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Introduction 
The skin is the body’s main organ. Topical drug 

delivery is the delivery of a drug through the skin. Drug 
distribution through the skin is advantageous as it averts 
the threats linked with intravenous therapy and the 
difficulties connected with altering gastric pH, 
emptying time, and hepatic metabolism (1). It has 
advantages over conventional routes such as avoiding 
first-pass metabolism, the potential for sustained and 
controlled release of a drug, and a non-invasive mode of 
drug delivery thereby increasing the bioavailability of 
the drug (2). Drug molecules may penetrate the skin 
along the hair follicles or sweat ducts in the initial 
transient diffusion stage and then be absorbed by the 
follicular epithelium through the intact stratum corneum 
which becomes the primary pathway for transdermal 
permeation. 

Gels are topical drug delivery system that 
contains a larger quantity of hydroalcoholic liquid in a 

complex network of solid particles (3). The water 
component of gel is high thus allowing increased 
solubility of drugs through a vehicle that is easily 
penetrated. In terms of patient acceptability, these are 
superior. Gels, on the other hand, have the drawback of 
being unable to deliver hydrophobic drugs (4). 

Emulgels have been produced as successful 
hydrophobic drug delivery systems to alleviate this 
limitation. Oil-in-water or water-in-oil type emulsions 
are combined with a gelling agent to create emulgels 
(5). Using an oil-in-water emulsion system, emulgels 
make it simple to include hydrophobic drugs into the 
gel, increasing stability and controlled release while 
also having a higher loading capacity (6, 7). Emulgels 
are suitable for application to the skin since they are 
non-greasy, unlike other topical preparations that need 
excessive rubbing (8, 9). 

Inflammation remains a serious problem in the 
present era. Numerous anti-inflammatory medications 
have been produced, but research on their safety 
profiles has shown that none of them are secure. They 
exhibit a variety of negative impacts. Nutraceuticals 
have returned as a result of the widespread observation 
of negative drug side effects caused by synthetic and 
chemical medications (10). 

Vitex negundo, also known as Nirgundi is 
included in the Verbenaceae family. Vitex negundo has 
enormous medicinal value, and the leaf extract has been 
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utilized in Ayurvedic medicine as an anti-inflammatory, 
analgesic, and anti-itching agent (11). This plant is 
widely grown in America, Europe, Asia, and West 
Indies and is widespread in Indo-Malaysia. The topical 
efficacy of Vitex negundo can be increased which 
depends on its solubility and permeability properties by 
formulating in the form of Emulgel (12). 

This work aimed to formulate an emulgel that 
enhances the permeation of Vitex negundo when applied 
topically. Emulgel was formulated using tween 80 
(surfactant), triethanolamine (co-surfactant), and mineral 
oil. A central composite design (CCD) was used to 
examine the potential effects of the components and their 
interactions, which could aid in selecting the optimal 
formulation. The pH, viscosity, spreadability, and drug 
content of optimized emulgel were investigated. 
Afterward, an in-vitro model was used to study the drug 
permeability and release behavior. Thus, the current study 
is undertaken for the effective delivery of Vitex negundo 
locally in the form of emulgel which shall enhance the 
solubility and thereby the permeability of the drug. 
  
Materials and Methods 
Materials 

Vitex negundo (purity >98%) was purchased from 
Sigma Aldrich (India). Mineral oil, Clove oil, Carbopol 
934, Tween 80, Span 80, Triethanolamine, Propylene 
glycol, Methyl paraben, Propyl paraben, and Liquid 
paraffin were purchased from Loba Chemie, Mumbai. All 
the other chemicals were procured from HiMedia Lab, 
Mumbai, India. Each solvent was of High-Performance 
Liquid Chromatography (HPLC) grade. 

Phosphate buffer saline (PBS) of pH 6.8 was 
prepared by dissolving disodium hydrogen phosphate 
(28.80 g) and potassium dihydrogen phosphate (11.45 g) in 
distilled water in 100 mL. Analytical grade components for 
PBS were bought from Sigma Aldrich (India). Porcine skin 
membrane was collected freshly from the local 
slaughterhouse (M/s Badriya Mutton Stall, Near BCC 
Hall, Derlakatte, Mangaluru- 575017) 
  
Solubility Study 

10 mL of oils (Clove oil and Mineral oil), 
surfactants (Tween 80 and Span 80), and co-surfactants 
(Triethanolamine and Propylene glycol) were combined 
with an excess of Vitex negundo (3000 µg/mL) in a 100 
mL volumetric flask. The combination was then placed in 
a shaking water bath at 37°C and 50 rpm for 48 hours. 
After that, the sample was centrifuged for 15 minutes at 
3000 rpm. 1 mL of the supernatant liquid was taken from 
each mixture following centrifugation. After a 10 mL 
phosphate buffer saline (PBS) pH 6.8 dilution, the 
a b s o r b a n c e w a s m e a s u r e d U V - v i s i b l e 
spectrophotometrically at a maximum of 273 nm (13). 
  
Construction of pseudo-ternary phase diagram 

To identify the emulsion present, pseudo-ternary 
phase diagrams were built. To develop a phase diagram, 
oil, surfactant, and co-surfactant were chosen based on 
studies on the solubility of Vitex negundo. For each group, 
a mixture of surfactant and co-surfactant (Smix) in 
different weight ratios (1:1, 2:1, and 3:1) was added before 

being sonicated (Sonics Sonicator, USA) for five minutes 
at a frequency of 20 kHz and a temperature of 25 °C. For 
each phase diagram, Smix and oil were fully blended in 
various weight ratios ranging from 9:1 to 1:9 (i.e., 9:1, 8:2, 
7:3, 6:4, 5:5, 4:6, 3:7, and 1:9). Slow aqueous phase 
titration was used to create pseudo-ternary phase diagrams 
(14-16). 
  
Preparation of Vitex negundo Loaded Emulgel 

Three steps were involved in preparing the emulgel. 
Vitex negundo (0.1 g) was dissolved in a mixture of 
mineral oil, tween 80, and triethanolamine in order to 
create the oil phase of the emulsion in the first stage. Then 
gradually, the water phase was incorporated into the oil 
phase while continually stirring for 10 minutes at 2000 
rpm with a magnetic stirrer. In the next stage, the gel basis 
was created by combining carbopol 934 with 15 mL of 
distilled water and agitating with a magnetic stirrer. To 
effectively dissolve, methylparaben (25 mg) was dissolved 
in 5 mL of distilled water and heated in a water bath (first 
solution). Following the cooling of the solution, the initial 
solution was properly mixed with 2 g of polyethylene 
glycol (PEG) 4000. Finally, to create the gel, the required 
amount of each combined ingredient was added to the 
carbopol 934 while stirring continuously. To create a 
homogenous emulgel, the third stage involved adding o/w 
emulsion to the gel base in a ratio of 1:1 (6, 17-21). 
  
Optimization by Design of Experiment 

The Design of Experiment (DoE) (version 11.0.3.1) 
approach was used to examine how different process 
factors affected the creation of emulgel using central 
composite design (CCD). A common design in response 
surface methodology is CCD. Factorial, axial, and centre 
points are the main components. The presence of such a 
wide range of points enables a thorough understanding of 
dependent variables with the least amount of testing. Smix 
ratio (A), oil ratio (B), and percentage of carbopol (C) 
were chosen as the independent factors, and drug content 
studies (%) and in-vitro diffusion studies (%) were chosen 
as the dependent variables for evaluating the effectiveness 
of Emulgel. According to the screening study, all the other 
components and variables had no noticeable impact on the 
qualities of the created emulgel and stayed constant 
throughout the investigation. Table 1 lists the factors 
chosen and the experiment levels. For emulgel, it produced 
17 runs (trial batches) (table 2). 
  
Table 1: Independent and dependent factors selected 

and levels for the experiment 
Independent 

factors Name Level (-1) Level (0) Level 
(+1)

A Smix ratio  
(% v/w) 30 55 80

B Oil ratio 
(% v/w) 20 45 70

C Carbopol 
(% w/w) 2 2.5 3

Dependent factors
X Drug content
Y Diffusion studies
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Table 2. Observed responses for emulgel obtained 
from DOE 

  
Determination of Drug Content  

In order to conduct drug content experiments, 1 g 
of emulgel was dissolved in a 100 mL volumetric flask, 
and the volume was then brought to 100 mL with 
freshly prepared PBS (pH 6.8). Solution (1 mL) was 
taken, and PBS was used to dilute it up to 10 mL (pH 
6.8). Using a UV-Visible Spectrophotometer at 273 nm, 
the drug content in emulgel was calculated 
spectrophotometrically (22, 23). To determine the 
homogeneity of the drug content, experiments are 
carried out in triplicate (n = 3). 
  
In-vitro Diffusion Studies  

According to the supplementary material figure 
S1 for this experiment, a modified vertical Franz 
diffusion cell apparatus was used for the in-vitro drug 
diffusion. A cellophane membrane (donor compartment) 
was covered with accurately weighed 1 g of emulgel, 
and the entire apparatus was partially submerged in the 
dissolution media PBS. Using a magnetic stirrer, the 
dissolving medium was blended at 50 rpm and 37 ±0.5 
°C temperature. 1 mL of the sample was taken out at 
specified intervals of 15, 30, 60, 90, 120, 180, 240, 300, 
and 360 minutes in order to estimate the absorbance at 
273 nm with a UV-Visible Spectrophotometer. By 
adding the same amount of fresh PBS in place of the 
withdrawn sample, the sink condition was preserved 
(24-26). 
  
Optimization and Evaluation of Optimized Emulgel 
Formulation 
Optimization 

The best-fitting mathematical model was chosen 
based on comparisons of a variety of statistical data, as 
well as the standard deviation (SD) and the 
determination coefficients (R2 and adjusted R2) (20). 
An optimal formulation was created utilizing a 
numerical optimization technique and the desirability 

function approach. To obtain the desired results of the 
formulation, the right levels of constraints (target) were 
set (table 3). The ideal formulation was anticipated to 
have a strong drug diffusion after 360 minutes (> 90%), 
as well as a maximal drug content (> 99%). 
  

Table 3. Criteria for numerical optimization and 
optimized emulgel formulation 

  
Physical Appearance 

Visual evaluations of the color, consistency, and 
appearance of the developed optimal emulgel 
formulation were conducted (21, 27). 
  
Determination of pH 

The pH of the emulgel was measured using a 
digital pen pH metre. By emulsifying 2.5 g of the 
emulgel formulation in 25 mL of distilled water, the pH 
was measured (28). 
  
Viscosity Measurement 

Using a Brookfield viscometer equipped with 
spindle no. S 63 at 50 rpm for 10 minutes, the viscosity 
of the emulgel was measured. 
  
Spreadability 

The spreadability test was carried out with 
modified equipment, which consisted of a wooden 
block. It is made up of a wooden block with a pulley 
attached to one end. Based on the emulgel's "Slip" and 
"Drag" qualities, the spreading was calculated. On the 
wooden block, a ground glass slide was fixed. The 
spreadability experiment was carried out using modified 
equipment, as seen in supplemental material figure S2, 
which consisted of a wooden block. The emulgel (2.5 g) 
was sandwiched between two parent glass slides. To 
remove air and create a consistent film of emulgel 
between the two slides, a mass of 100 g was placed on 
top of them for five minutes. The upper slide was 
anticipated to release when a predetermined amount of 
weight (80 g) was added to the pan that was hooked to 
the pulley. The time required for the upper slide to 

Formulatio
n Code

Factor 1 
A: Smix 

Ratio

Factor 2 
B: Oil 
Ratio

Factor 3 
C: Carbopol 

(%)

Response 1 
Drug 

content (%)

Response 2 
Diffusion 

(%)
F1 -1 -1 -1 88.45 50.46
F2 1 -1 -1 92.85 55.78
F3 -1 1 -1 95.16 47.26
F4 1 1 -1 96.78 56.26
F5 -1 -1 1 89.26 53.94
F6 1 -1 1 94.53 57.89
F7 -1 1 1 91.22 48.05
F8 1 1 1 97.55 57.22
F9 -1 0 0 90.62 54.12
F10 1 0 0 93.68 59.87
F11 0 -1 0 94.53 59.91
F12 0 1 0 98.13 49.34
F13 0 0 -1 93.07 84.58
F14 0 0 1 97.51 85.19
F15 0 0 0 96.05 89.35
F16 0 0 0 96.75 89.55
F17 0 0 0 95.23 88.14

Parameters Goal Lower 
limit

Upper 
limit

Lower 
weight

Upper 
weight

Impor-
tance

A: Smix  
ratio

Is in 
range -1 1 1 1 1

B: Oil ratio Is in 
range -1 1 1 1 1

C: Carbopol Is in 
range -1 1 1 1 1

Y1: Drug 
Content

Target=
99.00 88.45 98.13 1 1 1

Y2: 
Diffusion

Target=
90.00 47.26 89.55 1 1 1

F18  
(optimized)

Concentration of 
Smix (%)

Concentration of 
oil (%) Carbopol (%)

61.90 50.58 3
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move 7.5 cm and separate from the lower slide in the 
direction of the weight was observed (29-31). In order 
to determine spreadability, the following formula was 
used: 

Spreadability (S) = (m. l) ⁄ t    (Eq. 1) 
Where, S = spreadability, m = weight tied to the upper 
slide, l = length of the glass slide, and t = time taken in 
seconds for the complete detachment of slides from 
each other. 
  
Determination of Drug Content  

The analysis of drug content was performed 
using the procedure outlined above. 
  
In-vitro Diffusion Studies 

The in vitro diffusion studies were carried out in 
accordance with the procedure outlined above. 
  
Ex-vivo Permeation Studies 

Fresh porcine skin membrane was used in an ex-
vivo skin permeation test. The porcine skin membrane 
was set on the donor compartment, partially submerged 
in the dissolution media, PBS pH 6.8, and then filled 
with the receptor compartment. 1 g of emulgel was 
accurately weighed and applied on the porcine skin 
membrane which is set on the donor compartment. A 
magnetic stirrer was used to mix the dissolution 
medium (PBS pH 6.8) at 50 rpm. A constant 37± 0.5 °C 
was maintained. At intervals of 15, 30, 60, 90, 120, 180, 
240, 300, and 360 minutes, a sample (1 mL) was taken 
o u t a n d e v a l u a t e d u s i n g a U V- V i s i b l e 
Spectrophotometer at 273 nm. In order to keep the sink 
condition, fresh PBS pH 6.8 (2 mL) was introduced to 
replace the removed sample (32-37). 
  
Drug Release Kinetic Studies 

To investigate the drug release mechanism, the 
in-vitro release kinetic study was applied. The 
information regarding drug release can be calculated 
using the following equations (38): 

Zero-order equation: Q = Q0 + k0 t     (Eq. 2) 
Q0 = initial amount of drug, Q = cumulative 

amount of drug release at time “t”, (released occurs 
rapidly after drug dissolves), K0 = zero order release 
constant, t = time in hours.  

First order equation: log C = logC0 - kt/2.303     (Eq. 3) 
C0 = initial amount of drug, C = cumulative 

amount of drug release at time “t”, K = first order 
release constant, and t = time in hours. 

Higuchi model equation: Q = kH t1/2  (Eq. 4) 
Q = cumulative amount of drug release at time 

“t”, kH = Higuchi constant, t = time in hours. 

Korsmeyer-Peppas model equation: Mt/M = km tn  (Eq. 5) 
Mt = Amount of drug released at time ‘t’, M = 

Total amount of drug in dosage form, km = Kinetic 
constant, n = Diffusion or release exponent, t = time in 
hours. 

Comparison of Experimental Results with Predicted 
Responses of Optimized Emulgel Formulation 

Following the test, the results obtained and the 
anticipated values received from the software were 
compared, and the relative % error was calculated. 
  
Stability Studies 

The stability of Vitex negundo in emulgel was 
investigated using stability studies. The optimized 
emulgel formulation was kept in a collapsible tube at 30 
°C / 65% Relative humidity (RH) and 40 °C / 75% RH 
in the humidity chamber for 28 days. After 15 and 28 
days of storage, samples were taken and their physical 
characteristics, pH levels, spreadability, and drug 
content were calculated. The similarity index between 
in-vitro diffusion rates was determined to demonstrate 
the stability of the emulgel. 
  
Results  
Solubility Study 

The maximum solubility of Vitex negundo was 
found to be 0.734±0.021 mg/mL, 0.718±0.015 mg/mL, 
and 0.763±0.012 mg/mL in tween 80, triethanolamine, 
and mineral oil, respectively. Tween 80 (a surfactant), 
triethanolamine (a co-surfactant), and mineral oil were 
chosen to form the emulsion based on the solubility of 
nirgundi. Each experimental result is recorded in 
triplicate (n = 3).  
  
Phase Study 

The oil in water emulsion region in the various 
ratios (i.e., 1:1, 2:1, and 3:1) of Smix to oil was shown 
in the black area of figure 1a-1c. The ratio of surfactant 
to co-surfactant that produced the highest emulsion 
region was 1:1, whereas the ratio of 3:1 produced the 
smallest emulsion zone. The amount of water needed to 
achieve turbidity reduces as Smix concentration rises. A 
larger emulsion region was obtained when tween 80 and 
triethanolamine were combined in a 1:1 ratio. As a 
result, this system was chosen for additional research. 

Figure 1. Pseudo ternary phase diagram of (a) Smix 
ratio 1:1, (b) Smix ratio 2:1, (c) Smix ratio 3:1 

 
  
Optimization by Design of Experiment 

The emulgel was optimized using a 23-level 
factorial randomized central composite design (CCD) 
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with the aid of a design expert. 17 trial batches of 
emulgel were created, and their in-vitro diffusion and 
drug content were assessed. For the formulated emulgel, 
it was expected that drug content should be maximum 
(to assure uniform drug dispersion and prevent drug 
loss), and faster diffusion (to give fast performance). 
Smix ratio (surfactant to co-surfactant ratio) (A), oil 
ratio (B), and percentage of carbopol (C) were selected 
as independent variables and drug content studies (%) 
and in-vitro diffusion studies (%) were chosen as 
dependent variables. 17 runs were suggested by the 
CCD for the experiment. Table 1 lists the experimental 
and coded values for the independent variables. Table 2 
provides responses to the 17 experiments. The drug 
content and in-vitro drug diffusion were observed to be 
88.45 to 98.13% and 47.26 to 89.55%, respectively. 
Using multiple regression analysis, the CCD model was 
created to fit the 2nd order polynomial model as shown 
in the following equation: 

Y = b0 + b1X1 + b2X2 + b3X21 + b4X21 + b5X1X2 (1)  (Eq. 6) 
Where Y corresponds to the predicted response, X1 and 
X2 correspond to the studied factors, b0 is an intercept, 
and b1–b5 are regression coefficients. 

The model created for the drug content has a p-
value of 0.0072 and an F-value of 7.54, indicating that it 
is significant. The Lack of Fit F-value of 4.09 indicates 
the Lack of Fit is not significant relative to the pure 
error. Non-significant lack of fit is good. According to 
the contour plot and response surface plot (figure 2), it 
was found that the drug content significantly increased 
as the concentration of Smix and oil ratio rose from -1 
to +1 level. The following equation demonstrates how 
the Smix and oil ratio considerably impacted the drug 
content in emulgel: 

Drug content = +95.68 +2.07A +1.92B +0.3760C –
0.2150AB +0.6975AC –0.7075BC – 3.28A2 

+0.9017B2 –0.1383C2                   (Eq. 7) 
Where A, B, and C indicate the coded values for Smix, 
oil, and carbopol, respectively. 
  
Figure 2. Contour plot and response surface plot for 

the effect of factors on drug content 

 
The model created for the diffusion has a p-value 

of 0.0110 and an F-value of 6.50, indicating that it was 
significant. Since the value of 1.51 indicated a non-
significant lack of fit, the model is suitable for 
computing diffusion. 

The following equation illustrates how 
significantly the amount of Smix and oil ratio impacted 
the diffusion study of emulgel. 

Diffusion = +81.15 +3.32A +1.99B -0.7950C +1.11AB 
-0.1500AC -0.4800BC -18.26A2 -20.63B2 +9.63C2 

 (Eq. 8) 
Where A, B, and C indicate the coded values for 

Smix, oil, and carbopol, respectively. 
According to the perturbation plot and response 

surface plot shown in figure 3, there was a considerable 
increase and subsequent drop in the in-vitro diffusion as 
the concentration of Smix and oil ratio increased from 
(-1 to +1). 
  
Figure 3. Contour plot and response surface plot for 

the effect of factors on in-vitro diffusion 
 

 
Table 3 illustrates the numerical optimization 

criteria and the optimum emulgel formulation based on 
the DOE. Based on the criterion employed, optimized 
emulgel formulation was suggested by DOE as depicted 
in table 3 which was formulated and further evaluated.  
  
Evaluation of Optimized Transemulgel Formulation 
Physical Appearance 

The optimized emulgel formulation was 
evaluated for color, appearance, and consistency. The 
physical characteristic of the emulgel was observed to 
be whitish with a smooth and glossy appearance. There 
was no evidence of Phase separation. 
  
Determination of pH 

For topical formulations, pH evaluation is a key 
parameter because if it deviates from normal skin pH 
values, it may irritate the skin. The pH of the emulgel 
was discovered to be 6.5±0.3, closer to the pH of the 
skin. 
  
Viscosity Measurement 

Viscosity of the preparation are a few mechanical 
and physical characteristics that are important 
rheological parameters. The optimal emulgel 
formulation's viscosity was determined to be between 
17793 and 939 cps. The outcomes are shown in figure 
4. The observed results and plot pattern demonstrated 
that viscosity reduced when the shear rate was raised 
and vice versa. 
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Figure 4. The viscosity of optimized emulgel 
formulation

 
  
Spreadability 

Application heavily depends on the spreadability 
of the gel. The spreadability of the optimized emulgel 
formulation was observed to be 7.07 g.cm/s, which 
indicated good spreadability. 
  
Determination of Drug Content 

To achieve the uniform drug dispersion in the 
entire formulation of a semi-solid preparation, drug 
content uniformity is required. The drug content of the 
optimized emulgel formulation was observed to be 
96.34 ± 1.74%. The analysis of drug content indicated 
that the drug was distributed uniformly.  
  
In-vitro Diffusion Studies 

In-vitro diffusion tests with a cellophane 
membrane were performed on the optimal emulgel 
formulation. The cumulative percentage of drug 
diffused is shown in figure 5. It was observed that the 
diffusion of Vitex negundo was found to be 89.42 ± 1.02 
% after 360 min to plain drug solution, which could 
diffuse only 47.85 ± 1.12 %. Optimized emulgel 
formulation of Vitex negundo followed a prolonged 
drug diffusion pattern. 

Figure 5. In-vitro diffusion studies of optimized 
emulgel formulation and plain vitex negundo 

  
Ex-vivo Permeation Studies 

Permeability using skin membranes is a key 
feature of any formulation, which determines the 
permeation and absorption of the drug from it. Hence, 

ex vivo permeability studies were carried to determine 
the permeability of Vitex negundo in skin membranes 
from optimized emulgel formulation and plain drug 
solution. The cumulative percentage of drug permeated 
from fresh porcine skin membrane is shown in figure 6. 
It was found that the permeation of Vitex negundo was 
enhanced from the optimized emulgel formulation, in 
comparison to plain drug solution, as 87.70±1.28 % of 
the drug from optimized emulgel formulation 
permeated through the skin membrane after 360 min to 
plain drug solution, which could permeate only 45.68 ± 
1.08 %. 

Figure 6. Ex-vivo permeation studies of optimized 
emulgel formulation and plain Vitex negundo 

 
  
Comparison of Experimental Results with Predicted 
Responses of Optimized Emulgel Formulation 

All response variables are listed in Table 4 along 
with their anticipated and experimental values and 
percentage error. The mean percentage error was 
determined to be 0.26 when the observed results were 
compared to the estimated responses. 
  
Table 4: Selected Formulation and % Error between 

the Predicted and the Observed Values 

Stability Studies 
Stability tests were also performed on optimized 

emulgel formulation. The difference and similarity 
factor between dissolution profiles of optimized 
emulgel formulation before and after storage was found 
to be 3 and 83. There exists a similarity between the 
diffusion profile before and after storage, as the 
difference factor was observed to be less than 15, and 
the similarity factor was observed to be greater than 50. 
The results shown in Supporting Information (Tables 5 
and 6) demonstrated sufficient stability. 
  

Factors (%) Responses
A B C Drug Content (%) Diffusion (%)

Predicted
61.90 50.58 3 96.73 89.55

Observed
96.34 89.42

Relative % error 0.39 0.13
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Table 5. Stability studies of optimized emulgel formulation 

  
Table 6. Difference and Similarity Factors of Diffusion Profile of Optimized Formulation 

Discussion 
Although gels are considered to be superior 

topical drug delivery systems, gels have the drawback 
of being unable to deliver hydrophobic drugs. On the 
other hand, chemically synthesized drugs have several 
adverse effects. To overcome these problems, 
improving the permeability, reducing the dose, and 
increasing the absorption are the main strategies.  

The initial goal of this work was to study how the 
parameters affected the formulation and develop an 
optimized emulgel containing Vitex negundo. The 
second goal of our work was to enhance and verify the 
permeability and stability of the optimized emulgel 
formulation.  

Oil, surfactant, and co-surfactant are the primary 
ingredients used in the formulation of emulsion. 
Solubility studies of the drug were carried out in various 
oil (Clove oil and Mineral oil), surfactants (Tween 80 
and Span 80), and co-surfactants (Triethanolamine and 
Propylene glycol). Based on the maximum solubility, 
mineral oil which has moisturizing, good spreadability, 
and stability properties was utilized as oil in the 
development of an o/w type microemulsion. The 
mineral oil was accompanied by tween-80 as a 
surfactant and triethanolamine as a co-surfactant, which 
helps in adjusting the HLB value of formulation. The 
range of component concentrations for existing 
emulsions can be ascertained by creating a phase 
diagram. The region of the transparent microemulsion 
was visually examined. Only ratios that were black in 
colour were in the microemulsion area. Turbid and 
conventional emulsion are represented by the remaining 
area on the phase diagram. A larger emulsion region 
was obtained when tween 80 and triethanolamine were 
combined in a 1:1 ratio and it was observed that as the 
concentration of Smix escalates, the volume of water 
necessary for obtaining turbidity escalates. Therefore, 
1:1 was chosen for further study.  

Vitex negundo was prepared as o/w emulsion and 
introduced into carbopol gel to form emulgel. To study 
the effect of formulation parameters affecting the 
product, optimization was carried out using the Design 
of Experiment approach using central a composite 
design. Smix ratio, oil ratio, and percentage of carbopol 
were chosen as independent variables. To make sure the 

uniformity of the dispersed drug, prevent drug loss and 
get faster diffusion, drug content and in-vitro diffusion 
studies were selected as dependent variables. The 17 
formulations proposed were formulated and evaluated 
to obtain the optimized formulation. It was found that as 
the concentration of Smix and oil ratio raised, drug 
content also increased significantly which may be 
attributed to the solubility effect of tween-80 further 
triethanolamine reduces the interfacial tension which 
helps in the solubilization of Vitex negundo in the oily 
phase. The drug content of emulgel was significantly 
affected by Smix and oil ratio. Additionally, it was 
noted that there was a considerable increase in in-vitro 
diffusion when the concentration of Smix and oil ratio 
increased, followed by a reduction. According to the 
criterion employed, an optimized emulgel formulation 
containing 61.90 % of Smix, 50.58 %, and 3 % 
carbopol was suggested by DOE which was formulated 
and further evaluated. 

The emulgel was clear and transparent in 
appearance. The pH of the formulation was found to be 
6.5±0.3, which is in the acceptable pH range for the 
skin. Thus, showing that the formulation may not 
irritate the skin when it is applied topically. The 
viscosity was found to be in the range of 17793 – 939 
cps which was expected to aid in the easy removal of 
the product from the container, and easy topical 
application. The spreadability was 7.07 g.cm/s 
indicating good spreadability, as poor spreadability 
gradually shortens the amount of time a drug resides on 
the skin, which leads to poor bioavailability. The 
prepared emulgel exhibited uniform drug content and 
was in the acceptable range, which implies that the drug 
dispersion in the emulgel is uniform. The loss of drugs 
during the formulation processes was insignificant. 

An extended duration of drug diffusion was 
ant icipated from the formulat ion, therefore 
experimental investigation of drug release was 
performed. The cumulative drug release at 360 min 
delivers details on the release over a longer time. The 
drug release properties and plain drug solution were 
compared. A significantly higher percent drug diffusion 
value compared with the plain drug solution showed 
more favorable drug diffusion.  

Time  
Period

Physical Appearance pH Spreadability (g.cm/
s)

Drug Content (%)
30°C/ 

65% RH
40°C/ 

75% RH
30°C/ 

65% RH
40°C/ 

75% RH
30°C/ 

65% RH
40°C/ 

75% RH
30°C/ 

65% RH
40°C/ 

75% RH
Before 
storage

No phase 
separation - 6.7±0.3 - 7.07 - 96.34±1.74 ---

After 15 
days

No phase 
separation

No phase 
separation 6.7±0.1 6.7±0.3 7.07 6.9 96.35±1.72 96.04±1.63

After 28 
days

No phase 
separation

No phase 
separation 6.7±0.3 6.7±0.2 7.06 6.9 96.54±1.60 95.00±1.70

Time (min) Before storage
After 28 days

Difference factor Similarity factor30°C/ 65% RH 40°C/ 75% RH
360 89.42±1.02% 89.23±1.22% 88.58±1.00% 3 83
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Medication administered topically ought to 
penetrate the skin and reach the site of action. The 
formulation and the composition can influence the 
penetration as well. In our work, optimized emulgel 
formulation enhanced drug penetration compared to 
plain drug solution. Optimized emulgel formulation also 
increases permeability due to increased drug diffusion. 
This was because of the maximum concentration of 
tween-80 as a surfactant, which is a permeation 
enhancer, and can also be caused by emulsion droplet 
size, which helps in drug diffusion and permeation by 
offering a significant interfacial surface area. The 
outcomes of the experiment show that emulgel 
promotes penetration since it has greater permeability 
values than plain drug solution. 

The low magnitudes of error between the 
anticipated and observed results of all the response 
variables showed an excellent fit for the model. All the 
formulations obeyed Korsmeyer–Peppas model 
suggesting super case-II drug transport and the release 
kinetics was zero order. The stability studies support 
that the formulation is unstable over a prolonged period. 
  
Conclusion 

Thus, the Vitex negundo emulsion was effectively 
developed and then added into the carbopol gel. Vitex 
negundo is weakly water-soluble, which is a major 
disadvantage when formulating it for topical drug 
delivery. Thus, the solubility was enhanced by adding 
Vitex negundo into an oil-in-water emulsion and then 
adding it to the gel. According to the results, the 
emulgel has shown better permeation, maintaining the 
sustained release profile. Overall results indicated that 
emulgel can be a potential formulation for the 
application of Vitex negundo. 
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