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Original Article
Formulation and Assessment of Drug Release and Sta-
bility of New Antipsoriatic Emulgel 

Background: The objective of the present study was to formulate a new antipsoriatic 
emulgel from Aloe sinkatana extract, evaluate the formulations, and select an optimized 
formulation through in vitro drug release and drug content studies. A. sinkatana plant is a 
potent antipsoriatic agent traditionally used to treat psoriasis. The development of a dermal 
drug delivery system can overcome these side effects.

Methods: A 23 factorial design was selected to formulate A. sinkatana emulgel. The prepared 
emulgel was evaluated for general appearance, pH, viscosity, drug content, in vitro drug 
release, kinetics, and stability.

Results: Optimized formulation F3 showed the highest drug content and best in vitro drug 
release. The stability study for the optimized formulation was carried out at 25°C/60% relative 
humidity (RH), 30°C/65% RH, and 40°C/75% RH for 3 months, and the emulgel was found 
to be stable concerning the physical appearance, PH, phase separation, drug content, and 
microbial growth.

Conclusion: The study revolved around the formulation of emulgel containing A. sinkatana 
extract for dermal delivery of the drug. It was finally concluded that the emulgel formula F3 
was the most promising topical herbal emulgel 
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Introduction

here is currently no cure for psoriasis, an 
auto-immune disease that affects the skin 
and is an abnormal proliferative skin dis-
order involving genetic and environmental 
factors [1]. The synthetic drugs currently 
available to treat psoriasis have not fully 

met the needs of those who suffer from it, primarily be-
cause of several issues, including resistance to treatment 
after prolonged drug exposure and the possibility that 
some treatments (like phototherapy) may increase the 
risk of cancer [2]. Additionally, the effectiveness of the 
treatment may decrease over time and require replace-
ment by another therapy.

Given everything mentioned above, we gathered vari-
ous Sudanese medicinal herbs that have long been used 
to treat psoriasis at the Medicinal and Aromatic Plant 
and Traditional Medicine Research Institute. We then 
conducted tests to identify, assess, and choose the best 
antipsoriatic plants. The results show Aloe sinkatana 
was the most effective antipsoriatic herb [3]. 

The antipsoriatic activity of the plant was assessed by 
examining the effects of 0.1% and 0.2% extracts of A. 
sinkatana on five mouse groups (imiquimod-induced 
psoriasis mice model) and using dexamethasone as a 
control. According to the data, the groups that received 
0.2% A. sinkatana extract, 0.1% A. sinkatana extract, 
and the usual medication dexamethasone experienced a 
reduction in psoriasis-like symptoms of 86%, 84%, and 
68%, respectively [3]. 

Additionally, the safety of A. sinkatana was investigated 
by performing acute dermal toxicity using two groups of 
ten rats and applying 2000 mg/kg of A. sinkatana extract 
topically on the skin of experimental animals. The results 
show that the A. sinkatana plant is safe and has no harmful 
effects when applied topically, which supports its use in 
traditional Sudanese medicine to treat psoriasis [3].

The medicinal plant A. sinkatana grows natively in 
the Red Sea Mountains in Eastern Sudan, primarily in 
the Sinkat region. Aloe-emodin (AE) and microdontin 
chemicals are present. These two compounds were re-
ported to exert strong suppressive effects on T-cell pro-
liferation with an IC50 of 9.2 and 7.4 mg/L, respectively, 
and a suppressive interleukin (IL)-2 generation activity 
with an IC50 of 1.1 and 1.9 mg/L for AE and microdon-
tin, respectively [4]. A hydroxyanthraquinone generated 
from plants, AE, has been shown to have several biologi-
cal properties, including antiproliferative activity [5]. At 

5 μM, AE dramatically reduced the growth of cultured 
human keratinocytes [6]. According to Pandey et al., 
psoriatic skin treated with topical hydrogel filled with 
AE showed decreased epidermal thickness [7]. 

In light of all of this, the primary goal of this research is 
to create and assess a novel emulgel using plant extract 
from A. sinkatana as an antipsoriatic treatment.

Applying a drug-containing formulation directly to the 
skin to treat cutaneous conditions is known as topical 
drug delivery [8]. Topical drugs have the primary benefit 
of avoiding first-pass metabolism. 

One easy way to get localized medication into the 
bloodstream is topical administration. For their systemic 
or local action, drugs are applied topically [9]. 

Other medications can now enter the bloodstream and 
be absorbed via the skin thanks to new technologies. 
These can treat the entire body, not only the skin’s af-
flicted parts [10]. When other topical medication deliv-
ery methods cannot directly treat cutaneous problems, 
emulgel (gellified emulsion) is typically utilized [11]. 
Emulsion gels have gained significant traction in phar-
maceutical semisolid dosage forms since the mid-1980s. 
Nowadays, emulgel is a widely used drug delivery sys-
tem [12]. 

Emulgel is a blend of gels and emulsions; the emul-
sions might be water-in-oil or oil-in-water. The emul-
sion is transformed into an emulgel by the gelling agent 
found in the water phase. While water-in-oil systems en-
capsulate hydrophilic pharmaceuticals, oil-in-water sys-
tems directly entrap lipophilic medications [13, 14]. Gel 
and the emulsion control the systems’ regulated medica-
tion release [15]. The two types of gels are water-based, 
hydrophilic, or hydrogels and organic solvent-based, hy-
drophobic, or organogels [16].

Emulgel exhibits superior drug release and stability 
and can be utilized to extend the effects of medications 
with shorter half-lives. Additionally, emulgel preparation 
components are readily available and less expensive, 
which lowers the cost of producing emulgels [17-19].

Materials and Methods

The standard compound

The standard compound of AE was a gift from Professor 
Masaki of Kobe University in Japan. 

T
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Plant collection and authentication 

The A. sinkatana plants were collected from the Sinkat 
area, Red Sea state, Sudan, and authenticated by the De-
partment of Chemistry, Medicinal, and Aromatic Plants 
Research Institute and Traditional Medicine, National 
Research Center, Khartoum, Sudan.

Extraction of A. sinkatana

Fresh water was used to wash mature, healthy, fresh A. 
sinkatana leaves between 75 and 90 cm long. 

The inside gel was cut into pieces by scraping it off. 
Aloe leaves were processed using the age-old hand fillet-
ing method. Sharp blades cut off the lower leaf base, the 
tapering tip at the leaf apex, and the short spines along 
the leaf edges. After that, the top rind was cut off, and 
the blade was inserted into the mucilage layer beneath 
the green rind to avoid the vascular bundles. The leaves 
firm, colorless mucilaginous gel was chopped into piec-
es after the epidermis was peeled off. Afterward, 500 mL 
of solvent (ethanol) was added to a 1000 mL flask con-
taining 250 g of gel. For 60 minutes, ultrasound-assisted 
extraction was carried out at 60 °C. The solution was 
then filtered, and the solvent was extracted in a rotary 
evaporator at a lower pressure until it was scorched [20]. 

Formulation design using 2³ full factorial design

To obtain the “best” or an “optimized product”, eight 
different formulations were generated using two levels, 
three-factor, full factorial design.

A 2³ factorial design for three factors at two levels each 
was selected to optimize the varied response variables. 
The amount of gelling agent X1, emulsifying agent X2, 
and liquid paraffin X3 were chosen as independent for-
mulation variables, and the factor levels were suitably 
coded (Table 1). Experimental trials were performed 
at all 8 possible combinations (Table 2). All other for-
mulation and processing variables were kept invariant 
throughout the study [21]. 

Design-Expert software, version 8 was used to gener-
ate and evaluate the statistical experimental design. 

Preparation of emulgel

Table 3 displays the composition of emulgel formu-
lations. Carbopol 934 was first dissolved in 80 °C hot 
filtered water to create the gel, which was then allowed 
to cool and sit overnight. Span20 was dissolved in liq-
uid paraffin to create the emulsion’s oil phase, while 

Tween20 was dissolved in filtered water to make the 
aqueous phase. Both solutions were combined with the 
aqueous phase after propylene glycol was dissolved in 
ethanol and plant extract in DMSO. After heating the 
aqueous and oily phases independently to 70 °C to 80 °C, 
the oily phase was gradually introduced to the aqueous 
phase while constantly stirring until it cooled to room 
temperature.

To formulate the emulgel, the resulting emulsion and gel 
were combined in a 1:1 ratio while gently stirring. Lastly, 
triethanolamine changed the emulgel’s pH [22, 23].

Macroscopic evaluations

The color, texture, homogeneity, consistency, and 
phase separation of the 8 batches of emulgel formulas 
were examined under a microscope [24, 25].

Measurement of pH

A pH meter (Max Instruments Chandigarh, India) cali-
brated before each reading was used to measure the pH 
of 1% aqueous solutions of the prepared A. sinkatana 
emulgel using buffered solutions at pH 4.0 and 7.0. Each 
formulation’s pH was measured thrice, and the average 
results were computed [26-28]. 

Viscosity test

The viscometer VR 3000 (Viscotech, Spain) was used 
to measure viscosity at room temperature by selecting the 
proper spindle number (L4) and speed (100 rpm). The 
spindle groove was dipped, the rpm was set, and a reason-
able amount of each emulgel formulation was maintained 
in a suitable beaker. Viscosity measurements were initi-
ated, and each formulation’s viscosity was computed by 
measuring the data after one minute [29, 30].

Spreadability test

The spreadability was determined by the parallel plate 
method, which is widely used to measure the spreading 
diameter of 1 gm of emulgel between two horizontal 
plates (30×30 cm) after one minute [31].

Calibration curve of standard AE compound 

A standard 100 µg/mL (stock solution) was obtained 
by dissolving the precisely weighed AE standard mate-
rial (0.01 g) in methanol using an ultrasonic shaker in a 
100 mL volumetric flask. Different stock solution con-
centrations (2 µg/mL, 4 µg/mL, 6 µg/mL, 8 µg/mL, 10 
µg/mL, and 12 µg/mL) were prepared, and a UV spec-

Dawoud ADH, et al. Formulation of New Antipsoriatic Drug. PBR. 2025; 11(1):49-60.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://ncr.gov.sd/
https://ncr.gov.sd/


52

 March 2025. Volume 11. Number 1

trophotometer was used to measure the absorbance of 
the various dilutions at 430 nm. Plotting the absorbance 
against concentration allowed for the determination of 
the calibration curve.

Determination of AE content in A. sinkatana 
extract

About 0.5 g of dried extracts were dissolved by ultra-
sonic shaker in 100 mL of methanol (0.5%). The absor-
bance of the resultant solution was read at wavelength 
430 nm using a UV spectrophotometer.

Determination of drug content

To determine the AE compound content in the differ-
ent formulas of A. sinkatana extract was weighted 5 g of 
emulgel formula and dissolved by an ultrasonic shaker in 
50 mL of methanol (10%). The absorbance of the resul-
tant solution was read at a wavelength of 430 nm using a 
UV spectrophotometer. The percentage of drug content 
was calculated. 

In vitro drug released study

The drug-released research was conducted using a 
manually constructed apparatus replicating Franz dif-
fusion cells via a dialysis membrane. Diffusion inves-
tigations were conducted at 37 °C using methanol as the 
dissolution medium after a 1 g sample of emulgel was 
placed in a dialysis membrane that had been soaked in 
methanol. Five milliliters of the sample were taken out 
at intervals of 0, 1, 2, 3, 5, 6, 7, and 8 hours. A similar 
volume of dissolving media was used to replace each 
sample. Methanol was used as a plank to evaluate the 
samples for drug content [32].

Finally, % drug released=concentration of 
drug×volume of receptor compartment/amount of drug 
in the donor compartment 

Drug release kinetics studies

Drug release kinetics was examined by fitting the re-
sults from ex vivo drug release investigations into sev-
eral drug release kinetics models. Zero-order, first-order, 
and Higuchi plots were made for this investigation. Plot-
ting the cumulative percent medication penetrated on 
the vertical axis against time (in hours) on the horizontal 
axis created zero-order plots. Plotting the log cumulative 
percent of medication remaining against time (in hours) 
allowed researchers to examine the formulations for 
first-order kinetics.

The Higuchi plots were also obtained by comparing the 
X-axis’s square root of time (in hours) with the cumu-
lative percent drug permeated taken on the Y-axis. The 
goodness-of-fit test was used to determine which model 
was best. The plot that produced the highest correlation 
coefficient value, or R2, was considered the most suitable 
for the formulation [33].

The mechanism of drug release from the topical 
gel analyzed by fitting the release data

Zero-order equation

Q=k0t

, where Q is the amount of drug released at time t, and 
k0 is the zero-order release rate.

First–order equation

In (100 –Q)=In 100–k1t

, where Q is the percentage of drug release at time t, 
and k1 is the first–order release rate constant.

Higuchi’s equation

Q=k2√t

, where Q is the percentage of drug release at time t, 
and k2 is the diffusion rate constant.

Accelerated stability studies

The emulgel formula was packed in a clean, dry, 
ampere container and subjected to stability studies at 
25°C/60% RH, 30°C/65% RH, and 40°C/75% RH for 3 
months. Samples were drawn at predetermined intervals 
1, 2, and 3 and evaluated for physical appearance (visu-
ally inspected for any change in color and odor), phase 
separation, drug content, pH, and microbial growth [34].

Statistical analysis

The data obtained was statistically analyzed by the 
Design-Expert software, version 8 statistical program.

Results and Discussion

The macroscopic evaluations, measured pH, and vis-
cosity values of the prepared emulgel formulations are 
given in Table 1. The emulgel formulas are glossy and 
reddish brown; all formulations are homogeneous, sta-
ble, and smooth in texture.
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The pH values of the formulations range from 6.36 to 
6.48, which is considered acceptable to avoid the risk 
of irritation upon application to the skin (within the pH 
range of the human skin). The incorporation of trietha-
nolamine achieved this index. Historically, an acidic 
skin surface’s physiologic role was considered a defense 
mechanism against invading organisms. More recently, 
it has been demonstrated that several key enzymes in-
volved in the synthesis and maintenance of a compe-
tent skin barrier are largely impacted by pH. Hence, a 
broader view of the importance of pH in the function and 
integrity of the skin is emerging [35].

Results of the viscosity test showed that the viscosity 
increased as the amount of gelling agent and a surfactant 
increased and vice versa; the viscosity ranged between 
26734 to 28510 Cps. The results for spreadability ranged 
between 23.2 cm and 25.1 cm. 

Figure 1 displays the viscosity model graph. According 
to the figure, viscosity rose as a gelling agent, surfactant 

concentrations rose, and vice versa. The spreadability 
is directly related to the amount of liquid paraffin (lin-
ear model) and indirectly proportional to the amount of 
gelling agent and surfactant, according to the graphical 
result in Figure 2.

The absorbance for the concentration of the AE stan-
dard compound is shown in Table 5. The calibration 
curve is illustrated in Figure 3. The standard graph of the 
AE compound shows good linearity with an R² value of 
0.986, which indicates that it obeys Beer-Lambert Law 
in the concentration range of 0-100 µg/mL. 

The AE concentration in A. sinkatana extract and the 
drug content were estimated from Equation 1 of the 
calibration curve. The final concentration of AE in the 
plant extract was 4 µg/5 mg=0.08%.

Y= 0.046×X - 0.027

Table 1. Low and high levels for each variable factor for 2³ full factorial design

Factor No. Variable Factor
%

Low Level (-1) High Level (+1)

Factor1- (X1) Amount of gelling agent (Carbopol 940) 1 2

Factor2-(X2) Amount of emulsifying agent (Tween20 and Span20) 1.5 2.5

Factor3- (X3) Amount of liquid paraffin 5 7.5

Table 2. Formulation characteristics of full factorial design 

Run Coded Formula

Coded Values Actual Values (%)

X1 X2 X3 X1- Amount of
Gelling Agent (Carbopol 940)

X2- Amount of
Emulsifying Agent (Tween20 

and Span20)

X3- Amount of
Liquid Paraffin 

1 F1 -1 -1 -1 1 1.5 5

2 F2 +1 -1 -1 2 1.5 5

3 F3 -1 +1 -1 1 2.5 5

4 F4 +1 +1 -1 2 2.5 5

5 F5 -1 -1 +1 1 1.5 7.5

6 F6 +1 -1 +1 2 1.5 7.5

7 F7 -1 +1 + 1 1 2.5 7.5

8 F8 +1 +1 + 1 2 2.5 7.5

Note: The Tween20 and Span20 were used as emulsifying agents in the ratio of 0.6:1 to each other.
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The drug content of the 8 formulae ranged between 
92.34% and 99.48%, while the F3 formula shows the 
highest percent of drug content (Table 6). 

Table 7 presents the diffusion data for the formulations 
F1 to F8. The best release of the drug after 8 h from all 
emulgel formulations can be observed by F3 (61.38%) 
and can be ranked in the following descending order: F3 
> F1 > F5 >F7 > F2 > F6 >F4>F8.

Based on all evaluation tests performed for the emul-
gel formulation, the F3 formula shows the best results 
among all the formulations. Therefore, the F3 formula-
tion was considered the optimized emulgel formula. The 

in vitro drug-released kinetics studies were performed on 
the most promising emulgel formula, i.e. F3 (Table 8).

The data from in vitro drug release studies were treated 
using various conventional mathematical models (zero-
order, first-order, and Higuchi) to determine the release 
mechanism from the designed emulgel formulations. A 
suitable release model was selected based on the R² (re-
gression coefficient) values.

The regression coefficient of the formula F3 is shown 
in Table 9. It was found that the formula F3 follows the 
first-order kinetics (Figures 4, 5 and 6).

Table 3. Composition of different formulation batches (%w/w) of A. sinkatana 100 mL emulgel

Ingredients (%) Coded Formula F1 F2 F3 F4 F5 F6 F7 F8

Carbopol 940 1 2 1 2 1 2 1 2

Liquid paraffin 5 5 5 5 7.5 7.5 7.5 7.5

Tween20 0.6 0.6 1 1 0.6 0.6 1 1

Span20 0.9 0.9 1.5 1.5 0.9 0.9 1.5 1.5

Extract 5

Ethanol 2.5

DMSO (dimethyl sulfoxide) 5

Propylene glycol 5

Triethanolamine Quantity sufficient to adjust pH 6-6.5

Distilled water Quantity sufficient 

Table 4. Macroscopic evaluations, pH, viscosity, and spreadability tests of formulation batches

Formula Code Color Texture Appearance
Mean±SD

Phase Separation pH Viscosity (Cps) Spreadability (cm)

F1 Reddish brown Smooth Glossy Stable 6.42±0.02 26956±12.3 24.5±0.5

F2 Reddish brown Smooth Glossy Stable 6.44±0.15 28191±10.2 23.4±1.43

F3 Reddish brown Smooth Glossy Stable 6.39±0.04 27422±21.5 24.2±0.12

F4 Reddish brown Smooth Glossy Stable 6.36±0.11 28510±11.4 23±0.9 

F5 Reddish brown Smooth Glossy Stable 6.38±0.02 26734±9.1 25.1±1.3

F6 Reddish brown Smooth Glossy Stable 6.4±0.17 28089±14.3 23.7±2.6

F7 Reddish brown Smooth Glossy Stable 6.48±0.52 27096±13 24.9±0.05

F8 Reddish brown Smooth Glossy Stable 6.4±0.21 28250±11.4 23.2±3.5
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X2:Amount of SurfactantX1:Amount of Gelling agent

Figure 1. 3D surface plot of linear model of the viscosity

Figure 2. 3D surface plot of linear model of the spreadability

Table 5. The absorbance data of serial concentration of AE

No. Concentration (µg/mL) Absorbance at 430 nm in Methanol

1 0 0

2 2 0.05

3 4 0.148

4 6 0.235

5 8 0.349

6 10 0.435

7 12 0.545
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The stability studies were performed on formula F3. 
The purpose of stability testing is to provide evidence 
on how the quality of a drug substance or drug product 
varies with time under the influence of various environ-
mental factors such as temperature, humidity, and light 
and enables recommended storage conditions and shelf 
lives to be established.

The F3 formula was stable upon storage for 3 months, 
and no significant change was observed in their physical 
appearance, pH, or drug content. No microbial growth 
was observed, and there was no liquefaction or phase 
separation till the end of the study period in any sample. 

These results depicted that formulation was stable even 
at high humidity and temperature of 75% and 40 °C, re-
spectively, as shown in Table 10.

Conclusion 

The present study deals with the formulation devel-
opment and optimization of A. sinkatana emulgel. The 
optimization was done based on the drug content and in 
vitro drug release. The kinetic modeling revealed that A. 
sinkatana emulgel follows the first-order kinetics model. 
Formulation batch F3 showed the best drug release and 
was stable upon storage for 3 months, even at high hu-

Figure 3: Calibration Curve of Absorption of Various Concentrations of Aloe-Emodin 

Standard Compound at 430 nm 
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Figure 3. Calibration curve of absorption of various concentrations of AE standard compound at 430 nm

Table 6. AE content in the drug formulas 

Formula Absorbance of Emul-
gel Formula at 430 nm

Practical Concentra-
tion of AE in the Drug 
Formula (µg/100 g)

%

Practical Concentra-
tion of AE in the Drug 

Formula

Theoretical Concen-
tration of AE in Drug 

Formula

Drug Content=Practical 
Concentration/Theoreti-

cal Concentration

F1 0.132 3.69 0.00369 0.0040 92.25

F2 0.141 3.90 0.00390 0.0040 97.95

F3 0.144 3.97 0.00397 0.0040 99.48

F4 0.143 3.95 0.00395 0.0040 98.97

F5 0.136 3.79 0.00379 0.0040 94.75

F6 0.130 3.65 0.00365 0.0040 91.25

F7 0.135 3.76 0.00376 0.0040 94

F8 0.132 3.69 0.00369 0.0040 92.25
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Table 7. Data for in vitro% cumulative drug release of formulations F1–F8

Time (h)
%Cumulative Drug Release

F1 F2 F3 F4 F5 F6 F7 F8

0 0 0 0 0 0 0 0 0

1 19.32 17.55 24.43 14.22 18.34 16.55 18.34 12.66

2 23.14 21.4 31.32 16.73 21.32 19.20 22.14 16.53

3 32.56 29 35.18 19.82 25.58 25.13 26.22 19.42

4 39.9 34.53 38.91 24.11  34.19 29.43 32.11 21.42

5 43.22 32.11 42.21 26.61 39.32 34.14 37.75 25.11

6 49.41 38.43 49.8 30.1 46.78 38.76 42.45 29.99

7 52.72 44.65 52.45 30.3 50.35 41.23 47.12 31.29

8 57.44 49.05 61.38 37.94 55.63 45.17 52.83 35.44

Table 8. In vitro permeation profile of A. sinkatana emulgel formula (F3) 

Time (h) √T Log T % Cumulative Drug 
Release

% Cumulative Drug 
Remain

Log % Cumulative
Drug Release

Log % Cumulative 
Drug Remain

0 0 - 0 100 - 2

1 1 0 24.43 75.57 1.3879 1.878

2 1.414 0.3 31.32 68.68 1.4952 1.836

3 1.732 0.47 35.18 64.82 1.5462 1.811

4 2 0.6 38.91 61.09 1.5900 1.785

5 2.236 0.69 42.21 57.79 1.6254 1.761

6 2.449 0.77 49.80 50.2 1.6972 1.700

7 2.645 0.84 52.45 47.55 1.7197 1.677

8 2.828 0.9 61.38 38.62 1.7880 1.586

Table 9. R2 values obtained for various plots 

Formulation Code
Correlation Coefficient (R2)

Zero-order First-order Higuchi Model

F3 0.898 0. 948 0.898
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Table 10. Stability studies result after 3 months (n=3) for F3 formula

Formula Sample Interval (d) Appearance
Mean±SD

Phase Separation
%

Microbial Growth
pH Drug Content

F3

0 Glossy reddish brown 6.40±0.21 Stable 99.48 No microbial growth

30th No change 6.35±0.42 Stable 99.42 No microbial growth

60th No change 6.31±0.071 Stable 99.12 No microbial growth

90th No change 6.28±0.9 Stable 98.87 No microbial growth
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Figure 5. First–order drug release of A. sinkatana emulgel formula (F3) 
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Figure 6. The drug release of A. sinkatana emulgel formula (F3) according to Higuchi’s equation
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midity and temperature. Thus, a successful attempt was 
made to formulate emulgel.
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Figure 4. Zero-order drug release of A. sinkatana emulgel formula (F3) 
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