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ABSTRACT 

The present study investigated the biological properties of Nymphaea rubra Roxb. ex Andrews (N. rubra) for their potential as natural 
active ingredients in nanoemulgel formulation. Water, ethanolic, and methanolic extracts were evaluated for total phenolic content 

(TPC) and demonstrated antioxidant activities, including their ability to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), and nitric oxide (NO) radicals in vitro, as well as their reducing power through 

ferric ion (Fe³⁺) to ferrous ion (Fe²⁺) conversion. All N. rubra extracts also demonstrated anti-inflammatory properties by reducing NO 
production in lipopolysaccharide (LPS)-stimulated macrophages. Both flower and leaf extracts exhibited notable anti-tyrosinase activity. 
Cytocompatibility of the N. rubra extracts was assessed in epidermal keratinocytes (HaCaT), dermal fibroblasts (BJ), melanocytes 
(B16F10), and macrophages (RAW264.7) to demonstrate primary safety in cellular. Based on these biological properties, the ethanolic 
extracts of N. rubra flowers and leaves were selected for developing the N. rubra nanoemulgel formulation. The resulting nanoemulgel 
demonstrated favorable physicochemical properties following accelerated stability testing, including stability in appearance, 
homogeneity, pH, and viscosity, while maintaining TPC. These results suggested that N. rubra flower and leaf extracts could serve as 
natural active ingredients for the development of pharmaceutical and cosmeceutical products. 
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Introduction   

Oxidative stress, caused by an imbalance between reactive 

oxygen species (ROS) production and antioxidant defenses, is a 

key mechanism underlying skin damage and aging [1]. ROS, 

including reactive oxygen, nitrogen, sulfur, and carbon species 

such as superoxide anion radical (O2
•⁻), hydroxyl radical (•OH), 

singlet oxygen (1O2), hydrogen peroxide (H2O2), nitric oxide 

(NO), and peroxynitrite (ONOO⁻), play a major role in skin 

oxidative stress. These species are predominantly generated 

during intracellular metabolic processes, particularly 

mitochondrial electron transport, in which the incomplete 

reduction of molecular oxygen leads to their formation [2, 3]. In 

addition to endogenous production, ROS can be induced by 

exogenous factors, including ultraviolet (UV) radiation, 

environmental pollution, and exposure to chemical agents [4, 5]. 
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Excessive ROS production disrupts skin redox homeostasis by 

overwhelming enzymatic and non-enzymatic antioxidant 

defenses, leading to oxidative stress that damages lipids, 

proteins, nucleic acids, and ultimately impairs skin and immune 

cell functions [6-10]. At the cellular level, oxidative stress-

induced senescence in keratinocytes, melanocytes, and 

fibroblasts contributes to aging-associated pigmentary disorders 

by disrupting epidermal turnover, dysregulating melanogenesis, 

and promoting extracellular matrix degradation [11]. In aged 

skin, the immune cells, macrophages, exhibit reduced phagocytic 

activity and impaired reparative capacity, contributing to 

persistent low-grade inflammation and cumulative tissue damage 

[12, 13]. This chronic inflammatory microenvironment, 

together with oxidative stress, accelerates extracellular matrix 

degradation and disrupts the skin barrier. Clinically, these 

alterations manifest as wrinkles, hyperpigmentation, uneven skin 

tone, and reduced elasticity [14, 15]. Collectively, these findings 

highlight the central roles of oxidative stress and inflammation in 

skin aging and support therapeutic strategies targeting redox 

imbalance, inflammatory signaling, and skin homeostasis to 

mitigate age-associated dermatological changes [16, 17]. 

Nymphaea rubra Roxb. ex Andrews (N. rubra) is a perennial 

aquatic plant in the family Nymphaeaceae, native to tropical and 

subtropical Asia, including India, Bangladesh, Sri Lanka, 

Malaysia, and Thailand [18, 19]. Recent studies have indicated its 

medicinal potential, particularly from flowers and rhizomes. The 

ethyl acetate fraction of flower extracts exhibited antidiabetic 

and antidyslipidemic effects, with nuciferine and 10,11-

dimethoxy-apomorphine identified as key bioactive compounds 

[20, 21]. Polysaccharides from carpels demonstrated 

immunomodulatory activity, while cyclic ion mobility-mass 

spectrometry revealed over 100 phytoconstituents, including 

numerous newly identified compounds such as phenolic acids, 

flavonoids, and terpenoids [22]. Notably, the ethyl acetate 

fraction shows strong antioxidant activity and inhibitory effects 

against tyrosinase, α-glucosidase, and elastase [23, 24]. 

One of the major challenges in cosmetic formulation 

development is achieving effective delivery and long-term 

stability of active ingredients. Factors such as poor solubility, 

susceptibility to degradation during storage, and limited skin 

penetration often compromise the efficacy of bioactive 

compounds in topical applications [25, 26]. To address these 

limitations, advanced delivery systems, such as nanoemulsions, 

have been developed. Nanoemulgels combine the advantages of 

nanoemulsions and gel matrices, offering enhanced 

physicochemical stability, uniform distribution of active 

ingredients, and improved skin permeation, thereby increasing 

therapeutic efficacy and overall performance in pharmaceutical 

and cosmeceutical applications [27-31]. 

Accordingly, this study was designed to systematically evaluate 

the biological activities of water, ethanolic, and methanolic 

extracts from the flowers and leaves of N. rubra, with particular 

emphasis on their antioxidant, anti-tyrosinase, anti-

inflammatory, and cytocompatibility activities. Based on the 

biological performance of the extracts, selected candidates were 

subsequently incorporated into a nanoemulgel delivery system. 

The resulting nanoemulgel formulations were then characterized 

for their physicochemical properties and biological performance 

to assess their potential suitability for application in functional 

topical products.    

Materials and Methods 

Chemical and reagents 
2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2′-Azino-bis (3-

ethylbenzthiazoline-6-sulfonic acid) (ABTS), 2,4,6-Tris(2-

pyridyl)-s-triazine (TPTZ), sodium nitroprusside (SNP), 

resazurin, and vitamin C (Vit C) were purchased from Sigma-

Aldrich, USA. The analytical-grade ethanol, methanol, 

Potassium persulfate (K2S2O8), and dimethyl sulfoxide (DMSO) 

were purchased from RCI Labscan, Thailand. Dulbecco’s 

Modified Eagle’s Medium (DMEM), 0.25% Trypsin-EDTA, 

fetal bovine serum, 0.4% trypan blue, penicillin, and 

streptomycin were purchased from Gibco, USA. Griess Reagent 

kit was purchased from Promega, USA. The cosmetic-grade 

ingredients, including Tween 80, Span 80, Cetiol LC, Carbopol 

940, propylene glycol, triethanolamine, and phenoxyethanol, 

were purchased from CHEME COSMETICS, Thailand. 

N. rubra extract preparation 
Flowers and leaves of N. rubra were washed, oven-dried at 50 °C 

for 48 h, and ground into powder. Water extraction was 

performed at 60 °C, followed by filtration and evaporation at 50 

°C to obtain the crude extract. Ethanolic and methanolic extracts 

were prepared by maceration in 95% solvent with shaking at 250 

rpm for 24 h, then filtered and concentrated using rotary 

evaporation. All extracts were stored at 20 °C until further use. 

Determination of the total phenolic content 

(TPC) 
The TPC of N. rubra flower and leaf extracts was determined 

using the Folin-Ciocalteu assay. Briefly, 20 L of each extract 

was mixed with 10% Folin-Ciocalteu reagent, incubated for 7 

min, and then 7.5% sodium carbonate was added, followed by 

further incubation for 45 min at room temperature. Absorbance 

was measured at 765 nm using a microplate reader (BMG 

LABTECH, Germany). TPC was calculated from a gallic acid 

standard calibration curve and expressed as mg gallic acid 

equivalents per gram of dry extract (mg GAE/g).  

2,2-diphenyl-1-picrylhydrazyl (DPPH) assay 
The antioxidant activities of N. rubra flower and leaf extracts 

were evaluated using the DPPH assay [32, 33]. Briefly, 20 L of 

each extract (6.25-100 g/mL) was mixed with 180 L of 0.20 

mM DPPH and incubated for 30 min at room temperature in the 

dark. Absorbance was measured at 520 nm using a microplate 

reader. Vit C and 0.2% DMSO were used as the positive and 
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negative controls, respectively. The percentage of DPPH radical 

scavenging activity was calculated using the following equation: 

%DPPH scavenging activity =  [(A − B)/A]  ×  100  (1) 

 

Where A: absorbance of DPPH without extracts; B: absorbance 

of extract or positive control reacted with DPPH 

2,2′-azino-bis (3-ethylbenzothiazoline-6-

sulfonic acid) (ABTS) radical scavenging 

assay 
The ABTS radical solution was prepared by mixing 7 mM ABTS 

with 2.45 mM potassium persulfate (1:1) and incubating in the 

dark for 16 h. Briefly, 20 L of the extracts (6.25-100 g/mL) 

was mixed with 180 L of ABTS solution, incubated in the dark 

for 6 min, and absorbance was measured at 750 nm using a 

microplate reader [34, 35]. The percentage of ABTS radical 

scavenging was calculated using the following equation: 

%ABTS scavenging activity 

=  [(A − B)/A]  ×  100 
(2) 

 

Where A: absorbance of ABTS without extracts; B: absorbance 

of extract or positive control reacted with ABTS 

Nitric oxide (NO) scavenging assay 
Sodium nitroprusside (SNP) was utilized as the nitric oxide 

donor [32, 36]. Specifically, 10 mM/L of SNP in a pH 7.4 PBS 

solution was incubated with 1 mL dissolved N. rubra extracts at 

6.25-100 g/mL at 25 °C for 180 min. Approximately 100 L of 

the resulting solution was withdrawn to react with a Griess 

Reagent kit, whereby the solution was reacted with 20 L 

sulfanilamide for 10 min, and then 20 L N-1-

napthylethylenediamine dihydrochloride was added for another 

10 min. The reaction mixture absorbance was measured at 560 

nm, and the NO concentrations were determined as the nitrite 

(NO2
-) concentrations from the standard curve of a standard 

nitrite solution. PBS and Vit C were used as the negative and 

positive controls, respectively.  

%NO scavenging activity 

=  [(A − B)/A]  × 100 
(3) 

 

Where A: absorbance of SNP without extracts; B: absorbance of 

extract or positive control reacted with SNP. 

Ferric reducing antioxidant power (FRAP) 

assay 
The FRAP assay was performed as previously described [37], 

with slight modifications. The FRAP reagent was freshly 

prepared by mixing 300 mM sodium acetate buffer (pH 3.6), 10 

mM TPTZ in 40 mM HCl, and 20 mM FeCl3 (10:1:1, v/v/v), 

and preincubated at 37 °C. Briefly, 20 L of sample (1 mg/mL) 

was added to 180 L of FRAP reagent in a 96-well plate, and 

absorbance was measured at 593 nm using a microplate reader. 

FeSO4·7H2O and distilled water served as the standard and 

blank, respectively. FRAP value was reported as millimoles of 

Fe2+ equivalents per milligram of dry extract (mmol 

Fe2+/mg), with the calibration curve for Fe2+. 

Anti-tyrosinase test 
The tyrosinase inhibitory activity was assessed using the 

dopachrome method, with kojic acid serving as the positive 

control [34, 38]. Mushroom tyrosinase (50 U/mL) in 0.067 M 

phosphate buffer (pH 6.8) was added to a 96-well plate 

containing N. rubra flower and leaf extracts (6.25-100 g/mL). 

The reaction was initiated by adding L-DOPA (4.5 mM dissolved 

in phosphate buffer) and incubated at room temperature for 10 

min. Dopachrome formation was measured at 492 nm using a 

microplate reader. Tyrosinase inhibitory percentage was 

calculated by the following formula: 

%Tyrosinase inhibition 

=  [(A − B) − (C − D)/(A

− B)]  ×  100 

(4) 

Where A: absorbance of control without extracts; B: absorbance 

of the blank control (without the extracts and the tyrosinase 

enzyme); C: absorbance of the test sample (with the extracts and 

the tyrosinase enzyme); D: absorbance of the blank sample (with 

the extracts but without the tyrosinase enzyme) 

Cell culture 
Keratinocytes (HaCaT), melanocytes (B16F10), fibroblasts (BJ), 

and macrophages (RAW264.7) were maintained in Dulbecco’s 

Modified Eagle Medium (DMEM) supplemented with 10% fetal 

bovine serum (FBS) and 1% penicillin-streptomycin. The cells 

were maintained at 37 °C in a humidified atmosphere containing 

5% CO2. Routine subculturing was performed twice weekly 

using 0.25% trypsin-EDTA. Only cells with a viability greater 

than 80%, as determined by 0.4% trypan blue exclusion, were 

used for the experiments. 

Resazurin reduction assay 
Cells were seeded into 96-well plates at a density of 2 × 10 5 

cells/mL and incubated for 24 h. After attachment, the cells 

were treated with various concentrations of N. rubra flower and 

leaf extracts (6.25-100 g/mL) or 0.2% DMSO (negative 

control) for an additional 24 h. The treated cells were then 

incubated with 50 µg/mL resazurin at 37 °C for 4 h. The 

absorbance was determined at 560 and 600 nm [34, 39-41]. The 

percentage of cell viability was calculated using the following 

equation: 
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%Cell viability =  [(OD560 − OD600)A 

/ (OD560 − OD600)B]  ×  100 
(5) 

 

Where A: absorbance of extract; B: absorbance of 0.2% DMSO. 

Cellular nitric oxide (NO) inhibitory assay 
RAW 264.7 cells were seeded at a density of 2 × 10 5 cells/mL 

in 96-well plates and pretreated with N. rubra flower and leaf 

extracts (6.25-100 g/mL) for 24 h at 37 °C. Following 

pretreatment, the cells were stimulated with 1 g/mL LPS and 

incubated for an additional 24 h. NO production was quantified 

by measuring NO2⁻ levels in the culture supernatants using a 

Griess reagent kit. Briefly, 100 µL of each supernatant was mixed 

with 20 L sulfanilamide for 10 min, followed by 20 L N-1-

naphthylethylenediamine dihydrochloride for another 10 min. 

Absorbance was read at 560 nm, and nitrite concentrations were 

determined from a standard curve of a standard nitrite solution. 

Nanoemulsion and nanoemulgel 

preparation 
Firstly, nanoemulsion bases (NEBs) were prepared by varying the 

weight ratios of surfactant (Tween 80) and co-surfactant (Span 

80), as shown in Table 1. In NEB preparation, Tween 80 and 

Span 80 were weighed and mixed with the oil phase (Cetiol LC) 

using a magnetic stirrer (IKA C-MAG HS 7, Germany) at 600 

rpm for 15 min. Aqueous phase containing propylene glycol and 

deionized water was then added gradually at a rate of 1 mL/min 

under stirring at 600 rpm. For the N. rubra extract nanoemulsion 

(NENEs) preparation, 0.10% N. rubra flower extract and 0.10% 

N. rubra leaf extract, which are the effective concentrations more 

than 10 times the IC50 of DPPH and tyrosinase inhibitory 

activities, were dissolved in the mixture of Tween 80, Span 80, 

and Cetiol LC. Then, the aqueous phase was dropped into the 

mixture. After adding the full amount of aqueous phase, the 

mixture continued stirring at 600 rpm for 30 min. The 

homogeneous formulation, characterized by the smallest particle 

size and the narrowest polydispersity index (PDI), was selected 

to develop the N. rubra extract nanoemulgel formulations, 

respectively.  

For nanoemulgel preparation, 0.30 %w/w Carbopol 940 was 

dispersed into the suitable NEB and NENE formulations until 

homogeneous. Triethanolamine was then added and stirred to 

form a nanoemulgel. Then, phenoxyethanol was added and 

mixed well. Finally, N. rubra extract nanoemulgel was obtained. 

The formulations were left for 24 h before characterization.  

Formulation characterization 
The physicochemical properties of NEBs and NENEs were 

evaluated immediately after preparation by centrifuging at 3,000 

rpm for 5 min to ensure uniformity. Particle size, PDI, zeta 

potential, and electrical conductivity were analyzed using a 

nanoparticle analyzer with dynamic light scattering (nanoPartica 

SZ-100V2 Series, HORIBA, Japan). The samples were diluted 

with deionized water (1:50) and measured at 25 °C with a 

scattering angle of 90º. Subsequently, the nanoemulgel base and 

N. rubra extract nanoemulgel were examined for color and phase 

separation. Additionally, pH and viscosity were measured at 25 

°C using a pH meter and a Brookfield viscometer with spindle 

no. 4, respectively. 

Heating-cooling stability test 
The nanoemulgel base and N. rubra extract nanoemulgel were 

sealed in glass containers and subjected to accelerated stability 

testing under alternating storage conditions. Samples were 

cycled between 4 °C and 45 °C (75% relative humidity) every 

24 h for a total of seven cycles. The physicochemical properties, 

including color, phase separation, pH, viscosity, and TPC, were 

measured using the method described above. For TPC, the value 

was obtained from a calibration curve of standard gallic acid and 

was expressed in mg GAE/g N. rubra extract nanoemulgel. 

Statistical analysis 
Data are expressed as the mean ± standard error of the mean 

(SEM) from three independent experiments. Statistical 

comparisons between treatment groups and their respective 

controls were performed using one-way analysis of variance 

(ANOVA), followed by Tukey’s post hoc test, or by paired t-test 

where appropriate. Statistical analysis was conducted using SPSS 

software (version 23). P-values < 0.05 and < 0.01 were 

considered statistically significant. 

 

Table 1. Composition (%w/w) of nanoemulsion bases (NEB1–

NEB4) and N. rubra extract nanoemulsions (NENE1–NENE4) 
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NEB1 10.00 - 8.00 77.00 5.00 - 

NEB2 10.00 2.00 8.00 75.00 5.00 - 

NEB3 10.00 4.00 8.00 73.00 5.00 - 

NEB4 10.00 6.00 8.00 71.00 5.00 - 

NENE1 10.00 - 8.00 76.80 5.00 0.20 

NENE2 10.00 2.00 8.00 74.80 5.00 0.20 

NENE3 10.00 4.00 8.00 72.80 5.00 0.20 

NENE4 10.00 6.00 8.00 70.80 5.00 0.20 

Results and Discussion  

N. rubra flower and leaf extraction and total 

phenolic content 
Extraction of N. rubra flowers with water, ethanol, and methanol 

yielded 3.11%, 3.34%, and 1.52%, respectively, while leaves 

yielded 3.25%, 3.72%, and 1.56%. The highest phenolic content 

was observed in the ethanolic flower extract and the methanolic 

leaf extract (Table 2). Previous reports have identified diverse 

bioactive polyphenols in N. rubra, with UHPLC analyses 

revealing 67 compounds, including 21 major constituents. Ethyl 
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acetate fractions contained the greatest abundance of active 

compounds, predominantly gallic acid in flowers and 

pentagalloylglucose in leaves, which are associated with potent 

antioxidant and enzyme-inhibitory activities [42-44]. Ultrasonic-

assisted extraction optimized by response surface methodology 

efficiently enriched polyphenols from the leaves, producing 

extracts with high phenolic and flavonoid contents and strong 

antioxidant potential [45, 46]. 

In vitro antioxidant properties 
Skin aging is largely driven by oxidative stress, which occurs 

when ROS overwhelm the capacity of endogenous antioxidant 

defenses [2, 47]. Consequently, numerous studies have focused 

on antioxidants as promising strategies to reduce or prevent the 

detrimental effects of oxidative stress on the skin [48-51]. In 

particular, plant-derived antioxidants, including flavonoids, 

polyphenols, carotenoids, and vitamins C and E, have been 

shown to protect against skin photoaging [52]. These antioxidants 

mitigate oxidative damage by donating electrons or hydrogen 

atoms to reactive oxidant species, thereby stabilizing them and 

preventing further cellular damage [53, 54]. To evaluate the 

protective potential of natural compounds, antioxidant activity is 

commonly assessed using multiple assays based on different 

mechanistic principles. The DPPH and ABTS assays measure the 

ability of antioxidants to donate electrons or hydrogen atoms to 

neutralize stable free radicals. In contrast, the NO scavenging 

assay assesses the capacity to eliminate NO radicals implicated in 

inflammatory processes. In addition, the FRAP assay determines 

antioxidant reducing capacity by measuring the conversion of 

ferric (Fe3+) ions to ferrous (Fe2+) ions [55-58]. In the present 

study, water, ethanolic, and methanolic extracts of N. rubra 

flowers and leaves exhibited significant antioxidant activities, as 

demonstrated by DPPH, ABTS, NO scavenging, and FRAP 

assays as follows; 

DPPH oxidant scavenging activity 
Among the flower and leaf extracts, the methanolic extracts 

exhibited the strongest activity, followed by the ethanolic 

extracts (Table 2). Nevertheless, their activities remained lower 

than that of Vit C, which was used as the positive control. 

ABTS oxidant scavenging activity 
All N. rubra flower extracts showed ABTS radical scavenging 

activity comparable to vitamin C, with the methanolic extract 

being the most potent. Among leaf extracts, the ethanolic and 

water extracts exhibited the highest activity (Table 2). 

NO oxidant scavenging activity 
The negative control (PBS) exhibited a high nitrite (NO2⁻) 

concentration, whereas Vit C, the positive control, effectively 

suppressed nitrite formation (Table 2). Both N. rubra flower and 

leaf extracts demonstrated NO scavenging activity. The flower 

extracts showed comparable activity across water, ethanolic, and 

methanolic extracts, while the ethanolic leaf extract exhibited 

the strongest NO scavenging effect among the leaf samples. 

Ferric reducing antioxidant power (FRAP) 
The FRAP assay was used to evaluate antioxidant capacity by 

measuring the ability of extracts to reduce ferric ions (Fe³⁺) to 

ferrous ions (Fe²⁺) under acidic conditions. Among the flower 

extracts, the methanolic extract exhibited the highest ferric 

reducing capacity, followed by the ethanolic and water extracts. 

A similar trend was observed for the leaf extracts. Vit C, used as 

the positive control, also demonstrated strong reducing power 

(Table 2). 

 

Table 2. DPPH, ABTS, NO, and mushroom tyrosinase half maximal inhibitory concentrations (IC50) of N. rubra flower and leaf 

extracts, Vit C, and kojic acid 

Compounds 
TPC 

(mg GAE/g) 

Antioxidant activities; IC50 (g/mL) FRAP value 

(mmol FE/mg) 

Anti-tyrosinase activity; 

IC50 (g/mL) DPPH ABTS NO 

Vit C - 17.141.03 29.850.28 39.560.31 1.580.13 - 

  - - - - - 48.41  2.72 

Flowers       

Water 379.526.51 39.918.46 30.201.30 74.815.30 1.820.14 92.96  2.75 

Ethanolic 403.9431.71 33.191.21 27.730.54 72.387.68 1.880.12 77.24  1.61 

Methanolic 391.2023.89 20.191.50 25.320.49 72.304.81 1.960.12 96.74  1.37 

Leaves       

Water 140.257.18 38.020.46 34.880.21 77.751.70 1.730.15 89.66  2.82 

Ethanolic 352.353.18 32.790.85 32.295.72 54.653.71 1.740.16 76.96  2.28 

Methanolic 370.604.24 25.680.15 50.042.68 55.713.93 1.780.12 103.60  5.53 

Mushroom tyrosinase inhibitory activity  
The inhibitory effects of water, ethanolic, and methanolic 

extracts of N. rubra flowers on mushroom tyrosinase activity are 

shown in Table 2. The flower and leaf ethanolic extracts showed 

the highest activity. Tyrosinase is the key rate-limiting enzyme 

involved in melanin biosynthesis and acts in concert with 

tyrosinase-related proteins (TRP)-1 and TRP-2 to regulate 
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melanogenesis, particularly under conditions of oxidative stress 

[59, 60].  

Oxidative stress, generated during melanin synthesis and by UV-

induced ROS, plays a critical role in melanocyte homeostasis and 

diseases. Excessive oxidative stress enhances melanogenesis and 

contributes to hyperpigmentation, while chronic oxidative 

damage is associated with melanocyte transformation and 

melanoma progression [7, 61, 62]. Accordingly, tyrosinase 

inhibition not only regulates melanin overproduction but may 

also reduce oxidative burden in melanocytes. In this study, 

flower and leaf extracts of N. rubra inhibited tyrosinase activity, 

supporting their potential for managing hyperpigmentation and 

improving skin brightness. 

Cytocompatibility with keratinocytes, 

fibroblasts, melanocytes, and macrophages 
Cell-based assays provide physiologically relevant and ethical 

platforms for toxicity screening, with cell viability commonly 

used as a primary indicator of acute cytotoxicity [63-65]. Cell 

viability assays demonstrated that water, ethanolic, and 

methanolic flower and leaf extracts were non-cytotoxic at 

concentrations of 6.25-100 g/mL, maintaining viability 

comparable to untreated controls (Figures 1a-1d). These 

findings provide preliminary biosafety evidence supporting the 

cytocompatibility of N. rubra extracts for potential practical 

applications. 

 

 
a) 

 
b) 

 
c) 

 
d) 

Figure 1. Effect of N. rubra flower and leaf extracts on the 

viability of skin-related cells. a) viability of keratinocytes 

(HaCaT); b) melanocytes (B16F10); c) fibroblasts (BJ); d) 

macrophages (RAW264.7). Data from three independent 

determinations are expressed as mean ± SEM. The statistical 

significance of the differences was evaluated using a one-way 

ANOVA followed by Tukey’s test. 

 

Anti-inflammatory property 
NO is a highly reactive signaling molecule that generates diverse 

reactive nitrogen species (RNS) depending on oxygen tension, 

pH, and the surrounding redox milieu. It reacts with superoxide 

(O2⁻) to form peroxynitrite (ONOO⁻), a potent oxidant that 

induces protein nitration and cellular damage. At the same time, 

other derivatives, including nitrogen dioxide (NO2) and 

dinitrogen trioxide (N2O3), contribute to oxidative stress and 

nitrosative modifications. NO can also be oxidized to nitrite 

(NO2⁻) and nitrate (NO3⁻) or recycled through reductive 

pathways, reflecting its dual physiological and pathological roles 

[66]. 

In the skin, NO is produced by keratinocytes, fibroblasts, 

endothelial cells, and immune cells, where it regulates 

physiological processes at basal levels. However, excessive NO 

generation, primarily via inducible nitric oxide synthase (iNOS) 

during inflammation, enhances ONOO⁻ formation and 

cooperates with cyclooxygenase-2 (COX-2)- prostaglandin E2 

(PGE2) synthesis to amplify oxidative stress and inflammatory 

skin disorders [67, 68]. Given its central role in mediating 

inflammatory responses, modulation of NO production and 

iNOS activity represents a promising therapeutic strategy for 

inflammatory and allergic skin diseases [67]. 

In this study, LPS stimulation markedly increased NO 

production in RAW264.7 macrophages, whereas untreated cells 

exhibited lower NO levels. Pretreatment with ethanolic N. rubra 

flower extract (6.25-100 g/mL) significantly reduced NO 

levels, while water and methanolic flower extracts were effective 

at 25-100 g/mL and 12.5-100 g/mL, respectively. For leaf 

extracts, ethanolic and methanolic extracts were active at 6.25-

100 g/mL, whereas the water extract showed inhibition at 50-

100 g/mL (Figure 2).  

Accordingly, N. rubra flower and leaf extracts effectively 

scavenged NO radicals generated from the SNP donor and 

suppressed NO production in activated macrophages. These 

findings suggest that N. rubra extracts may offer protective 

benefits against inflammatory skin disorders.  
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Figure 2. NO inhibitory effects of N. rubra flower and leaf 

extracts. The statistical significance of differences was 

evaluated by one-way ANOVA followed by Tukey’s test. **p 

< 0.01 compared to the non-activated with LPS; ##p < 0.01 

compared to LPS-activated control (0.2%DMSO without 

extracts). 

 

Characteristics of nanoemulsion and 

nanoemulgel 
To apply the biological activities of N. rubra in practical skin 

applications, ethanolic extracts of the flower and leaves were 

incorporated into a nanoemulgel system. This advanced topical 

delivery platform, which incorporates nanoemulsion droplets 

within a gel matrix, enhances dermal penetration, controlled 

release, formulation stability, and moisturization, thereby 

improving therapeutic performance for pharmaceutical and 

cosmeceutical development [69]. 

As a result, NEB1, NEB4, NENE1, and NENE4 showed phase 

separation within 24 h of preparation, whereas the addition of 

Span 80 as a co-surfactant at 2% (NEB2, NENE2) and 4% 

(NEB3, NENE3) produced transparent and homogeneous 

nanoemulsions (Figure 3a). These findings indicate that 

surfactant and co-surfactant concentrations critically influence 

nanoemulsion formation and their physicochemical properties, 

including droplet size, PDI, and stability [70, 71]. The presence 

of surfactant alone, without a co-surfactant, may be insufficient 

to reduce interfacial tension, preventing the formation of 

nanosized droplets and resulting in phase separation (NEB1, 

NENE1). Conversely, excessive surfactant levels may destabilize 

the interfacial film, likewise leading to phase separation (NEB4, 

NENE4). 

The physicochemical characteristics of these formulations are 

summarized in Table 3. Particle size, PDI, and zeta potential 

play a critical role in determining the stability of nanoemulsions 

[72]. Smaller droplet sizes are associated with reduced surface 

tension and greater thermodynamic stability. Nanoemulsions 

with fine droplets enhance solubility and bioactivity by increasing 

interfacial surface area, thereby improving the absorption of 

active compounds. A PDI below 0.30 indicates a homogeneous 

particle size distribution [73]. A high magnitude of surface charge 

(>30 mV or <−30 mV) enhances electrostatic repulsion 

between droplets, thereby preventing aggregation and 

maintaining stable Brownian dispersion. Particle size, PDI, and 

zeta potential are therefore critical determinants of 

nanoemulsion physicochemical stability, with NEB3 and NENE3 

exhibiting greater stability due to their smaller and more uniform 

droplet size (~30 nm; PDI 0.28) compared with NEB2 and 

NENE2. All formulations showed zeta potential values ranging 

from −45.50±4.29 mV to −44.48±4.78 mV, indicating strong 

electrostatic stability [73]. Electrical conductivity values ranged 

from 0.21 to 0.22 mS/cm, exceeding 0.1 mS/cm and 

confirming that all formulations were oil-in-water 

nanoemulsions [74].  

Based on their favorable physicochemical properties, NEB3 and 

NENE3 were selected for nanoemulgel development using 

Carbopol 940 as the gelling agent due to its properties, including 

enhanced viscosity, optimized rheological behavior, and 

improved formulation stability without inducing skin irritation 

[75]. Its incorporation produced a white, opalescent 

nanoemulgel base and a greenish, opalescent N. rubra extract 

nanoemulgel, with good miscibility and no phase separation 

(Figure 3b and Table 4). The extract-loaded formulation 

exhibited lower pH and viscosity than the base, likely due to the 

presence of acidic phytochemicals, including gallic acid, caffeic 

acid, coumaric acid, salicylic acid, protocatechuic acid, and 

vanillic acid [23]. Nevertheless, both pH and viscosity remained 

within acceptable ranges for topical application. 

Stability of nanoemulgel 
The nanoemulgel base and N. rubra extract nanoemulgel showed 

no observable changes in appearance, color, homogeneity, pH, 

or viscosity throughout the study. In addition, no significant 

change in total phenolic content was detected after the stability 

test (117.40±13.53 mg GAE/g) when compared to the starting 

time (119.77±12.60 mg GAE/g). These results indicate that the 

formulation remained stable in terms of physicochemical 

properties and phenolic content under heating-cooling 

conditions 
 

 

a) 

 

b) 
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Figure 3. Appearance of nanoemulsion bases: NEB1, NEB2, 

NEB3, and NEB4. a) Appearance of nanoemulsion bases after 

24 h of preparation; b) Appearance of nanoemulgel base and 

N. rubra extract nanoemulgel after 24 h of preparation. 

 

Table 3. Physicochemical properties of nanoemulsion bases (NEB1-NEB4) and N. rubra extract nanoemulsions (NENE1-NENE4). 

Formulation Color 
Phase 

separation 

Particle size  

(nm) 

Polydisperse index 

(PDI) 

Zeta potential 

(mV) 

Electrical conductivity 

(mS/cm) 

NEB1 White turbid liquid Yes ND ND ND ND 

NEB2 Slightly turbid liquid No 128.16±13.38* 0.41±0.05# −45.14±5.66 0.21±0.00 

NEB3 Opalescent liquid No 30.70 ± 2.64 0.28±0.04 −44.62±8.22 0.21±0.00 

NEB4 White turbid liquid Yes ND ND ND ND 

NENE1 Greenish white turbid liquid Yes ND ND ND ND 

NENE2 Slightly turbid liquid No 134.94±11.49** 0.42±0.03## −44.48±4.78 0.22±0.00 

NENE3 Greenish opalescent liquid No 32.94±0.42 0.28±0.03 −45.50±4.29 0.22±0.00 

NENE4 Greenish white turbid liquid Yes ND ND ND ND 

ND: not determined due to no homogeneous formulation (phase separation). 

 

Data presented are the mean ± standard deviation (n = 3). The 

statistical significance of the differences was evaluated using a 

one-way ANOVA followed by Tukey’s test. *p < 0.05 and **p < 

0.05 compared to NEB3 and NENE3 for particle size, 

respectively; #p < 0.05 and ##p < 0.05 compared to NEB3 and 

NENE3 for PDI, respectively.

 

Table 4. Physicochemical properties and total phenolic content (TPC) of nanoemulgel base and N. rubra extract nanoemulgel. 

Formulation Color Phase separation pH Viscosity (cP) TPC (mg GAE/g) 

Nanoemulgel base White opalescent gel No 5.39±0.05* 16,938.89± 512.02# - 

N. rubra extract nanoemulgel Greenish opalescent gel No 5.12±0.02 2,720±74.16 119.77±12.60 

 

Data presented are the mean ± standard deviation (n = 3). The 

statistical significance of differences was evaluated by one-way 

ANOVA followed by Tukey’s test. *p < 0.05 compared to N. 

rubra extract nanoemulgel for pH; #p < 0.05 compared to N. 

rubra extract nanoemulgel for viscosity 

Conclusion 

In conclusion, N. rubra flower and leaf extracts exhibited 

multifaceted biological activities, including antioxidant, anti-

inflammatory, and anti-tyrosinase effects, along with satisfactory 

cytocompatibility in skin-relevant and immune cell lines, 

supporting their potential as primary safe and effective natural 

bioactive ingredients. The incorporation of ethanolic extracts 

into a nanoemulgel delivery system resulted in a formulation 

with favorable physicochemical characteristics and good stability 

under accelerated conditions, while preserving total phenolic 

content. These findings highlight the suitability of N. rubra 

extracts for nanoemulgel-based pharmaceutical and 

cosmeceutical applications and provide a scientific basis for their 

further development as functional ingredients in pharmaceutical 

and cosmeceutical products. Further studies using advanced 

biological models are recommended to verify their anti-aging and 

skin-protective efficacy. 
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