (Lueang Saraburi variety) were kindly provided by the Queen Sirikit Sericulture Center, Chiang Mai, 

Thailand. Prior to extraction, the cocoons were cut into smaller pieces to facilitate further processing.  
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Chemical Materials 
Alcalase® proteolytic enzyme from Bacillus licheniformis was purchased from Merk KGaA (Darmstadt, Germany). 

Collagenase enzyme from Clostridium histolyticum, sericin from Bombyx mori, ascorbic acid, epigallocatechin gallate (EGCG), 

2,2-Diphenyl-1-picrylhydrazyl (DPPH), and N-[3-(2-furyl)acryloyl]-Leu-Gly-Pro-Ala) (FALGPA) were from Sigma-Aldrich (St. 

Louis, MO, USA). Sodium chloride (NaCl), calcium chloride (CaCl₂), and sodium lauryl sulfate (SLS) were from Thermo Fisher 

Scientific (Waltham, MA, USA). Glyceryl monostearate (GMS), rice bran oil, polysorbate 80 (Tween® 80), and sorbitan 

monooleate (Span® 80) were purchased from Namsiang (Bangkok, Thailand). Methanol was analytical-grade and purchased from 

RCI Labscan Co., Ltd. (Bangkok, Thailand). 

 

Methods  

Enzyme-Assisted Extraction of Silk Cocoons  

Silk cocoons were extracted using an enzyme-assisted extraction method adapted from Vaithanomsat and Punyasawon (2008) 

[6]. In brief, small pieces of silk cocoon were immersed in DI water and subjected to microwave treatment (UltimateTaste300, 

Electrolux Co., Ltd., Guangdong, China) at 1000 W for 2 min. After removing the water, the pre-treated cocoons were extracted 

using a 1:25 (w/v) ratio of 0.5% v/v Alcalase® enzyme solution (pH 8.0) at 50 °C for 2 h. The extract was then cooled to room 

temperature and filtered through cheesecloth. The resulting liquid fraction was subsequently freeze-dried using a LyoQuest Arctic 

freeze dryer (Telstar, Barcelona, Spain). 

 

Antioxidant Activities Determination 

The antioxidant activity of the silk cocoon extract was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, 

following the method described by Chaiyana et al. (2017) [7]. Briefly, 20 μL of a 1 mg/mL sample solution in DI water was mixed 

with 180 μL of 167 μM DPPH solution in methanol. The mixture was incubated at room temperature in the dark for 30 min. The 

absorbance was then measured at 520 nm using a microplate reader (SPECTROstar Nano, BMG Labtech, Ortenberg, Germany). 

The DPPH• radical scavenging activity was calculated using the following equation: 

DPPH inhibition (%) = [(A – B)/A] × 100 (1) 

where A and B represent the absorbance of the systems without and with the sample solution, respectively. The antioxidant activity 

of the silk cocoon extract was compared with ascorbic acid, used as a positive control, and sericin, the major bioactive component 

of the silk cocoon extract. The experiment was performed in three independent replications. 

 

Anti-Skin Ageing Activities Determination 

The collagenase inhibitory activity of sericin and silk extracts was investigated using a modified substrate enzyme according 

to the method of Thring et al. (2009) [8]. Briefly, 10 μL of the sample solution was mixed with 20 μL of 5 units/mL collagenase in 

50 mM tricine buffer (pH 7.5), containing 400 mM NaCl and 10 mM CaCl₂, and incubated for 15 min. Subsequently, 120 μL of 

0.67 mM FALGPA in tricine buffer was added and the absorbance was measured at 340 nm in kinetic mode for 20 min using a 

microplate reader (SPECTROstar Nano, BMG Labtech, Ortenberg, Germany). Collagenase inhibitory activity was calculated using 

the following equation: 

Collagenase inhibition (%) = [(A – B)/A] × 100 (2) 

where A and B represent the reaction rate of the systems without and with the sample solution, respectively. The anti-collagenase 

activity of the silk cocoon extract was compared with EGCG, used as a positive control, and sericin, the major bioactive component 

of the silk cocoon extract. The experiment was performed in three independent replications. 

 

Development of Silk Cocoon Extract-Loaded NLCs 

Silk cocoon extract-loaded NLCs were prepared using a melt-emulsion process, following a previously described procedure 

of Yeerong et al. (2025) with some modifications [9]. Briefly, an aqueous phase containing 0.5% w/w Tween® 80 was prepared 

and heated to 85 °C. To this heated aqueous phase, 0.1% w/w silk cocoon extract was added. The resulting water phase were then 

mixed with the melted lipid phase, which consisted of 3.5% w/w GMS, 1.5% w/w rice bran oil, and 1% w/w Span® 80, while 

maintaining a temperature of 80 °C. The mixture was immediately sonicated using a probe sonicator (Vibra Cell VCX 600, Sonic 

& Materials, Newton, CT, USA) at 80 W for 5 min, with a 9.9 s pulse-on mode and a 2 s pulse-off mode.  

 

Characterization of Silk Cocoon Extract-Loaded NLCs 

Silk cocoon extract-loaded NLCs were characterized in terms of particle size, polydispersity index (PDI), and zeta potential 

using a Malvern ZS Nano ZetaSizer (Malvern Instruments Ltd., Malvern, UK). The samples were diluted with DI water at a ratio 

of 1:1000 prior to characterization to ensure a uniform dispersion of individual particles in the measurement medium. DI water was 
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chosen as the dilution medium to prevent any potential interference from ions on the zeta potential measurements. All experiments 

were performed in triplicate. 

 

Irritation Test by Hen's Egg Chorioallantoic Membrane (HET-CAM) Test  

Silk cocoon extracts and silk cocoon extract-loaded NLCs were evaluated for their irritation potential using the HET-CAM 

test [10]. Briefly, an eggshell was opened and 0.9% w/v NaCl solution was dropped onto its tissue. The outer membrane was then 

carefully removed using forceps, avoiding contact with the blood vessels. Following this, 30 μL of the tested solution was applied 

onto the CAM. The irritation response was observed immediately for 5 min under a stereomicroscope (NS80, Ningbo Yongxin 

Optics, Ningbo, China) to assess early signs of irritation, including hemorrhage, vascular lysis, and coagulation. The onset time for 

each irritation signal was recorded in seconds and used to calculate the irritation score (IS) using to the following equation: 

IS = [(301 – t(h))/300 × 5] + [(301 – t(l))/300 × 7] + [(301 – t(c))/300 × 9] (3) 

where t(h) represents the time in seconds at which hemorrhage was first detected, t(l) represents the time at which vascular lysis 

was first observed, and t(c) represents the time at which coagulation of blood vessels was first detected. IS was classified as follows: 

0.0–0.9 as mild irritation, 1.0–4.9 as moderate irritation, 5.0–8.9, and 9.0–21.0 as severe irritation. Additionally, 1% w/v SLS and 

0.9% w/v NaCl solution were used as the positive and negative controls, respectively. The experiment was performed in duplicates. 

 

Statistical analyses 

Data are presented as mean ± standard deviation (S.D.) and sample differences were analyzed using a t-test and one-way 

ANOVA followed by Tukey's post hoc test. Statistical analysis was performed using IBM SPSS Statistics version 23.0 (SPSS Inc., 

Chicago, IL, USA), with statistical significance set at p < 0.05. 

 

RESULTS AND DISCUSSION 

Results  

Silk Cocoon Extract and Its Biological Activities 

The physical appearance of yellow silk cocoons (Lueang Saraburi variety) and its enzyme-assisted extract are shown in Figure 

1. The extract had a golden-brown, amber-like coloration and a distinctly crystalline texture. It appeared as a loose aggregation of 

irregular powder with hygroscopic properties. The extraction yielded 22.8 ± 1.6% w/w, which corresponded to 22.8 g of extract 

obtained from every 100 g of silk cocoon, demonstrating the efficiency of the enzyme-assisted method. 

 
Figure 1. Physical appearance of yellow silk cocoons (Lueang Saraburi variety) (a) and its enzyme-assisted extract (b). 

 

The antioxidant activity and collagenase inhibitory effects of ascorbic acid, EGCG, sericin, and silk cocoon extract are 

presented in Figure 2. Ascorbic acid exhibited the highest DPPH radical scavenging activity (p < 0.05), with an inhibition of 95.07 

± 0.34%. The silk cocoon extract showed moderate activity (78.82 ± 0.55%), significantly higher than that of sericin (17.93 ± 

1.27%) (p < 0.05). On the other hand, EGCG showed the strongest inhibitory effect of 96.67 ± 0.67% (p < 0.05), followed by the 

silk cocoon extract (69.05 ± 2.02%) and sericin (47.38 ± 2.36%), respectively.  

(a) 

 

(b) 

 
Figure 2. DPPH inhibition (a) and collagenase inhibition (b) of ascorbic acid, EGCG, sericin, and silk cocoon extract. The letters 

a, b, and c denote significant differences in the biological activities among the samples (p < 0.05). 
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Silk Cocoon Extract-Loaded NLCs 

The physical characteristics of the silk cocoon extract-loaded NLC are shown in Figure 3. The visual appearance of the 

formulations as presented in Figure 3a, shows a milky white dispersion. As shown in Figure 3b, the particle size of SC-NLC was 

significantly larger than that of NLC (p < 0.05), with average sizes of 485.0 ± 2.35 nm and 456.0 ± 2.75 nm, respectively. The PDI 

values of both formulations, presented in Figure 3c, were in a comparable range, with no statistically significant difference 

observed. Both NLC and silk cocoon extract-loaded NLC exhibited PDI values indicative of moderate size distribution of 0.606 ± 

0.067 and 0.694 ± 0.006, respectively. Figure 3d shows the zeta potential values of the formulations, which were approximately  

-36.8 ± 1.9 and -40.6 ± 1.9 mV, respectively.  

(a) (b) (c) (d) 

    
Figure 3. Physical appearance of silk cocoon extract loaded NLCs (SC-NLC) (a) and its particle size (b), polydispersity index 

(PDI) (c), and zeta potential (d) in a comparison with blank NLCs (NLC). The letter a and b denote significant differences among 

the particle size of NLCs (p < 0.05). 

 

Irritation Properties of Silk Cocoon Extract-Loaded NLCs 

The irritation potential of silk cocoon extract, NLC blank, and silk cocoon extract-loaded NLC on the CAM are shown in 

Figure 4. The positive control (1% w/v SLS solution) induced pronounced irritation effects, including hemorrhage, vascular lysis, 

and coagulation, which were evident as early as 5 min post-application with the irritation score of 14.4 ± 0.5. In contrast, the 

negative control (0.9% w/v NaCl solution) caused no observable damage to the CAM throughout the exposure period. In addition, 

the silk cocoon extract, NLC blank, and silk cocoon extract-loaded NLC did not irritate with the irritation score of 0.0 ± 0.0.  

 
 

Figure 4. Effects of the positive control (1% w/v SLS solution), negative control (0.9% w/v NaCl solution), silk cocoon extract, 

NLC blank (NLC), and silk cocoon extract-loaded NLCs (SC-NLC) on the chorioallantoic membrane (CAM) at contact times of 

0, 5, and 60 min. Following application, visible damage to the CAM is indicated by black arrows. Hemorrhage (H), vascular lysis 

(L), and coagulation (C) represent specific irritation responses observed. 

 

Discussions 

The current study highlighted the promising biological activities of silk cocoon extract, particularly for cosmetic and 

dermatological applications. The extract showed moderate antioxidant activity with DPPH• inhibition of 78.82 ± 0.55% and 

significant collagenase inhibition of 69.05 ± 2.02%. The extract is suggested for anti-aging due to its antioxidant activity, which 

helps protect the skin from oxidative damage, a key factor in aging. Additionally, its significant collagenase inhibition can help 

preserve collagen integrity, reducing wrinkles and promoting skin elasticity, both of which are crucial for anti-aging benefits. 
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Although sericin is a major component of silk, it is not responsible for the antioxidant and collagenase inhibitory activities observed 

in the extract. These effects are likely due to other bioactive compounds, such as amino acids, peptides, or polyphenols, present in 

the silk cocoon [11]. When the silk cocoon extract was incorporated into NLCs, the particle sizes slightly enlarged, indicating that 

it was encapsulated inside the particles. However, the silk cocoon extract had no effect on the PDI and zeta potential. Its moderate 

PDI and pronounced negative zeta potential (less than -40) signified its stability due to the uniform particle size distribution and 

strong electrostatic repulsion between the particles, preventing aggregation and ensuring consistent dispersion over time. 

Additionally, both the silk cocoon extract and its NLC formulations induced no irritation signs in the HET-CAM test, suggesting 

their safety for sensitive skin applications. Although the NLC preparation involved heating to 85°C, previous studies suggested 

that sericin remained stable up to 200 °C [12,13], indicating that the process likely preserved the bioactivity. However, as various 

bioactive components other than sericin could be included, further evaluation of the biological activities of the NLC was suggested. 

 

CONCLUSIONS 

The silk cocoon extract demonstrated promising biological activities, including antioxidant and collagenase inhibitory effects, 

making it a potential candidate for anti-aging and skincare applications. Encapsulation into NLCs was successful without affecting 

its PDI or zeta potential. The extract and its NLC formulations showed no irritation in the HET-CAM test, confirming their safety 

for sensitive skin. These findings suggest that silk cocoon extract-loaded NLCs could be a valuable ingredient in cosmetic 

formulations, with further research needed to explore their clinical potential. 
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Abstract. Picosecond Nd:YAG lasers are increasingly used in dermatology, often combined with cosmeceuticals to enhance 

therapeutic efficacy. When paired with a microlens array (MLA) handpiece, these ultrashort-pulse lasers induce laser-induced 

optical breakdown (LIOB), leading to intradermal vacuolization. The effects of fluence, spot size, pulse duration, and focal 

depth on LIOB formation remain under investigation. This study evaluates the influence of these parameters on LIOB and 

the resulting tissue response in vitro. Experiments were conducted using acrylic blocks and tissue-mimicking phantoms 

(porcine gelatin with artificial pigmentation). Fluence, spot size, focal depth, and pulse duration were systematically varied. 

Beam profiles of a fractional MLA-assisted picosecond laser were analyzed using ImageJ software. Results showed that 

increasing spot size from 4 mm to 8 mm, while keeping fluence constant, increased penetration depth by 42%, with minimal 

changes in microbubble intensity. Conversely, increasing fluence with a fixed spot size led to only an 11.42% penetration 

depth increase but significantly enhanced microbubble intensity up to 43%, particularly in superficial layers. Findings from 

tissue-mimicking phantoms correlated with acrylic block results, reinforcing observed trends. These results suggest that 

larger spot sizes enhance laser penetration, while higher fluence increases LIOB intensity, particularly at superficial depths. 

This study provides valuable insights into optimizing picosecond Nd:YAG laser parameters, which may improve therapeutic 

efficacy and safety in fractional laser treatments. 

 

Keywords: picosecond laser, Nd:YAG Laser, Laser-Induced Optical Breakdown (LIOB), laser-tissue interaction 

 

INTRODUCTION 

Laser technology has significantly advanced dermatologic treatments through selective, minimally invasive approaches. The 

development began with the ruby laser in 1960, evolving with powerful continuous-wave lasers (e.g., CO₂, argon, Nd:YAG) and 

was markedly improved by the introduction of selective photothermolysis in 1983. Currently, lasers address various skin conditions 

such as vascular and pigmented lesions, tattoos, unwanted hair, and scars due to their ability to selectively target specific skin 

components with minimal collateral damage. Picosecond lasers, delivering pulses in trillionths of a second (300–900 ps), differ 

fundamentally from traditional nanosecond lasers by generating a predominantly photomechanical rather than thermal effect. This 

results in precise fragmentation of pigments with minimal surrounding tissue damage. LIOB represents a new therapeutic method 

by creating micro-injuries with ultra-short pulses that form plasma and microscopic bubbles without significant thermal damage. 

Despite their potential, key gaps exist regarding the influence of adjustable laser settings (fluence, spot size, focal depth, pulse 

width) on LIOB characteristics and outcomes. Research indicates that fluence, optics, and skin type critically affect LIOB, yet 

comprehensive studies systematically evaluating all parameters remain scarce. Addressing this gap, this research proposes 

investigating LIOB by systematically varying these laser parameters across progressively complex models from acrylic and gelatin 

phantoms. Results will enhance understanding of parameter-outcome relationships, optimizing safe, effective clinical application 

of picosecond lasers. 

 

MATERIALS AND METHODS 

Materials  

Two commercial picosecond Nd:YAG lasers with different pulse widths (250 ps and 450 ps) and a wavelength of 1064 nm 

were used in this study. Two types of materials were tested: transparent acrylic blocks and gelatin skin phantoms with artificial ink. 

A standard mirrorless camera was used, and a controlled photographic environment was set up. 
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Methods  

This study employed two commercial picosecond Nd:YAG lasers with different pulse widths (250 ps and 450 ps) operating at 

1064 nm, with adjustable handpieces for spot size, focal depth, and fractional optics. All laser shots were delivered in single-pulse 

mode at 1 Hz, and the systems were calibrated to ensure accuracy. Two types of materials were used: acrylic blocks (to visualize 

depth and beam intensity), and gelatin skin-phantoms with artificial pigment. The gelatin was molded and cooled at 4°C for at least 

12 hours before laser exposure. Four experimental conditions were designed to assess LIOB outcomes: (1) fixed fluence with 

varying spot sizes (4, 6, 8 mm), (2) fixed spot size (6 mm) with varying fluence (0.6, 1.2, 1.6 J/cm²), (3) fixed fluence and spot size 

with varying focal depths (-1, 0, +1 positions corresponding to 13, 16, and 19 mm), and (4) fixed all parameters with varying pulse 

widths (250 vs. 450 ps). Each condition was tested in acrylic in triplicate, with randomized trials to reduce bias. LIOB penetration 

depth was measured using longitudinal images analyzed in ImageJ, averaging three measurements per site and calculating standard 

deviation. Beam intensity was quantified from 16-bit grayscale images, with intensity measured across the full beam. 

Statistical analyses 

All statistical analyses were conducted using Stata software (version 17). One-way ANOVA tests were used to assess the 

effects of independent variables (spot size, fluence, focal depth, and pulse width) on penetration depth and optical beam intensity. 

Each condition was measured in triplicate (n=3). Comparisons were made across varying spot sizes, fluence levels, focal depths, 

and pulse widths. Statistical significance was set at α = 0.05, with exact P-values reported. Independent t-tests were also used to 

compare pulse widths (250 ps vs. 450 ps) under identical conditions, providing robust evidence of observed differences. 

 

RESULTS AND DISCUSSION 

Results  

 

1. The Spot Size Factor 

Spot size has a statistically significant effect on penetration depth in acrylic at a fluence of 0.95 J/cm² (p < 0.01). Specifically, 

increasing the spot size from 4 mm to 8 mm led to a substantial increase in depth up to 42.1%. However, the same analysis 

showed no significant effect of spot size on laser intensity (p = 0.36), indicating that, under these experimental conditions, spot 

size influences penetration depth but does not significantly affect the overall intensity of the laser beam. 

 

 

 

 

 

 

 

  

Figure1. The bar chart illustrates the influence of spot sizes factor (4 mm, 6 mm, and 8 mm): (a) to depth of microbubble 

formation and (b) intensity of microbubble in acrylic model.  

2. The Fluence Factor 

When fluence levels (0.6, 1.2, and 1.6 J/cm²) were tested in acrylic using a fixed 6 mm spot size, the penetration depth did not 

show any significant difference (p = 0.85), indicating that fluence had no clear effect on laser depth. Increasing the fluence from 

0.6 to 1.6 J/cm² resulted in only an 11.42% increase in penetration depth. However, fluence had a strong effect on laser intensity 

in acrylic; higher fluence levels led to significantly greater intensity (p < 0.01), with up to a 42.44% increase observed. In the 

gelatin skin-phantom, penetration depth showed a rising trend with increasing fluence. For laser intensity in gelatin, a slight 

upward trend was also observed at higher fluence levels. 
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Figure2. (a) Average penetration depth in acrylic at fluence levels of 0.6, 1.2, and 1.6 J/cm² using a 6 mm spot size. Depth 

differences are minor and not statistically significant (p = 0.8466). (b) Laser intensity in acrylic increases significantly with 

higher fluence, confirming enhanced energy delivery in LIOB treatments. (c) In gelatin, penetration depth shows a rising trend 

with fluence (0.6 to 1.6 J/cm²). Though not significant at the 95% level (p = 0.054), it suggests potential significance at 90%. (d) 

Laser intensity in gelatin across 0.4, 0.7, and 0.99 J/cm² shows a slight increase, but ANOVA indicates no significant difference. 

3. The Focus Point of the Laser 

When the fluence and spot size were kept constant, changing the focal depth in acrylic had a significant effect on penetration 

depth (p < 0.01). The shallowest focal point (FD -1 or 13 mm) resulted in the deepest penetration, while the deepest focal point 

(FD +1 or 19 mm) produced the shallowest depth. Changing the focal depth from +1 (19 mm) to -1 (13 mm) increased the 

penetration depth by up to 31.45%. Additionally, both of these values differed from the middle focal depth (FD 0 or 16 mm) by 

18.23% and 16.17%, respectively. For laser intensity, there was a slight trend of increasing intensity with deeper focal depth, but 

the differences were not statistically significant (p = 0.074). This suggests that while focal depth clearly affects how deep the 

laser penetrates, its effect on intensity is less certain. 

 

 

 

 

 

 

 

Figure3. (a) The bar graph shows how focal depth affects penetration in acrylic. The shallowest focus (FD -1, 13 mm) produced 

the deepest penetration, while the deepest focus (FD +1, 19 mm) had the shallowest depth. This clearly shows that a shorter focal 

depth leads to greater laser penetration. (b) The second graph displays average laser intensity at each focal depth. Intensity 

increased as the focal depth became deeper, with FD +1 showing the highest intensity and FD -1 the lowest. However, the 

differences were not statistically significant, meaning the changes might be due to normal variation rather than a real effect. 
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4. The Pulse Widths Factor  

When all laser settings were kept the same (spot size 6 mm, fluence 1.2 J/cm²), changing the pulse width had a significant effect 

on both penetration depth and intensity. The shorter pulse width (250 ps) resulted in a much deeper penetration (about 2.08 mm) 

than the longer pulse width (450 ps, about 1.48 mm), which is 28.90% deeper penetration, with strong statistical significance (p = 

0.0006). Similarly, the intensity was also significantly higher with the 250 ps pulse (mean = 63.51) compared to 450 ps (mean = 

48.61) which is 14.9% higher intensity, indicating that shorter pulse durations deliver more energy and create stronger LIOB 

effects. 

 

 

 

 

 

 

 

Figure4. (a) The bar chart shows that the 250 ps pulse width creates deeper penetration in acrylic than the 450 ps pulse width. 

The difference is statistically significant, meaning the shorter pulse allows the laser to reach deeper under the same conditions. 

(b) The second graph shows that laser intensity is also higher with the 250 ps pulse compared to the 450 ps pulse. This difference 

is statistically significant, suggesting that shorter pulse durations produce stronger laser effects, even when other settings like spot 

size and fluence are the same. 

Discussion 

This study provides insights into optimizing the parameters of picosecond Nd:YAG lasers, particularly when used in 

conjunction with MLA optics to achieve LIOB. The findings enhance understanding of how fluence, spot size, focal depth, and 

pulse duration influence both penetration depth and intensity, which are critical aspects in dermatological laser applications. The 

study demonstrated that increasing the laser spot size significantly enhances penetration depth without substantially altering the 

intensity of LIOB. Specifically, spot sizes ranging from 4 mm to 8 mm at constant fluence (0.95 J/cm²) showed a clear correlation 

with increased penetration depth, corroborating previous findings in laser-tissue interaction studies. This observation aligns with 

the theoretical premise that larger spot sizes reduce scattering and enhance deeper penetration into tissues. However, the laser 

intensity remained relatively unchanged across these spot sizes, suggesting spot size alone does not significantly affect the intensity 

of microbubble formation under consistent fluence. Cshonversely, varying fluence levels at a constant spot size (6 mm) revealed a 

different dynamic. Higher fluence levels significantly increased laser intensity, particularly evident in acrylic blocks, though this 

did not translate into statistically significant differences in penetration depth. These findings suggest that higher fluence primarily 

contributes to more intense superficial LIOB formation, rather than deeper penetration. In gelatin tissue-mimicking phantoms, a 

trend toward increased depth with higher fluence was observed, although this was not statistically significant. The near-significance 

of this result indicates potential practical importance warranting further investigation, possibly involving larger sample sizes or 

repeated measures to confirm the subtle impact of fluence on penetration depth. Focal depth adjustments showed notable effects 

on the laser-induced penetration depth, with deeper penetration achieved at shorter focal distances (-1 position, 13 mm). This 

finding highlights the importance of focal precision when using fractional laser devices clinically, emphasizing that optimal 

therapeutic results may rely heavily on accurate depth targeting. Though there was an observable trend indicating increasing 

intensity with increasing focal depth, the lack of statistical significance suggests other contributing variables could be at play, 

warranting further exploration. Pulse width comparison between 250 ps and 450 ps provided substantial evidence supporting the 

importance of pulse duration in controlling both depth and intensity. The shorter pulse width (250 ps) consistently yielded greater 

depth and significantly higher LIOB intensity, underscoring the photomechanical advantage of shorter pulse durations, resulting in 

more effective pigment fragmentation and microbubble generation. These results are consistent with earlier studies indicating that 

shorter pulse durations are more efficient in generating photomechanical effects, essential in clinical applications targeting dermal 

pigment or structural modification. Collectively, these findings reinforce the complexity of optimizing picosecond laser parameters. 

Effective clinical use of picosecond lasers in dermatology should consider balancing increased penetration depth with intensity of 
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tissue damage. Future research is needed to explore the different laser wavelengths and biological responses to these parameters in 

vivo.  

 

CONCLUSIONS 

This study evaluated how key laser parameters—fluence, spot size, focal depth, and pulse width—affect LIOB outcomes, 

specifically penetration depth and beam intensity, using acrylic and gelatin phantoms. Larger spot sizes significantly increased 

penetration depth without notably affecting intensity, emphasizing the role of optical focus. Higher fluence enhanced beam 

intensity, especially in superficial layers, but had limited impact on depth. Shallower focal depths produced deeper effects, and 

shorter pulses (250 ps) led to greater depth and intensity, highlighting the efficiency of ultra-short pulses. These findings illustrate 

the interplay of laser settings and their clinical relevance in optimizing picosecond Nd:YAG treatments. Further in vivo studies are 

needed to confirm these implications for dermatologic practice. 
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LIMITATION OF STUDY 

 Acrylic and gelatin phantoms, while not fully representative of living tissue, enabled controlled assessment of laser effects 

and serve as a basis for future in vivo studies. 
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