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Abstract 

 Ruean-Mhoon-Nok (RMN), a Thai traditional remedy, has been used topically to treat skin inflammatory disorders, 

including dermatitis and psoriasis. Previously, the ethanolic extract of RMN and its bioactive compound, 

hydroxychavicol, demonstrated promising in vitro anti-inflammatory activity by inhibiting NO and IL-6 production. 

Therefore, this study aimed to develop a stable microemulsion capable of enhancing skin penetration of the RMN extract 

and to evaluate its potential for skin irritation in healthy volunteers. Two RMN microemulsion formulations were 

prepared, consisting of an oil phase (Capryol® 90) combined with surfactants (Polyglyceryl-4 caprate or PEG-6 

caprylic/capric glycerides) and a co-surfactant (Transcutol® P) at a weight ratio of 1:2. These microemulsions had mean 

droplet sizes of less than 100 nm and carried a negative surface charge. Furthermore, they remained stable after nine 

heating-cooling storage cycles. In vitro skin permeation studies showed that the RMN microemulsions were able to 

penetrate the skin and release hydroxychavicol, achieving a maximum cumulative permeation of 26% over 8 h. In healthy 

volunteers, the RMN microemulsions were well tolerated, showing no signs of irritation at the maximum dose of 3% 

RMN extract. In conclusion, the RMN microemulsions are highly promising formulations that warrant further 

investigation for their efficacy and safety in clinical applications. 
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Introduction 

 Dermatitis is a common skin condition 

characterized by inflammation, redness, and itching, 

resulting from dysfunction of the skin barrier. It can 

affect people of all ages and may be triggered by both 

endogenous (e.g., genetic and immune system) and 

exogenous (e.g., environmental, allergenic, and 

pathogenic) factors [1]. Moreover, this inflammatory 

condition can cause significant morbidity and impair 

patients’ quality of life [2]. Treatment options typically 

include topical corticosteroids, moisturizers, and 

lifestyle modifications to help manage and prevent 

recurrent symptoms. However, topical corticosteroids 

may cause adverse effects, particularly with long-term 

use, leading to skin atrophy (thinning), fragility, striae, 

and other complications [3].  

 In recent years, Asian herbal and traditional 

medicines have gained considerable attention as 

alternative options for the treatment of dermatitis due to 

their potential efficacy and safety [4]. In Thai traditional 

medicine, Ruean-Mhoon-Nok (RMN) remedy, an 

herbal medicine listed in the National Thai Traditional 

Medicine Formulary (2021 Edition), has been utilized as 

a topical preparation for the management of cutaneous 

inflammatory disorders, including dermatitis and 

psoriasis [5]. This remedy consists of nine plant 

ingredients in equal proportions: the leaves of Casearia 

grewiifolia Vent., the leaves of Crateva religiosa G. 
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Forst., the leaves of Crateva adansonii DC., the aerial 

parts of Pouzolzia zeylanica (L.) Benn., the aerial parts 

of Gonostegia pentandra (Roxb.) Miq., the rhizomes of 

Alpinia galanga (L.) Willd., the leaves of Piper 

wallichii (Miq.) Hand.-Mazz., the leaves of Datura 

metel L., and the leaves of Persicaria chinensis (L.) H. 

Gross. Several studies have reported that some of these 

components exhibit anti-inflammatory, anti-allergic, 

antipsoriatic, and antibacterial activities [6-9]. 

Furthermore, our recent study revealed promising anti-

inflammatory activity of the 95% ethanolic extract of the 

RMN remedy and its bioactive compound, 

hydroxychavicol, particularly through inhibition of 

nitric oxide and interleukin-6 production. This extract 

also demonstrated in vitro antioxidant activity with high 

phenolic and flavonoid contents [10], further supporting 

its use in managing inflammatory skin conditions. 

 The traditional method of using the RMN remedy 

involves creating a paste by mixing powdered 

ingredients with liquor and applying it directly to the 

affected skin areas. However, the main disadvantages of 

this conventional method are its impracticality and 

potential concerns regarding efficacy (e.g., low skin 

penetration) and safety (e.g., skin irritation), which may 

hinder the wider use of the RMN remedy. To overcome 

these limitations, we hypothesize that developing a 

topical drug delivery system capable of enhancing skin 

penetration of the RMN extract could improve its 

efficacy while reducing the risk of skin irritation  

 Microemulsions (ME) are thermodynamically 

stable, transparent, isotropic liquid mixtures composed 

of oil, water, surfactants, and often a co-surfactant. 

These systems can spontaneously self-assemble upon 

mixing the components, without the need for high shear 

conditions [11]. Moreover, the unique properties of 

microemulsions - such as their ability to incorporate 

both hydrophilic and lipophilic compounds, low 

viscosity, and nanometer-sized droplets in the range of 

20 - 200 nm - make them a promising and versatile 

topical drug delivery system for improving skin 

penetration and reducing irritation [12]. For example, a 

previous study reported that a stable microemulsion 

loaded with catechin enhanced skin penetration and 

deposition of the compound without causing irritation in 

vivo [13]. Similarly, a microemulsion containing 

Pouteria macrophylla fruit extract improved skin 

deposition through pig skin and enhanced the 

depigmenting effect of the extract [14]. 

 The objectives of this study were therefore to (1) 

develop and characterize microemulsions containing 

RMN extract, (2) assess their physical stability and in 

vitro skin permeation, and (3) evaluate their potential for 

skin irritation in healthy volunteers.  

 

Materials and methods 

 Chemicals and reagents 
 Acetonitrile, methanol, and 95% ethanol were 

obtained from RCI Labscan (Bangkok, Thailand). 

Propylene glycol monocaprylate (Capryol® 90) and 

diethylene glycol monoethyl ether (Transcutol® P) were 

supplied by Gattefossé (Saint-Priest, France). White 

petrolatum, isopropyl myristate (IPM), polyglyceryl-4 

caprate, PEG-6 caprylic/capric glycerides, Tween 20, 

propylene glycol, and polyethylene glycol 400 (PEG-

400) were obtained from Chanjao Longevity Co., Ltd. 

(Bangkok, Thailand). Phosphate-buffered saline (PBS), 

and all other chemicals and reagents that are not 

specifically mentioned below were purchased from 

Merck Millipore (Darmstadt, Germany). 

 

 Plant materials and preparation of RMN crude 

extract 
 The plant ingredients of the RMN remedy were 

purchased from several herbal shops in Thailand. The 

rhizomes of A. galanga (TTM 0005447) and the leaves 

of P. wallichii (TTM 1000663) were obtained from 

Nakhon Pathom. The leaves of C. grewiifolia (TTM 

1000658) were obtained from Chachoengsao, and the 

leaves of C. adansonii (TTM 1000660) were obtained 

from Chon Buri. The leaves of D. metel (TTM 0005448) 

were obtained from Ayutthaya. The leaves of C. 

religiosa (TTM 1000659), the leaves of P. chinensis 

(TTM 1000664), the aerial parts of P. zeylanica (TTM 

0005449), and the aerial parts of G. pentandra (TTM 

1000662) were obtained from Samut Sakhon. All plant 

specimens were identified by an herbal medicine expert 

and deposited at the herbarium of Thai Traditional 

Medicine Research Institute, Department of Thai 

Traditional and Alternative Medicine, Bangkok, 

Thailand. 

 To prepare the RMN crude extract, all plant 

components were thoroughly cleaned, dried, and 

pulverized into coarse powder. The RMN remedy was 
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prepared by mixing each plant powder in equal 

proportions, followed by extraction through maceration 

with 95% ethanol for 3 days. The extract was filtered 

through Whatman No. 1 filter paper, and the maceration 

process was repeated twice more, for a total of 3 times. 

Finally, the filtrates were combined, concentrated under 

reduced pressure using a rotary evaporator, and dried in 

a vacuum dryer. The extract was stored at −20 °C for 

further experiments. 

 

 Determination of hydroxychavicol in RMN 

extract 
 The amount of hydroxychavicol, the active 

compound in the RMN extract, was determined using 

HPLC (Thermo Fisher Scientific, MA, USA). Briefly, 

the extract was dissolved in methanol (10 mg/mL) and 

filtered through a 0.45 μm membrane filter. The sample 

was then injected into a reversed-phase column, 

ZORBAX Eclipse XDB-C18 (4.6×250 mm, 5 µm), with 

a guard column of the same material. The mobile phases 

consisted of water (A) and acetonitrile (B) with gradient 

elution as follows: 0 min, 90:10; 10 min, 90:10; 30 min, 

70:30; 45 min, 60:40; 53 min, 95:5; 60 min, 95:5; 60.1 

min, 90:10; 65 min, 90:10. The flow rate was 1 mL/min, 

with UV detection at a wavelength of 210 nm. The 

operating temperature was maintained at room 

temperature. Additionally, a calibration curve of 

standard hydroxychavicol was prepared with 

concentrations ranging from 10 to 400 µg/mL and 

analyzed in triplicate. The content of hydroxychavicol 

in the RMN extract was calculated by correlating the 

peak area with the calibration curve of standard 

hydroxychavicol. 

 

 Screening of microemulsion components 
 Screening of microemulsion components involves 

selecting appropriate oils, surfactants, and co-

surfactants to achieve high solubility for the RMN 

extract. Briefly, an excess amount of RMN extract was 

added to 1 g of selected vehicles. The mixtures were 

subsequently agitated using a rotator mixer at 30 ± 2 °C 

for 48 h to achieve drug equilibrium solubility. The 

supernatants were then collected by centrifugation at 

10,000 rpm for 30 min. The amount of hydroxychavicol 

dissolved in the vehicles was quantified using HPLC. 

The results were expressed as a percentage of the 

relative solubility of hydroxychavicol, using 95% 

ethanol as the comparison standard. Components that 

delivered high hydroxychavicol solubility were selected 

to construct pseudo-ternary phase diagrams of the 

microemulsions. 

 

 Construction of pseudo-ternary phase 

diagrams 
 Pseudo-ternary phase diagrams were constructed 

using the aqueous titration method to identify the 

appropriate components and their ratios, providing a 

large microemulsion region. Briefly, a mixture of the 

chosen surfactant and co-surfactant (Smix) was prepared 

in weight ratios of 1:1 and 1:2. Different mixtures of the 

oil phase and Smix were then accurately weighed in a 

glass vial at ratios of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 

and 9:1. Titration was performed by continuously 

adding double-distilled water dropwise into the mixtures 

under magnetic stirring until the transparent and 

homogeneous microemulsions turned into cloudy 

emulsions. At this point, the percentages of oil, Smix, and 

water were calculated to construct pseudo-ternary phase 

diagrams and identify the microemulsion region using 

commercial software (CHEMIX School 12.2, Bergen, 

Norway). 

 

 Preparation of microemulsion 
 The appropriate oil, Smix, and water weight ratios 

used to prepare oil-in-water (O/W) microemulsions 

were selected based on the pseudo-ternary phase 

diagrams. Briefly, the chosen quantities of oil and Smix 

were mixed in a glass vial. The RMN extract (1% w/w) 

was dissolved in the mixture under moderate stirring. 

Subsequently, the aqueous phase was slowly added to 

the system and continuously stirred overnight at room 

temperature to obtain a clear, dark green microemulsion. 

Base (blank) microemulsions were prepared in the same 

manner, but without the RMN extract. All samples were 

stored in well-closed containers at 4 °C for further 

experiments. 

 

 Characterization of microemulsion 
 Microemulsions were visually examined for color, 

homogeneity, and phase separation. Droplet size, 

polydispersity index (PDI), and zeta potential were 

analyzed using dynamic light scattering (DLS) and 

electrophoretic light scattering (ELS) techniques with a 

Zetasizer® Pro (Malvern Panalytical, Malvern, UK). In 
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addition, the viscosity of the microemulsions was 

determined using a DVNext cone/plate rheometer 

(AMETEK Brookfield, MA, USA) at 60 rpm with a 

cone spindle (CPA-40Z) at 25 °C, while the pH was 

measured using an Orion 2-Star™ benchtop pH meter 

(Thermo Fisher Scientific, MA, USA). 

 

 Stability study of microemulsion 
 The stability of microemulsions was assessed 

under extreme temperature changes using heating-

cooling cycles [15]. Three different batches of 

microemulsions were placed in glass vials and kept in a 

refrigerator at 4 °C for 24 h, followed by incubation in a 

hot-air oven at 45 °C for another 24 h. This step was 

repeated for a total of nine consecutive cycles. The 

droplet size, zeta potential, viscosity, and pH of 

microemulsions were examined at specific cycles 

(cycles 0, 3, 6, and 9). 

 

 In vitro permeation study of RMN 

microemulsion 
 To confirm that the RMN microemulsion could 

penetrate the skin, an in vitro skin permeation study of 

hydroxychavicol, the active compound in the RMN 

extract, was performed using a Franz diffusion cell with 

an effective diffusion area of 1.77 cm2. A synthetic 

Strat-M® membrane (Merck Millipore, Darmstadt, 

Germany), designed to mimic human skin, was selected 

as an alternative non-animal-based model for 

transdermal diffusion testing [16]. Briefly, the receiver 

compartment was filled with 12 mL of 40% ethanol in 

PBS (pH 7.4) and maintained at 32 ± 1 °C under 

continuous stirring at 600 rpm. The RMN 

microemulsion was placed in the donor compartment on 

top of the shiny side of the Strat-M® membrane. At 

specific time intervals (15, 30 and 45 min, 1, 2, 3, 4, 5, 

6, 7 and 8 h), 500 µL of the receptor solution was 

withdrawn and replaced with an equal volume of fresh 

medium. The amount of hydroxychavicol in the samples 

was quantified using HPLC and reported as a percentage 

of cumulative drug permeation. 

 

 Skin irritation and allergic testing of RMN 

microemulsion in human volunteers 
 Ethics consideration 

 The study protocol for the skin irritation and 

allergic testing of the RMN microemulsion in healthy 

volunteers (clinical trial phase I) was reviewed and 

approved by the Human Research Ethics Committee of 

Thammasat University (Faculty of Medicine), Thailand, 

prior to commencement of the study (Cert. No. 

238/2565; Project No. MTU-EC-TM-1-185/65). 

 

 Human volunteers 
 A total of 36 healthy volunteers aged between 18 

and 60 years were examined and recruited by a 

dermatologist to assess skin irritation [17]. All subjects 

provided informed consent prior to enrollment. 

Participants were excluded if they had skin diseases or 

lesions, tattoos, scars, or burns on the tested area; a 

history of hyperallergic reactions to the RMN remedy, 

microemulsion components, or medical adhesive tapes; 

were pregnant or breastfeeding; or had used 

antihistamines, corticosteroids, or immunosuppressants 

within the 2 weeks preceding the study. 

 

 Study design 
 The study was an open-label controlled trial 

conducted at Thammasat University Hospital, 

Thammasat University, Pathum Thani, Thailand. The 

human closed patch test method was used to investigate 

skin irritation of the RMN extract (0.5%, 1%, and 3% 

w/w) in either microemulsions or white petrolatum 

(WP), as well as base (blank) microemulsions and white 

petrolatum alone (negative control). All tested samples 

were loaded onto Finn chambers® (8 mm, 

SmartPractice®, AZ, USA) and applied to the upper 

back of the volunteers using patch fixation tapes 

(Tegaderm™ film and Micropore™ tape, 3M Health 

Care, MN, USA) for 48 h. After removing the patches, 

skin irritation and allergic reactions were observed and 

graded twice, at 30 min and 24 h, by a dermatologist 

using the grading criteria of skin reactions according to 

the Cosmetic, Toiletry, and Fragrance Association 

(CTFA) guidelines. The grade was then calculated as a 

score of skin response using the specified equation 

below. The scores in each case were compared after 

converting the values to standardized z-scores (Table 

1). Tested samples with z-scores ≤ 1.0 were considered 

safe for primary skin irritation of the leave-on product 

[18]. Calculation of score of skin response: 

 

Score =
Σ (Grade × 𝑛 of responders)

4(maximum grade) × 𝑁(total subjects)
× 100 × 1/2  
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Table 1 Grading criteria for skin reactions by CTFA guideline and human primary irritation index for cosmetic products 

by human patch test. 

Grading criteria for skin reactions Human primary irritation index 

Symbol Grade Clinical description Skin response Z-scores Criteria 

– 0 Negative reaction    

+ 1 Slight erythema, either spotty or diffuse 0.00 ≤ R < 0.86 0.0 ≤ z < 0.5 Slight 

++ 2 Moderate uniform erythema 0.87 ≤ R < 2.42 0.5 ≤ z < 2.0 Mild 

+++ 3 Intense erythema with oedema 2.42 ≤ R < 3.44 2.0 ≤ z < 3.0 Moderate 

++++ 4 Intense erythema with oedema and vesicles 3.44 ≤ R 3.0 ≤ z Severe 

 

 

 Statistical analysis 
 All experiments were performed in triplicate and 

expressed as mean ± standard deviation (SD). Statistical 

analysis was conducted using paired-sample t-test, an 

independent samples t-test or a 2-way analysis of 

variance (ANOVA), depending on the experimental 

design. Differences were considered statistically 

significant at p < 0.05. 

 

 

 

 

 

Results and discussion 

 HPLC analysis of RMN extract 
 The HPLC chromatogram showed that 

hydroxychavicol is a major compound in the RMN 

extract, eluting at a retention time of 33.79 min (Figure 

1). The calibration curve of standard hydroxychavicol 

was linear over the concentration range used, described 

by the equation y = 48,253x – 364,018, with a 

coefficient of determination (R²) of 0.9995. The RMN 

extract contained 23.21 ± 0.21 mg of hydroxychavicol 

per gram of extract (2.32 ± 0.02% w/w). Therefore, 

hydroxychavicol was selected as the analytical marker 

for the RMN extract. 

  

 

 

Figure 1 HPLC chromatogram of RMN extract at a wavelength of 210 nm. 
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 Solubility study of RMN extract 

 The solubility of the RMN extract was assessed in 

different oils, surfactants, and co-surfactants to identify 

appropriate components for formulating a stable 

microemulsion system with a high hydroxychavicol 

content. The results indicated that IPM exhibited the 

highest solubility for hydroxychavicol (relative 

solubility of 99.74 ± 1.16%), followed by Capryol® 90 

(relative solubility of 95.75 ± 1.77%), as shown in Table 

2. In contrast, liquid paraffin had the lowest solubility 

among the oils (relative solubility of 28.27 ± 0.36%), 

likely due to its lower polarity compared with the other 

oils [19]. Consequently, IPM and Capryol® 90 were 

selected as the oil phase for the microemulsion 

formulation because of their high hydroxychavicol 

solubility, which helps maintain the drug in a solubilized 

form [20]. In addition, these oils have been used as skin 

penetration enhancers in topical and transdermal 

formulations [21,22]. 

 In terms of surfactants, they play a major role in 

the formation of microemulsions by reducing the 

interfacial tension between oil and water. Surfactants 

with the hydrophilic-lipophilic balance (HLB) value 

between 8 and 16 are ideal for forming stabilized O/W 

microemulsions [23]. Moreover, nonionic surfactants 

are widely used in the design of microemulsion 

formulations due to their low skin irritation and toxicity, 

as well as their high compatibility with other 

components [24]. Among the nonionic surfactants 

tested, polyglyceryl-4 caprate (relative solubility of 

98.53 ± 1.92%) and PEG-6 caprylic/capric glycerides 

(relative solubility of 96.60 ± 1.29%) were the most 

effective solubilizers for hydroxychavicol, in contrast to 

Tween 20 (relative solubility of 76.55 ± 1.00%). Hence, 

polyglyceryl-4 caprate (HLB value of 14-14.5) and 

PEG-6 caprylic/capric glycerides (HLB value of 12.5 - 

14) were selected as the surfactants for the 

microemulsion formulation. 

 For co-surfactants, they increase the flexibility of 

surfactant film and lower the interfacial tension between 

oil and water phases, promoting the formation and 

stabilization of microemulsions [25]. In this study, 

Transcutol® P was selected for the microemulsion 

formulation because it exhibited the highest solubility of 

hydroxychavicol, with a relative solubility of 95.39 ± 

0.56%. Moreover, Transcutol® P is frequently used in 

the preparation of transdermal drug delivery systems as 

it can interact with the intercellular lipid matrix of the 

stratum corneum, thus allowing drugs to penetrate the 

skin [26]. Similar findings were observed with PEG-400 

(relative solubility of 88.31 ± 1.24%) and propylene 

glycol (relative solubility of 87.01 ± 1.44%), although 

both were lower than Transcutol® P. 

 

Table 2 Solubility of hydroxychavicol in various components of microemulsion 

Phase type Vehicle 

Hydroxychavicol content 

(µg/mL) 

[Mean ± SEM] 

Relative solubility of 

hydroxychavicol (%) 

[Mean ± SEM] 

Oil Isopropyl myristate 237.88 ± 2.76 99.74 ± 1.16 

 Capryol® 90 228.36 ± 4.23 95.75 ± 1.77 

 Liquid paraffin 67.43 ± 0.85 28.27 ± 0.36 

Surfactant Polyglyceryl-4 caprate 235.86 ± 2.06 98.89 ± 0.86 

 PEG-6 caprylic/capric glycerides 230.38 ± 3.07 96.60 ± 1.29 

 Tween 20 182.58 ± 2.38 76.55 ± 1.00 

Co-surfactant Transcutol® P 227.52 ± 1.33 95.39 ± 0.56 

 Polyethylene glycol 400 210.62 ± 2.96 88.31 ± 1.24 

 Propylene glycol 207.51 ± 3.43 87.01 ± 1.44 

 95% Ethanol 238.54 ± 1.80 100 

Data represent mean ± SD (n = 3), The hydroxychavicol content of RMN extract in 95% ethanol was used as a reference 

value for 100% relative solubility of hydroxychavicol. 

 
 

 

 

 



Trends Sci. 2026; 23(7): 12681   7 of 15 

  

 

 Pseudo-ternary phase diagrams 
 Based on the solubility results, the components 

that yielded a relative solubility of hydroxychavicol 

greater than 90% were selected to construct the pseudo-

ternary phase diagram to identify the microemulsion 

region and the appropriate ratio of each component. 

Isopropyl myristate and Capryol® 90 were selected as 

the oil phase. Polyglyceryl-4 caprate and PEG-6 

caprylic/capric glycerides were used as surfactants, 

combined with Transcutol® P as a co-surfactant. The 

mixture of surfactant and co-surfactant (Smix) was 

prepared at weight ratios of 1:1 and 1:2 (Figure 2). 

 The formation of microemulsion regions is 

significantly influenced by the type and properties of the 

oils used [27]. Preliminary studies revealed that the use 

of Capryol® 90 as the oil phase, combined with different 

types of Smix at a weight ratio of 1:1 (Figures 2(C) and 

2(D)), provided a larger microemulsion region than that 

observed with IPM (Figures 2(A) and 2(B)). This is 

because Capryol® 90, a medium-chain fatty acid ester 

(C8), has amphiphilic properties that enhance 

microemulsion stability, particularly in systems with 

high water content (O/W microemulsions). In contrast, 

IPM, a fatty acid ester (C14), is less polar than Capryol® 

90 and often requires higher surfactant concentrations to 

achieve stable systems, especially when the water phase 

is dominant [28]. 

 The ratio of surfactant to co-surfactant is also a 

critical factor influencing the phase behavior and 

stability of microemulsions. A balanced Smix can lead to 

the formation of a large and stable microemulsion region 

[25], as well as clinically proven safe and effective 

products [29]. Our results showed that all types of Smix 

at a weight ratio of 1:1 (Figures 2(C) and 2(D)) 

efficiently formed a large and stable microemulsion 

region, similar to Smix at a weight ratio of 1:2 (Figures 

2(E) and 2(F)). Based on this finding, the optimal ratio 

of surfactant to co-surfactant of 1:2 was chosen for 

further studies due to the lower surfactant content, 

which may reduce skin irritation [30]. 

 

 

 

 

 

Figure 2 Pseudo-ternary phase diagrams of microemulsions with different oils and Smix ratios. 
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 Preparation and characterization of RMN 

microemulsions 
 Based on the microemulsion regions obtained 

from the pseudo-ternary phase diagrams, 2 optimized 

O/W microemulsion formulations were successfully 

prepared using different types of surfactants: 

Polyglyceryl-4 caprate (ME1) and PEG-6 

caprylic/capric glycerides (ME2). These surfactants 

were mixed with the co-surfactant (Transcutol® P) at a 

weight ratio of 1:2. The concentrations of oil (Capryol® 

90), Smix, and RMN extract were fixed at 5%, 50%, and 

1% w/w, respectively. Base (blank) microemulsions 

were prepared in the same manner, but without the RMN 

extract. The physicochemical properties of all 

microemulsion formulations are summarized in Table 

3. 

 The visual appearance of RMN-loaded 

microemulsions was a dark green, transparent, 

homogeneous solution, whereas their base formulations 

were clear and transparent. Droplet size is an important 

characteristic of microemulsions. In this study, all 

microemulsion formulations produced droplets below 

100 nm with a narrow and uniform size distribution (PDI 

< 0.2), allowing for enhanced drug penetration through 

the skin barrier [27]. Specifically, the smallest droplet 

sizes were found in the ME2 formulations (47.3 ± 0.8 

nm for ME2-RMN and 37.9 ± 0.6 for ME2-Base), which 

used PEG-6 caprylic/capric glycerides (HLB value of 

12.5 - 14) as a surfactant. When the surfactant was 

changed to polyglyceryl-4 caprate (HLB value of 14 - 

14.5), the ME1 formulations became larger (60.7 ± 0.6 

nm for ME1-RMN and 57.5 ± 0.7 for ME1-Base), 

although there was only a slight increase in mean droplet 

size when loading the RMN extract. The concentration 

of surfactant was still sufficient to maintain the internal 

phase droplet size [31]. The differences in droplet sizes 

between ME1 and ME2 formulations may be explained 

by the effect of different HLB values, surfactant type, 

and the charge of the interfacial layer surrounding the 

oil droplets [32].  

 Regarding zeta potential, the surface charge of 

microemulsions can significantly affect their stability. 

Microemulsions with a high positive or negative zeta 

potential (typically > +30 mV or < –30 mV) are 

generally considered highly stable colloidal dispersions 

with low aggregation [33]. The results showed that all 

microemulsion formulations had a negative surface 

charge, with zeta potentials ranging from −19.8 ± 0.3 to 

−48.1 ± 1.2 mV, indicative of colloidal stability. The 

significant decrease in zeta potential observed in RMN 

microemulsions may be attributed to negatively charged 

compounds present in the extract.  

 For pH, the ME1 formulations exhibited acidic 

values (5.40 ± 0.02 for ME1-RMN and 5.49 ± 0.02 for 

ME1-Base), while ME2 formulations were less acidic 

(5.87 ± 0.02 for ME2-RMN and 6.19 ± 0.07 for ME2-

Base). Since ME1 and ME2 formulations used different 

surfactants, the variation in pH values is most likely 

influenced by the surfactant itself. Nevertheless, the 

RMN microemulsions possess pH values within the 

acceptable range of 4 - 6 for topical products [34].  

 In terms of viscosity, all microemulsion 

formulations exhibited low viscosity, ranging from 

10.57 ± 0.23 to 15.20 ± 0.17 centipoise (cP). Lower-

viscosity microemulsions tend to enhance skin 

permeation by facilitating drug diffusion through the 

skin layers. This property may also be beneficial for 

rapid drug release, which can provide immediate 

therapeutic effects [35]. 
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Table 3 Physiochemical properties of RMN microemulsions. 

Formulation 
Droplet size 

(nm) 
PDI 

Zeta potential 

(mV) 
pH 

Viscosity 

(cP) 

ME1-RMN 60.7 ± 0.6 a 0.174 ± 0.011 a –21.1 ± 0.3 a 5.40 ± 0.02 15.20 ± 0.17 a 

ME1-Base 57.5 ± 0.7 0.130 ± 0.004 –19.8 ± 0.3 5.49 ± 0.02 13.87 ± 0.15 

ME2-RMN 47.3 ± 0.8 b 0.195 ± 0.007 –48.1 ± 1.2 b 5.87 ± 0.02 b 12.80 ± 0.42 b 

ME2-Base 37.9 ± 0.6 0.180 ± 0.005 –41.5 ± 0.4 6.19 ± 0.07 10.57 ± 0.23 

ME1 used polyglyceryl-4 caprate as a surfactant, ME2 used PEG-6 caprylic/capric glycerides as a surfactant. Data 

represent mean ± SD of each microemulsion formulation prepared from 3 independent batches, Data were analyzed by 

an independent samples t-test. (a) Significant difference is when p < 0.05 compared with the ME1-Base (n = 3). (b) 

Significant difference is when p < 0.05 compared with the ME1-Base (n = 3).  

 

 

 Stability of RMN microemulsions 

 Microemulsions are known for their 

thermodynamic stability, yet they can also exhibit phase 

separation under various factors, such as surfactant 

concentration, salinity, and temperature changes [36]. 

After 9 heating-cooling cycles, the visual appearance of 

both RMN and base microemulsion formulations 

remained homogeneous, without phase separation or 

drug precipitation. The mean droplet size of all 

microemulsion formulations also remained stable, with 

a uniform size distribution (droplet size at 9 cycles 

ranging from 38.6 ± 0.8 to 60.2 ± 0.8 nm and PDI 

ranging from 0.139 ± 0.006 to 0.187 ± 0.021) over the 

duration of the experiment (Figure 3(A)), and still 

within the microemulsion range (< 200 nm) [37]. This 

stability may be attributed to the surfactants, which 

reduce interfacial tension between oil and water, thereby 

reducing droplet size (increasing surface area) and 

stabilizing the system [19].  

 Zeta potential is another crucial parameter for 

determining the thermodynamic stability of 

microemulsions. A higher absolute value of zeta 

potential generally indicates greater stability due to 

increased electrostatic repulsion between droplets, 

which prevents coalescence and aggregation [11]. In this 

study, the zeta potential of ME2 formulations showed a 

slight decrease after nine cycles (Figure 3(B)), whereas 

ME1 formulations exhibited a slight increase, but 

maintained a negative charge within a highly stable 

range [33].  

 The pH of all microemulsion formulations 

decreased slightly due to the impact of temperature 

changes (pH at 9 cycles ranging from 4.97 ± 0.02 to 5.68 

± 0.03) (Figure 3(C)). Nevertheless, their pH values 

remained close to skin pH, suitable for topical use [34]. 

In terms of viscosity, all microemulsion formulations 

exhibited low viscosity (viscosity at 9 cycles ranging 

from 11.50 ± 0.53 to 14.97 ± 0.42 cP) without 

substantial change (Figure 3(D)), facilitating drug 

diffusion through the vehicle compared with higher-

viscosity systems [35]. 
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Figure 3 Stability of RMN microemulsions stored under nine heating-cooling cycles. Data represent mean ± SD (n = 3). 

(*) p < 0.05 when compared with cycle 0 within each sample (paired-samples t-test). 
 

 

 In vitro permeation profile of RMN microemul-

sion 
 The permeability of RMN microemulsions was 

assessed in vitro using Franz diffusion cells. The amount 

of hydroxychavicol was analyzed by HPLC and 

reported as percentage cumulative drug permeation 

(Figure 4). Both ME1-RMN and ME2-RMN 

formulations showed similar permeation profiles of 

hydroxychavicol. An initial high permeation of 

hydroxychavicol (approximately 12% - 15%) was 

observed within the first 15 min, followed by sustained 

permeation, reaching a maximum cumulative 

permeation of 24% - 26% over an 8-hour period. 

Specifically, the highest permeation of hydroxychavicol 

was observed with ME2-RMN, with a cumulative 

permeation of 26.04 ± 1.07%, whereas ME1-RMN 

achieved 24.07 ± 0.12% through the Strat-M® 

membrane after 8 h. This may be attributed to the 

smaller droplet size of ME2-RMN compared to ME1-

RMN, allowing easier navigation through the 

intercellular spaces of the stratum corneum [27]. 

Similarly, the cumulative permeability of a curcumin 

nanoemulsion prepared with a surfactant of HLB 11 

(droplet size 84 nm) was 4.57-fold higher than that of a 

formulation using a surfactant with HLB 3 (droplet size 

384.7 nm), highlighting the importance of droplet size 

in enhancing skin delivery [38]. 
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Figure 4 Cumulative permeability profile of hydroxychavicol from RMN-loaded microemulsion formulations: ME1-

RMN (black) and ME2-RMN (blue).  Data represent mean ± SD (n = 3). (*) p < 0.05 when compared with ME1-RMN 

at corresponding timepoints (2-way ANOVA; formulation×time interaction). 
 

 

 

 

 

 

 Skin irritation and allergic testing of RMN 

microemulsion in healthy volunteers 

 A human closed patch test was employed to 

evaluate allergic contact dermatitis and irritant contact 

dermatitis. Allergic contact dermatitis refers to an 

immunological response, specifically a type IV or 

delayed-type hypersensitivity reaction, triggered by 

exposure to a specific allergen. This condition often 

manifests as erythema, swelling, and vesiculation at the 

site of contact. In contrast, irritant contact dermatitis is 

a non-immunological skin response that results from 

direct damage to the skin barrier, leading to symptoms 

such as redness, dryness, and scaling [39]. To 

characterize the reactions, a positive response at 48 h 

post-patch application, coupled with a negative response 

at 72 h, indicates irritation caused by the tested 

substances. Conversely, a positive reaction observed at 

48, 72, or 96 h after patch application indicates an 

allergic response [17]. 

 In this study, 36 healthy volunteers, consisting of 

7 males and 29 females aged between 21 and 41 years 

(mean age 23.75 ± 4.21 years), were enrolled in the skin 

patch testing and completed the study. The results of 

skin assessment are summarized in Table 4. None of the 

volunteers displayed any skin reactions when exposed 

to WP (negative control). Similar results were observed 

when replacing WP with ME1-Base and ME2-Base as 

vehicle controls, except for volunteers No. 5 and 8, who 

exhibited faint erythema outside the application site 

after 48 h (doubtful reaction).  

 Regarding the RMN extract, WP containing RMN 

extract at all concentrations (0.5%, 1%, and 3% WP-

RMN) did not cause skin reactions in most volunteers. 

The irritant reactions observed at 48 h in volunteers No. 

8 (exposed to 0.5% WP-RMN) and No. 18 (exposed to 

0.5% and 1% WP-RMN) were unclear (doubtful 

reaction). Only one volunteer (No. 18) exhibited slight 

erythema (CTFA grade 1) to 0.5% WP-RMN at 72 h 

(score of response = 0.35).  

 When using microemulsion bases as vehicles, both 

0.5% and 1% ME2-RMN did not induce any skin 

reactions in 35 volunteers, except for volunteer No. 18. 

In addition, 3 volunteers developed faint erythema at the 

application site after 48 h when using 0.5% ME1-RMN 

(volunteers No. 8, 18, and 35), with volunteer No. 18 

also displaying faint erythema at 72 h (doubtful 

reaction). Similarly, faint erythema occurred in 2 

volunteers at 48 h after exposure to 1% ME1-RMN 

(volunteers No. 18 and 25), while volunteer No. 13 

developed faint erythema after 72 h (doubtful reaction).  

 Furthermore, all microemulsion bases containing 

3% RMN extract resulted in faint erythema at the 
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application site after 48 and 72 h in a small number of 

volunteers (up to 6 volunteers in 3% ME1-RMN at 48 

h), except for volunteer No. 18 who still exhibited a 

slight skin reaction (CTFA grade 1) at 72 h (score of 

response = 0.35 for both 3% ME1-RMN and 3% ME2-

RMN). 

 Based on these findings, one volunteer developed 

a slight allergic reaction to RMN extract in WP as well 

as in both microemulsion formulations, suggesting a 

possible allergy to the RMN extract. In addition, it has 

been established that a skin response score below 1.40, 

corresponding to a z-score < 1, is considered within the 

safe zone for primary skin irritation in cosmetics [18]. 

Therefore, both RMN microemulsion formulations 

demonstrated non-irritating effects on the skin and could 

be safely used without causing irritation in humans. 

Moreover, the 3% RMN-loaded microemulsion was 

determined to be the maximum safe concentration for 

topical application. Nevertheless, it should be avoided 

in individuals with a history of hypersensitivity to plant-

derived ingredients in the RMN remedy. 

 

Table 4 The results of skin patch test from 36 healthy volunteers. 

Sample 

48-hour patch test 

(30 min after patch removal) 

72-hour patch test 

(24 h after patch removal) 

CTFA grade Score 

(Response) 

CTFA grade Score 

(Response) 0 1 2 3 4 ±/? 0 1 2 3 4 ±/? 

1. WP 35 0 0 0 0 18 0 36 0 0 0 0  0 

2. ME1-Base 34 0 0 0 0 25,8 0 36 0 0 0 0  0 

3. ME2-Base 35 0 0 0 0 18 0 36 0 0 0 0  0 

4. 0.5% WP-RMN 34 0 0 0 0 28,18 0 35 118 0 0 0  0.35 

5. 1% WP-RMN 35 0 0 0 0 118 0 36 0 0 0 0  0 

6. 3% WP-RMN 36 0 0 0 0  0 36 0 0 0 0  0 

7. 0.5% ME1-RMN 33 0 0 0 0 38,18,35 0 35 0 0 0 0 118 0 

8. 1% ME1-RMN 34 0 0 0 0 218,25 0 34 0 0 0 0 213,18 0 

9. 3% ME1-RMN 30 0 0 0 0 62,6,17,18,19,23 0 33 118 0 0 0 22,6 0.35 

10. 0.5% ME2-RMN 35 0 0 0 0 118 0 35 0 0 0 0 118 0 

11. 1% ME2-RMN 35 0 0 0 0 118 0 35 0 0 0 0 118 0 

12. 3% ME2-RMN 33 0 0 0 0 36,17,18 0 35 118 0 0 0  0.35 

RMN: Ruean-Mhoon-Nok extract, WP: White petrolatum, ME: Microemulsion, ±/?: Doubtful reaction (faint erythema 

only, no infiltration), X: The total count of people, Superscript: Volunteer’s No., X1-7 refer to male volunteers, X8-36 refer 

to female volunteers.  

 

 

Conclusions 

 In this study, we successfully developed 2 

microemulsion formulations containing the RMN 

remedy extract. Capryol® 90 was identified as the most 

suitable oil phase, exhibiting a larger microemulsion 

area compared to IPM. Both polyglyceryl-4 caprate and 

PEG-6 caprylic/capric glycerides were appropriate 

surfactants when combined with Transcutol® P as a co-

surfactant at a weight ratio of 1:2. The optimized RMN 

microemulsions had mean droplet sizes below 100 nm 

and displayed negative charges. They also demonstrated 

excellent thermodynamic stability during the heating-

cooling cycles, as well as effective skin permeation and 

drug delivery capabilities, particularly in the ME2-RMN 

formulation.  
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 In the phase I clinical trial, all microemulsion 

formulations containing 0.5%, 1%, and 3% of RMN 

extract were non-irritating and could be safely applied 

to human skin. The 3% RMN microemulsion was the 

maximum safe dose for topical application. However, 

further studies on the efficacy and long-term safety of 

RKN microemulsions are warranted to confirm these 

findings. 
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