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Objective: It is acknowledged that psoriasis is the most prevalent autoimmune condition brought 
on by the improper activation of the immune system. 

the lack of possible cure and associated severe side effects in allopathic medicines have led to 
extensive research in natural products with antipsoriatic activity. Bearing in mind this, and based 
on previous studies conducted at the Medicinal and Aromatic Plant and Traditional Medicine 
Research Institute (MAPTMRI), in which the activity of the Aloe sinkatan plant was proven as an 
effective treatment for psoriasis, it was selected to formulate, optimize and evaluate a new emulgel 
from Aloe sinkatana plant extract used as an anti-psoriatic agent. 

Method: The study included a multi-phase process that included the collecting and extraction of 
plants. Based on pre-formulation studies like solubility and compatibility studies, liquid paraffin, 
propylene glycol, Tween-20 and Span-20, alcohol, and DEMSO were selected for the forumaltion. 
The emulgels were designed, formulate and optimized using a 2³ factorial design. Spreadability 
and viscosity were considered dependent variables, while the quantities of emulsifying agent, 
gelling agent and, liquid paraffin were chosen as independent formulation variables. Physical 
appearance and physiochemical parameters like stability, pH, viscosity, spreadability, and 
percentage medication content were evaluated for the produced formulations. 

Results: Regression analysis showed that all three independent variables significantly affected the 
response variables. The formulation was optimized using a response surface plot using Design 
Expert software 8.0.7.1. The R² values for the response's viscosity and spreadability were 0.9915 
and 0.9761, respectively. 

Conclusion: Aloe sinkatana extract was used as an active component in the formulation of the 
emulgel form. Formula F3 shows good physicochemical characteristics and a higher percent of 
drug content than other formulations; therefore, it was selected as an optimal formula. 

Keywords: Aloe sinkatana, anti-psoriatic properties, optimized formula, emulgel formulation, 
factorial analysis 
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Introduction 
The most prevalent autoimmune condition, psoriasis, is 
characterized by scaly, inflammatory lesions that can appear 
on any part of the skin and is brought on by an improper 
activation of the cellular immune system. [1] The National 
Psoriasis Foundation reports that this disease affects about 
One hundred and fifty million people globally, or 2-3 percent 
of the population [2]. Currently available synthetic drugs 
used to treat psoriasis have not fully met the needs of the 
sufferers, mostly as a result of a number of issues, such as 

treatment resistance following prolonged drug use and 
relapses following medication discontinuation following 
partial or satisfactory clearance. Additionally, certain 
treatments, such phototherapy, might cause liver problems 
and raise the risk of cancer [3]. Additionally, the 
effectiveness of the treatment may wane over time, 
necessitating the use of an alternative therapy. For this 
reason, there is currently no cure for psoriasis [3, 4]. 
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 Based on all of the aforementioned, at MAPTMRI, we 
collected a large number of Sudanese medicinal plants 
that are traditionally used in treating psoriasis and 
conducted experiments to screen, evaluate, and select 
the most effective anti-psoriatic plants. The finding 
indicates that the most potent antipsoriatic plant was 
Aloe sinkatan. [5]. 

The antipsoriatic activity of the Aloe sinkatana plant was 

evaluated by studying the effect of 0.1% and 0.2% extracts 

of A. sinkatana on five groups of mice (imiquimod-induced 

psoriasis mice model) using dexamethasone as a control. 

The results show that the percent reduction of the psoriasis-

like symptoms for the groups of 0.2% A. sinkatana extract, 

0.1% A. sinkatana extract, and dexamethasone standard 

drug were 86%, 84%, and 68%, respectively. [5]. 

Furthermore, the safety of A. sinkatana was studied by 

conducting acute dermal toxicity by applying 2000 mg/kg of 

Aloe sinkatana extract topically on the skin of experimental 

animals using two groups of ten rats, and the findings 

demonstrate the safety and non-toxic effect of the topical 

use of the Aloe sinkatana plant, which justifies its use in 

traditional Sudanese medicine for the treatment of 

psoriasis. [5]. 

The Aloe sinkatana plant is a medicinal plant that grows 
naturally in Eastern Sudan in the Red Sea Mountains, mainly 
in the Sinkat area. It contains aloe-emodin and microdontin 
compounds. It was discovered that these two substances 
significantly inhibited T-cell proliferation (IC50 values of 9.2 
and 7.4 mg/L, respectively), and inhibited the generation of 
IL-2 (IC50 values of 1.1 and 1.9 mg/L, respectively, for aloe-
emodin and microdontin). [6]  
One of the most important biological effects of aloe-emodin 
(AE), is its antiproliferative activity [7]. The growth of 
human keratinocytes in culture was considerably reduced 
by AE at a dosage of 5 μM. [8].  
Ashish et al. report that When psoriatic patients applied AE 
topically, their skin disease symptoms decreased. [9]. These 
facts support and confirm the efficiency of using Aloe 
sinkatana extract as a cure for psoriasis since psoriasis is a 
disease caused by an imbalance in the immune system, and 
in this case, the cells have been categorized by some 
scientists as cancerous cells.  

Bearing in mind all this, this study's main goal was to 

develop, obtimized, and assess a novel emulgel using plant 

extract from Aloe sinkatana as an anti-psoriatic treatment. 

Focusing on emulgel is intriguing and difficult because it is a 

topical medication delivery system with fewer marketed 

medicines to date. It is a blend of emulsions and gels.  

Both gels and emulsions are in charge of regulated drug 

release from systems; however, gels still have trouble 

delivering hydrophobic medications. To get around this 

issue, the idea of emulgel was developed, in which the 

hydrophobic medications are first added to the emulsion 

and then to the gel [10, 11]. By incorporating the emulsion 

into the gel basis, Emulgel achieves the dual controlled 

release effect, combining the benefits of emulsions and gels 

[12]. Emulgel exhibits superior drug release and stability, 

and it can be utilized to extend the effects of medications 

with shorter half-lives.  

Furthermore, materials used in the preparation of emulgels 

are available and cheaper, resulting in a reduction in 

emulgel production costs. [13]. Oil phase Emulsifying and, 

gelling agents, and are the main constituents of an emulgel 

[14]. 

The following characteristics of an emulgel make it an 

attractive choice for treating plaque psoriasis: easy 

spreadability, washable, enhanced hydrating and 

absorbance of drugs into the skin, increased compliance 

among patients because of the product's not oily, elegance 

aperance and smooth [15, 16] 

 

Materials and Methods: 

 

Materials 

The standard compound 

Aloe-Emodin standard compound was received as a gift 

from Prof. Masaki (Kobe University, Japan). 

Plant Collection and Authentication    

The Aloe sinkatana plants were collected, from the Sinkat 

area, Red Sea state, Sudan, they were authenticated by the 

Department of Chemistry, Medicinal & Aromatic Plants 

Research Institute and Traditional Medicine, National 

Research Center, Khartoum, Sudan. 

Methods 

Extraction of Aloe sinkatana: 
Fresh water was used to wash Aloe sinkatana leaves that 
ranged in length from around seventy-five to ninety 
centimeters.  
 Inner gel is scrapped and cut into pieces. he leaves of aloe 
were processed using the conventional hand filleting 
procedure. The lower leaf base, the tapering tip at the apex 
of the leaf, and the small spines around the edges of the leaf 
were all cut off with sharp blades. Then inserting the blade 
into the gel layer under the green rind, and the top rind was 
removed. They pulled off the leaves' skin and chopped the 
firm, colorless gel into pieces 
 
The epidermis of the leaves was pulled off, and the colorless, 
solid gel was cut into pieces. Then 250 gm of gel was loaded 
into a 1000ml flask and 500 ml solvent (Ethanol) was added. 
Ultrasound-assisted extraction was performed at 60° C for 
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60 min. After that the solution was filtered and complrtly 
drying usuing a rotary dryer  
[17].  

 

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. 

To maximize the different response variables, a 2³ factorial 
design was chosen . The quantities of liquid paraffin , gelling 
agent , and emulsifying agent were chosen as independent 
variables, and the amounts of each ingredient were 
appropriately coded. (Table no.1). The dependent or 
response variables were viscosity and spreadability. 
Experiments were conducted for each of the eight potential 
combinations (Table no.2).Throughout the study, other 
formulation component remained constant.[18].   

Design-Expert_ DX 8 Software was used to generate and 

evaluate the statistical experimental design. 

 

Table 1:  Low and high levels for each of the variable factors for 2³ full factorial design 

Factor No. Variable factors Low Level  (-

1) 

High level (+1) 

Factor1- 

(X1) 

Amount of Gelling agent(Carbopol 940) 1%   2%   

Factor2-(X2) Amount of Emulsifying agent (Tween20+Span20) 1.5%   2.5%  

Factor3- 

(X3) 

Amount of Liquid paraffin   5% 7.5% 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Formulation characteristics of full factorial design  
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 N.B: The Tween20 and Span20 were used as Emulsifying agent in ratio of 0.6:1 to each others 

Table 3: Composition of different formulation batches (%w/w) of Aloe sinkatana 100ml Emulgel 

Ingredients (%) 

 

Coded           formula 

 

 

 Role the component   

 

F1 

 

F2 

 

F3 

 

F4 

 

F5 

 

F6 

 

F7 

 

F8 

Carbopol 940 Gelling Agent 1 2 1 2 1 2 1 2 

Liquid Paraffin Oil Phase 5 5 5 5 7.5 7.5 7.5 7.5 

Tween20 Surfactant  0.6 0.6 1 1 0.6 0.6 1 1 

Span20 Surfactant  0.9 0.9 1.5 1.5 0.9 0.9 1.5 1.5 

Extract Active Ingredient  5 

Ethanol Co-Surfactant  2.5 

DEMSO Permeation 

Enhancer 

5 

Run 

 

 Coded values Actual values 

Coded 

formula 

X1 X2 X3 X1- Amount of 

Gelling 

agent(Carbopol940

) 

X2- Amount of 

Emulsifying agent 

(Tween20+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% 
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Propylene glycol Co-Surfactant  5 

Triethanolamine Adjust pH Q.s to Adjust pH 6-6.5 

Distilled Water Aqueous Phase  Q.S 

 

Preparation steps of Emulgel: 

Table no.3. shown the different consituents of emulgel 

formulations.  

To prepared the gel, Carbopol 940 was first dissolved in 80 
°C hot purified water, then the mixture was allowed to cool 
and sit overnight.  
Span20 was dissolved in liquid paraffin to create the 
emulsion's oil phase, while Tween20 was dissolved in 
purified water to create the aqueous phase.  
While plant extract was dissolved in DMSO, propylene glycol 
was dissolved in ethanol, and the two solutions were 
combined with the aqueous phase.  
After heating the aqueous and oily phases independently to 
70 to 80 °C, the oily phase was gradually introduced to the 
aqueous phase while being constantly stirred until it cooled 
to room temperature.  
To prepared the final formula of the emulgel, the resulting 
emulsion and gel were combined in a 1:1 ratio while being 
gently stirred. Lastly, triethanolamine was used to change 
the emulgel's pH [19, 20]. 

The components (Excipients) were selected according to 

previous pre-formulation studies for the physicochemical 

properties and compatibility of the plant extract (active 

ingredient) and excipients, prior to the compounding 

process of the formulation.   

Physical characterization 
A thin coating of the emulgels was applied on glass slides, 
and they were inspected visually. Investigations were 
conducted on the color, stability, and phase separation. [21]. 
In order to assess the formulation's homogeneity, A tiny 
layer of gel was put on a microscope slide, and within two 
months, the Euromex model optical microscope was used to 
study the gel's microscopic pictures at 40x magnification. 
[22, 23]. 

 

Centrifugation test 
One practical way to verify the stability of the created 
emulgel formulas is to do a centrifugation investigation. One 
week following the emulgels' production, these 
investigations were conducted. A little centrifuge was used 
to perform centrifugation for thirty seconds at 3000 rpm. 

[24] 

  

pH Measurement 
A pH meter (Max Instruments Chandigarh, India) calibrated 
before each reading was used to test the pH of 1% aqueous 
solutions of the produced A.sinkatana emulgel using 
buffered solutions at pH 4.0 and 7.0. After washing the pH 
meter electrode with distilled water, 1g of the emulgel was 
dissolved in the water, and the volume adjusted to 100 ml 
(1% of the formulated emulgel).  
Each formulation's pH was measured three times, and the 
average results were computed. [25,26,27]. Since pH 
directly affects how well the emulgel works with the 
physiology of the skin, it is essential to understand it. In 
addition to potentially compromising the integrity of skin 
cells, an acidic or too alkaline pH may also result in less than 
ideal antibacterial action. To guarantee biocompatibility, the 
formulations were designed to replicate the pH of normal 
skin, which is between 4.5 and 6.5.[28]  

 

Viscosity Test  
Using the Viscometer VR 3000 (Viscotech, Spain), viscosity 
was measured at room temperature with the proper spindle 
number (L4) and rpm (100 rpm). Before the measurement 
was made, a suitable quantity of each emulgel formulation 
was placed in a beaker and let to settle for 30 minutes at the 
test temperature (25±1 °C). Next, making sure the spindle 
did not contact the jar's bottom, the spindle groove was 
dropped perpendicularly into the middle of the emulgel. It 
was then spun for ten minutes at 50 rpm. After one minute, 
the viscosity of each formulation was determined by 
measuring the data obtained from the first viscosity tests 
[29, 30]. 
Viscosity has a significant impact on the emulgel's flow 
characteristics and may serve as a predictor of its long-term 
stability. Phase separation may result from lower viscosity; 
however, the therapeutic efficacy may be impacted by 
increased viscosity as it may hinder easy spread ability. One 
can forecast the spreadability over a vast skin surface area 
and the possibility of prolonged release of the active 
component by assessing this characteristic. [31]  

 

Spreadability test 

After a minute, the spreading diameter of 1g of emulgel 

between two horizontal plates (30cm x 30cm) was 

measured using the commonly used parallel plate method to 

estimate the spreadability. [32]. 
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 Determination of emulsion type 
Either water or oil is used to dilute the emulsion. Since water 
is the external phase, an o/w type emulsion diluted with 
water will stay stable; nevertheless, if diluted with oil, the 
emulsion would seperate since water and oil are 
incompatible. While water in oil emulsion may be diluted 
with an oily liquid, oil in water emulsion can be readily 
diluted with an aqueous solvent. [33] 

 

Quantitative analysis 

Calibration curve of standard Aloe-emodin 

compound 
Based on previous studies, the Aloe sinkatan's λ max was 
determined. [5]  For this purpose, 0.01g of the standard 
Aloe-emodin material was put into a 100 ml volumetric flask 
and dissolved with methanol using an ultrasonic shaker to 
create a standard solution (stock solution) of 100µg/ml.  
. A UV spectrophotometer was used to measure the 
absorbance of several dilutions when a stock solution with 
different concentrations (2 µg/ml, 4 µg/ml, 6 µg/ml, 8 
µg/ml, 10 µg/ml, and 12 µg/ml) was prepared. By charting 
the absorbance versus the concentration, the calibration 
curve was established. 

 

Determination of Aloe Emodin content in Aloe 

sinkatana extract 

0.5gm of dried extracts were dissolved by ultrasonic shaker 

in 100ml of methanol (0.5%). The absorbance of the 

resultant solution was read at wavelength 430 nm using a 

UV spectrophotometer. 

 

Determination of Drug Content: 

For determination of the aloe emodin compound content in 

the different formulas of Aloe, sinkatana extract was 

weighted 5gm of emulgel formula and dissolved by 

ultrasonic shaker in 50ml of methanol (10%). A UV 

spectrophotometer was used to measure the absorbance of 

the resulting solution at 430 nm. The drug content as a 

percentage was determined. 

Statistical analysis 

Design-Expert program (version: Design Expert software 

8.0.7.1) was used to optimize the emulgel formulation. 

Multiple linear regression analysis was used to create 

polynomial models with interaction and quadratic 

components for each response variable. To ascertain how 

each variable affected the formulation's properties, 

equations were computed. Analysis of variance (ANOVA) 

was used to determine the model's statistical validity, and 

Design-Export software was used to create the 3D response 

graphs. [34] 

 

Results 
 

Physical characterization 
 
For two months, the Aloe sinkatana emulgel formulations' 
physical properties were assessed. After two months, the 
emulgel formulations' glossy reddish-brown look persisted 
without changing color. Because emulgel is a 
pharmaceutical form, it was smooth and didn't feel sticky, 
gritty, or greasy. Two months of optical microscopy were 
employed to evaluate potential morphological and 
homogeneity changes. The results showed that the spherical 
droplets were well-dispersed and had comparable 
morphologies (Table No. 4).  
The prepared emulgels passed the pharmaceutical quality 
grade approval since they looked excellent. [21, 35]. 

 

 

 

 

 

 

 

 

 

Table 4: Results of Physical characterization of emulgels of formulation batches 
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Formula code Color Texture Appearance Phase separation 

F1 Reddish 

Brown  

Smooth Glossy Stable 

F2 Reddish 

Brown  

Smooth Glossy Stable 

F3 Reddish 

Brown  

Smooth Glossy Stable 

F4 Reddish 

Brown  

Smooth Glossy Stable 

F5 Reddish 

Brown  

Smooth Glossy Stable 

F6 Reddish 

Brown  

Smooth Glossy Stable 

F7 Reddish 

Brown  

Smooth Glossy Stable 

F8 Reddish 

Brown  

Smooth Glossy Stable 

 

Centrifugation study 
Emulsion and other semisolid formulations may be 
evaluated and their shelf life predicted with the use of 
centrifugation. In terms of phase separation, the 
centrifugation test, also known as stress testing, is typically 
performed to assess the physical stability of semisolid 
formulations held at various temperatures [36].  Table 5 
shows the outcomes. demonstrates that all of the formulas 
retained their homogeneity and consistency after 30 
minutes of centrifugation, with the exception of formula F5, 
which showed phase separation after 25 minutes, which 
may have been caused by the low concentration of gelling 
and emulsifying agents.  
 

Measurement of pH 
One important consideration when making skin care 
products is pH, which has to be assessed [37, 38]. A 
reasonable pH value should be utilized for topical 
application since formulations with extremely high or low 
pH might harm the skin [29]. Because psoriatic patients' 

skin is sensitive, the ideal pH for creating topical 
formulations was chosen to be near neutral in order to lower 
the possibility of adverse effects [40]. Table 5 demonstrates 
that the formulations' pH values fall between 6.36 and 6.48, 
which is deemed suitable to reduce the possibility of skin 
irritation when applied (within the pH range of human 
skin). Triethanolamine was used to achieve this. 

 

Viscosity and spreadability test 
Viscosity is a crucial metric to assess since it primarily 
determines the uniformity of the medication content release 
and dose form [41]. Brook field viscometers were used to 
measure the viscosities of all formulations. Values are listed 
in Table 5. The viscosity varied from 26734 to 28510 Cps, 
and the test results indicated that the viscosity rose as the 
amount of gelling agent and surfactant increased and vice 
versa.  

While the results of spreadability ranged between 23.2 to 

25.1cm  
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 Table 5: Results of centrifugation, pH, viscosity, and spreadability tests of formulation batches. 

 

 

 

 

 

 

 

 

 

 

 

 

All values represent means ±S.D. of the mean (n=3) 

Determination of the emulsion type formed 
All formulations were diluted with oil to determine the type 
of emulsion; no phase separation occurred upon dilution 
(stable); nevertheless, the emulgel of all recipes split into 
two phases when water was used for dilution, indicating 
that the emulsions were W/O type. 
 

Quantitative analysis 

The absorbance for the concentration of Aloe Emodin 

standard compound is shown in Table No.6, and the 

calibration curve is illustrated in Figure No.1. 

With a regression value of 0.986, the standard graph of the 
aloe emodin compound demonstrates strong linearity and 
complies with Beer's-Lambert's Law in the concentration 
range of 0-100 µg/ml.  

The aloe-emodin concentration in Aloe sinkatana extract 

and then the drug content was estimated from equation no.1 

of the calibration curve. The final concentration of Aloe-

emodin in the plant extract was found to be equal to 4 µg 

/5mg = 0.08% 

Table 6: The absorbance data of serial concentration of Aloe Emodin  

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

1 0 0 

2 2 0.05 

3 4 0.148 

4 6 0.235 

5 8 0.349 

Formula code  Centrifugation test  pH Viscosity(Cps.) Spreadability(cm.) 

F1 Stable 6.42 ± 0.02  26956± 12.3 24.5± 0.5 

F2 Stable 6.44 ± 0.15 28191± 10.2  23.4±1.43 

F3 Stable 6. 39± 0.04  27422± 21.5  24.2±0.12 

F4 Stable 6.36 ± 0.11  28510± 11.4  23± 0.9  

F5 Phase separation 6.38 ± 0.02  26734± 9.1  25.1± 1.3 

F6 Stable 6.40 ± 0.17  28089± 14.3 23.7± 2.6 

F7 Stable 6.48 ± 0.52  27096± 13.0  24.9± 0.05 

F8 Stable 6.40 ± 0.21  28250 ± 11.4 23.2± 3.5 
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6 10 0.435 

7 12 0.545 

 

Figure 1: Calibration curve of absorption of various concentrations of Aloe Emodin standard compound at 430nm 

  

  

 

 

 

 

 

 

 

Y= 0.046× 𝐗  - 0.027……………………………………Eq.1.  

  

 

 

Table 7 represent the result of drug content of the 8 

formulae that ranged between 92.34% & 99.48, while the 

(F3) formula shows the highest percent of drug content

 

Table 7: Aloe Emodin content in the drug formulas 

Formula Absorbance of 

Emulgel Formula at 

430nm 

The practical 

concentration of 

Aloe-emodin in the 

drug formula 

The practical 

concentration of 

Aloe-emodin in 

the drug formula 

% 

Theoretical 

Concentration of 

Aloe-emodin in drug 

formula 

Drug content= 

Practical 

Concentration/ 

Theoretical 

Concentration 

F1 0.132 3.69 µg /100g 0.00369% 0.0040% 92.25% 

F2 0.141 3.90 µg /100g 0.00390% 0.0040% 97.95% 

F3 0.144 3.97 µg /100g 0.00397% 0.0040% 99.48% 

F4 0.143 3.95 µg /100g 0.00395% 0.0040% 98.97% 

F5 0.136 3.79 µg /100g 0.00379% 0.0040% 94.75% 

y = 0.043x- 0.027
R² = 0.986
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F6 0.130 3.65 µg /100g 0.00365% 0.0040% 91.25% 

F7 0.135 3.76 µg /100g 0.00376% 0.0040% 94% 

F8 0.132 3.69 µg /100g 0.00369% 0.0040% 92.25% 

 

 Optimization Study 
Viscosity and spreadability analysis of variance (ANOVA) 
based on response data (Y1&Y2) is displayed in Tables Nos. 
8 and 9. 
All P-values listed on tables no. 8 & 9, showed that the 
independent factors (X1, X2, and X3) had a significant 
impact on the responses (Viscosity and Spreadability).  

The linear model was selected for both responses (viscosity 

and spreadability) with Model F-value 151.88, P- value is 

0.0001 and F-value 54.54, P- value is 0.0011, respectively.  

With R2 values close to unity, the model's goodness of fit 
was deemed statistically great. Based on the values for the 
response Y1 and Y2, which ranged from 0.9915 to 0.9761, 
the model was deemed statistically excellent for both 
responses. 
The agreement between expected and observed answers 
was checked to confirm the hypothesized model's predictive 
power for each response; the experimental and predicted 
values for each response fell within the confidence interval, 
when it comes to viscosity, the "Predicted R squared" of 
0.9652 is reasonably consistent with the "Adjusted R 
Squared" of 0.9848, and when it comes to spreadability, the 
"Predicted R squared" of 0.9652 is reasonably consistent 
with the "Adjusted R Squared" of 0.9582. These findings 
suggest that the factors used for the study had a significant 
impact on both viscosity and spreadability. As a result, we 
can say that the statistical model has mathematical validity. 
The resulting equations for dependent variables—Y1 
(Viscosity), and Y2 (spreadability) in terms of coded factors 
are presented below. 

Y1= +27769.75+604.00×X1+163.50×X2-227.50 

×X3.................................. Eq. 2  

Y2 = +23.78-0.68 × X1-0.18 × X2+0.45× 

X3.......................................... Eq. 3  

where:   

            Y= Dependant factor 

             b0 ,b1 ,b2, b3=intercept  

            X1 = Amount of gelling agent  

            X2 = Amount of surfactant 

           X3 = Amount of liquid parrafin 

The regression equations no. 2 & 3 presented in Figures no. 

2 & 3 show the effect of independent variables X1, X2, and 

X3 on the viscosity(Y1) and spreadability (Y2). It was clear 

that the three independent variables had a strong impact on 

Y1 and Y2 but the most important (highest) effect occurred 

by factor X1 which is the amount of gelling agent (P- value < 

0.0001 & 0.0003 respectively)  

Both variables (Amount of gelling agent and Amount of 

surfactanthave a positive effect (synergistic effect) on 

viscosity and a negative effect (antagonistic effect) on the 

spreadability. The variable (amount of liquid paraffin -X3) 

has a direct relationship with spreadability and an inverse 

relationship with viscosity, Formulation variables, such as 

gelling agent, surfactant, emulsifying agent, and oil phase, 

influence the rheological properties of the formulation; 

therefore, it is important to choose the ideal number of 

variables to achieve good viscosity. Conversely, when 

viscosity is very high, the formulation becomes rigid and the 

spreadability decreases. 

The model graph for the viscosity is given in Figure (2). The 

figure showed the viscosity increased as the amount of a 

gelling agent and a surfactant increased and vice versa.  

The graphical result in Figure (3) showed that the 

spreadability is indirectly proportional to the amount of a 

gelling agent and a surfactant, and directly proportional to 

the amount of liquid paraffin (linear model). 
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Table 8: Analysis of variance (ANOVA) results of multiple regression analysis summary statistics for viscosity response  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: Analysis of variance (ANOVA) results of multiple regression analysis summary statistics for spreadability 
response  

Source Sum of square Degree of 

freedom 

Mean square F value p-value 

Prob> F 

Model 3.236E+006 3 1.079E+006 151.88 0.0001 

X1 2.919E+006 1 2.919E+006 410.95 < 0.0001 

X2 2.139E+005 1 2.139E+005 30.11 0.0054 

X3 1.035E+005 1 1.035E+005 14.58 0.0188 

Residual 28407.50 4 7101.87   

Cor Total 3.264E+006 7     

 

Std. Dev. 84.27 R-Squared 0.9913 

Mean 27656.00 Adjusted R-Squared 0.9848 

C.V. % 0.30 Predicted R-Squared 0.9652 

PRESS 1.136E+005 Adequate Precision 29.577 

 

Source 

Sum of 

square 

Degree of 

fredum  

Mean square F value p-value 

Prob> F 

 

Model 

 

4.30 

 

3 

 

1.43 

 

54.54 

 

0.0011 

X1 3.65 1 3.65 138.86 0.0003 

X2 0.25 1 0.25 9.33 0.0378 

X3 0.40 1 0.40 15.43 0.0171 
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X2:Amount of SurfactantX1:Amount of Gelling agent

 

Fig. 2: 3D Surface Plot of Linear Model of the Viscosity 

 

  

 

 

Fig. 3: 3D Surface Plot of Linear Model of the spreadability. 

 

Discussion 

The emulgel formulations are described as reddish-brown, 

shiny, homogeneous, stable, and with good spreadability. 

The physical properties seem suitable for to be used topicall. 

Emulgel's nature allows for more penetration and retention 

into the skin, which is desirable in psoriasis, given that 

psoriatic skin is dry and covered with plaque. It also 

increases skin hydration, which is a crucial component of 

psoriasis care. Additionally, because it is smooth, elegant, 

non-greasy, non-sticky, and easy to apply to the skin's 

surface, it improves patient compliance. 

The pH of the formulations is kept between 6.36 and 6.48, 

which is a skin-friendly range. Given that it is applied to 

irritated skin, such as that of psoriasis, its consistency is 

crucial for preventing skin irritation. 

While the formulation has been scientifically tested for 

physicochemical stability, clinical testing would be 

necessary to confirm the effectiveness of Aloe sinkatana 

emulgel against psoriasis symptoms. 

 

 

 

 

Residual 0.10 4 0.026   

Cor Total 4.40 7    

  

Std. Dev. 0.16 R-Squared 0.9761  

Mean 24.00 Adjusted R-Squared 0.9582  

C.V. % 0.68 Predicted R-Squared 0.9045  

PRESS 0.42 Adequate Precision 18.767  
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Conclusion  

 Aloe-emodin has been determined as one of the active 

constituents of Aloe sinkatana as a marker compound. The 

antipsoriatic emulgel has been formulated from Aloe 

sinkatana extract using 2³ factorial design which fulfills all 

standard requirements. Finally, it was determined that the 

produced formulation F3 had good physiochemical 

features,and highest percent of drug content making it a 

more promising topical herbal emulgel. Future Research 

works can be done to get better results 

 

Statements and Declarations  

Funding support  

The Ministry of Higher Education and Scientific Research of 

Sudan provided funding for this study.  

Competing interests 

The authors affirm that there are no Competing interests. 

Authors' contributions 

The Data collection investigation, editing, Writing an 

original draft and review: Azza Dawoud; editing, and 

analysis of data: Sali Dawoud Hussien & Mohammed 

abdalbagi, Supervision: Mohamed El Hassan Shayoub 

Acknowledgements 

Not applicable  

  

References 
1. Prevalence of psoriasis in African Americans: results 

from a population-based study. J Am Acad Dermatol. 
2005 Jan;52(1):23-6. 
https://doi.org/10.1016/j.jaad.2004.07.045. PMID: 
15627076. 

2. The burden of psoriasis: a call for awareness. 
EClinicalMedicine. 2021;38:101114. 
https://doi.org/10.1016/j.eclinm.2021.101114. 

3. Kormeili T, Lowe NJ, Yamauchi PS. Psoriasis: 
immunopathogenesis and evolving immunomodulators 
and systemic therapies; U.S. experiences. Br J Dermatol. 
2004 Jul;151(1):3-15. https://doi.org/10.1111/j.1365-
2133.2004.06009.x. PMID: 15270867. 

4. Berekmeri A, Mahmood F, Wittmann M, Helliwell P. 
Tofacitinib for the treatment of psoriasis and psoriatic 
arthritis. Expert Rev Clin Immunol. 2018;14(9):719-30. 
https://doi.org/10.1080/1744666X.2018.1512404. 

5. Hussien, Azza Dawoud. "Formulation and Evaluation of 
Aloe Sinkatana Gel as Anti-psoriatic Agent." PhD diss., 
University of Khartoum, Sudan, 2021. 

6. Elhassan GOM, Adhikari A, Yousuf S, Rahman MH, Khalid 
A, Omer H, Fun HK, Jahan H, Choudhary MI, Yagi S. 

Phytochemistry and antiglycation activity of Aloe 
sinkatana Reynolds. J Phytochem Lett. 2012;725-728. 
https://doi.org/10.1016/j.phytol.2012.07.012. 

7. Cosmetic Ingredient Review Expert Panel. Final report 
on the safety assessment of Aloe Andongensis Extract, 
Aloe Andongensis Leaf Juice, Aloe Arborescens Leaf 
Extract, Aloe Arborescens Leaf Juice, Aloe Arborescens 
Leaf Protoplasts, Aloe Barbadensis Flower Extract, Aloe 
Barbadensis Leaf, Aloe Barbadensis Leaf Extract, Aloe 
Barbadensis Leaf Juice, Aloe Barbadensis Leaf 
Polysaccharides, Aloe Barbadensis Leaf Water, Aloe 
Ferox Leaf Extract, Aloe Ferox Leaf Juice, and Aloe Ferox 
Leaf Juice Extract. Int J Toxicol. 2007;26 Suppl 2:1-50. 
https://doi.org/10.1080/10915810701351186. PMID: 
17613130. 

8. Popadic D, et al. Aloe-emodin inhibits proliferation of 
adult human keratinocytes in vitro. J Cosmet Sci. 
2012;63(5):297-302. 

9. Pandey A, Srivastava N, Dubey RC, Dhaneshwar S, 
Shukla AK. Anti-psoriatic evaluation of aloe emodin-
loaded topical hydrogel in an imiquimod-induced 
human plaque-type psoriasis in BALB/c mice. J Appl 
Pharm Sci. 2024 Sep;14(9):279-291. 
https://doi.org/10.7324/JAPS.2024.199942. 

10. Mulye SP, Wadkar KA, Kondawar MS. Formulation 
development and evaluation of indomethacin emulgel. 
Der Pharmacia Sinica. 2013;4:31-45. 
https://doi.org/10.57239/PJLSS-2024-22.1.00335. 

11. Asheer H, Krishnakumar K, Dinesh KB. Emulgel 
formulation: A novel approach for topical drug delivery 
system. Int J Pharm Sci Res. 2016;5:227-230. 

12. Caddeo C, Sales OD, Valenti D, Saurí AR, Fadda AM, 
Manconi M. Inhibition of skin inflammation in mice by 
diclofenac in vesicular carriers: liposomes, ethosomes, 
and PEVs. Int J Pharmaceutics. 2013;443(1-2):128-136. 
https://doi.org/10.1016/j.ijpharm.2012.12.041. 

13. Panwar AS, Upadhyay N, Bairagi M, Gujar S, Darwhekar 
GN, Jain DK. Emulgel: A review. Asian J Pharm Life Sci. 
2011;1(3):333-343. 

14. Valecha SG, Dongaonkar CC, Dhole SN. Formulation and 
evaluation of herbal emulgel: A review article. Asian J 
Pharm Technol. 2023;13(4):297-303. 
https://doi.org/10.52711/2231-5713.2023.00053. 

15. Singla V, Saini S, Joshi B, Rana AC. Emulgel: A new 
platform for topical drug delivery. Int J Pharm Biol Sci. 
2012;3:485-498. 

16. Reena K, Mittal S, Faizan M, et al. Enhancement of 
curcumin's anti-psoriatic efficacy via formulation into 
tea tree oil-based emulgel. Gels. 2023;9(12):973. 
https://doi.org/10.3390/gels9120973. 

17. Hijazi A, Bandar H, Rammal H, Hachem A, Saad Z, Badran 
B. Techniques for the extraction of bioactive compounds 
from Lebanese urtica dioica. Am J Phytomed Clin Ther. 
2013;1(6):507-513. 

18. Khullar R, Kumar D, Seth N, Saini S. Formulation and 
evaluation of mefenamic acid emulgel for topical 
delivery. Saudi Pharm J. 2012;20(1):63-67. 

19. Yılmaz G, Tanrıverdi Tuncay S, Aksu B, Yeğen G, Özer O. 
Preparation and in vitro characterization of 

 [
 D

O
I:

 1
0.

61
18

6/
pb

p.
7.

1.
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
26

-0
1-

28
 ]

 

                            13 / 14

https://doi.org/10.1016/j.ijpharm.2012.12.041
https://doi.org/10.52711/2231-5713.2023.00053
https://doi.org/10.3390/gels9120973
http://dx.doi.org/10.61186/pbp.7.1.14
https://pbp.medilam.ac.ir/article-1-265-en.html


 

32 | Plant Biotechnology Persa Volume 7, Issue 1, 2025 

Development, Optimization, and evaluation of New herbal Antipsoriatic Emulgel 

 

 etofenamate emulgels using quality by design. J Res 
Pharm. 2019;23(6):1033-1039. 

20. Ambala R, Vemula SK. Formulation and characterization 
of ketoprofen emulgels. J Appl Pharm Sci. 2015;5:112-
117. 

21. Jain BD, Padsalg A, Patel K, Mokale V. Formulation, 
development, and evaluation of fluconazole gel in 
various polymer bases. Asian J Pharm. 2007;1:63-68. 

22. Plumb AP, Rowe RC, York P, Brown M. Optimisation of 
the predictive ability of artificial neural network (ANN) 
models: A comparison of three ANN programs and four 
classes of training algorithm. Eur J Pharm Sci. 
2005;25(4-5):395-405. 

23. Vasiljevic D, Parojcic J, Primorac M, Vuleta G. An 
investigation into the characteristics and drug release 
properties of multiple W/O/W emulsion systems 
containing low concentration of lipophilic polymeric 
emulsifier. Int J Pharmaceutics. 2006;309(1-2):171-
177. https://doi.org/10.1016/j.ijpharm.2005.11.034. 

24. Kamble A, Adnaik R, Bhutkar M. Formulation and 
evaluation of itraconazole emulgel for topical drug 
delivery. Int J Universal Pharm Bio Sci. 2014;3:37-45. 

25. Mohite S, Salunkhe A. Formulation and evaluation of 
emulgel containing Coriandrum sativum seeds oil for 
anti-inflammatory activity. J Drug Deliv Ther. 2019;9(3-
s):124-130. 

26. Burki IK, Khan MK, Khan BA, Uzair B, Braga VA, Jamil QA. 
Formulation development, characterization, and 
evaluation of a novel dexibuprofen-capsaicin skin 
emulgel with improved in vivo anti-inflammatory and 
analgesic effects. AAPS PharmSciTech. 2020;21(6). 

27. Yapar EA, İnal Ö, Erdal MS. Design and in vivo evaluation 
of emulgel formulations including green tea extract and 
rose oil. Acta Pharmaceutica. 2013;63(4):531-543. 

28. Kola-Mustapha AT, Taiwo SO, Isiaka AR, Amao SO, 
Ishola IO, Ghazali YO, Usman SO. Evaluation of 
Terminalia macroptera stem bark extract incorporated 
into an emulgel for the potential management of 
rheumatoid arthritis. Sci Afr. 2023;19:e01557. 

29. Shelke O, Kulkarni A. Formulation, development and 
evaluation of nifedipine emulgel for treatment of anal 
fissures using polymeric emulsifiers. Indian J Pharm 
Educ Res. 2019;53(2):74-81. 

30. Goyal S. Novel anti-inflammatory topical herbal gels 
containing Withania somnifera and Boswellia serrata. 
Int J Pharm Biol Arch. 2011;2:1087-1094. 

31. Srilal TL, Hettihewa SK. Development and evaluation of 
a novel herbal emulgel for potential anti-inflammatory 
and antioxidant activities in vitro. CINEC Acad J. 
2021;5(1):46-53. 

32. Ashara KC, Paun JS, Soniwala M, Chavada JR, Mori NM. 
Micro-emulsion based emulgel: A novel topical drug 
delivery system. Asian Pac J Trop Dis. 2014;4:27-32. 

33. Coneac G, Vlaia V, Olariu I, Muț AM, Anghel DF, Ilie C, 
Popoiu C, Lupuleasa D, Vlaia L. Development and 
evaluation of new microemulsion-based hydrogel 
formulations for topical delivery of fluconazole. AAPS 
PharmSciTech. 2015;16(4):889-904. 
https://doi.org/10.1208/s12249-014-0275-8. 

34. Singh S, Parhi R, Garg A. Formulation of topical 
bioadhesive gel of aceclofenac using 3-level factorial 
design. Iran J Pharm Res. 2011;10(3):435-445. 

35. Bhanu PV, Shanmugam L, Lakshmi PK. Development 
and optimization of novel diclofenac emulgel for topical 
drug delivery. Pharm Global. 2011;9:1-4. 

36. Ali SM, Yosipovitch G. Skin pH: From basic science to 
basic skin care. Acta Dermato-Venereologica. 
2013;93(3):261-267. 

37. Kaur LP, Guleri TK. Topical gel: A recent approach for 
novel drug delivery. Asian J Biomed Pharm Sci. 
2013;3(17):1-5. 

38. Ueda CT, Shah VP, Derdzinski K, Ewing G, Flynn G, 
Maibac H, et al. Topical and transdermal drug products. 
Pharmacopeial Forum. 2009;35(3):750-764. 

39. Nair A, Jacob S, Al-Dhubiab B, Attimarad M, Harsha S. 
Basic considerations in the dermatokinetics of topical 
formulations. Brazilian J Pharm Sci. 2013;49(3):423-
434. 

40. Boateng JS, Matthews KH, Stevens HNE, Eccleston GM. 
Wound healing dressings and drug delivery systems: A 
review. J Pharm Sci. 2008;97(8):2892-2923. 

41. Yassin GE. Formulation and evaluation of optimized 
clotrimazole emulgel formulations. Br J Pharm Res. 
2014;4:1014-1030. 

 

 

  

 [
 D

O
I:

 1
0.

61
18

6/
pb

p.
7.

1.
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
26

-0
1-

28
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

https://doi.org/10.1016/j.ijpharm.2005.11.034
https://doi.org/10.1208/s12249-014-0275-8
http://dx.doi.org/10.61186/pbp.7.1.14
https://pbp.medilam.ac.ir/article-1-265-en.html
http://www.tcpdf.org

