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Abstract  

Botanical ingredients have been increasingly incorporated into cosmeceutical hair tonic formulations due to their 

potential to promote hair growth. Acanthus ebracteatus Vahl. has attracted interest as a functional natural ingredient with 

potential hair growth-enhancing effects. This study aims to evaluate the capacity of A. ebracteatus extract (AEE) to 

promote the proliferation of human hair follicle dermal papilla cells (HDPCs) and to develop a hair tonic AEE 

microemulsion (AEE-ME). Total phenolic content (TPC) of AEE was determined using the Folin-Ciocalteu assay. The 

cytotoxicity and proliferation of HDPCs treated with AEE were assessed using a resazurin reduction assay. 

Microemulsions were constructed using pseudo-ternary phase diagrams composed of isononyl isononanoate (oil), 

deionized water, and various mass ratios of laureth-9 (surfactant) and ethanol (cosurfactant) (Smix). AEE-ME was 

characterized by droplet size, polydisperse index (PDI), zeta potential, pH, conductivity, and viscosity, as well as TPC. 

The stability of AEE-ME was evaluated over 12 weeks. The results showed that AEE contained TPC at 220.71 ± 9.28 

mg of gallic acid equivalents (GAE)/g. AEE was safe for HDPCs at concentrations ranging from 3.125 to 200 μg/mL. 

HDPCs proliferation increased significantly after 48 h of incubation compared to the control. Microemulsion regions 

expanded as the mass ratio of Smix increased. AEE was incorporated into a suitable microemulsion base (MB1) composed 

of 70% Smix (2:1), 20% water, and 10% oil. The droplet size, PDI, zeta potential, pH, electrical conductivity, and 

viscosity were 97.37 ± 2.46 nm, 0.38 ± 0.01, −2.16 ± 0.06 mV, 6.20 ± 0.02, 24.07 ± 0.55 S/cm, and 22.1 ± 1.5 MPa, 

respectively. TPC value of AEE-ME was 294.32 ± 6.44 mg GAE/g. All parameters remained stable after storage at 4 °C, 

ambient temperature, and 45 °C. Therefore, hair tonic AEE-ME may be used for hair loss protection with high stability.  

 

Keywords: Acanthus ebracteatus, Human hair follicle dermal papilla cells, Cell viability, Hair proliferation, Pseudo-

ternary phase diagram, Hair tonic microemulsion, Stability  

 

Introduction 

Hair loss, or alopecia, is a multifactorial condition 

with significant psychosocial and clinical implications. 

The hair growth cycle, composed of the anagen 

(growth), catagen (regression), and telogen (resting) 

phases, is tightly regulated by molecular and cellular 

mechanisms. Disruptions in this cycle can result in 

excessive hair shedding, thinning, or baldness [1]. 

Among the primary causes of hair loss, genetic 

predisposition is particularly important. Androgenetic 

alopecia, the most common form, results from increased  

 

follicular sensitivity to dihydrotestosterone (DHT), 

leading to miniaturization of hair follicles and 

progressive thinning [2]. Hormonal fluctuations, such as 

those associated with thyroid disorders, pregnancy, and 

menopause, also contribute to alterations in hair growth 

dynamics [3]. Nutritional deficiencies and oxidative 

stress have been increasingly recognized as contributing 

factors. Insufficient intake of essential micronutrients, 

including iron, zinc, and biotin, can impair keratin 

synthesis and follicle metabolism [4,5]. Moreover, 
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reactive oxygen species (ROS), generated by ultraviolet 

(UV) radiation, environmental toxins, or metabolic 

processes, may damage follicular cells and accelerate 

hair follicle aging [6,7]. Stress and chronic inflammation 

further exacerbate these effects, promoting premature 

entry of hair follicles into the telogen phase [8,9]. In 

addition, iatrogenic factors such as chemotherapy 

remain well-documented triggers of temporary or 

permanent alopecia [10]. Given the interplay of genetic, 

hormonal, nutritional, environmental, and psychological 

factors, hair loss represents a complex condition 

requiring multidisciplinary approaches. Recent studies 

focusing on molecular signaling pathways, including 

oxidative stress responses, growth factors, and 

inflammatory mediators, have opened new possibilities 

for targeted therapies and preventive strategies [6,11]. 

At present, several topical or synthetic agents are 

available for the treatment of hair loss, such as minoxidil 

and finasteride. However, previous reports have 

indicated that these agents may be associated with 

various adverse effects, including skin irritation, 

erythema, scalp irritation, facial hypertrichosis, allergic 

contact dermatitis, pruritus, elevated liver enzyme 

levels, nocturnal enuresis, testicular pain, and headaches 

[12]. Consequently, natural-derived substances have 

gained increasing attention as alternative therapeutic 

options for hair loss management, as they are generally 

considered to offer improved safety profiles with fewer 

undesirable side effects. 

Acanthus ebracteatus Vahl. is a plant that belongs 

to the Acanthaceae family. It has been used in traditional 

medicine as an astringent, expectorant, stimulant, and to 

heal skin diseases by using the whole plant, as a cough 

remedy, for paralysis, and for wound healing by the root, 

as a snakebite cure by the tender shoots and leaves, and 

as a treatment for preventing alopecia and treating 

rheumatism with the leaves [13]. A. ebracteatus leaves 

have been reported to contain phytochemical 

constituents, including phenolics and phenolic 

glycosides such as caffeic acid, dihydroferulic acid 4-O-

glucuronide, chlorogenic acid, kelapayoside A, 

verbasoside, and flavonoids and flavonoid glycosides 

like luteolin, apigenin, saponarin, baicalin, and 

tetramethylquercetin 3-rutinoside [14]. Total phenolic 

and flavonoid contents of A. ebracteatus leavesʼ extract 

have been investigated for their relation to antioxidant 

activities [14,15]. Moreover, its compounds have shown 

anti-bacterial, anti-cancer, and anti-neurodegenerative 

properties [14,16]. In terms of hair treatment, A. 

ebracteatus has been found to promote dermal papilla 

cell proliferation, prevent cell apoptosis, and display 

anti-inflammatory activity related to hair loss [17]. 

Topical application of the ethanolic extract of A. 

ebracteatus on wounded skin in rats has been shown to 

promote wound healing and accelerate the recovery 

process. Additionally, the extract demonstrated anti-

inflammatory effects at the wound site. Notably, it was 

found to enhance the expression of a key growth factor, 

vascular endothelial growth factor (VEGF), which is 

known to play an important role in angiogenesis. This 

upregulation of VEGF expression may also potentially 

support and promote hair follicle development and hair 

growth. Although several studies have reported and 

supported the biological activities of the extract, its 

application in a stable nano-particulate formulation has 

not yet been documented.  

Microemulsions are promising drug delivery 

systems characterized by optical isotropy, low viscosity, 

and thermodynamic stability. They typically consist of 

droplets with sizes ranging from 10 to 200 nm, resulting 

in a transparent appearance [18]. Microemulsions can be 

used for several applications, such as food, textile, 

cosmetics, and pharmaceutical industries, due to their 

advantages, including improved stability, increased 

solubility of hydrophilic and lipophilic drugs, enhanced 

bioavailability of poorly soluble drugs, controlled drug 

release, and ease in preparation [19,20]. Typically, 

microemulsions are colloidal dispersions composed of 

oil, aqueous, surfactant, and cosurfactant components in 

suitable ratios. Synthetic and natural bioactive 

compounds that promote hair growth and decrease hair 

loss have been formulated into hair tonic 

microemulsions [21,22]. In general, physicochemical 

parameters of microemulsions, such as particle size, 

polydisperse index (PDI), zeta potential, pH, and 

viscosity, affect the formulation’s properties. For 

example, the small size of microemulsion, low PDI 

value, and electrostatic repulsion, which represent the 

zeta potential, provide advantages such as thermal 

stability, translucency, and long-term stability [21,23]. 

Moreover, a smaller size enhances skin penetration and 

promotes biological performance. In addition, the 

formulation pH was within a suitable range, thereby 

minimizing the risk of scalp irritation and itching [24]. 
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Therefore, the development of microemulsion 

formulations with favorable physicochemical properties 

is essential for predicting and ensuring the stability, 

efficacy, and safety of the developed formulation, 

thereby serving as an indicator of overall product 

quality. 

Therefore, this study aimed to investigate hair 

dermal papilla proliferation caused by high phenolic 

compounds from A. ebracteatus extract. Since none of 

these reports or commercial products included the use of 

A. ebracteatus loaded in hair tonic microemulsion, a 

stable A. ebracteatus extract-loaded hair tonic 

microemulsion was studied. This developed formulation 

represents an initial step toward the development of 

effective and safe topical products containing natural 

hair growth-promoting agents, with the potential to be 

further advanced and translated into commercially 

viable applications.  

 

Materials and methods 

Chemicals and reagents 

Commercial-grade 95% ethanol, analytical-grade 

99% ethanol, dimethyl sulfoxide (DMSO), and 

methanol were purchased from RCI Labscan, Thailand. 

Resazurin and gallic acid were obtained from Sigma-

Aldrich, USA. Human hair follicle dermal papilla cells 

(HDPCs) and growth medium, including fetal calf 

serum, bovine pituitary extract, basic fibroblast growth 

factor, and insulin, were purchased from Promocell, 

Germany. The cosmetic-grade ingredients, including 

isononyl isononanoate and laureth-9, were purchased 

from MySkinRecipes, Thailand.  

 

Plant extraction 

A. ebracteatus was collected from Chatuchak 

Market, Bangkok, Thailand. This plant was identified by 

Assist. Prof. Dr. Pranee Nangngam, an expert in plant 

botany, Department of Biology, Faculty of Science, 

Naresuan University. A voucher specimen (PNU 6081) 

was deposited at the Faculty of Science, Naresuan 

University, Thailand. The fresh leaves were dried in a 

hot air oven at 50 °C for 24 h. The dried plant was 

ground into powder and then macerated with 95% 

ethanol for 7 days. The extract was filtered using filter 

paper connected to a vacuum pump. Then, the filtrate 

was evaporated using a rotary evaporator under reduced 

pressure at 45 °C. The percentage of yield of A. 

ebracteatus crude extract (AEE) was calculated. AEE 

was stored at −20 °C until use. 

 

%yield = [weight of extract (g) / weight of matter (g)] × 

100                          (1) 

 

Total Phenolic Content (TPC) determination 

The TPC of AEE was determined using the Folin-

Ciocalteu assay [25]. Twenty µl of the extract was well-

mixed with 100 μl of 10% Folin-Ciocalteu’s reagent. 

After incubating the mixture at room temperature for 7 

min, 100 μl of 7.5% sodium carbonate was added. The 

mixture was continuously incubated at room 

temperature for 45 min. The absorbance of the mixture 

was then measured at 765 nm using a Microplate reader 

CALIOstar (BMG LABTECH, Germany). TPC value 

was determined using a gallic acid calibration curve and 

expressed as milligrams of gallic acid equivalents per 

gram of dry extract (mg GAE/g).  

 

Cytotoxicity 

Human hair follicle dermal papilla cells (HDPCs) 

were cultured in follicle dermal papilla cell growth 

medium at 37 °C, 5% CO2. The cytotoxicity of HDPCs 

was determined by resazurin reduction assay [25]. 

HDPCs were seeded in a 96-well plate at a concentration 

of 4×105 cells/mL and incubated at 37 °C with 5% CO2 

for 24 h. Then, AEE at concentrations of 3.125, 12.5, 25, 

50, 100, and 200 µg/mL was applied. After 24 h of 

incubation, 50 µg/mL resazurin solution, dissolved in 

DMDM, was added and incubated for an additional 4 h. 

The fluorescent intensity of the reaction mixture was 

determined at 560 nm against 600 nm. The percentage 

of cell viability was calculated using the formula. 

 

%Cell viability=[(FIcontrol-FIsample)/FIcontrol]×100         (2) 

 

Cell proliferation measurement 

The cell proliferation assay was slightly modified 

from the method described by Hughes et al. [26]. Non-

cytotoxic concentrations of AEE were used throughout 

the experiment to evaluate their effects on cell 

proliferation. HDPCs at 4×105 cells/mL were seeded 

into a 96-well plate and incubated at 37 °C with 5% CO2 

for 24 h. After 24 and 48 h, cell viability was assessed 

using the resazurin reduction assay. The percentage of 
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cell viability is expressed by the formula, which can be 

interpreted as an indication of cell proliferation. 

 

%Cell viability=[(FIsample-FIcontrol)/FIsample]×100         (3) 

 

Preparation of microemulsions 

Construction of pseudo-ternary phase diagram  

A pseudo-ternary phase diagram was developed to 

identify the microemulsion formation region [27]. 

Microemulsions consisting of isononyl isononanoate 

(oil), laureth-9 (surfactant), ethanol (cosurfactant), and 

deionized water (water) were prepared using a water 

titration method. Laureth-9 and ethanol were mixed to 

form Smix and prepared in different mass ratios: 1:1, 

2:1, 3:1, 1:2, and 1:3. Smix was weighed and then mixed 

with oil under a magnetic bar at 200 rpm. The water 

phase was added dropwise into the mixtures until they 

formed transparent and homogeneous microemulsions. 

This process continued until the transparent liquid 

turned translucent and turbid. The mixtures were 

classified as microemulsions when they appeared as 

clear, homogeneous liquids, and low viscosity by 

visualization. The transparent regions represented by the 

microemulsion were finally determined through the 

pseudo-ternary phase diagram after being retained for 

one night. Then ratios of the components exhibiting 

microemulsion characteristics were plotted on a pseudo-

ternary phase diagram using CHEMIX School software 

v12.5 (Arne Standnes, Bergen, Norway). 

 

Formulation and characterization of 

microemulsion bases (MB) and A. ebracteatus extract 

microemulsion (AEE-ME) 

The appropriate microemulsion bases (MB), 

prepared using Smix, oil, and water in the weight ratio 

based on the center of the microemulsion region and 

with Smix limited to 70% to prevent skin irritation, were 

formulated (Table 1). The formulation with the smallest 

droplet size and a PDI less than 0.3 was chosen to 

incorporate with AEE. Then, an accurately weighed 

amount equivalent to 0.50% (w/w) of AEE was added to 

the mixture of Smix and isononyl isononanoate. Next, 

the mixture was stirred until homogeneous. Water was 

added and stirred for 15 min at 200 rpm. Finally, the 

AEE-ME was obtained.  

 

 

Characterization of MB and AEE-ME 

Firstly, six MB form pseudo-ternary phase 

diagrams were evaluated. The isotropic property was 

assessed using cross-polarized light microscopy 

(Olympus U-HSEXP, Tokyo, Japan). Then, droplet size, 

zeta potential, and polydispersity index (PDI) were 

measured without dilution using a dynamic light 

scattering Nanoparticle Analyzer (NanoParticle SZ-

100V2 Series, HORIBA, Japan) at 25 °C with a 

scattering angle of 173° [28]. The AEE-ME was 

additionally evaluated for viscosity, pH, and electrical 

conductivity using a Brookfield® rheometer (Model: 

R/S-CPS plate & plate), pH meter, and conductivity 

meter, respectively.  

 

Total phenolic content (TPC) of AEE-ME 

The TPC of AEE-ME was determined using the 

Folin–Ciocalteu assay as described above. The 500 mg 

of AEE-ME was weighed and mixed with 1 mL of 95% 

ethanol using a vortex. Then, the mixture was 

centrifuged at 10,000 rpm for 10 min. The supernatant 

was used to determine TPC using a gallic acid 

calibration curve. The TPC of AEE-ME was expressed 

as milligrams of gallic acid equivalents per gram of 

microemulsion (mg GAE/g). 

 

Stability of AEE-ME 

The stability of the AEE-ME was assessed under 

different storage conditions, including 4 °C, ambient 

temperature, and 45 °C, over a period of 12 weeks [28]. 

The evaluation focused on physicochemical stability 

parameters, such as color, odor, phase separation, 

droplet size, zeta potential, PDI, pH, and electrical 

conductivity. These parameters were measured at 

specific time points: 0, 4, 8, and 12 weeks. 

 

Statistical analysis 

All experiments were performed in triplicate. The 

results are shown as means and standard deviations 

(SD). One-way analysis of variance (ANOVA), 

followed by Tukey’s post-hoc test (SPSS version 22.0), 

was used to compare groups. The p-values less than 0.05 

indicate significant differences.  
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Results and discussion 

Plant extraction 

The solvent for plant extraction is important for 

extracting bioactive compounds. According to the study 

by Wisuitiprot et al. [37], extraction with 95% ethanol 

yielded a higher level of the biomarker of A. 

ebracteatus, namely verbascoside, compared with 

extraction using 50% ethanol, hexane, or water [17]. 

Verbascoside markedly inhibited the release of pro-

inflammatory cytokines in LPS-stimulated murine 

macrophage RAW 264.7 cells, as well as IL‑1α and IL-

6 production in UVB-irradiated dermal papilla cells. 

Moreover, it showed a protective effect against 

apoptosis in dermal papilla cells, suggesting its potential 

application in anti-hair loss therapies [17]. Therefore, 

95% ethanol was used to extract A. ebracteatus leaves. 

A viscous A. ebracteatus leaf crude extract (AEE) was 

brown-green in color. A high percentage yield of AEE 

was found at 15.80%. The high extraction yield 

indicates that the extract has strong potential for 

practical applications and demonstrates economic 

feasibility for commercial utilization. Over the past 

decades, botanical or natural raw materials have been 

considered to address batch-to-batch quality variability 

and ensure the efficacy and safety of finished products 

[29]. Many factors, such as cultivation position, climate, 

harvest time, and extraction process, influence this 

quality. Therefore, a chromatographic fingerprint can be 

used to evaluate batch-to-batch quality variability of the 

extract. Consequently, chromatographic fingerprinting 

techniques, such as high-performance liquid 

chromatography (HPLC) or mass spectrometry, may be 

considered in subsequent studies to support quality 

control of the extract and improve batch-to-batch 

consistency of its bioactivity. 

 

Total Phenolic Content (TPC) of AEE 

Previous studies have reported a significant 

association between phenolic content and biological 

activity. Accordingly, plants rich in phenolics and 

flavonoids are widely recognized for their strong 

antioxidant, anti-inflammatory, antimicrobial, and 

anticancer activities [30,31]. Moreover, several studies 

have demonstrated the beneficial effects of plant 

extracts with high phenolic content on the proliferation 

of human dermal papilla cells and the promotion of hair 

growth [32,33]. In the results, the TPC value of AEE 

was quantified using the calibration equation of y = 

3.1401x + 0.0148 (R2 = 0.9970) and was found to be 

220.71 ± 9.28 mg GAE/g. Although the TPC obtained 

in this study differed from that reported in previous 

studies, for example, TPC in 70% ethanolic extract of A. 

ebracteatus leaf was found to be 138.20 ± 0.10 mg 

GAE/g dry extract [14], while the 80% methanolic 

extract showed TPC of 344.67 ± 2.06 mg GAE/g DW 

[15], ethanol is considered a safer solvent for use than 

methanol, owing to its lower toxicity and greater 

suitability for applications involving human exposure. 

Therefore, AEE still exhibited a level of TPC that is 

anticipated to exert biological activity associated with 

the promotion of hair growth. 

 

Cytotoxicity  

The cytotoxic effect of AEE on dermal papilla 

cells was assessed using a resazurin reduction assay. 

This assay is based on the intracellular reduction of the 

nonfluorescent dye resazurin to the fluorescent product 

resorufin by metabolically active, viable cells, reflecting 

their intrinsic reducing power. This method offers a 

simple, sensitive, non-destructive, and cost-effective 

approach for cell viability assessment and is well-suited 

for quantitative and high-throughput applications [34]. 

In HDPCs exposed to the extract at concentrations 

ranging from 3.125 to 200 µg/mL for 24 h, AEE did not 

induce cell death, as indicated by a cell viability 

percentage that was not significantly different from that 

of the control group (0.2% DMSO), suggesting its non-

cytotoxic nature (Figure 1). This result aligns with a 

previous study reporting that A. ebracteatus extract, 

obtained with 95% ethanol, showed no cytotoxic effects 

at concentrations from 0.98 to 500 µg/mL by MTT assay 

[17]. 

 

Cell proliferation  

In this study, AEE was considered suitable for 

anti-hair loss applications that encouraged the growth of 

dermal papilla cells. The growth of HDPCs was assessed 

at 24 and 48 h using non-cytotoxic concentrations of 

AEE identified in initial testing, specifically 3.125 - 200 

µg/mL. The results showed that, after incubation with 

the extract for 24 and 48 h, cell viability was maintained 

across all tested concentrations compared to the 

untreated control group (Figure 1). Additionally, AEE 

showed a trend toward increased hair follicle cell 
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proliferation at concentrations from 12.5 to 200 µg/mL, 

with increases of 109% to 122%. These results may be 

attributed to the presence of phenolic compounds in the 

extract. Previous phytochemical investigations have 

indicated that A. ebracteatus leaves contain a range of 

bioactive phenolic compounds. Among these, caffeic 

acid has been reported to promote keratinocyte 

proliferation and stimulate hair growth in murine models 

through induction of the anagen phase and enhancement 

of hair shaft elongation [35]. In addition, an amide 

derivative of caffeic acid, N-[3,5-

bis(trifluoromethyl)phenyl], has been identified as a 

non-steroidal inhibitor of steroid 5α-reductase type 1 

(SRD5A1). Overexpression of 5α-reductase leads to 

excessive production of dihydrotestosterone (DHT), a 

key factor implicated in the pathogenesis of androgen-

dependent conditions, including androgenic alopecia 

[36]. In this study, AEE did not evaluate cell 

proliferation in each cell cycle. However, the study by 

Wisuitiprot et al. [37] revealed that A. ebracteatus leaf 

extract at a concentration of 125 - 500 µg/mL promotes 

dermal papilla cell proliferation and increases the 

synthesis (S) and mitosis (G2/M) phases in the cell cycle 

stages [37]. In addition, verbascoside has been identified 

as a biomarker in A. ebracteatus leaf extracts. 

Verbascoside, a phenylethanoid glycoside, functions as 

a natural transient receptor potential vanilloid-3 

(TRPV3) inhibitor with protective effects on hair 

follicles. It has been shown to prevent testosterone-

induced apoptosis in dermal papilla cells, thereby 

supporting follicle survival, and is regarded as a 

potential active ingredient for anti-hair loss applications 

[38]. Chlorogenic acid has also been identified as an 

active constituent of A. ebracteatus leaves [14]. 

Previous studies have demonstrated that chlorogenic 

acid, isolated from Morus alba root extract, promotes 

induction of the anagen phase in hair follicle models by 

upregulating the production of growth factors, including 

VEGF, FGF7, HGF, and FGF2. These factors facilitate 

the proliferation of HFDPCs and support the telogen-to-

anagen transition through enhanced secretion of 

angiogenic paracrine mediators [39]. Collectively, these 

findings suggest that A. ebracteatus leaves possess 

potential application as a source of active ingredients in 

hair tonic formulations to promote hair follicle growth.

  

 

Figure 1 Human hair follicle dermal papilla cells (HDPCs) viability cells after 24-hour and 48-hour incubation with A. 

ebracteatus extract (AEE). Data show the mean ± SD (n=3). *p < 0.05 indicates a significant difference compared with 

control (0.2% DMSO). 

 

Pseudo-ternary phase diagram  

Microemulsion compositions were selected with a 

safety profile in commercial cosmetic products. Non-

ionic surfactants are commonly utilized in 

microemulsions and other formulations in cosmetics and 

pharmaceutical products due to their non-toxic, low-

cost, and biocompatible properties [40]. Laureth-9 is a 

polyethylene glycol ether of lauryl alcohol (called 

polyoxyethylene lauryl ether) that contains 9 ethylene 

oxide units in its molecule and is used as a non-ionic 
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surfactant or emulsifier in cosmetics and personal care 

products. Its structure consists of a hydrophobic lauryl 

(C12) tail and a hydrophilic polyoxyethylene chain, 

which reduces interfacial tension between oil and water 

and stabilizes oil in water (o/w) microemulsion. 

Previous studies revealed that non-ionic 

polyoxyethylene lauryl ether structures, such as Brij-35 

and Brij-30, were used to prepare microemulsions 

[41,42]. Ethanol, a short-chain alcohol, is widely used in 

herbal hair tonic formulations because of its properties, 

such as a phytochemical solubilizer, a permeation 

enhancer, and leaving a dry feel after use [43,44]. In 

microemulsions, ethanol is often used as a cosurfactant 

because it helps expand the microemulsion region and 

prevents the formation of gels, precipitates, and liquid 

crystals [45-47]. In this study, laureth-9 and ethanol 

were used as the surfactant and cosurfactant, 

respectively. Different mass ratios of laureth-9 and 

ethanol (Smix) − 1:1, 2:1, 3:1, 1:2, and 1:3 − were 

examined. The pseudo-ternary phase diagrams, 

constructed using isononyl isononanoate (oil), deionized 

water, and various mass ratios of Smix, are shown in 

Figure 2. The result showed that when increasing the 

laureth-9 ratio from 1:1 to 3:1, microemulsion regions 

rose from 11.46% to 22.81%. These results are 

consistent with Thungmungmee et al. (2025) study, 

which demonstrated that increasing the ratio of Tween 

80 (surfactant) to ethanol (cosurfactant) leads to an 

expansion of the microemulsion region [27]. This 

finding indicates that an elevated surfactant 

concentration reduces the interfacial tension between 

the oil and aqueous phases, thereby facilitating the 

formation of microemulsions [48]. In contrast, 

increasing the proportion of cosurfactant was found to 

decrease the microemulsion region, which shrank from 

11.46% to 7.60% and 6.43% at Smix mass ratios of 1:1, 

1:2, and 1:3, respectively. This change may be due to the 

disruption of the interfacial film between the oil and 

aqueous phases, ultimately leading to the 

demulsification of the microemulsion system. 

Therefore, the relative amounts of surfactant and 

cosurfactant are key factors in determining the system’s 

phase behavior.

 

 

Figure 2 Pseudo-ternary phase diagrams constructed by isononyl isononanoate (oil), deionized water (water), and 

different mass ratios of laureth-9 and ethanol (Smix) − 1:1, 2:1, 3:1, 1:2, and 1:3. The black areas represent microemulsion 

regions.  
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Formulation and characterization of MB and 

AEE-ME 

To identify a suitable microemulsion base for the 

development of a hair tonic containing AEE, six 

formulations (MB1-MB6) were selected from the 

pseudo-ternary phase diagram at Smix ratios of 2:1 and 

3:1, as presented in Table 1. These formulations were 

chosen based on their broad microemulsion regions, 

which facilitate the incorporation of AEE or other 

additives while preserving the microemulsion structure. 

Firstly, all formulations were determined to have 

isotropic properties by cross-polarized light microscopy. 

No birefringence or liquid crystal feature was observed 

under polarized light microscopy, indicating that they 

were indeed microemulsions [49].

  

Table 1 Formulation composition (by weight) with corresponding particle size, zeta potential, and PDI.  

 

Hair follicle-targeted drug delivery systems enable 

controlled drug release and improved therapeutic 

efficacy with minimal adverse effects, representing a 

promising approach for treating hair follicle-associated 

disorders, such as hair loss and androgenetic alopecia 

[50]. Carrier particle size is a critical determinant of 

penetration efficiency, with keratinocyte-mediated 

mechanical pumping—driven by hair movement—

enhancing follicular deposition. Nanoparticles with a 

mean diameter of 400 - 700 nm have been identified as 

optimal for deep follicular penetration, whereas smaller 

particles (~20 nm) accumulate more rapidly but tend to 

migrate into deeper skin layers over time [50]. These 

findings highlight the importance of tailoring particle 

size to achieve preferential retention within the hair 

follicle. Salimi et al. [51] revealed that valproic acid 

microemulsion with particle sizes ranging from 10.25 to 

24.7 nm penetrates easily into the hairy guinea pig skin 

[51]. According to Cai et al. [23], a rosemary oil-based 

microemulsion with a droplet size of approximately 24 

nm was found to improve the penetration of active 

compounds such as quercetin and adenosine through the 

skin, as well as their retention within the dermal layer, 

particularly within hair follicles [23]. In the animal 

model, this formulation significantly improves hair 

regeneration on days 7 and 14. The microemulsion 

containing 0.3% (w/w) cayenne pepper ethanolic extract 

exhibited a mean droplet size of 93.6 nm and effectively 

promoted hair growth in a rat model, resulting in a 

statistically significant increase in hair length of 1.09 cm 

after 30 days of treatment [52]. Subongkot et al. [53] 

demonstrated, using confocal laser scanning 

microscopy, that finasteride-loaded microemulsions 

predominantly penetrated the skin via the intercluster 

pathway, with additional contributions from the 

intercellular and transcellular routes [53]. These 

penetration mechanisms account for the enhanced skin 

permeation observed for microemulsions with small 

droplet sizes, approximately 80 nm. In the present study, 

the mean droplet size of MB formulations (MB1-MB6) 

was from 5.00 to 163.60 nm (Table 1). Therefore, all 

MB formulations might penetrate the skin through the 

intercluster and transfollicular pathways into hair 

follicles. Additionally, based on our observations, a 

higher oil content tends to increase particle size, as seen 

with MB1, MB2, and MB3, which contain 10%, 15%, 

and 20%, respectively. Their particle sizes are 5.00 ± 

0.18 nm, 10.62 ± 0.32 nm, and 39.16 ± 1.09 nm, due to 

insufficient surfactant concentration to reduce the size 

[54]. In this study, at a given water content, the droplet 

Formula 
Ratio of 

Smix 

%Smix 

(Laureth-9: 

Ethanol) 

%Water 

%Oil 

(Isononyl 

isononanoate) 

Particle size 

(nm) 

Zeta potential 

(mV) 

Polydisperse 

index (PDI) 

MB1 2:1 70 20 10 5.00 ± 0.18 ‒1.68 ± 0.31 0.21 ± 0.01 

MB2 2:1 70 15 15 10.62 ± 0.32 ‒2.08 ± 0.32 0.23 ± 0.03 

MB3 2:1 70 10 20 39.16 ± 1.09 ‒1.22 ± 0.03 0.24 ± 0.02 

MB4 3:1 70 20 10 101.70 ± 0.50 ‒0.84 ± 0.10 0.20 ± 0.02 

MB5 3:1 70 15 15 105.62 ± 0.54 ‒1.08 ± 0.11 0.23 ± 0.01 

MB6 3:1 70 10 20 163.60 ± 0.40 ‒2.67 ± 0.11 0.21 ± 0.03 
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size increased as Smix increased. For example, at a 20% 

water concentration with Smix 2:1, the size was 5.00 ± 

0.18 nm, whereas at a 20% water concentration with 

Smix 3:1, the size was 101.70 ± 0.50 nm. This could be 

due to an improper ratio of surfactant to cosurfactant at 

the interfacial film [48]. Moreover, the smaller size 

tends to remain uniformly dispersed for a long time, 

thereby reducing the likelihood of coalescence and 

enhancing the long-term stability of the system [55]. The 

PDI value is crucial for evaluating the uniformity of 

microemulsions, with a range from 0 to 1. A value near 

zero indicates a narrow size distribution, which reduces 

droplet-droplet interactions and coalescence, resulting 

in high stability. The results showed that the PDI values 

of MBs were around 0.2, which is below 0.5 and 

indicates homogeneity [56]. Zeta potential values near 

zero indicate minimal electrostatic repulsion, which 

increases the likelihood of particles aggregating or 

flocculating, potentially reducing colloidal stability. 

However, the neutral values, ranging from −2.67 to 

−0.84 mV, may be due to the presence of nonionic 

surfactant (laureth-9) in the formulations, which 

provides steric stabilization. Thus, nonionic surfactants 

impart steric stabilization, preventing adjacent particles 

from agglomerating and thereby enhancing particle 

stability [57]. Based on the results of all MB 

formulations, smaller droplet sizes tend to be more 

stable than larger ones. Therefore, MB1, which had the 

lowest average droplet size of 5.00 ± 0.18 nm and 

showed a monodisperse distribution with a PDI of 0.21 

± 0.01, was chosen to incorporate AEE and evaluate the 

microemulsion properties.  

The AEE-ME was confirmed to be isotropic. The 

droplet size of AEE-ME (94.63 ± 5.21 nm) increased 

more than tenfold compared to MB1 (6.83 ± 0.30 nm) 

(Table 2). This phenomenon may be due to the high 

extract content, which can dissolve within the internal 

phase, external phase, and their interfaces. 

Leanpolchareanchai et al. [58] also found that the 

incorporation of Thai mangos seed kernel extract into 

microemulsion formulations affects the droplet size by 

increasing from 8 - 29 nm to 9 - 70 nm [58]. However, 

the microemulsion exhibited greater penetration through 

porcine skin, up to 60-fold, into both the epidermal and 

dermal layers, compared with the solution form. 

Consequently, the droplet size of AEE-ME was still 

suitable for hair follicle use. After incorporating AEE 

into MB, the PDI slightly increased, showing a direct 

correlation with particle size. The zeta potential values 

of MB and AEE-ME were comparable, remaining close 

to neutrality. The AEE-ME was slightly more acidic 

than the MB formulation—possibly due to AEE’s 

phytochemicals such as (R)-(+)-2-pyrrolidone-5-

carboxylic acid, caffeic acid, and chlorogenic acid [1]. 

However, the pH value of 6.20 ± 0.02 for the AEE-ME 

was within the compatible pH range of 5 - 7 for human 

scalp and hair shaft proteins [58]. Therefore, this hair 

tonic is within the ideal pH range for maintaining 

healthy hair. Conductivity measurements serve as an 

indicator of the type of microemulsions, distinguishing 

between oil-in-water (o/w) and water-in-oil (w/o) 

systems. Results showed conductivity values of 20.13 ± 

0.90 S/cm and 24.07 ± 0.55 S/cm for MB and AEE-

ME, respectively, which are lower than 100 μS/cm, 

confirming their classification as water-in-oil (w/o) 

microemulsions [54]. The incorporation of the extract 

resulted in a slight increase in conductivity, likely due to 

the presence of ionized moieties of phytochemicals, 

such as phenolic compounds, in the AEE extract [60]. 

However, this value does not change the type of 

microemulsions. The viscosity, which affects product 

spreadability on the skin and flow behavior during 

dispensing from the packaging, stayed constant. 

Incorporation of AEE in MB slightly increased 

viscosity, but it was not significantly different.  

 

Total Phenolic Content (TPC) of AEE-ME 

TPC in the formulation exhibited the strongest 

association with antioxidant activity [61]. TPC in AEE-

ME was measured to assess the potential of its bioactive 

compounds in the formulation. The TPC value of AEE-

ME was 294.32 ± 6.44 mg GAE/g. This suggests that 

AEE-ME contributes to antioxidant activity and 

associated effects. 

 

Stability of AEE-ME 

Regarding microemulsions, particle size, PDI, and 

zeta potential are key parameters that significantly affect 

the stability [18]. Based on the stability study of the 

AEE-ME stored at different temperatures—namely 4 

°C, ambient temperature, and 45 °C—with evaluations 

conducted at 0, 4, 8, and 12 weeks, it was observed that 

the color and odor remained unchanged across all 

storage conditions. The formulation showed no signs of 
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phase separation or turbidity throughout the 12-week 

stability testing period. As shown in Tables 2 and 3, 

droplet size, zeta potential, PDI, pH, conductivity, and 

viscosity exhibited no statistically significant changes, 

indicating the favorable properties and stability of the 

microemulsion. Based on the observed stability results, 

the developed microemulsion remained stable even 

under elevated temperature conditions (45 C). In 

comparison, previous studies have reported that a 

microemulsion composed of trilaureth-4 phosphate, 

propylene glycol, water, isononyl isononanoate, and 

Dendrobium formosum extract showed changes in 

droplet size along with a decrease in viscosity when 

stored at 45 °C after a 2-month stability study [28]. The 

absence of significant changes in droplet size and 

viscosity in the present formulation suggests a favorable 

stability profile under high-temperature storage 

conditions. The viscosity stability of the formulation can 

be attributed to the hydration of the surfactant’s 

hydrophilic chains surrounding the droplets and to the 

interaction between the extract and the components [62]. 

An appropriate water content in AEE-ME facilitates 

hydrogen bonding among these hydrated chains, 

strengthening inter-droplet interactions and yielding 

optimal viscosity. In addition, phenolic and flavonoid 

glycosides in the extract may interact with the interfacial 

film through hydrogen bonding with polar residues and 

hydrophobic interactions with nonpolar regions, thereby 

reinforcing the interfacial network, enhancing its 

mechanical strength, and contributing to overall 

formulation stability. Therefore, the favorable and stable 

physicochemical properties of AEE-loaded 

microemulsion suggest its suitability for topical 

application, particularly in hair tonic formulations. 

However, prolonged exposure to elevated temperatures 

may compromise the chemical stability of the active 

compounds. Therefore, storage at room temperature or 

at lower temperatures is recommended, as these 

conditions may further enhance the overall stability of 

the product.

 

Table 2 Droplet size, polydisperse index (PDI), and zeta potential of microemulsion base (MB) and AEE microemulsion 

(AEE-ME) at time points of stability test; starting time (0), 4 week (4), 8 week (8), and 12 week (12), at 4 °C, ambient 

temperature (AT), and 45 °C. 

Sample 

Particle size (nm) (n=3) Polydisperse index (PDI) (n=3) Zeta potential (mV) (n=3) 

4 C AT 45 C 4 C AT 45 C 4 C AT 45 C 

MB0 6.83 ± 0.30 6.83 ± 0.30 6.83 ± 0.30 0.25 ± 0.04 0.25 ± 0.04 0.25 ± 0.04 ‒1.68 ± 0.05 ‒1.69 ± 0.03 ‒1.69 ± 0.03 

MB4 7.02 ± 0.63 6.89 ± 0.65 6.43 ± 0.55 0.25 ± 0.02 0.21 ± 0.10 0.25 ± 0.12 ‒1.71 ± 0.10 ‒1.72 ± 0.08 ‒1.70 ± 0.06 

MB8 7.21 ± 0.13 7.18 ± 0.22 7.32 ± 0.42 0.26 ± 0.05 0.22 ± 0.09 0.28 ± 0.11 ‒1.63 ± 0.07 ‒1.70 ± 0.03 ‒1.72 ± 0.11 

MB12 7.11 ± 0.44 7.07 ± 0.38 7.41 ± 0.54 0.24 ± 0.07 0.23 ± 0.06 0.30 ± 0.12 ‒1.68 ± 0.09 ‒1.68 ± 0.04 ‒1.73 ± 0.13 

AEE-ME0 97.37 ± 2.46 97.37 ± 2.46 97.37 ± 2.46 0.38 ± 0.01 0.38 ± 0.01 0.38 ± 0.01 ‒2.16 ± 0.06 ‒2.16 ± 0.06 ‒2.16 ± 0.06 

AEE-ME4 96.28 ± 3.78 99.16 ± 2.88 100.09 ± 1.87 0.39 ± 0.09 0.38 ± 0.05 0.40 ± 0.11 ‒2.15 ± 0.13 ‒2.21 ± 0.11 ‒2.23 ± 0.19 

AEE-ME8 95.97 ± 2.44 96.00 ± 4.59 98.56 ± 3.66 0.36 ± 0.10 0.39 ± 0.13 0.42 ± 0.13 ‒2.14 ± 0.08 ‒2.23 ± 0.09 ‒2.25 ± 0.05 

AEE-ME12 96.33 ± 4.75 95.17 ± 5.05 99.93 ± 4.38 0.39 ± 0.11 0.39 ± 0.08 0.41 ± 0.10 ‒2.16 ± 0.07 ‒2.22 ± 0.10 ‒2.26 ± 0.10 

 

Table 3 The pH, conductivity, and viscosity of microemulsion base (ME) and AEE microemulsion (AEE-ME) at time 

points of stability test; starting time (0), 4 week (4), 8 week (8), and 12 week (12), at 4 °C, ambient temperature (AT), 

and 45 °C.  

Sample 

pH (n=3) Conductivity (S/cm) (n=3) Viscosity (MPa) (n=3) 

4 C AT 45 C 4 C AT 45 C 4 C AT 45 C 

MB0 6.20 ± 0.02 6.20 ± 0.02 6.20 ± 0.02 20.13 ± 0.90 20.13 ± 0.90 20.13 ± 0.90 19.6 ± 2.3 19.6 ± 2.3 19.6 ± 2.3 
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Sample 

pH (n=3) Conductivity (S/cm) (n=3) Viscosity (MPa) (n=3) 

4 C AT 45 C 4 C AT 45 C 4 C AT 45 C 

MB4 6.22 ± 0.09 6.20 ± 0.05 6.15 ± 0.12 20.43 ± 1.10 22.27 ± 0.50 20.67 ± 0.91 21.6 ± 1.2 20.1 ± 1.0 19.6 ± 1.2 

MB8 6.11 ± 0.04 6.16 ± 0.08 6.20 ± 0.05 21.20 ± 2.01 20.30 ± 1.20 22.40 ± 1.25 20.5 ± 1.3 21.0 ± 1.3 18.2 ± 1.6 

MB12 6.13 ± 0.04 6.14 ± 0.09 6.22 ± 0.07 19.87 ± 1.26 21.73 ± 2.02 20.63 ± 0.85 20.1 ± 0.9 21.0 ± 0.6 18.9 ± 2.1 

AEE-ME0 5.95 ± 0.02 5.95 ± 0.02 5.95 ± 0.02 24.07 ± 0.55 24.07 ± 0.55 24.07 ± 0.55 22.1 ± 1.5 22.1 ± 1.5 22.1 ± 1.5 

AEE-ME4 5.93 ± 0.08 5.96 ± 0.03 6.03 ± 0.05 27.83 ± 1.89 29.40 ± 1.14 28.67 ± 0.67 22.5 ± 2.0 21.8 ± 0.8 20.3 ± 1.8 

AEE-ME8 5.95 ± 0.03 5.98 ± 0.03 6.02 ± 0.06 27.97 ± 1.89 29.60 ± 1.31 29.13 ± 0.47 21.6 ± 1.8 21.9 ± 1.9 19.6 ± 2.1 

AEE-ME12 5.99 ± 0.06 5.99 ± 0.02 6.00 ± 0.02 27.97 ± 1.50 29.03 ± 1.07 28.57 ± 2.59 22.9 ± 1.1 22.8 ± 2.3 20.5 ± 2.0 

 

 

Conclusions 

Based on the experimental results, A. ebracteatus 

significantly enhanced hair follicle cell proliferation, 

showing an increase of 109% - 122% at concentrations 

ranging from 12.5 to 200 μg/mL after 48 h of incubation, 

without inducing cytotoxic effects compared with the 

untreated control. These findings indicate its potential 

application as an active ingredient in hair tonic 

formulations to promote hair follicle growth. To 

improve skin permeation and therapeutic efficacy, 

microemulsion technology was employed in the 

formulation development. Microemulsions composed of 

isononyl isononanoate, deionized water, and varying 

mass ratios of laureth-9 and ethanol were developed, 

with the microemulsion region expanding from 11.46% 

to 22.81% as the Smix ratio increased from 1:1 to 3:1. 

The developed AEE-ME exhibited favorable 

physicochemical properties, including appropriate 

particle size, low PDI, suitable zeta potential, pH, and 

viscosity, and showed good stability throughout the 12-

week storage period. In addition, the formulation 

contained phenolic compounds, which are recognized as 

biologically active constituents. Therefore, the 

developed microemulsion-based hair tonic formulation 

has promising potential for commercial application in 

cosmeceutical and pharmaceutical products. 

Nevertheless, skin permeation and clinical studies were 

not conducted in this study. Consequently, further in 

vivo studies in animal models or human volunteers are 

required to confirm the efficacy and safety of the hair 

tonic application.  
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