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ABSTRACT 

Objective: The present investigation aimed to prepare a smilax china loaded nanoemulsion using tween 80 as a surfactant and propylene glycol as a 
co-surfactant. Formulation of such drugs in nanoparticulate drug delivery will be advantageous for reducing dosing frequency, longer residence 
time, improved permeation, and patient compliance. 

Methods: High-speed homogenization method. The smilax china oil was prepared by collecting the extract of smilax china leaves into the coconut oil 
and then used as a solvent. The authentication studies of smilax china and coconut oil were evaluated for their organoleptic and physicochemical 
characteristics. The quantitative estimation and pre-formulation study of quercetin was carried out which has major anti-psoriatic properties. 
Surfactant and co-surfactant were selected and the solubility studies of oil and Surfactants were done. The nanoemulsion was characterized by 
particle size, polydispersity index, zeta potential, and entrapment efficiency (%).  

Results: This nanoemulsion provides the particle size and entrapment efficiency range between 80.52 to 89.78 nm and 68.66 to 70.16 % 
respectively. Batch SC1 showed the lowest particle size, PDI, and optimized drug entrapment effectiveness (%), indicating good particle size 
consistency within the remaining formulation batches. The optimized formulation SC 1 was found to be stable for 90 d. 

Conclusion: The formulated nanoemulsion showed significant antipsoriasis activity due to the presence of quercetin which has a rhetorical yield of 
1.066 mg per 5 gm powder of smilax china leaves. Formulated smilax china-loaded nanoemulsion, has the potential as an effective antipsoriasis 
agent with a good spreading property with faster absorption which is beneficial for reducing drug concentration with maximum therapeutic effect. 
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INTRODUCTION 

Psoriasis is a chronic, auto-immune, and recurrent inflammatory skin 
disorder that occurs when T-lymphocytes or T-cells attack healthy skin 
cells in both, the outer layer of the skin and the vascular layer [1]. 
Psoriasis is categorized into various types such as Plaque Psoriasis, 
Flexural Psoriasis, Pustular Psoriasis, Generalized Pustular Psoriasis 
(GPP), Palmoplantar Pustulosis, and Guttate Psoriasis. Amongst these, a 
common type is Plaque Psoriasis (psoriasis vulgaris) which affects 
around 85-90% of people [2-5]. Psoriasis can be classified into Mild 
(rashes), Moderate (scaly skin), and Severe (itchy) conditions. Various 
mediators are involved in the pathogenesis of psoriasis including Tumor 
Necrosis Factor-α (TNF-α), Interleukin-1 (IL-1), Interleukin-6 (IL-6), 
Interleukin-17 (IL-17) and Interleukin-22 (IL-22), etc, which are 
released when an immune cell passes from dermis to epidermis and 
these factors activate to keratinocytes which are the outermost layer of 
the skin [6-8] Hyperproliferation and abnormal differentiation of 
keratinocytes are responsible for the development of psoriasis [9]. Few 
therapies are used for the treatment of psoriasis. Treatment of psoriasis 
with the conventional formulation is considered to be inefficient because 
of its limitations such as low biocompatibility, inability to show target 
effect, and less absorption [10, 11]. A novel drug delivery system can 
complement these limitations to provide higher bioavailability and offer 
better therapy for psoriasis treatment via the topical route [12]. Skin 
irritation and toxicity are considered essential for the transdermal drug 
delivery system which can provide a target effect. Several technologies 
have been developed to enhance the efficacy and safety of topical drug 
therapy [13, 14]. Furthermore, the new drug strategy offers the 
opportunity to design new formulations for topical psoriasis therapy. By 
understanding these important things, the present study is focused on 
the preparation of nanocarrier-like nanoemulsion for anti-psoriasis 
treatment [15, 16]. Nanoemulsions are heterogeneous systems 

comprised of two immiscible liquids in which one liquid is dispersed as 
droplets in another liquid. Nanoemulsion is one of the valuable and 
reproducible dosage forms with the application of nanotechnology in 
pharmaceutical formulations and also this is a novel formulation for the 
topical delivery of drugs [17-20]. 

All the components like active drug molecules, surfactants, co-surfactants, 
and preparation techniques are commonly involved in nanoemulsion 
preparation. The high-speed homogenization method is efficient as it 
provides formulation with fine droplet size which is important for greater 
absorption [21, 22]. Surfactant like non-ionic surfactants amongst other 
surfactants, interacts potentially with albuminoid and lipids and enhances 
the permeation of the targeted molecule through the skin [23]. A wide 
variety of medicinal plants are useful in the treatment of a variety of 
different types of diseases [24]. Because of its high therapeutic effects, 
flavonoids are gradually rising as alternatives to conventional drugs for 
various diseases. The rhizome of the plant smilax china has a therapeutic 
value, as it is used in the treatment of various diseases such as rheumatism, 
gout, epilepsy, skin diseases, chronic nervous diseases, dyspepsia, colic, 
helminthiasis, psoriasis, and seminal weakness [25-30]. Smilax china also 
assists in the isolation of flavonoids like quercetin from the methanolic 
extract, which is present in the rhizome of smilax china [31, 32]. In this 
research, the smilax china-loaded nanoemulsion was prepared, 
characterized, and optimized. 

MATERIALS AND METHODS 

Materials  

The plant specimen for the proposed study was purchased from a 
commercial source in Assam, India. Tween 80 was procured from 
Loba Chemie Pvt. Ltd., Mumbai. Propylene glycol was procured from 
Loba Chemie Pvt. Ltd., Mumbai. Quercetin was purchased from 
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Arkure Healthcare, Rohtak, Haryana. The grade of all other 
chemicals utilized were as analytical reagents. 

Chemicals  

Every chemical utilized in the investigation was of analytical grade. 
Acetone, propylene glycol, tween 80, carbon tetrachloride, toluene, 
sodium hydroxide, potassium dihydrogen phosphate, and ethanol 
were purchased from Loba Chemie Pvt. Ltd. Mumbai. 
Phenolphthalein, glacial acetic acid, and sodium thiosulphate were 
purchased from SD Lab Chemicals, Mumbai. Chloroform was 
purchased from Thermofiesher Scientific, Mumbai.  

Selection of drugs and surfactants 

Quercetin is the major antipsoriatic compound and is used as a 
biomarker in the study. It also restores skin barrier function. It shows 

anti-proliferate activity [33]. Tween 80 was selected as a surfactant that 
belongs to the nonionic class of surfactants and it was more effective in 
minimizing the mean droplet size compared to the polymer. Various 
combinations of Tween 80 with different co-surfactants were screened 
for the formation of nanoemulsion. Tween 80 was blended with each co-
surfactant in fixed weight ratios (1:1, 2:1, 3:1).  

Physicochemical characterization 

Physicochemical evaluation of the smilax china and coconut oil 
extract was carried out. 

Refractive index 

The refractive index was calibrated against reference liquid with the 
help of Abbe’s refractometer (Labline stock center, Mumbai.) as 
shown in (table 1). 

 

Table 1: Calibration against reference liquids 

S. No. Reference liquid ƞD20° 
1. Distilled water 1.3325 
2. Carbon tetrachloride 1.4603 
3. Toluene 1.4969 
  

Determination of pH values 

pH values were measured by using a pH meter (Electronics India). 
Before the readings pH meter was calibrated.  

Determination of density 

The density of the oils was determined by using the following formulae:  

1. X(weight of oil) = A(weight of container with oil)–B(weight of 
empty container) 

The above formula gives the mass of oils [34]. 

Density = mass of oil (gm)
volume of oil (ml)

 

Determination of saponification value 

Dissolved 35 to 40 gm of potassium hydroxide in 20 ml water and 
added a sufficient amount of alcohol to make 1000 ml. Kept it 
overnight and pour off the clear liquor. Weighed it accurately about 
2 gm of the substance in a tarred 250 ml flask, added 25 ml of 
alcoholic solution of potassium hydroxide, attached a reflux 
condenser, and boiled it in a water bath for an hour, frequently 
rotating the contents of the flask, cooled and added 1 ml of solution 
of phenolphthalein. Excess of alkali was titrated with 0.5 N 
hydrochloric acid. Noted the number of ml required (a). Repeated 
the experiment with the same quantities of the same reagents in the 
manner of omitting the substance. Noted the number of ml required 
(b). Calculated the saponification value from the following formula:  
 

Saponification value = (b−a)×0.02805×1.000
W

 

Where ‘W’ is the weight in grams of the substance, ‘b’ is the volume 
in ml of standard hydrochloric acid required for the blank, and ‘a’ is 
the volume in For the sample, ml of standard hydrochloric acid 
solution is needed [35]. 

Determination of acid value 

Weighed accurately about 10 gm of oil into a 250 ml volumetric flask 
and added 50 ml of a mixture of equal volumes of alcohol and 
solvent ether. It was neutralized by adding 1 milliliter of 
phenolphthalein solution. Titrated the solution with 0.1 N potassium 
hydroxide, shaking constantly until a pink color, which persisted for 
fifteen seconds was obtained. Noted the number of ml required. 
Calculated the acid value from the following formula:  

Acid value = a×0.00561×1000
W

 

Where ‘a’ is the number of ml of 0.1 N potassium hydroxide required 
and ‘W’ is the weight in gm of the oil taken [36]. 

Determination of peroxide value 

Accurately weighed 5 gm of oil into a 250 ml glass-stoppered conical 
flask, added 30 ml of a mixture of 3 volumes of glacial acetic acid and 2 
volumes of chloroform to it, swirled it until dissolved and added 0.5 
volumes of saturated potassium iodide solution. Allowed the solution 
to stand for exactly 1 minute, with occasional shaking. Then 30 ml of 
water and titrated gradually with continuous and vigorous shaking 
until the blue color just disappeared (a). Repeated the operation 
omitting the oil being examined (b). The volume of 0.01 M sodium 
thiosulphate in the blank determination must not exceed 0.1 ml. 

The peroxide value was calculated using the expression:  

Peroxide value = 10 (a-b)/W 

‘W‘ is the weight in gm of the oil, a titration volume of sample(ml), 
and ‘b’ titration volume of blank (ml). 

Viscosity 

The Smilax china oil and coconut oil were poured into the small-
volume adaptor of the Viscometer (Fungi lab). The viscosities of both 
the oils were measured. The velocity was 100 rpm with the L1 
spindle. Evaluations were conducted in triplicate. 

Determination of drug content 

In smilax china leaves 

Quercetin was extracted utilizing a high-speed stirrer (Remi 
Electrotechnik Ltd., Mumbai, India) at 2000 rpm for 10 min after 
mixing 100 ml of methanol with 5 gm of smilax china leaves from the 
nearby region of maharashtra, india. The mixture was centrifuged 
for 75 min at 11,000 rpm and 2 °C temperature. The resultant 
supernatant was separated and scanned through a double-beam 
UV/Visible spectrophotometer (Shimadzu 1800, Japan) and 
absorbance was taken against methanol at λ max of 377 nm. 

In smilax china oil 

The smilax china oil was purchased from a standard ayurvedic store 
located in maharashtra. The drug content in smilax china oil was 
determined by the same method used for the determination of the 
drug content in smilax china leaves. 

Pre-formulation studies of quercetin 

Characterization of quercetin 

Description 

Smilax china includes many flavonoids, including quercetin. Quercetin 
is well known for its antioxidant qualities and has been investigated 
for significant health benefits [37-39]. Antioxidant characteristics may 
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help protect skin cells from oxidative stress and damage. The sample 
of quercetin was analyzed for its nature, color, and physical properties. 

Solubility study 

Solubility test performed using water, methanol, dimethyl 
sulphoxide, and chloroform. 

Melting point 

The melting point was measured by introducing a small amount 
of substance in the small capillary attached to the thermometer's 
stem. Continuous heat was applied with assembly suspended in 
the Thiele’s tube containing a paraffin bath. The temperature at 
which the drug melting begins was noted as the melting point. 

UV/Visible spectra 

A drug solution of 10 μg/ml in distilled water and phosphate buffer 
(pH 7.4) was prepared and scanned by taking the appropriate 
solvent as blank and the UV spectrum was recorded in the range of 
200-400 nm by using double beam UV/Visible spectrophotometer 
(Shimadzu 1800. Japan). 

Construction of standard curve of quercetin 

Standard curve of quercetin in methanol 

The stock solution was prepared by dissolving 100 mg of the drug in 
100 ml of methanol to get a 1000 μg/ml concentration. From the 
above solution, a second stock solution was prepared. 10 ml was 
removed and diluted suitably to 100 ml methanol to acquire a 
concentration of 100 μg/ml. The third stock solution prepared to 
dilute (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1 ml) was removed 
and diluted suitably to 10 ml methanol to acquire the final 
concentration from 1 to 10 μg/ml. All the solutions were scanned 
through a double-beam UV/Visible spectrophotometer (Shimadzu 
1800, Japan) and absorbance was taken against a blank of distilled 
water at λ max of 377 nm. 

Standard curve of quercetin in phosphate buffer (pH 7.4) 

The stock solution was prepared by dissolving 100 mg of the drug in 
10 ml of methanol and 90 ml of phosphate buffer (pH 7.4) to get a 
1000 μg/ml concentration solution. From the above solution, a 
second stock solution was prepared. 10 ml was removed and diluted 
suitably to 100 ml phosphate buffer to acquire a concentration of 
100 μg/ml. The third stock solution prepared to dilute (0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1 ml) was removed and diluted suitably 
to 10 ml phosphate buffer to acquire the final concentration from 1 
to 10 μg/ml. All the solutions were scanned through a double beam 
UV/Visible spectrophotometer (Shimadzu 1800, Japan) and 
absorbance was taken against a blank of phosphate buffer at λ max 
of 377 nm. The components required for the preparation of 
phosphate buffer (pH 7.4) are summarized in table 2. 

Formulation studies 

Preparation of nanoemulsion using pseudo ternary phase 
diagram 

The advantage of using a pseudo-ternary plot for depicting compositions 
is that three variables can be conveniently plotted in a two-dimensional 
graph [40, 41]. The pseudo ternary phase diagram of oil, surfactant, and 
co-surfactant was constructed to obtain the components and their 
concentration ranges that can result in a large existing area of 
nanoemulsion. A selection of components for nanoemulsions suitable for 
pharmaceutical use involves a consideration of their toxicity and if the 
systems are to be used topical, their irritation and sensitivity properties. 
Anionic surfactants have been utilized in the formulation. Smilax china 
nanoemulsion was prepared by titration method using smilax china oil as 
an oil component, propylene glycol as co-surfactant tween 80 as 
surfactant, and distilled water as an aqueous phase. The oil phase was 
mixed with smilax china of a particular ratio, oil and smilax ratios (0-3:3-
0) were taken in various ratios (1-9:9-1) and finally titrated with purified 
water was added to drug loaded internal phase in a dropwise manner 
under continuous stirring using high-speed homogenization (D-160, D-
LAB, USA) (table 3). 

  

Table 2: Compositions of phosphate buffer (PBS) pH 7.4 

S. No. Ingredients Quantity 
1. Sodium hydroxide flakes 8.0 gm 
2. Potassium dihydrogen phosphate 27.218 gm 
3. Distilled water 1000 ml 
 

Table 3: Different proportions of formulation components for formation of nanoemulsion. 

Smilax 
china: oil 

Smilax china 
(ml) 

Oil(ml) S: CoS(1:1) S: CoS(1:1:5) S: CoS(1:2) Water 
(ml) 

Total 
Tween80 PG Tween80 PG Tween80 PG 

1:1 10 10 05 05 04 06 03.35 06.70 90 100 
1:1:3 15 20 07.50 07.50 06.00 09.00 05.00 10.00 70 100 

15 20 07.50 07.50 06.00 09.00 05.00 10.00 100 100 
1:1:5 20 30 10.00 10.00 08.00 12.00 06.70 13.40 50 100 

20 30 10.00 10.00 08.00 12.00 06.70 13.70 90 100 
 

Formulation of preliminary batches of smilax china 
nanoemulsion                                                                                                                                               

Smilax china-loaded nanoemulsions were prepared by a high-speed 
homogenization technique. To prepare the nanoemulsion, Water, and 
smilax china (1:2) were mixed and kept for stirring under the high-
speed homogenizer (D-160, D-LAB, USA) at 4000 rpm. Then the 
prepared smilax china oil was dropped by using a syringe (26 gauges) 
with a constant speed (0.5 ml/min) into the above mixture. The 
mixture was homogenized using a high-speed homogenizer (D-160, D-
LAB, USA) for 20 min at 4000 rpm after the complete addition of 
coconut oil.  

Optimization of nanoemulsion 

Nanoemulsions were evaluated for particle size, zeta potential, and 
polydispersity index characteristics. Considering the amount and 
solubility of the drug to be incorporated in the nanoemulsion for the 
formulation selection. The final composition of the nanoemulsion 

was optimized based on particle size, zeta potential, and 
polydispersity index characteristics. 

Nanoemulsion optimization chart 

As discussed above following chart has been used to capture the 
compositional observations concerning various levels of Oil: Smilax 
china: Water proportion in the nanoemulsion system (table 8). 

Characterization of preliminary batches of smilax china 
nanoemulsion 

Particle size, polydispersity index, and zeta potential 
measurements 

The mean particle size and polydispersity index for the formulation 
were determined by nanoparticle Analyzer SZ-100 (Horiba 
Scientific, Japan) [42-45]. The zeta potential was determined by a 
laser doppler anemometer coupled with a nanoparticle analyzer SZ-
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100 (Horiba Scientific, Japan) [46-48]. All experiments were done in 
triplicate. 

Formulation and characterization of final batches of smilax 
china nanoemulsion 

Formulation and characterization of final batches of smilax china 
nanoemulsion were obtained by performing the same method used 
in preliminary batches of smilax china nanoemulsion. 

Particle size, polydispersity index, and zeta potential 
measurements 

Particle size, polydispersity index, and zeta potential of the final 
batch of smilax china nanoemulsion were measured by performing 
the same method used in preliminary batches of smilax china 
nanoemulsion. 

Determination of drug entrapment efficiency (%) 

The smilax china nanoemulsion (10 ml) was mixed with 100 ml 
methanol. The mixture was stirred for 10 min at 1000 rpm using a 
high-speed stirrer (Remi Elektrotechnik Ltd Vasai, India). Then the 
stirred mixture was centrifuged at 11,000 rpm at 2 °C using the 
cooling centrifuge instrument (C30 PLUS Remi, Mumbai, India)) for 
75 min. The supernatant was separated; the absorbance was 
measured for the free drug content using a UV/Visible 
spectrophotometer at 377 nm (Shimadzu 1800, Japan). The 
entrapment efficiency of the smilax china nanoemulsion was 
determined by subtracting the free drug amount from the initial 
added amount of the drug. The entrapment efficiency (EE %) of all 
batches was calculated by using the following equation [49]. 

Entrapment of ef�iciency (%) =  
Initial drug

Therotical drug content
× 100 

Optimization of nanoemulsion 

The formulation of smilax china nanoemulsion containing different 
percentages of oil, surfactant cosurfactant mixture, and water was 
tabulated in (table 8). Nanoemulsions were evaluated for particle 
size, zeta potential, and polydispersity index characteristics. The 
final composition of the nanoemulsion was optimized based on 
Particle size, zeta potential, and polydispersity index characteristics. 
The batch with the smallest particle size was considered an 
optimized batch. 

Stability assessment 

Accelerated stability studies were carried out on an optimized smilax 
china nanoemulsion according to International Conference on 
Harmonization (ICH) guidelines [50, 51]. Sufficient replicates of the 
optimized nanoemulsions were kept at 40 °C±2 °C and 75%±5% RH. 
These were placed in a humidity chamber at 40 °C±0.5 °C and 
75%±5% RH. Samples were withdrawn at 0, 30, 60, and 90 d. The 
samples were evaluated for particle size, polydispersity index, and 
zeta potential. 

RESULTS  

Primary studies of prepared smilax China oil 

Determination of drug content  

Theoretical yield 

5 gm powder of smilax china leaves contains 1.066 mg quercetin. 

Practical yield 

5 gm powder of smilax china leaves contains 0.903 mg quercetin. 5 
gm powder of smilax china oil contains 0.784 mg quercetin. 

Pre-formulation studies 

Characterization of quercetin 

Description  

Smilax china includes many flavonoids, including quercetin [52]. 
Quercetin is well known for its antioxidant qualities and has been 
investigated for significant health benefits [53, 54]. Antioxidant 
characteristics may help protect skin cells from oxidative stress and 
damage. The sample of quercetin was analyzed for its nature, color, 
and physical properties. 

Solubility study  

Quercetin was freely soluble in methanol, soluble in dimethyl 
sulfoxide and chloroform, and practically insoluble in water. 

Melting point  

The melting point was observed in the range between 148-153 °C which 
complies with that given in the literature i.e., 149-153 °C. The melting 
point was observed in triplicate and the average value was taken.

 

Table 4: Organoleptic characteristics of smilax china and coconut oil 

S. No. Parameter Observation 
Smilax china oil extract Coconut oil 

1. Color Dark pink Pale yellow 
2. Smell Pleasant smell  Pleasant smell  
 3. Touch Oily Oily 
 

Table 5: Physicochemical characteristics of smilax china and coconut oil 

S. No. Reference liquid ȠD20° Observed ƞD 
1. Distilled water 1.33 1.32 
2. Carbon tetrachloride 1.46 1.46 
3. Toluene 1.49 1.33 

The data represented as mean (n=3) 
 

Table 6: Parameters and observations of smilax china oil and coconut oil 

S. No. Parameter Observation 
Smilax china oil Coconut oil 

1. Refractive index 1.32 1.33 
2. pH value 6.48 6.90 
3. Density 0.83 0.75 
4. Saponification value 187.86 194.94 
5. Acid value 1.17 1.00 
6. Peroxide value 0.80 1.98 

Evaluations were conducted in triplicate. The viscosity of smilax china oil and coconut oil was observed as mean±SD; 56.46±2.32, 138.96±1.42, and 
35.4±1.80 cp respectively. 
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UV/Visible spectra  

A prepared drug solution was scanned for UV absorption in the 
range of 200-400 nm by using double double-beam UV/Visible 
spectrophotometer (1800, Shimadzu, Japan) [55, 56]. The spectrum 
was recorded, which showed absorbance maxima (λ max) of 377 nm 
for methanol and Sorenson’s PBS (pH 7.4). (fig. 1) 

Construction of standard curve of quercetin  

Standard curve of quercetin in methanol 

The standard curve of the drug in methanol at λmax 377 nm was 
plotted by recording the absorbance of solutions depicted in table 4 
of different concentrations. The Beers and Lamberts range was 
found to be in the range of 20-200 µg/ml. 

Standard curve of quercetin in simulated tear fluid (pH 7.4) 

The standard curve of the drug in Sorenson’s phosphate buffer 
solution (pH 7.4) at λ max 377 nm was plotted by recording the 
absorbance of solutions depicted in table 7 of different 
concentrations. The Beers and Lamberts range was found to be in 
the range of 20-200 µg/ml. 

Formulation and characterization study 

Formulation of preliminary batches of smilax china nanoemulsion 

Screening, selection, and optimization of oil and surfactant 

From the visual inspection, it was observed that quercetin showed 
maximum solubility in coconut oil, tween 80, and propylene glycol as 
well as low solubility in castor oil and PEG 400. 

  

 

Fig. 1: Scanning graph showing λmax of quercetin 
 

Table 7: Absorbance data of quercetin in methanol and Sorenson’s phosphate buffer solution (pH 7.4) 

S. No. Concentrations (µg/ml) Absorbance 
In methanol at 377 nm(mean±sd) In PBS pH 7.4 at 377 nm(mean±sd) 

1. 0 0 0 
2. 20 0.078+0.012 0.102+0.002 
3. 40 0.154+0.002 0.108+0.003 
4. 60 0.216+0.003 0.149+0.003 
5. 80 0.281+0.002 0.192+0.004 
6. 100 0.312+0.002 0.237+0.007 
7. 120 0.358+0.002 0.298+0.003 
8. 140 0.456+0.004 0.328+0.004 
9. 160 0.535+0.002 0.371+0.004 
10. 180 0.596+0.003 0.429+0.005 
11. 200 0.669+0.004 0.486+0.004 

N=3 
 

 

Fig. 2: Absorbance data of quercetin in methanol and phosphate buffer solution, a: Standard curve of quercetin in methanol. quercetin 
obeys beer-lamberts law in the range of 20-200 µg/ml and shows λmax 377 nm in simulated tear fluid, b: Standard curve of quercetin in 
Sorenson’s phosphate buffer solution (ph 7.4). quercetin obeys beer-lamberts law in the range of 20-200 µg/ml and shows λmax 377 nm 

in simulated tear fluid (pH 7.4) 
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Selection of oil and surfactant by solubility studies 

Quercetin shows solubility in various oils and surfactants. Quercetin 
showed maximum solubility in coconut oil (10.00±0.002 mg/g) and 
minimum solubility in castor oil (5.12±0.0001 mg/g). Among 
surfactants, it showed maximum solubility in tween 80 
(19.061±0.002 mg/g) and propylene glycol (8.4±0.0026). Quercetin 
showed minimum solubility in PEG 400 (2.503±0.0026 mg/g).  

Visual Inspection of miscibility of selected surfactant with co-
surfactant 

Among surfactants, tween 80 has having highest solubility, followed 
by propylene glycol. Further, for the selection of co-surfactant, 
tween 80, PEG 400, and propylene glycol were screened for 

miscibility. Propylene glycol was selected as a co-surfactant, as it 
shows more miscibility with tween 80. 

Development of pseudo-ternary phase diagram 

Characterization of primary batches of smilax china nanoemulsion 

The particle size of primary batches of smilax china 
nanoemulsion 

The appearance of a bluish opalescence color in nanoemulsion 
revealed that the formulation was in the nanometer range [57, 58]. 
The particle size of the smilax china formulation was found with the 
help of nanoparticle size analyzer SZ-100 (Horiba Scientific, Japan) 
in the range between 82.58 nm to 90.36 nm. 

 

 

Fig. 3: Pseudo ternary phase diagram(SC): 9.00%, 9.00%, and 81.00% concentration of smilax oil, and water, respectively shown in SC 1. 
20.00%, 17.00%, and 63.00% concentration of smilax oil and water respectively shown in SC 2. 29.00%, 25.31% and 45.69% 

concentration of smilax oil and water respectively shown in SC 3 

 

 

Fig. 4: a) Particle size of the primary size of the batch of sc1 = 82.58±9.2 (nm), b) particle size of the primary size of the batch of sc2 = 
87.31±14.7(nm), c) particle size of the primary size of the batch of sc3 = 90.36±19.6 (nm) 



V. Bodke et al. 
Int J Pharm Pharm Sci, Vol 16, Issue 5, 54-66 

60 

Zeta potential of primary batches of smilax china nanoemulsion 

The zeta potential is an important index of the stability of 
nanoemulsion because it quantifies the electrostatic barriers, which 
could prevent the nanoparticle from aggregation and agglomeration; 
higher positive or negative zeta potential values causes higher 
repulsive forces where electrostatic repulsion between particles with 
the same charges which avoid aggregation of the particle and thus 

confirms easy dispersion [59-64]. The zeta potential values of all 
formulations were found with the help of zeta sizer nano ZEN2600 
(Malvern, UK) between-15.76 mV and-22.97 mV.  

The Zeta potential of the optimized batch was found to be-15.76 mV, 
with negative zeta potential due to the negative surface charge of the 
surfactant tween 80 and co-surfactant propylene glycol. All other SC 
formulations showed negative zeta potential (fig. 5). 

 

 

Fig. 5: Graphical representation of zeta potential (mV) of primary batches of SC. a) Zeta potential of primary batch of SC1 =-15.76±3.30 
(mV), b) Zeta potential of primary batch of SC2 =-18.22±1.50 (mV), c) Zeta potential of primary batch of SC3 =-22.97±3.12 (mV) 

 

Polydispersity ındex of primary batches of smilax china 
nanoemulsion 

The Polydispersity index (PDI) values indicate the particle size 
distribution [65-67]. It offers a degree of particle size distribution [68]. 
It also suggests the stabilization of formulation. Its value range from 
0.01 to 0.5 demonstrates a narrow size distribution, while PDI above 

0.7 indicates a very broad size distribution. The Polydispersity Index of 
the formulations varies from 0.26 to 0.43. The optimized 
nanosuspension (SC 1) provides 0.26 PDI.  

The PDI of all batches was found below 0.5, which suggests that 
narrow size distribution of particles. The result shows PDI was 
increased as there was an increase in oil content (fig. 6). 

 

 

Fig. 6: Graphical representation of polydispersity Index of primary batches of SC, The data represented as mean (n=3) 
 

Table 8: Physicochemical characterization of primary smilax china loaded nanoemulsions 

Formulation code Formulation variables Formulation response 
Oil % Smilax % Water ℅ Particle size (nm) 

(mean±sd) 
Polydispersity index 
(mean±sd) 

Zeta potential (mV) 
(mean±sd) 

SC 1 9.09 9.09 81.82 82.58±9.2 0.26±0.01 -15.76±3.30 
SC 2 17.00 20.00 63.00 87.31±14.7 0.37±0.06 -18.22±1.50 
SC 3 25.31 29.00 45.69 90.36±19.6 0.43±0.04 -22.97±3.12 

The data represented as mean±sd (n=3) 



V. Bodke et al. 
Int J Pharm Pharm Sci, Vol 16, Issue 5, 54-66 

61 

Characterization of final batches of smilax china nanoemulsion 

Particle size, polydispersity index, and zeta potential 
measurements 

Particle sizes of final batches of smilax china nanoemulsion 

The appearance of a bluish opalescence color in nanoemulsion 
revealed that the formulation was in the nanometer range. The 
particle size of the smilax china formulation was found with the help 
of nanoparticle size analyzer SZ-100 (Horiba Scientific, Japan) which 
was between 80.52 nm to 89.78 nm. The result showed that the 

formulation SC 1 having the least oil content showed the smallest 
particle size, hence it was considered an optimized batch. All batches 
showed a small mean size (below 10 nm) (fig. 7). 

Zeta potentials of final batches of smilax china nanoemulsion 

The zeta potential values of all formulations were found in between-
16.16 mV to-26.37 mV. The Zeta potential of the optimized batch was 
found to be-16.16 mV, negative zeta potential due to the negative surface 
charge of the surfactant tween 80 and co-surfactant propylene glycol. All 
other SC formulations showed negative zeta potential (fig. 8). 

 

 

Fig. 7: Graphical representation of particle size (nm) of final batches of SC, b): Particle size 80.52±6.8 (nm) of a final batch of SC1, b): 
particle size 84.82±11.3 (nm) of a final batch of SC2, c): particle size 89.78±14.7 (nm) of a final batch of SC3 

 

 

Fig. 8: Graphical representation of zeta potential (mV) of final batches of SC. a) Zeta potential of the final batch of SC1 =-16.16±1.70 (mV), 
b) Zeta potential of a final batch of SC2 =-18.39±4.18 (mV), c) Zeta potential of a final batch of SC3 =-26.37±6.03 (mV) 
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Polydispersity index of final batches of smilax china 
nanoemulsion 

The optimized nanosuspension (SC 1) provides 0.36 PDI. The PDI of 
all batches was found below 0.5, which suggests that narrow size 
distribution of particles. The result shows that increase in oil 
content, there was an increase in PDI. 

Drug entrapment efficiency (%) of final batches of smilax china 
nanoemulsion 

Drug Entrapment efficiency (%) of the Smilax china-loaded 
formulations was found to be between 68.66 % to 70.16 %. All 
batches showed that increasing the amount of oil there is an 

increase in the drug entrapment efficiency (%). The optimized 
formulation (SC1) showed 68.66 % drug entrapment efficiency 
(fig. 10). 

Optimization of nanoemulsion 

As the smallest particle size was observed of SC 1 (1.52 nm), it is 
considered the optimized batch. 

Stability assessment 

The optimized batch SC 1 was assessed for its stability for 3 mo, as 
per ICH guidelines. The Formulation was evaluated for its particle 
size and zeta potential at intervals of 0 d, 30 d, 60 d, and 90 d. 

 

 

Fig. 9: Graphical representation of PDI of final batches of SC, a) PDI of SC1 = 0.36±0.04, b) PDI of SC2 = 0.40±0.11, c) PDI of SC3 = 0.48±0.19 
respectively. The data represented as mean±sd (n=3) 

 

 

Fig. 10: Graphical representation of entrapment efficiency (%) of final batches of SC. The data represented as mean (n=3) 
 

 

Fig. 11: Particle size determination for stability assessment, a) Particle size = 80.52 nm at the time interval of 0 d, b) Particle size = 80.58 nm 
at the time interval of 30 d, c) Particle size = 81.36 nm at the time interval of 60 d, d) Particle size = 82.36 nm at the time interval of 90 d 
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Fig. 12: a)Zeta potential is 26.37 mV at the time interval 0 d, b)Zeta potential is-17.80mV at the time interval 30 d, c) Zeta potential is-
13.68mV at the time interval 60 d, d) Zeta potential is-13.68mV at the time interval 90 d 

 

Zeta potential determination for stability assessment 

Hence, The optimized formulation SC 1 was found to be stable for 90 
d. 

DISCUSSION 

Enhancement of penetration and permeation is the main 
requirement for the design of a new drug delivery system for the 
transdermal route, which shows quick effect [69, 70]. The high-
speed homogenization method was used for the preparation of 
nanoemulsion by using smilax china oil, tween 80, and propylene 
glycol. It was essential to select the suitable type and proper 
concentration of surfactant and cosurfactant. Non-ionic surfactants 
were less affected by changes in pH and ionic strength. Non-ionic 
surfactants are mostly used in nanoemulsion for transdermal drug 
delivery because of their low toxicity and compatibility with various 
ingredients. In this study, visual inspection and solubility of 
quercetin were performed by using various surfactants and oils. 
From this analysis, quercetin showed maximum solubility in tween 
80 and coconut oil. Tween 80 was selected as a surfactant that 
belongs to the non-ionic class of surfactants and it was more 
effective in minimizing the mean droplet size compared to polymers. 
Whereas various co-surfactants were screened for miscibility with 
selected surfactants. Tumor necrosis factor-alpha (TNF-α) is a 
strong pro-inflammatory cytokine that plays a role in the 
pathogenesis of chronic inflammatory diseases. Psoriatic plaques 
have a large amount of TNF-α which is one of the key factors for the 
development of inflammation in psoriasis. Quercetin is indicated to 
have an ability to regulate immune response as it acts to prevent 
TNF-α production and gene expression. Therefore, quercetin acts as 
an anti-TNF-α agent [71]. By understanding this, further study of 
quercetin was carried out. The obtained melting point of quercetin 
complies with the melting point given in the literature. Studies have 
demonstrated that our values of absorption maxima, standard curve, 
and calibration curve of drug solution were following the standard 
range. This study presents that in smilax china oil, quercetin has 
antipsoriatic properties. One of the valuable properties that has a 
direct effect on the long-term stability, texture, and optical 
appearance of emulsions is the droplet size. The smaller particle size 

of the formulation is mainly considered an important factor for 
transdermal drug delivery. In this study, various factors were 
considered during the preparation of the smilax-loaded 
nanoemulsion.  

The high-speed homogenization method which is convenient and 
efficient as compared to low-energy emulsification, because of its 
limitation as it provides less energy, was applied to overcome the 
obstacles and limitations of the conventional formulation [72]. In 
this technique, a homogenizer provided high energy to the mixture 
which was kept in it to lower the particle size. Reduction of particle 
size was obtained by increasing homogenization speed. The 
polydispersity index is a parameter used to define the particle size 
distribution. Characterization of primary and final batches of 
prepared nanoemulsion for particle size and polydispersity index 
showed the small particle size and narrow particle size distribution. 
In this research, The observations that batch SC1 showed the lowest 
particle size, PDI, and the optimized result of drug entrapment 
efficiency (%) indicate good uniformity of particle size among the 
various formulation batches. Zeta potential is the most commonly 
employed to predict the stability of nanoemulsions by measuring the 
surface charge of droplets. The evaluated primary and final batches 
had negative zeta potential. Zeta potential results supported that 
nanoemulsion is mainly stabilized by the electrostatic repulsion 
generated between the same negatively charged droplets. The 
stability assessment of the optimized batch was further studied, 
which indicates that the formulation was found to be stable for 90 d. 
Thus, the present study established nanoemulsion formulation 
provides better absorption and permeation into the skin. 

CONCLUSION 

Psoriasis is a condition in which skin cells build up and form scales and 
itchy, dry patches. According to the World Psoriasis Day Consortium, 
among the 125 million people worldwide, 2 to 3 percent of them have 
psoriasis. Several works have been done to formulate various 
formulations from the smilax china plant because of its tremendous 
therapeutic actions. This Present Study of smilax china loaded stable 
nanoemulsion with particle size between 82.58 nm to 90.36 nm was 
formulated by high-speed homogenization method, which was 
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demonstrated for their antipsoriasis activity. The 5 gm extract of 
smilax china oil was mixed with 100 ml of methanol and this mixture 
was treated with a high-speed stirrer for the extraction of quercetin. 
This extracted compound was further characterized by solubility, 
melting point, and UV/visible spectra. This study illustrated that 
emulsification time, oil surfactant mixing ratio, and surfactant 
concentration had significant effects on nanoemulsion droplet 
diameter and stability. Surfactant concentration had an indirect 
relation with nanoemulsion droplet diameter along with a direct 
relation with nanoemulsion stability. The formulated nanoemulsion 
showed significant antipsoriasis activity due to the presence of 
quercetin which has a rhetorical yield of 1.066 mg per 5 gm powder of 
smilax china leaves. The optimized formulation SC 1 was found to be 
stable for 90 d. Formulated smilax china-loaded nanoemulsion, has the 
potential as an effective antipsoriasis agent with a good spreading 
property with faster absorption, which is beneficial for reducing drug 
concentration with maximum therapeutic effect. 
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