
© 2024 Ashish Pandey et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License  
(https://creativecommons.org/licenses/by/4.0/).

*Corresponding Author
Nimisha Srivastava, Associate Professor (Pharmaceutics) Amity Institute 
of Pharmacy, Amity University Uttar Pradesh, Lucknow, India.  
Email: nsrivastava3 @ lko.amity.edu

INTRODUCTION
Psoriasis is an incredibly prevalent, long-lasting, 

immune-related, inflammatory, papulosquamous, non-
contagious, uncomfortable, and debilitating hyperproliferative 

dermatological disorder. This is identifiable through erratically 
excessive keratinocyte formation along with distinction, 
and also the buildup of leukocytes with polymorphonuclear 
structures in the epidermis, as well as the activation of T cells. 
Typically, erythematous papules or lesions surrounding silvery 
scales are the most prevalent method to identify this [1–3] In 
the study by Nabawy Mohamed et al. [4], the most common 
clinical indicators of psoriasis include skin scaling in around 
92% of cases, itchiness in 72%, redness in 69%, lethargy in 
27% of cases, inflammation in 23% of cases, blistering in 20% 
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ABSTRACT
Aloe emodin, an anthraquinone derivative, mainly obtained from Aloe vera, possesses an extensive spectrum of 
pharmacological properties, including anti-proliferative, anticancer, wound healing, analgesic, anti-inflammatory, 
antibacterial, and antiviral properties. The objective of the present study was to prepare aloe emodin-loaded topical 
hydrogel formulations for managing plaque-type psoriasis. Different proportions of carbopol 940, chitosan, and 
hydroxyl propyl methyl cellulose K15M (HPMC K15M) were used as gelling agents. The prepared hydrogels were 
characterized for pH, viscosity, rheological behavior, spreadability, extrudability, swelling index, drug content, and 
accelerated stability. Based on physicochemical and in vitro permeation studies, PHGL1 containing aloe emodin 
(1%) and carbopol 940 (1%) was selected. The acute dermal toxicity study was also conducted as per the OECD 
guidelines 402. The mechanism of drug release followed Korsemeyer–Peppa’s model. The optimized batch showed 
a pH range from 6.867 ± 0.015 to 6.91 ± 0.254, drug content 94.6% ± 0.686% w/w of the active principle when 
studied in triplicate for drug content analysis, the measured viscosity of the formulation was 31402.33 ± 149.0783 
mPaS exhibiting a shear thinning system along with thixotropic behavior at 25°C, and sustained drug release of 
78% in 8 hours. An ex vivo permeation study demonstrated that 203.73 μg/ml/cm2 drug permeated through skin in 
24 hours. Application of aloe emodin-loaded topical hydrogel to psoriatic skin resulted in a reduction of epidermal 
thickness, scaling, and ear thickness. The key inflammatory marker tissue necrosis factor (TNF-α) also showed a 
significant decrease. Compared with the marketed formulation, the test formulation showed no significant difference 
in the percentage reduction in ear thickness. No acute dermal toxicity was observed at the initial dose of 200 mg. The 
outcome suggests the promising potential of aloe emodin-loaded hydrogel in improving plaque-like psoriasis without 
dermal toxicity. Further studies are warranted to establish its efficacy in the management of psoriasis.
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MATERIALS AND METHODS

Materials
Aloe emodin 95% was procured from Avra Synthesis 

Pvt. Ltd. Ananthpuram, Andhra Pradesh. Polymers Carbopol 
940, Chitosan, and HPMCK15M were procured from Himedia 
Pvt. Ltd, Triethanolamine from Loba Chemie Pvt. Ltd., 
analytical-grade Methanol, Rankem Chemicals. 

Methods

Preformulation study
A preformulation study of aloe emodin included 

melting point by a capillary method using digital melting point 
apparatus, solubility, and partition coefficient determination 
by quantitative shake flask method [20–22]. The compatibility 
of aloe emodin with selected polymers was evaluated using 
differential scanning calorimetry (DSC). An isothermal stress 
testing method was used in the stability testing device (T26/
HAO-L, Technico) at 50°C for 4 weeks. The samples were 
scanned from 30°C to 300°C at a rate of 30°C per minute 
temperature change with a hold time of 30°C for 1 minute using 
DSC [23–25]. 

Optimization of polymeric concentrations and  
preparation of topical hydrogels

Blank polymeric hydrogels were prepared using a 
series of concentrations of carbopol 940, chitosan, and HPMC 
K15M from 0.5%–4.0% w/v by soaking them in respective 
gelling solvents for 6 hours and mixing them to form a 
homogeneous mixture. Physicochemical properties such as 
physical appearance, pH, viscosity, and spreadability were 
evaluated as optimizing parameters [26–28]. Formulations 
showing the desired physicochemical properties were selected 
for aloe emodin loading. The hydrogels were prepared by 
adding 1.0 g each of carbopol 940, chitosan, and HPMC K15M 
in 100 ml of 20:80 mixture of propylene glycol and purified 
water (in case of carbopol 940 and HPMC K15M) to aid 
solubility of aloe emodin and 100 ml of 1% solution of glacial 
acetic acid in purified water (in case of chitosan) as chitosan 
exhibits its gelling in acidic media. The mixture was soaked 
for 6 hours and then stirred constantly using a magnetic stirrer 
(100 rpm) for a further 6 hours until complete gelling (care 
should be taken to avoid air entrapment). To this was added 
1.0 g of aloe emodin dissolved in analytical-grade methanol, 
Rankem Chemicals while stirring the content continuously. 
The dispersion was neutralized and cross linked by drop 
wise addition of triethanolamine (in case of carbopol 940). 
Thereafter, the hydrogel was sonicated to remove entrapped 
air bubbles. The formulation was further allowed to stabilize 
at room temperature for 24 hours. The prepared hydrogels (20 
g) were filled in clean wide-mouthed tightly capped bottles 
[26–28]. The Formula for the optimized batches of hydrogel 
formulations is depicted in Table 1.

Characterization of aloe emodin-loaded hydrogel formulations
Physical appearances of the developed hydrogels 

were evaluated by visual perception and with the help of 

of cases, and oozing of blood in 20% of cases. Psoriasis falls 
within the National Organization for Rare Disorders criteria 
of a rare inflammatory, persistent, recurring dermatological 
disorder [5]. In accordance with Egeberg et al. (2019) and 
Sewerin et  al. (2019), the global incidence of psoriasis is 
estimated to be between 2% and 3% worldwide and between 
8% and 11% in several Northern European nations [6,7]. 
Despite the fact that this disease can appear at any point in 
life, it frequently appears in people between the age of 50 and 
60 years [8]. The extent of the illness ranges from a fingernail 
pit to superficial lesions (on a small area of skin to the whole 
body which can be linked to arthritis). 

The long-term use of synthetic drugs to treat psoriasis 
is strongly linked to serious side effects, such as the development 
of stomach ulcers, skin and bone thinning, and early cataracts. 
Other side effects include dermatitis from topical vitamin D use, 
alopecia from long-term use of salicylic acid on the scalp, and 
xeroderma from coal tar products. Therefore, safety monitoring 
is crucial during psoriasis treatment [9,10]. 

 Aloe emodin, also known as 1, 8-dihydroxy-
3-(hydroxymethyl)-9, 10-anthraquinone, is a naturally 
occurring anthraquinone derivative, found in the latex of 
Aloe vera [11,12]. It has numerous therapeutic advantages 
and is a non-carcinogenic medication. Aloe emodin exhibits 
an extensive spectrum of pharmacological characteristics, 
including anti-proliferative, anticancer, wound healing, 
analgesic, anti-inflammatory, antibacterial, and antiviral 
properties, which have proven to be beneficial and effective 
for treating psoriasis, as reported by the most recent research 
[13,14]. Aloe emodin serves as one of the active ingredients 
of the liquid solution ProZ92, which is sold as a natural 
psoriasis treatment [15]. A number of proteins, including 
Protein Kinase C (PKC), B-cell lymphoma 2 (bcl-2), 
caspases (linked to apoptosis and antiproliferative effects), 
and other members of the Mitogen-activated Protein Kinase 
family (linked to wound healing activity), have been shown 
to be regulated by aloe emodin, which has been demonstrated 
to possess therapeutic benefits [16]. Aloe emodin is quickly 
distributed in the blood, rapidly metabolized into aloe 
emodin glucuronides and rhein sulfates along with other 
unidentified metabolites with a terminal half-life of 50 hours 
and is eliminated via urine and feces, following first-order 
kinetics and two-compartment model [17,18]. High levels 
of aloe emodin have been reported in the liver, spleen, 
and renal tissues of healthy rats compared with those in 
experimental rats. Given its poor intestinal absorption, short 
elimination half-life, and low bioavailability, traditional 
oral administration of aloe emodin is not the most effective 
method of application [19]. 

To the best of our knowledge, there has been no 
documented work for aloe emodin alone in the form of topical 
hydrogel using polymers such as carbopol 940, chitosan, and 
hydroxyl propyl methyl cellulose K15M (HPMC K15M). 
The objective of the present study was to investigate the 
pharmacological potential of aloe emodin-loaded topical 
hydrogel in the management of imiquimod (IMQ)-induced 
human plaque-type psoriasis in BALB/c mice.
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a simple microscope [25,28,29]. The pH of the prepared 
formulations was determined using a pre-calibrated digital pH 
meter (Microanalytica, SD Fine Chem LLP) [25,30,31]. The 
viscosities and rheological behavior of the prepared hydrogels 
were assessed at 25°C ± 0.5°C using a Brookfield viscometer 
RVDV-E with Spindle no. 6 (spindle factor 1,000) at 50 rpm 
[25,30]. A self-assembled system with two slides (an upper 
moving slide and a lower moving slide) was used to measure the 
spreadability and the amount of time consumed for the upper 
slide to separate from the fixed bottom slide was measured after 
spreading 2.0 g of gel over the pan. Spreadability was then 
calculated using the following formula:

WXLs
T

=
� (i)

where S is spreadability; W is the weight (g) of the tide to the 
upper slide; L is the length (cm) of glass slide; T is the time 
(s) taken to separate the slide completely [24,25,30] The 
extrudability test measured the weight required to extrude a 
topical hydrogel ribbon measuring 0.5 cm in length in 10 s from 
a coated aluminum tube. The following formula was then used 
to calculate the extrudability: [30,31].

		�  Weight applied to extrude  
hydrogel from the tube (g)

Extrudability = 
		                Area (cm2) � (ii)

For drug loading, an accurately weighed 50  mg 
quantities of prepared topical hydro gel were dissolved in 50 ml 
methanol and shaken for 2 hours on a mechanical stirrer to 
promote the solubility of the incorporated aloe emodin. These 
solutions were quantitatively transferred to volumetric flasks, 
and appropriate dilutions were made. The solution was then 
filtered using 0.45-mm Millipore filter paper and measured 
spectrophotometrically at 428.5 nm against methanol as the 
blank. The following equation was used to calculate the amount 
of drug loaded: [25,32,33].

% 100
C C

C

I FDrug loading
I

 −
= × 
  � (iii)

where Ic is the initial concentration and Fc is the final 
concentration.

Franz diffusion cell with 25 ml receiver volume 
capacity and 0.77 cm2 diffusion area was used to evaluate 
the in vitro drug permeation of prepared hydrogels in pH 6.8 
phosphate buffer solution using presaturated dialysis membrane 
(MWCO 12–14 k Da) at 37°C ± 0.5ºC with continuous stirring 
of the receiver contents. During the process, equal volumes 
of samples (1.0 ml) were withdrawn at hourly intervals and 
replenished with the same volume of phosphate buffer (pH 
6.8). All samples were estimated spectrophotometrically for 
aloe emodin at 428.5 nm. The cumulative percentage of drug 
permeated was calculated for each time (in hour) interval. 
In  vitro drug release data were interpreted using zero-order, 
first-order, and Higuchi and Korsmeyer-Peppas kinetic models 
[24,25]. The abdomen skin of mice with an area of 0.77 cm2 
was clamped between the donor and receptor compartments of 
the diffusion cell in such a way that the stratum corneum side 
of the skin was toward the donor compartment. The skin was 
harvested and washed with isopropyl alcohol to remove fat. 
Permeation studies in triplicate were conducted to quantify the 
permeated drug per unit area and time [34,35]. 

Accelerated stability study
To determine the durability of topical hydrogel 

compositions containing 1% w/w aloe emodin, both hot and 
cold temperature cycling were considered. In airtight glass 
containers, each topical hydrogel formulation was alternately 
maintained at 4°C for 24 hours and 45°C for 24 hours with 
75% ± 2% relative humidity (RH) for six cycles. Furthermore, 
each gel was divided into three samples, which were kept under 
different storage conditions of 4°C ± 1ºC, 25°C ± 1ºC, and 45°C 
± 1ºC with 75% ± 2% RH and observed for the same period as 
that of the temperature cycling test. Before and after the stability 
test, the physical properties, including color, homogeneity was 
determined by visual observation, pH, using a pre-calibrated 
digital pH meter (Microanalytica, SD Fine Chem LLP), the 
viscosities and rheological behavior of the prepared hydrogels 
were assessed at 25°C ± 0.5°C using a Brookfield viscometer 
RVDV-E with Spindle no. 6 (spindle factor 1,000) at 50 rpm, 
and spreadability by a self-assembled system with two slides 
(an upper moving slide and a lower moving slide) as per the 
procedure described earlier in formulation characterization 
[36,37]. 

Table 1. Formulation of topical hydrogels. 

Formulation 
code

Concentration of polymer (%)
Qty (g)

phyto-
chemical Excipients (g)

Carbopol 940 Chitosan HPMC 
K15M Aloe emodin Methanol Triethanolamine Methyl 

paraben
Propyl 

paraben
Propylene 

glycol
Distilled 

water

Glacial 
acetic 
acid 
(1%)

PHGL 1 1 - - 1 10 Qs 0.18 0.02 20 80 -

PHGL 2 - 2 - 1 10 - 0.18 0.02 - - 100

PHGL 3 - - 1 1 10 - 0.18 0.02 20 80 -
Qs is quantity sufficient. 
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In vivo skin irritation, antipsoriatic, and acute  
dermal toxicity study

 
 

 
the skin irritation test. Animals in good health were divided into 
four groups, each with five animals. Hairs on the dorsal surface 
skin were removed 24 hours before the start of the experiment. 
No formulation was utilized for group 1 (the control group); 
whereas, a single dose of 0.8% formalin solution, 0.1% 
tacrolimus cream, and aloe emodin-loaded topical hydrogel 
were applied to group 2 (the negative control), group 3 (standard 
drug treated group) and group 4 (aloe emodin hydrogel treated 
group), respectively. At 24, 48, and 72 hours later, the skin was 
rinsed with saline water. The extent of erythema and edema 
were considered while calculating the mean score using the 
previously published grading system for skin reactions. Each 
rabbit received a 0–4 score of primary irritation at 24, 48, and 
72 hours after therapy, depending on the degree of erythema 
shown. Based on the presence of edema, a second 0–4 score 
was considered. The irritation reaction in each group was 
categorized using the primary irritation index [15,34,38,39]. 

 PII = Σ SPI (Test) Σ SPI (Blank)/Number of animals� (v)

The antipsoriatic potential of the selected aloe 
emodin topical hydrogel was evaluated using an IMQ-
induced human plaque-type psoriasis model in BALB/c mice 
[40,41]. Female Swiss albino mice (8–10 weeks old) weighing 
approximately 20–25 g were procured from the animal facility 
center. Throughout the entire period of acclimatization and 
experimentation, mice (n = 6) were kept in cages with a 12-
hour light/dark cycle, controlled temperature (23°C), and 
humidity (50%) along with free access to regular food pellet 
diet and water [42]. The animals were divided randomly 
into four experimental groups, each with six animals, after 7 

days of acclimatization. Gp1: Naive group/untreated animals 
(Healthy animals receiving no induction and treatment); 
Gp2: Negative control (Animals with the disease only); Gp3: 
Standard control (subjects receiving standard tacrolimus 
ointment); and Gp4: Animals treated with the chosen aloe 
emodin topical hydrogel. Following the next day of hair 
removal, psoriasis-like effects were induced in all animal 
groups except the normal control group by careful application 
(avoiding direct contact to IMQ cream) of marketed IMQ 
cream 5% Imiquad® at a dose of 62.5 mg cream (containing 
3.125 mg of the active compound daily) for 11 consecutive 
days [40,41]. The standard control group animals received a 
dose of 10 mg/kg/day of tacrolimus cream 0.1% daily from 
12th to 24th days of the treatment period, whereas the treatment 
group received the prepared topical hydrogel formulation of 
aloe emodin at a dose of 50 mg/kg/day for the same study 
period as that of the standard control group of animals. PASI 
scoring was employed to determine the severity of redness, 
skin thickness, and scaling on 1st, 3rd, 7th, 11th, 14th, 17th, 21st, 
and 25th days. Ear thickness was measured using a calibrated 
digital screw gauge [43]. On the 25th day, the animals were 
sacrificed, and skin sections of representative animals from 
each group were isolated and stored in 10% v/v formalin in 
normal saline and stained with hematoxylin and eosin for 
histopathological evaluation to determine pathological changes 
such as acanthosis, inflammatory infiltrates, hyperkeratosis, 
and parakeratosis, which are landmarks of psoriasis induction. 
Images were recorded using a microscope (Nikon, USA) at 
10 magnification. Blood samples (1.0 ml) were collected 
from the tail veins on the 25th day for tissue necrosis factor 
(TNF-α) assay employing enzyme-linked immunosorbent 
assay (ELISA) kits. 

For the acute dermal toxicity, both male and female 
rats were divided into two groups for the investigation. The 
dorsal skin surface’s hair was shaved. Animals in the test 
group had their dorsal skin surface treated with the prepared 
hydrogel. Body weight, scoring for acute dermal toxicity, and 
hematological parameters were assessed during the experiment, 

Figure 1. DSC curve for drug polymer interaction study; a) aloe emodin b) carbopol 940 c) physical mixture of aloe emodin and carbopol (1:1) Note ‘larger images 
are available in supplementary materials’.
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followed by Dunnett’s test. p values <0.05 were considered 
significant.

RESULTS
In the current research, an attempt was made to 

formulate and assess aloe emodin topical hydrogel containing 
aloe emodin as the therapeutic component and chitosan, HPMC 
K15M, and carbopol 940 as gel-forming agents (0.25%–4.0% 
w/v) for managing plaque-like psoriasis. This study involved 
skin sensitivity evaluation, acute dermal toxicity test, in vivo 
anti-psoriatic investigation, in vitro and ex vivo drug penetration 
studies, and rapid stability evaluations.

Preformulation study
During the preformulation studies, the melting point 

of aloe emodin was found to be 224°C, whereas its solubility 
and partition coefficient was reported as 0.0123 ± 0.00152 µg/
ml in phosphate buffer pH 6.8 and 2.885 ± 0.686 in n-octanol 
and water (1:1), respectively. Experimental investigations 
established the label-compliant melting point of aloe 
emodin at 224ºC, confirming the compound’s purity. The 
results of DSC were juxtaposed (Fig. 1) with the individual 
thermograms to determine whether the distinctive troughs in 
the DSC curve associated with the drug-polymer mixture had 
appeared or disappeared. Aloe emodin and carbopol 940 had 
indicative troughs at 224°C and 116ºC, respectively, whereas 
the mixture›s DSC demonstrated melting points that were on 
the higher end of the range, at 232°C and 124°C, respectively 
(Fig. 1). Results of different physicochemical properties of 
prepared blank polymeric hydrogels prepared with different 

which lasted for 14 days and were then compared with the 
animals in the control group [44]. 

Statistical analysis of data
Data obtained from the results of the antipsoriatic 

study were expressed as Mean ± SD and analyzed using one-
way analysis of variance (ANOVA) at a 95% confidence level 

Table 3. Characterization of hydrogel formulations. 

Formulation 
code

Physical 
appearance Homogeneity

Grittiness 
and 
stickiness

Feel on 
application

Smear 
type pH Viscosity 

(mPa.S)
Spreadability 

(g.cm/s)
Extrudability 

(%)

Swelling 
behavior 

(%)

% Drug 
loading (%)

PHGL 1 Yellow 
translucent 
viscous gel

Present Non gritty 
and non 
sticky

Smooth 
with cooling 
sensation

Smooth 6.91 ± 
0.25

31402.33 ± 
149.08

16.26 ± 0.95 72.28±0.48 83±2.65 85.77±0.62

PHGL 2 Yellow 
translucent 
viscous gel

Present Non gritty 
and non 
sticky

Smooth 
with cooling 
sensation

Smooth 6.88 ± 
0.03

32401 ± 56.51 15.97 ± 1.17 80.56±0.19 85±3.61 66.38±0.28

PHGL 3 Yellow 
translucent 
viscous gel

Present Non gritty 
and non 
sticky

Smooth 
with cooling 
sensation

Smooth 6.87 ± 
0.02

26641 ± 205.11 21.11 ± 1.63 78.63±0.63 56±3.61 77.48±1.06

‘n’ is the number of samples. 

Table 4. Kinetic study of in vitro and ex vivo drug permeation. 

Formulation code Kinetic model
Value of R2

In vitro Ex vivo

PHGL1 Zero order 0.921 0.945

First order 0.619 0.764

Higuchi 0.717 0.762

Korsmeyer 0.997 0.993

Table 5. Accelerated stability study of the selected topical hydrogel formulation. 

Days Formulation 
code Appearance Homogeneity Grittiness pH Viscosity 

(mPa.S)
Spreadability 

(g.cm/S)
Assay 
(%)

0 PHGL1 Translucent viscous gel Present Absent 6.82 ± 0.05 31423 ± 114.90 17.51 ± 0.30 94.13 ± 0.33

10 Translucent viscous gel Present Absent 6.84 ± 0.07 31696 ± 383.14 17.36 ± 0.49 94.29 ± 0.34

15 Translucent viscous gel Present Absent 6.75 ± 0.03 31667 ± 222.82 17.88 ± 0.57 93.33 ± 0.74

30 Translucent viscous gel Present Absent 6.89 ± 0.03 31803 ± 168.25 17.20 ± 0.57 90.32 ± 0.63

90 Translucent viscous gel Present Absent 6.94 ± 0.05 31670 ± 111.86 17.83 ± 0.58 86.32 ± 0.49

Figure 2. a) Cumulative % drug permeated curve for PHGL1, 2, and 3 aloe 
emodin hydrogel containing carbopol 940, chitosan, and HPMC K15M, b) 
Ex vivo drug permeation curve for PHGL1 aloe emodin hydrogel containing 
carbopol 940 as gelling agent.

284Pandey         . / Journal of Applied Pharmaceutical Science 14 (09); 2024: 279-291et al



	

Figure 3. i) Phenotypical observations of dorsal skin, ii) Phenotypical observations of change in ear pinna, and iii) Histopathological images of skin sections in a) 
Untreated mice group with no treatment, b) Disease control group initially treated with IMQ 5% cream for 11 consecutive days showing psoriasis like inflammation 
and erythema lesions, c) Standard drug treated group with topical applications of tacrolimus 0.1% cream, and d) aloe emodin hydrogel treated group with topical 
application 1% aloe emodin hydrogel from day 12 onward; and iv) Data representing one way ANOVA analysis of in vivo antipsoriatic study of the prepared topical 
aloe emodin hydrogel formulation for a) change in ear thickness during antipsoriatic study with ****p < 0.0001 vs. Normal control, disease induced and standard drug 
treated group, b) PASI score analysis during disease induction period (1–11 days) with *p < 0.01 vs. normal control group, and c) PASI score analysis during treatment 
phase (12–24 days) with **p < 0.01 vs. normal control group.
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concentrations (0.5%–4.0%) of polymers are depicted in 
table 2.

Characterization of optimized hydrogel formulations
Near the required pH range of 5.4–6.8, the produced 

topical hydrogels’ pH was found to range from 6.867 ± 0.015 
to 6.91 ± 0.254 when studied in triplicate (Table 3) [45]. The 
measured viscosity of the formulation was found to be 31402.33 
± 149.0783 mPaS (Table 3). According to rheological findings 
from the study, a pseudoplastic (non-Newtonian) system 
exhibited shear thinning along with thixotropic behavior at 
25°C as viscosity decreased with increasing shear rate [46]. The 
prepared 1% topical hydrogel had an excellent spreadability 
of 16.257 ± 0.946 g.cm/s (spreadability was measured as the 
diameter of the circle) (Table 3) compared with a previously 
reported range of 2.5–3.4 g.cm/s [47]. When 100 g was used, 
the total amount of hydrogel formulation of 1% aloe emodin 

Figure 4. Results of the ELISA experiment performed for (TNF-α) with skin 
homogenate using ELISA kits as per the manufacturer’s protocol. Values are 
expressed as mean ± SD, n = 6/group with *p < 0.01 versus normal control 
group and disease-induced group.**p < 0.001 versus normal control and 
disease induce group.

Table 6. Scoring for acute dermal toxicity studies. 

Time 
(Day) Gender

Control group Aloe emodin hydrogel-treated group

Body weight 
(g)

Erythema and 
eschar formation Edema formation Body weight (g) Erythema and 

eschar formation Edema formation

0th Male 194.37 ± 3.46 0 0 201.11 ± 4.13 0 0

Female 162.88 ± 2.39 0 0 183.78 ± 2.03 0 0

7th Male 205.91 ± 3.43 0 0 214.07 ± 3.84 1 0

Female 170.79 ± 2.59 0 0 192.93 ± 1.81 0 0

14th Male 211.32 ± 2.99 0 0 222.88±3.69 1 1

Female 176.32 ± 5.61 0 0 200.11 ± 1.66 0 0

Table 7. Hematological and blood parameters. 

Blood parameters
Albino Wistar rat (Male) Albino Wistar rat (Female)

Normal control Treated with PHGL 1 Normal control Treated with PHGL 1

RBC (106 / mm3) 6.61 ±0.44 7.67 ± 0.30 6.61 ± 0.44 7.67 ± 0.30

WBC (103 / mm3) 4.47 ± 0.20 4.54 ± 0.22 4.47 ± 0.20 4.54 ± 0.22

Hb (gm/dl) 16.74 ± 0.48 16.34 ± 0.48 16.74 ± 0.48 16.94 ± 0.53

Platelet (103 / mm3) 408.96 ± 1.94 411.44 ± 6.14 418.96 ± 1.94 415.84 ± 3.58

HCT % 13.61 ± 0.39 13.49 ± 0.55 13.61 ± 0.39 13.49 ± 0.55

MCV fl 57 ± 1.58 53.2 ± 1.72 57 ± 1.58 53.2 ± 1.72

Lymphocytes % 65.57 ± 1.70 63.37 ± 1.69 65.57 ± 1.70 66.37 ± 1.27

Monocytes % 7.67 ± 0.11 7.63 ± 0.29 7.67 ± 0.11 7.63 ± 0.29

Basophils % 0.33 ± 0.01 0.31 ± 0.01 0.33 ± 0.01 0.31 ± 0.01

Eosinophils % 1.38 ± 0.03 1.39 ± 0.04 1.38 ± 0.03 1.44 ± 0.05

Neutrophils % 28.17 ± 0.53 28.77 ± 0.68 28.17 ± 0.53 28.77 ± 0.68

Glucose (mg/dl) 125.08 ± 2.45 125.08 ± 3.75 125.08 ± 2.45 125.08 ± 3.75

Total cholesterol (mg/dl) 85.87 ± 2.79 84.07 ± 2.47 85.87 ± 2.79 84.07 ± 2.47

HDL-C (mg/dl) 46.34 ± 2.20 46.14 ± 2.23 49.34 ± 2.20 49.54 ± 0.84

LDL-C (mg/dl) 25.96 ± 1.49 26.64 ± 1.46 25.96 ± 1.49 26.64 ± 1.46

VLDL-C (mg/dl) 13.45 ± 0.32 12.85 ± 0.47 13.45 ± 0.32 12.85 ± 0.47

Creatinine (mg/dl) 10.44 ± 2.00 0.44 ± 0.04 10.44 ± 2.0 0.44 ± 0.04

RBC: red blood count, WBC: white blood count, Hb: hemoglobin, HCT: haematocret, MCV: mean corpuscle, value HDL: high density lipoprotein, LDL: low density 
lipoprotein, VLDL: very low density lipoprotein. 
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was 72.283% ± 0.481% (Table 3). When aloe emodin gel was 
prepared with carbopol 940, chitosan, and HPMC K15M, the 
difference in percentages was quite significant, with carbopol at 
85.773% (±0.621), chitosan at 66.383% (±0.284), and HPMC 
K15M at 77.48% (±1.061), which indicated that employing 
carbopol for drug loading was more effective than chitosan and 
HPMC K15M (Table 3).

In vitro and ex vivo drug permeation studies: 
When calculating the cumulative percentage of drug 

released for aloe emodin topical hydrogels 1%, the hydrogel 
with carbopol 940 released the maximum concentration of 
drug (78%) of all three preparations (Fig. 2a). The hydrogel 
exhibiting the highest release was subjected to an ex vivo drug 
permeation assay, which revealed almost 84% of drug release 
(Fig. 2b) during a prolonged 8 hours investigation. When 
studied for zero, first, Higuchi’s, and Korsemeyer-Peppa’s 
release kinetic models, R2 value was found to be highest (0.993) 
in the Korsemeyer-Peppa’s kinetic model (Table 4).

Accelerated stability studies
The prepared formulation was observed to be a clear 

translucent viscous gel with no grittiness or homogeneity 
throughout the stability experiments. Variation in pH, viscosity, 
spreadability, and percentage drug assay was found to vary 
from 6.747 ± 0.025 to 6.937 ± 0.051, 31423 ± 114.896 to 31803 
± 168.250, 17.202 ± 0.567 to 17.884 ± 0.565, and 86.317 ± 
0.489 to 94.286 ± 0.343, respectively (Table 5).

In vivo skin irritation, antipsoriatic, and acute  
dermal toxicity studies

There were no signs of erythema and edema when 
scoring was performed in comparison with the normal controlled 
and the irritation-induced groups of animals. Local application 
of IMQ cream (5%) resulted in pathological alterations 
resembling psoriasis. Further evidence of psoriasis-like 
development in Gp2 was provided by high PASI scores (8.55 ± 
0.49), increased ear thickness (245.17 ± 4.36 μm), and increased 
levels of TNF-α (126.11 ± 1.45pg/ml) compared with Gp1 (0.0 
± 0.0, 242.33 ± 0.96 µm and 23.14 ± 0.45pg/ml for PASI score, 
ear thickness and TNF-α level, respectively). By day 11, the 
Gp2 mice exhibited typical psoriasis-like dermatitis with mildly 
intrusive erythema (Fig. 3. i.). On days 1, 3, 7, and 11, the PASI 
score in Gp2 increased steadily (0.54 ± 0.15 to 8.55 ± 0.49) 
(Fig. 3.iv.b, 3.iv.c.). The characteristic psoriasis symptoms of 
parakeratosis, Munro’s microabscesses, prominent acanthosis 
with prolonged rete ridges, and severe inflammatory cell 
infiltration were observed upon histopathological examination 
(Fig. 3.iii.b.). TNF-α levels were substantially higher in the Gp2 
(126.11 ± 1.45 pg/ml) than in Gp1 (23.14 ± 0.45) (Fig. 4). These 
observations indicate that IMQ-induced human plaque-type 
psoriasis in BALB/c mice has been successfully established.

The synthesized 1% aloe emodin hydrogel 
demonstrated stronger antipsoriatic action when measured 
by PASI scores (0.55 ± 0.122) as well as ear thickness (228 ± 
5.56 µm). TNF-α level was also significantly reduced (45.15 
± 0.25 pg/ml). The results were diminished compared with 
1% tacrolimus cream, which is commercially available as the 

gold standard. Aloe emodin hydrogel therapy had superior 
pharmacological effects to tacrolimus cream (0.1%), which was 
commercially available, and the score obtained from the PASI 
was significantly reduced (from 8.25 ± 0.37 to 0.65 ± 0.23 for 
tacrolimus and from 9.4 ± 2.01 to 0.55 ± 0.12 for aloe emodin 
hydrogel) (Fig. 3ivb-3ivc). Gp2 exhibited a noteworthy disparity 
in the thickness (245.17 ± 4.36 µm) of the left and right ears 
among the treatment cohorts, namely Gp3 and Gp4 (240.83 ± 
6.05 and 228 ± 5.59, respectively), as evidenced by Figure 3iia. 
TNF-α level in Gp2 was noticeably elevated (126.11 ± 1.45 pg/
ml) compared with that in Gp1 (23.14 ± 0.45 pg/ml), whereas in 
Gp4 and Gp3, TNF-α levels declined significantly (62.87 ± 0.55 
and 45.15 ± 0.25, respectively) (Fig. 4).

As shown in Table 6, for acute dermal toxicity with an 
initial dose of 200 mg of aloe emodin scoring the body weights 
of animals were observed to increase (from 194.366 ± 3.46 to 
211.32 ± 2.99 in males and from 162.88 ± 2.39 to 176.32 ± 5.61 
in females in control groups while from 201.11 ± 4.13 to 222.88 ± 
3.69 in males and from 183.78 ± 2.03 to 200.11 ± 1.66 in females 
for the aloe emodin topical hydrogel treated animal group) while 
scoring for the erythema, eschar formation, was found nil for 
both the treatment normal control and aloe emodin hydrogel 
treated groups. Hematological and blood parameters were also 
unchanged in both groups (Table: 7).

DISCUSSION
During preformulation studies, the experimental 

investigation established the label-compliant melting point of 
aloe emodin at 224°C, confirming the compound’s purity. When 
compared with the previously reported solubility in methanol 
and partition coefficient in n-octanol and water (1:1) of aloe 
emodin, which were <0.025 µg/m\l in methanol [48] and 3.25in 
n-octanol and water (1:1) [49], respectively. Preformulation 
study findings suggest that the candidate drug is suitable for 
transdermal delivery. Aloe emodin and carbopol 940 had 
indicative troughs at 224°C and 116ºC, respectively, whereas 
the mixture›s DSC demonstrated melting points that were on 
the higher end of the range, at 232°C and 124°C, respectively 
(Fig. 1). DSC analysis was used to analyze the drug-polymer 
compatibility assessment, and the results showed that there were 
no interactions between the drug and the excipient throughout 
the entire duration of the investigation.

For the optimization of hydrogel formulations, 
blank polymeric hydrogels were prepared using polymeric 
concentrations (0.5%–4.0%) and checked for parameters such as 
physical appearance, pH, spreadability, and viscosity. Formulations 
containing carbopol (1%), chitosan (2%), and HPMC K15M (2%), 
which were all created as blank hydrogel formulations, were 
chosen as optimal hydrogels because they had superior physical 
characteristics. Optimized formulations were prepared as per the 
formula depicted in formula depicted in Table 1, in which carbopol 
940, chitosan, and HPMC K15M were used as gelling agents, 
mixes of water and propylene glycol as gelling solvent, methyl 
paraben and propyl paraben as preservatives. The formula for the 
optimized batches of hydrogel formulations is depicted in Table 1.

The prepared optimized hydrogel formulations were 
done for pH, viscosity and rheological behavior, spreadability, 
extrudability, drug loading, drug content analysis, and so on. 
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Human skin normally has a pH between 4.5 and 7.4, with a pH of 
6.8 being considered as the average. The pH of the compositions 
meant for application on the skin should remain within this range. 
In addition, the permeability and stability of drugs are directly 
impacted by the pH value of topical preparations. The measured 
viscosity of the formulation was within the intended range of 15–
25 cps [50] According to the rheological findings from the study, 
a pseudoplastic (non-Newtonian) system exhibited shear thinning 
along with thixotropic behavior at 25°C, as viscosity decreased 
with increasing shear rate in terms of rotation per minute 
(RPM). Spreadability is a crucial factor because it indicates the 
area of the hydrogel coverage region. Additionally, it shows 
that the formulations viscosity is suitable and appropriate. The 
spreadability of the prepared formulations was found to be within 
the desired range. Given that gel packing is critical in delivering 
the right amount of gel out of jars or extrusion out of collapsible 
tubes, its extrudability is a significant empirical test to determine 
the force necessary for releasing the product out of the tube. 
The extrudability of the prepared formulations was appreciably 
good. To determine the percentage of the total medications that 
could be loaded inside the formulation, a drug loading study 
was conducted. Drug loading for carbopol was found to be more 
effective than that for chitosan and HPMC K15M. 

The hydrogel with carbopol 940 released the maximum 
concentration of drug (78%), of all three preparations (Fig. 2a). 
The hydrogel exhibiting the highest release was put through an 
ex vivo drug permeation assay, which revealed almost 84% of 
drug release (Fig. 2b) during a prolonged 8 hours investigation. 
Additional ex vivo and in vivo investigations were conducted 
using carbopol hydrogel containing 1% aloe emodin. To explore 
the release sequence, information pertaining to drug permeation 
from in vitro and ex vivo experiments was also analyzed for 
various release kinetic models, including Zero, First, Higuchi’s 
and Korsemeyer-Peppas model. The R2 value was found to be 
highest (0.993) in case of Korsemeyer peppas kinetic model. 
Therefore, it was concluded that drug release from hydrogel 
was following a sustained release pattern.

According to the ICH specifications, the produced 
formulations’ accelerated stability investigations were 
conducted. Spreadability, viscosity, and physical appearance 
were considered as factors for analyzing stability. The developed 
hydrogel formulation’s appearance was clear throughout the 
stability experiments, and no appreciable variations were found. 
Results showed no discernible variations in pH, viscosity, 
spreadability, and drug content.

The findings of the skin irritation study demonstrated 
that utilizing carbopol 940 loaded with aloe emodin did not 
cause any dermal irritation or inflammation, proving that it 
was non-irritant when applied to the skin. Moreover, viscosity 
enhancement brought on by the incorporation of carbopol® 
940 created a three-dimensional framework of networks that 
minimized the possibility of aloe emodin coming into direct 
contact with the dermal layers, which was believed to reduce 
any negative effects [51]. 

The antipsoriatic impact of aloe emodin has been 
documented in the literature [16,42]. In the present study, we 
looked at whether an aloe emodin hydrogel based on carbopol 
might alleviate the immune system’s dysfunction in IMQ-

induced plaque psoriasis in BALB/c mice. To investigate the 
effectiveness of 1% aloe emodin hydrogel, a murine model 
of human psoriasis was created using IMQ. Psoriasis is 
characterized by prominent skin thickening, erythema, and 
scaling.

During the antipsoriatic study, results revealed that 
IMQ application triggered and aggravated psoriasis in mice, 
which was similar to a prior study [52]. By day 11, the mice 
from Gp2 exhibited typical psoriasis-like dermatitis that looked 
to have mildly intrusive erythema (Fig. 3ib). The characteristic 
psoriasis symptoms of parakeratosis, Munro’s microabscesses, 
prominent acanthosis with prolonged rete ridges, and 
severe inflammatory cell infiltration were all evident upon 
histopathological examination (Fig. 3iiib). The aforementioned 
observations indicated that IMQ-induced human plaque-type 
psoriasis in BALB/c mice was successfully established. Figure 
3id illustrates the phenotypical alterations in the mouse’s 
skin after the sixth day of therapy in relation to aloe emodin 
hydrogel. The normal control, negative (detrimental) control, 
positive (advantageous) control, and the 1% aloe emodin 
hydrogel were all used as comparison points. The synthesized 
1% aloe emodin hydrogel demonstrated stronger antipsoriatic 
action when measured by PASI scores as well as ear thickness. 
TNF-α level was also significantly reduced. The results were 
diminished compared with those of 0.1% tacrolimus cream, 
which is commercially available as the gold standard. Aloe 
emodin hydrogel therapy had superior pharmacological effects 
to tacrolimus cream (0.1%), which was commercially available, 
and the score obtained from the PASI was significantly reduced 
(Fig. 3ivb-3ivc). To examine the impact of prepared hydrogel 
on the recovery of psoriatic skin back to normal and to spot 
psoriatic characteristics, histopathology of skin samples was 
conducted. Figure 3iii displays skin samples from various 
groups in both phenotypic and H&E-stained forms. While 
Gp2 depicts psoriatic skin, which includes hyperkeratosis, 
parakeratosis, acanthosis, and subtle chronic inflammatory 
infiltrates in the dermis, Gp1 depicts normal skin histology, 
which is characterized by normal and healthy dermis and 
epidermis. Gp3 demonstrated a decrease in epidermal thickness 
compared with Gp2. Gp4’s histological findings, in which the 
epidermis was normalized, and fewer infiltrates were noticed, 
were strikingly comparable to those of Gp1’s. TNF-α, which 
is synthesized by T cells and triggered macrophages and 
is expressed in plasma membranes, facilitates the immune 
system’s reaction along with inflammation [53]. The level of 
TNF-α in the blood collected on the 25th day of the protocol 
was utilized in current research to assess the effectiveness of 
topically administered 1% aloe emodin hydrogel since this kind 
of cytokine plays an essential role in psoriasis. TNF-α level in 
Gp2 was noticeably elevated in comparison to Gp1, while in 
Gp4 and Gp3, TNF-α levels declined significantly (Fig. 4). The 
combined results indicated that the hydrogel formulation of aloe 
emodin 1 % containing carbopol 1% as gelling agent exhibited 
appreciable antipsoriatic efficacy when applied topically. A 
similar in vivo anti-psoriatic activity study using Perry’s mouse 
tail model and skin safety studies has been reported by Divya 
et al. [15] for the more potential benefit of the system for topical 
delivery of acitretin and aloe emodin in psoriasis.
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CONCLUSION
Numerous studies and reviews have noted the 

antipsoriatic properties of aloe emodin. In Ayurvedic 
medications, aloe emodin has been combined with various other 
phytochemicals in marketed products, but none of them include 
aloe emodin alone. Thus, an endeavor was undertaken to fabricate 
a topical hydrogel formulation of aloe emodin. After assessing the 
prepared hydrogel formulations that were optimized, a hydrogel 
containing 1% carbopol 940 and aloe emodin (1%) was found 
to be promising for the effective management of psoriasis. The 
prepared formulation also passed the acute dermal toxicity study. 
Exploring nano-delivery systems, using a combination of synthetic 
and other phytochemicals along with aloe emodin for achieving 
the synergistic effect, or trying other delivery approaches for the 
effective management of psoriasis can help in handling current 
challenges provided preclinical and clinical research should be 
undertaken for the generation and establishment of more effective 
and safe data. It would also help in catering to the individual needs 
of patients with psoriasis and making their lives easier. Further 
studies involving human subjects are essential to validate the 
effectiveness and safety of the aloe emodin topical hydrogel in 
clinical settings, beyond preclinical models.
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