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Background: Phosphodiesterase-4 is an enzyme that regulates immune responses and contributes to the development of psoriasis. 
Dipyridamole and roflumilast function as phosphodiesterase-4 inhibitors, reducing pro-inflammatory cytokine expression. The aim was 
to evaluate the anti-psoriatic effect of the topical administration of dipyridamole and roflumilast nanoemulgel combination on 
imiquimod-induced psoriasiform skin inflammation in rats.
Methods: Dipyridamole and roflumilast were formulated into nanoemulgel to enhance skin penetration and retention. The production 
of nanoemulgels involves a two-part process. A nanoemulsion is created (the aqueous phase titration method was employed to create 
nanoemulsions), which is then incorporated into the gelling agent during the second phase. The new formula was then tested in rats. 
The rats were divided into seven groups; all animals were treated for 16 days. Induction was achieved by 120 mg of 5% imiquimod 
cream, which was applied daily for 8 days. After induction, groups received one of the following: 0.05% clobetasol ointment, 1% 
dipyridamole nanoemulgel (D-NEG), 0.3% roflumilast nanoemulgel (R-NEG), 1% dipyridamole and 0.3% roflumilast gel combination 
(DR-gel), and 1% dipyridamole and 0.3% roflumilast nanoemulgel combination (DR-NEG). At the end of the experiment, all animals 
were euthanized, and their blood and skin tissue samples were obtained. Inflammatory markers, immunohistochemistry, and 
histopathology were measured.
Results: The DR-NEG group showed significantly lower levels of IL17, IL23, and TNF-α, while TGF-β showed higher levels than the 
clobetasol group. The expression of CK16 was significantly lower compared to the clobetasol group. DR-NEG showed a significantly 
lower PASI and Baker score than the clobetasol group.
Conclusion: The new DR-NEG’s topical combination administration showed better anti-inflammatory, tissue healing, and anti- 
psoriatic activity than each drug alone or topical clobetasol administration; this could be attributed to the possible synergic effects of 
both drugs and the enhanced skin penetration offered by the nanoemulgel formulation.
Keywords: dipyridamole, roflumilast, nanoemulgel, psoriasis, anti-inflammatory

Introduction
Psoriasis is a dermatological condition caused by an overactive immune system. It is marked by thickened skin due to 
excessive growth of skin cells and the presence of inflammatory cells in the skin layers.1 Approximately 125 million 
people worldwide are affected by psoriasis,2 the global prevalence rate is around 0.09% to 11.43% of the population.3

International Journal of Nanomedicine 2024:19 13113–13134                                          13113
© 2024 Maded et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Nanomedicine                                                 Dovepress

Open Access Full Text Article

Received: 11 September 2024
Accepted: 26 November 2024
Published: 7 December 2024

In
te

rn
at

io
na

l J
ou

rn
al

 o
f N

an
om

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-9970-0119
http://orcid.org/0000-0003-0759-8298
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Phosphodiesterase (PDE)-4 is an enzyme that regulates the immune system and contributes to the development of 
psoriasis. PDE-4 enzymatically breaks down cyclic adenosine monophosphate (cAMP) into adenosine monophosphate 
(AMP), generating pro-inflammatory mediators.4 PDE-4 inhibitors function by impeding the breakdown of cAMP, hence 
diminishing inflammation.4 Psoriasis is characterized by a decrease in the expression of keratins K1 and K10 and an 
increase in the production of hyperproliferation-associated keratins K6, K16, and K17.5 The immunopathogenesis of 
psoriasis entails the activation of many inflammatory mediators, such as tumor necrosis factor (TNF)-α, various 
interleukin (IL) (12, 17, 22, and 23), and interferon (IFN)-γ.6

Roflumilast (RFL) is a specific inhibitor of PDE-4,7 roflumilast 0.3% cream once daily. It has gained recent FDA 
approval for treating plaque psoriasis in adolescents and adults. It is indicated for use on all body surfaces, including 
intertriginous areas.8 RFL exhibits anti-inflammatory properties by modulating the inflammatory signaling cascade in 
immune cells through the elevation of cAMP levels;9 RFL is recognized for its involvement in multiple inflammatory 
pathways, leading to a reduction in levels of TNF-α, IL-1b, IL-2, and IL-13.10,11 Dipyridamole (DP) is a PDE inhibitor 
that enhances the quantity of intracellular cAMP and cyclic Guanosine monophosphate (cGMP). DP possesses antiox-
idant characteristics that can stabilize platelet and vascular membranes, preventing the oxidation of low-density 
lipoproteins.12 By preventing adenosine reabsorption, it raises adenosine levels, widening the coronary blood vessels 
through its interaction with the A2 receptors.13 DP exhibits an anti-fibrotic activity and inhibits the expression of collagen 
genes induced by TGF-β in human peritoneal mesothelial cells.14 Moreover, DP hinders the process of attracting, 
stimulating, and releasing pro-inflammatory substances by lymphocytes.15,16 DP inhibits inflammation, stimulates the 
healing of mucosal tissue, and perhaps prevents immediate damage and gradual scarring in the lungs, heart, liver, and 
kidneys.17
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Topical therapy is the initial therapeutic choice for mild to severe cases of localized psoriasis.18 Nano-drug-based 
topical therapy has shown enhanced delivery capabilities for insoluble drugs in the treatment of psoriasis, resulting in 
increased drug bioavailability and effectiveness;19 enabling the transportation of drugs through epidermal barriers to 
increase absorption and decrease the required drug dosage;20–22 regulating the administration of drugs at certain doses 
over a controllable duration.,23–25 protecting drugs from degradation along with increased solubility;26–28 and by 
including cell-specific ligands, this modification enhances the targeting capabilities and minimizes any negative 
consequences.29,30

Nanoemulsion refers to a stable mixture of two phases (oil and water) that are normally unable to mix but are merged 
using surfactant molecules. This mixture’s droplets have diameters ranging from 5 to 200 nm.31,32 The utilization of 
nanoemulsion as a carrier for anti-psoriatic drugs has several advantages, including the absence of creaming, flocculation, 
sedimentation, or coalescence, which are typically observed in macroemulsions.33 Nanoemulsions exhibit excellent 
characteristics for topical distribution, including a lack of skin irritation, a high penetration ability, and a large drug- 
loading capacity.34,35 Due to their low viscosity, nanoemulsions have limited retention capacity in the skin, which 
restricts their application in the pharmaceutical industry.36 In order to address this constraint and deliver a suitable topical 
application, the viscosity can be increased by using gelling agents such as carbopol 940, xanthan gum, sodium alginate, 
and similar substances.37 This therapy hinders the absorption of drugs into the bloodstream and enhances the accumula-
tion of drugs in the skin, hence enabling more efficient effectiveness. The improved nanoemulsion formulation was 
incorporated into several gel bases to enhance the localized skin accumulation of the medicine while minimizing 
systemic absorption.38 Due to the solubility issue that arises during drug release, it is not feasible to directly incorporate 
most hydrophobic drugs into the gel basis.39

A gel-based nanoemulsion known as nanoemulgel is a desirable drug delivery system for nanolipoidal distribution 
through the skin; this is because of its good features such as easy spreadability, thixotropic behavior, lack of greasiness, 
easy removal, and biocompatibility. The topical route of drugs delivery is a practical method that offers both local and 
systemic benefits when selecting the site of action.40,41 The gelling agent is a key constituent of the nanoemulgel, 
providing texture to the formulation. Carbopol, poloxamer, tragacanth, hydroxypropyl methylcellulose (HPMC), xanthan 
gum, and other similar substances are utilized as gelling agents in the formulation of nanoemulgels. Utilizing a gelling 
agent to produce a nanoemulgel serves the objective of transforming its physical state from liquid to semi-solid. This 
alteration offers numerous benefits for patient adherence.42

The nanoemulsion formulation was converted into a gel by incorporating three distinct concentrations of gel, 
specifically 0.5%, 1%, and 1.5%, to generate various formulations. Therefore, the uniqueness of this system resides in 
the fact that the constituents (oil, surfactant, and particularly cosurfactant) of the nanoemulgel functioned as agents that 
increased penetration.43 Nanolipoidal formulations can create a nanoemulsion-based gel that is effective for delivering 
drugs through topical routes.44

In spite of the advantages of topical therapy, many data deficiencies persist in the topical management of psoriasis.45 

Primary data deficiencies encompass the absence of evidence concerning the ideal frequency of treatment administration 
and the necessity for novel, more convenient, and effective formulations. The widespread corticosteroid phobia, 
characterized by apprehension over topical corticosteroid usage, must be considered due to its significant prevalence 
among dermatological patients, frequently resulting in diminished adherence rates. Furthermore, it is essential to account 
for tachyphylaxis with prolonged usage and the presence of challenging-to-treat locations, including the scalp, face, 
intertriginous regions (such as the genitals), and palmoplantar surfaces.46 Recent advancements in the topical manage-
ment of psoriasis must be formulated considering patient preferences. Recent advancements in topical therapies have 
produced once-daily cream compositions that enhance cosmetic acceptance, potentially leading to enhanced patient 
adherence.47

The current study offered two novel approaches to treat psoriasis. First, the combination therapy of dipyridamole and 
roflumilast is a unique combination that was not reported in the literature previously. The second one involves using 
nanoemulgel as a topical formulation since gel, cream, and ointment are the only available formulations in the market. By 
combining these two novel approaches, we hypothesized that dipyridamole and roflumilast nanoemulgel would be more 
effective in managing psoriasis than either agent alone, compared to topical steroids and dipyridamole and roflumilast in 
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gel formulation. Thus, we designed a pre-clinical (animal) study to assess the efficacy of the newly formulated 
dipyridamole and roflumilast nanoemulgel. The primary objective of this study was to assess the anti-inflammatory 
and immunomodulatory properties of a combination of dipyridamole and roflumilast nanoemulgel in rat models with 
produced psoriasis; this was done by examining the effects of the combination on inflammatory markers, histological 
alterations, and immunohistochemistry.

Methods
Materials
All materials used were pharmaceutical grade purity, dipyridamole powder purchased from Hyperchem (China), 
roflumilast purchased from Lupin Lab (India), 95% ethanol (J.T. Baker, China), oleic acid (CDH, India), Tween 80 
(Polyoxyethylene Sorbitan Monooleate) (HiMedia, India), xanthan gum (HiMedia Lab, India), phosphate buffer saline 
(pH = 7.4) (PBS) (Titan Bio. Tech, India), chloroform (Sigma, Germany), clobetasol ointment (GlaxoSmithKline, 
England), distill water (Samara Drug industry, Iraq), formalin (Merck chemicals, Germany), hematoxylin and eosin 
stain solutions (Thermo Shandon, USA), imiquimod cream 5% (Aldara, Meda Pharmaceuticals, Germany), mercuric 
oxide (China), methylparaben powder (Samara Drug industry, Iraq), paraffin wax (BDH, England), triethanolamine 
(TEA) (Hopkins and Williams Ltd, England), and xylol (BDH Chemical Ltd., England).

Rat TNF-α ELISA (SunLong, China), rat IL-17 ELISA (SunLong, China), rat IL-23 ELISA (SunLong, China), rat 
TGF-β ELISA (SunLong, China), and CK-16 polyclonal antibody at a dilution of 1:30 (Catalog No. E-AB-12323) 
ELISA from (Elabscience, USA).

Instruments
Electric balance (KERN & SOHN GmbH, Germany), high-speed centrifuges (15,000 rpm) (Hermle Z216 MK, 
Germany), hotplate with a magnetic stirrer (CB 162 heat-Stir, Stuart Copley Scientific, UK), particle size analyzer 
(Malvern Zetasizer, UK), vortex mixer (Labinco L46, Netherland), water bath with shaker (G.F.L, Karl Kolb, Germany), 
beakers 100 mL (China), conical flasks (Erlynmir, Germany), cylinder test tube 5 mL (Barco-company, China), deep 
freeze (Hyper hanil, Korea), ELISA reader from (Diagnostic automation, USA), Eppendorf tube 1.5 mL (Biozek medical, 
China), light microscopic (Olympus, Japan), micropipette (Huawei, China), microscope slide (Alasera co, China), 
microtome (Leica, Germany), ordinary slides (Sail, China), oven (Panasonic, China), plain tube (China), qualitative 
filter paper 7.5 cm (Coster corning, USA), refrigerator (Samsung, Japan), scissors (China), shaving mechanical device 
(Kemei, China), spatula (China), surgical animals tools (Petsurgical, Pakistan), syringe 3–5 mL (Medico, UAE), and 
urine cap (China).

Preparation of Dipyridamole and Roflumilast Nanoparticles Loaded Nanoemulgel
The preparation and characterization of the D-NEG, R-NEG, DR-gel, and DR-NEG were described previously by the 
authors,48 which can be summarized as follows:

The aqueous phase titration method was employed to create nanoemulsions. The nanoemulsion composition was 
selected based on the pseudo-ternary phase diagram. A solution was prepared by dissolving 50 mg of dipyridamole (1%) 
and 15 mg of roflumilast (0.3%) powder in the selected oil. The desired concentration of surfactant and cosurfactant 
mixture was then added. Water was incrementally added while continuously swirling until a transparent nanoemulsion 
was created. The optimal combination of Smix and Oil was chosen based on the phase diagram produced. The drugs 
were then added to the Oil & Smix mixture and subjected to particle size analysis. A nanoemulsion was created by 
combining oleic acid as the oil phase with Tween80 as the surfactant and Ethanol as the cosurfactant in various ratios 
(1:2), as specified in the Tables. Dipyridamole and roflumilast were precisely measured and dissolved in an appropriate 
amount of oil. Then, the specified amount of Smix, as indicated in the respective formula, was added to the drug mixture. 
Using a vortexer, the mixture was vigorously mixed for 5 minutes at 100 rpm. Finally, purified water was gradually 
added to obtain a clear oil-in-water nanoemulsion.48
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The production of nanoemulgels involves a two-part process. A nanoemulsion is created and incorporated into the 
gelling agent during the second phase. Nanoemulsions are formed by reducing the interfacial tension between oil/water 
interfaces or applying external energy to a heterogeneous mixture. In this case, the nanoemulsion formulation was 
transformed into a gel by adding three different concentrations of gel: 0.5%, 1%, and 1.5%. Therefore, the uniqueness of 
this system resides in the fact that the constituents (oil, surfactant, and particularly cosurfactant) of the nanoemulgel 
functioned as agents that increased penetration. Nanolipoidal formulations in nanoemulsion-based gel, also known as 
nanoemulgel, have been identified as an effective method for delivering drugs by topical administration. The suggested 
formula was transformed into a nano emulgel by incorporating 0.5% w/w of xanthan gum as a gelling agent. Xanthan 
gum possesses mucoadhesive properties and additional characteristics that enhance its suitability for pharmaceutical 
formulation, such as improving the bioavailability of poorly soluble drugs. To determine the precise amount of xanthan 
gum needed to achieve a concentration of 0.5% w/w, a 5 mL sample of formula 1 (composed of 50% Smix of 1:2 Tween 
80: Ethanol, 10% oleic acid, and 40% water; all in v/v %) was mixed with 25mg of xanthan gum. The mixture was stirred 
with a vortex mixer for a few minutes, left for 1 hour, and then refrigerated overnight.48

The dipyridamole drug (1% w/w) and roflumilast (0.3% w/w) were dissolved in a hot mixture consisting of propylene 
glycol (20% w/w) and glycerin (10% w/w) as moistening agents. The polyacrylic acid polymer (carbopol 940) gel was 
then prepared by dispersing the appropriate amount of polymer in a calculated amount (60–70 mL) of warm water. This 
was done with constant stirring for 30 minutes using a magnetic stirrer at a moderate speed. Next, incorporate the prior 
solution containing the drugs. TEA was used to modify the pH of the carbopol gel. Ultimately, methyl and propylparaben, 
preservatives, were gradually and consistently incorporated into the mixture while continually stirring until a gel was 
formed. The manufactured gels were placed in a wide-mouth glass jar and topped with a plastic lid that could be screwed 
on. Before sealing the jar, the mouth was covered with aluminum foil. The jar was then stored in a dark and cool 
location.48,49

The nanoemulgel formula had a particle size of 172.7 nm, 0.121% PDI, and a −28.31 mV zeta potential, as seen in 
Figure 1. The viscosity of nanoemulgel formulations was measured at various rotational speeds (10, 12, 20, 30, 50, 60, 
100, and 200 rpm) and a fixed temperature of 25°C, as seen in Table 1.

Furthermore, the effect of storage conditions for the stability test was that the chosen samples were stored in airtight 
amber bottles under various storage circumstances. An unstable system exhibits obvious creaming or phase separation. 
After storage at 4 ± 2 and 40 ± 2 °C for 0, 30, and 60 days, the samples’ droplet size, PDI, sol-gel transition temperature, 
and gelation time values were evaluated.50 Various formulations of nanoemulsion were physically examined before 
combining with the gel solution. Detecting distinct preparations involved assessing their odor, color change, uniformity, 
and centrifugation. The formulation samples were stored at 8°C, 25°C, and 40°C with relative humidity for 28 days, as 
mentioned previously.51

In the present study, the Franz cell diffusion apparatus was used in this experiment to study the ex-vivo permeation of 
the selected nanogel compared with pure roflumilast and dipyridamole gel.52 The cumulative amount of roflumilast and 
dipyridamole nanogel permeated through rat skin was demonstrated in Figure 2.

Animal Housing
White male Albino rats, 8–11 weeks of age, and average body weight 200–250 g. The animals were left for 12 days to 
acclimate to animal house environments of exact temperature (25±2°C) and 40–60% humidity. Water and standard food 
pellets (Elazig Food Company, Turkey) were provided ad libitum in the ventilated room. Before and during the 
experimental period, all rats were assessed for their health status, including food and water intake.

Before commencing the experiment, the animals were examined to detect any skin lesions. Only rats with visibly 
healthy skin and coat were selected for the investigation. Two days before the work began, an automated machine shaved 
the hair on the dorsal skin. Subsequently, hair-removing cream was utilized to eliminate almost all residual hair (2 x 1 cm2).

At the conclusion of the study, all the animals were euthanized using anesthesia with a combination of ketamine and 
xylazine. Specifically, the rats were anesthetized intraperitoneally with 80 mg/kg of ketamine (Ketamine 10%, Alfasan 
Nederland BV, Holland) and 10 mg/kg of xylazine (XYL-M2, VMD® Livestock Pharma, Belgium). Once the animals 
were fully anesthetized, they passed away by exsanguination through cardiac puncture. This method was chosen as it 
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Figure 1 The particle size, PDI, and zeta potential of nanoemulgel.

Table 1 Viscosity of Nanoemulgel (Millipascal/Second)

rpm Viscosity Nanoemulgel RPM Viscosity Nanoemulgel

10 540 100 85

12 458 60 132

20 327 50 153
30 237 30 235

50 153 20 334

60 131 12 520
100 86 10 NA

200 51

Abbreviation: RPM, revolution per minute.
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allows for effective tissue harvest and preservation,53–56 blood and tissue samples were collected for further analysis 
(because of the need for tissue samples, euthanasia of the animal was deemed necessary). The study was conducted at the 
animal house in the College of Veterinary Medicine, University of Mosul, between the 1st of June 2023 and the 1st of 
April 2024.

Ethical Considerations
The study was approved by the Scientific Research Ethical Committee (SREC) of the College of Pharmacy, Tikrit 
University, approval number (SREC20231022), data (22/10/2023), the study carried out in accordance with the American 
Veterinary Association Guidelines (AVMA).54

Special Considerations to Minimize the Suffering and Distress of Animals
The animals in the study received treatment for any external injuries involving their skin using appropriate skin creams, such 
as Fusidic acid (Fucidin, Leo), to prevent potential secondary infections. Additionally, a low dose of xylazine (3 mg/kg, IP) 
was administered when the animals exhibited signs of stress.57

Imiquimod (IMQ) Induced Psoriasis
All treatment groups received the same induction by daily topical applications of 120 mg of 5% IMQ cream for 
8 consecutive days on shaved back areas of rats.58–60 The animal model treated with IMQ closely mimics the 
characteristics of plaque-type psoriasis in humans, including skin redness, thickness, scaling, changes in the outer 
layer of the skin (acanthosis, parakeratosis), and the formation of new blood vessels (neo-angiogenesis). Additionally, 
it exhibits an inflammatory response characterized by the presence of T cells, neutrophils, and dendritic cells.61,62

Study Design
The study included 56 albino rats divided into 7 groups (n = 8), as illustrated in Figure 3 (Groups D, E, F, and G are the 
investigated treatment groups):

A. Negative control group: Vaseline (Vaseline® Petroleum Jelly, GlaxoSmithKline, UK) was applied daily for 
16 days.

B. Induction group: 120 mg of 5% imiquimod cream was applied daily to the shaved back area for 8 days;58–60 

after induction, the rats received Vaseline daily for 8 days (16 days total duration).

Figure 2 A study of permeability of pure roflumilast, pure dipyridamole, and nanogel of roflumilast and dipyridamole.
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C. Clobetasol group (CLO): IMQ induction was received for the first 8 days, then clobetasol (CLO) 0.05% 
ointment (0.05% Dermovate ointment®, GlaxoSmithKline, UK) was applied 8 days once daily (at a dosage of 
0.25 g/kg) on the shaved area after the induction period.63–66

D. Dipyridamole nanoemulgel group (DP): IMQ induction was received for the first 8 days, and DP nanoemulgel 
1% was applied 8 days once daily after induction to the shaved back area.

E. Roflumilast group (RFL): IMQ induction was received for the first 8 days, and RFL cream 0.3% was applied 
once daily to the shaved back area for 8 days after induction.

F. Dipyridamole with roflumilast gel (DP-RFL gel): IMQ induction was received for the first 8 days, and DP 1% 
gel with RFL 0.3% gel was applied once daily after induction to the shaved back area for 8 days.

G. Dipyridamole with roflumilast nanoemulgel (DP-RFL nanoemulgel): IMQ induction was received for the first 8 
days, and DP 1% with RFL 0.3% nanoemulgel was applied once daily after induction to the shaved area for 8 days.

Samples Collection
Blood samples were collected from the animals through heart puncture.67 After collecting blood in a tube, the sample was 
spun at a speed of 5000 revolutions per minute for 10 minutes to separate the serum. The serum was collected in 2mL 
Eppendorf tubes and kept at a temperature of −20°C until the analysis day. Following the animals’ sacrifice, a skin 
sample from the dorsal region was obtained. The tissues were then stored in a neutral buffer formalin solution (10%) and 
underwent histological inspection.

Figure 3 Flow chart of the study.
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Analytic Procedure
The stored samples were thawed and analyzed using the sandwich Enzyme-Linked immunosorbent assay (ELISA) 
technique using the ELISA Reader. Regarding the ELISA kits, the following markers were determined: TNF-α (pg/mL), 
IL-17 (pg/mL), IL-23 (pg/mL), and TGF-β (pg/mL).

Preparation of Histopathological Samples
Skin tissues were preserved in neutral buffer formalin (10%) and subjected to histopathological examination. The small 
parts of the tissue were taken and washed with tap water (2 mm of the dorsal skin tissue). The specimen was dehydrated 
using different ethanol concentrations (70%, 80%, 90%, 95%, and 100%) for 2 hours each. Then, xylol was added to the 
specimen before dipping it in liquid paraffin at 55–60°C. After that, paraffin blocks were made by embedding the tissue 
in paraffin on a cold plate. Sections with 5 μm were made by using a microtome. With the aid of a water bath, the slice 
section was placed on the slide (containing a very thin layer of egg albumin).68 Hematoxylin and eosin (H & E) stain- 
involved staining procedures were carried out by deparaffinization, rehydration, immersing in hematoxylin, discoloration 
of access stain, dipping in eosin stain, and dehydration. Several drops of di-N-butyl phthalate in xylene (DPX) were 
placed on the section and covered with a coverslip.68

Psoriasis Area Severity Index (PASI) Score
A back skin irritation severity assessment system was developed utilizing the PASI score. The assessment of scaling and 
thickening was conducted individually using a rating scale ranging from 0 to 4, where 0 represents no presence, 1 
indicates a modest presence, 2 represents a moderate presence, 3 indicates a marked presence, and 4 represents a very 
marked presence. Erythema levels were evaluated using a scoring table that included shades of red (0= no lesion; 
1= faintly pink; 2= pink; 3= red; 4= strong red).69

The main author and two expert consultant dermatologists independently evaluated the redness, thickness, and scaling 
of the rats’ skin during the study’s induction and therapy stages. This assessment utilizes high-resolution photographs of 
the rats’ skin, captured and documented regularly through photography. The evaluations were conducted blindly, and the 
results were examined and compared to the original reading using intra-class correlation as a measure of reliability. Any 
reading with a reliability score of 0.80 or above was deemed acceptable for the whole experiment.

Baker’s Score for Histopathology
The Backer score is a semi-quantitative scoring method used to evaluate the histopathology of rats’ models. Pathological 
alterations are assessed on a scale of 0 to 10 using Baker’s scoring system.70,71 The scoring process was carried out 
blindly, without prior knowledge of the exact regions being assessed, and the mean score was subsequently reported.72 

The scoring methods are capable of evaluating psoriasiform inflammation in a mouse model. These systems evaluate 
features such as the presence of lymphocytic infiltrate, papillary congestion, Munro abscess, acanthosis, parakeratosis, 
and hyperkeratosis.68,73,74

Immunohistochemistry
The tissue sections were subjected to immunohistochemistry by undergoing dewaxing in xylene, rehydration in ethanol, 
and washing in phosphate-buffered saline (pH = 7.4). A hydrogen peroxide-methanol solution (3%) was administered for 
30 minutes to suppress the activity of the naturally occurring peroxidase. Subsequently, tissue samples were subjected to 
cryopreservation for 60 minutes at a temperature of 25°C. Subsequently, the sections were overnight incubated with 
primary antibodies at 4°C. The primary antibodies used in this study were CK-16 polyclonal antibodies (Thermo 
Scientific, Wilmington, DE, USA). The antibodies were diluted at a ratio of 1:30 (Catalog No. E-AB-12323) and 
1:100, specifically targeting the CK16 protein.75 The quantification of IHC was conducted using semiquantitative scores, 
which were determined based on the percentage of cells that showed positive staining (H-score or Histoscore):75
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0 (negative): no staining or staining of less than 3% of the area.
+1 (light): 3–33% of the area.
+2 (medium): 34–66% of the area.
+3 (severe): staining of more than 66% of the area.

Statistical Analysis
Descriptive and inferential statistics were performed using GraphPad Prism 10.3; the normality test (Anderson Darling 
test) was performed initially to determine the continuous variable’s adherence to a normal distribution. The parametric 
variable was analyzed using the ANOVA and post hoc Tukey’s tests. In contrast, the non-parametric variable was 
analyzed using the Kruskal–Wallis and post hoc Dunn tests. 0.05 was considered the level of significance for the current 
study.

The software program G.Power was employed to calculate the sample size.76,77 Random numbers were employed to 
generate groups in an Excel spreadsheet. The rats were placed in containers that were labeled and assigned tail tags to 
minimize confusion.78

Results
Assessment of Serum Biomarkers
The induction group exhibited a considerable increase in serum levels of IL-17, IL-23, and TNF-α, while TGF-β levels 
were dramatically decreased compared to the control groups. The IL-17, IL-23, and TNF-α levels were substantially 
lower in the treatment groups compared to the induction groups. Additionally, the TGF-β values were greater than the 
treatment groups. The serum levels of IL-17, IL-23, TNF-α, and TGF-β did not differ significantly between the D-NEG 
(dipyridamole 0.3% nanoemulgel) and CLO (clobetasol) groups. The serum IL-17 and IL-23 levels of the R-gel group do 
not differ significantly from those of the CLO group. The levels of TNF-α and TGF-β in the serum are significantly 
different compared to the CLO group, as depicted in Figure 4.

The group treated with DR-gel (dipyridamole 1% and roflumilast 0.3% gel) exhibited significantly reduced levels of 
IL17 and TNF-α, although TGF-β levels were higher compared to the CLO group. The IL23 levels of the experimental 
groups did not show any noteworthy differences compared to the control groups. The DR-NEG (dipyridamole 1% and 
roflumilast 0.3% nanoemulgel) group had significantly reduced IL17, IL23, and TNF-α levels. However, TGF-β levels 
were higher compared to the CLO group, as depicted in Figure 4.

Assessment of PASI Score
The induction group showed significantly higher PASI scores in the induction group compared to the control. Treatment 
groups (CLO, R-NEG, DR-gel, and DR-NEG) showed statistically lower PASI scores than the induction group. There 
was statistical indifference in the PASI between the D-NEG, R-NEG (roflumilast 1% nanoemulgel), and DR-gel groups 
compared to the CLO group (DR-gel showed the lowest numerical value). DR-NEG showed the lowest numerical value 
of PASI, which was statistically lower than the CLO group, as seen in Figure 5.

Histopathological Assessment
The histopathologic findings suggest that the control group displayed usual features, such as an appropriate granular 
layer, a typical corneal (basket weave) layer distribution, and an appropriate epidermis thickness, as depicted in 
Figure 6A. The histological portion of rat skin in the positive control group (psoriasis induction) exhibited parakeratosis, 
sub-corneal pustule, an inflammatory crust containing inflammatory cells, epidermal thickening, absence of hair follicles 
in the dermis, and a limited number of sweat glands and sebaceous glands, as depicted in Figure 6B. The histological 
characteristics of the CLO group showed notable changes, including a decrease in the thickness of the outermost layer of 
the skin, a modest rise in keratin production, the presence of inflammatory cells in the upper layer of the dermis, and the 
observation of expanded blood vessels in the top layer of the dermis, as illustrated in Figure 6C.
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The histological analysis of rat skin subjected to D-NEG revealed a decrease in the thickness of the outermost layer of 
the skin, a slight increase in the generation of keratin, an abundance of inflammatory cells in the upper layer of the 
dermis, and the observation of enlarged blood vessels in the upper layer of the dermis, as shown in Figure 7A. Similar 
findings were seen in the R-NEG, as shown in Figure 7B. The DR-NEG group showed an intact epidermis with mild 
hydropic degeneration of the epithelial cells and an intact dermis with high numbers of hair follicles, sweat glands, and 

Figure 4 Effect of the topical application of dipyridamole and roflumilast nanoparticles loaded nanoemulgel alone and in combination on serum biomarkers levels, (A) IL-17 
levels, (B) IL-23 levels, (C) TNF-α levels, and (D) TGF-β arial. Data presented as mean ± standard deviation. One-way ANOVA with post hoc Tukey’s test was used for 
statistical analysis. 
Abbreviations: CLO, clobetasol; D-NEG, dipyridamole 1% nanoemulgel; R-NEG, roflumilast 0.3% nanoemulgel; DR-gel, dipyridamole 1% and roflumilast 0.3% gel 
combination; DR-NEG, dipyridamole 1% and roflumilast 0.3% nanoemulgel combination.
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sebaceous glands, as seen in Figure 7C. The DR-gel group shows a sub-corneal pustule, an inflammatory crust containing 
inflammatory cells, a dermis with multiple sebaceous glands, and mild focal inflammatory cells, as seen in Figure 7D.

Baker’s Score
The induction group showed a significantly higher Baker score than the control group. Treatment groups (CLO, DR-gel, 
and DR-NEG) showed significantly lower Baker scores than the induction group. There was no significant difference in 
the Baker score between the D-NEG, R-NEG, and DR-gel groups compared to the CLO group (DR-gel showed the 

Figure 5 Effect of the topical application of dipyridamole and roflumilast nanoparticles loaded nanoemulgel alone and in combination on PASI score and its components at 
the end of the experimental phase, (A) Erythema score, (B) Skin thickening score, (C) Scaling score, (D) Total PASI score. Data presented as median and interquartile range. 
Kruskal–Wallis test with the post hoc Dunn test was used for statistical analysis. 
Abbreviations: CLO, clobetasol; D-NEG, dipyridamole 1% nanoemulgel; R-NEG, roflumilast 0.3% nanoemulgel; DR-gel, dipyridamole 1% and roflumilast 0.3% gel 
combination; DR-NEG, dipyridamole 1% and roflumilast 0.3% nanoemulgel combination.
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lowest numerical value). DR-NEG showed the lowest numerical value of Baker, which was significantly lower than the 
CLO group, as seen in Figure 8.

Immunohistochemical (IHC) Findings
Modifications in protein expression (upregulated or downregulated) were detected as the brown pigment in the section. 
The extent of expression was measured using a scoring system (H-score) based on the extent of staining and the 
proportion of positive cells, as depicted in Figure 9A to 7G.

The IHC revealed upregulation in CK16 expression in the induction group compared to the control group; all 
treatment groups showed a significant reduction in the expression of CK16 compared to the induction group. There 
was no significant difference in the expression of CK16 between the D-NEG and R-NEG groups compared to the CLO 
group. At the same time, both DR-gel and DR-NEG showed significantly lower expression of CK16 than CLO groups 
(DR-NEG also had a lower expression of CK16 than DR-gel), as seen in Figure 9H.

Figure 6 Histological section of rat skin. (A) Control group (Vaseline, without psoriasis) group showing normal architecture, (B) Induction group (psoriasis induction) group, 
(C) CLO group: psoriasis induction with clobetasol 0.05% treated group. H & E stain at 40x, 100x, and 400x magnification. 
Abbreviations: E, Epidermis; SE, squamous epithelial cells; D, dermis; HF, with high numbers of hair follicles; K, keratin layer; SG, sweat glands; SbG, sebaceous glands; H, 
hypodermis; M, muscles; P, sub-corneal pustule; IC, inflammatory crust containing inflammatory cells.
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Discussion
In the present study, 5% imiquimod (IMQ) cream successfully induced psoriatic lesions in rats, which was evidenced by 
significantly higher levels of IL-17, IL-23, TNF-α, PASI score, Baker score, CK17 protein expression, and significantly 

Figure 7 Rat skin histopathology of the effect of topical administration of dipyridamole and roflumilast nanoparticles loaded nanoemulgel alone and in combination. (A) 
D-NEG: psoriasis induction with dipyridamole 1% NEG treated group, (B) R-NEG: psoriasis induction with roflumilast 0.3% NEG treated group. (C) psoriasis induction with 
dipyridamole 1% and roflumilast 0.3% NEG treated group (DR-NEG), (D) psoriasis induction with dipyridamole 1% gel and roflumilast 0.3% gel treated group (DR-gel). H & 
E stain at 40x, 100x, and 400x magnification. 
Abbreviations: E, Epidermis; SE, squamous epithelial cells; D, dermis; HF, with high numbers of hair follicles; K, keratin layer; SG, sweat glands; SbG, sebaceous glands; M, 
muscles; H, hypodermis; P, sub-corneal pustule; IC, inflammatory crust containing inflammatory cells.
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lower levels of TGF-β compared to the control group. IMQ cream induces an immune response that stimulates numerous 
inflammatory mediators, IL-1, IL-17, IL-23, and TNF-α.79 The occurrence of erythema caused by IMQ typically happens 
within three days of treatment. This is primarily due to the activation of many mast cells, which can be triggered either 
directly through IgE-dependent or non-dependent pathways. The elevated levels of mast cells and neuropeptides in the 
skin tissue, along with the dilation of blood vessels, are responsible for the erythema observed in psoriasis induced by 
IMQ.80 The scaling observed in rats due to IMQ is caused by activating the IL-17A and IL-23 axis, which stimulates 
Th17 and Th1 cells. This leads to a rapid turnover of keratinocytes and sebum depletion, resembling psoriasis 

Figure 8 Effect of the topical application of dipyridamole and roflumilast nanoparticles loaded nanoemulgel alone and in combination on Baker score and its components at 
the end of the experimental phase, (A) Keratin score, (B) Epidermis score, (C) Dermis score, (D) Total Baker score. 
Abbreviations: CLO, clobetasol; D-NEG, dipyridamole 1% nanoemulgel; R-NEG, roflumilast 0.3% nanoemulgel; DR-gel, dipyridamole 1% and roflumilast 0.3% gel 
combination; DR-NEG, dipyridamole 1% and roflumilast 0.3% nanoemulgel combination.
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pathophysiology in humans;61 the thickening and excessive growth of the outermost layer of the skin caused by IMQ is 
due to the excessive multiplication of keratin-producing cells and an increased number of these cells in the deepest layer 
of the skin.81

The current study showed that the topical use of CLO ointment substantially inhibited disease activity in the 
imiquimod-induced psoriasis-like rats model. CLO is classified as a corticosteroid, a group of drugs that exhibit 
vasoconstriction, anti-proliferative, anti-inflammatory, and immunosuppressive properties. In addition, they control the 
process of gene transcription for multiple genes, specifically those responsible for producing pro-inflammatory cytokines. 
As a result, they decrease the expression of interleukins and TNF-α.82

In the present study, the combination of dipyridamole 1% and roflumilast 0.3% NEG showed superior anti-psoriatic 
activity compared to CLO ointment and each drug alone. Even better activity than dipyridamole 1% and roflumilast 0.3% 
gel formulation was evidenced by improved PASI score, Baker score, IL17, IL23, TNF-α, TGF-β, CK-16 expression, and 
histopathologically.

Figure 9 IHC-stained skin tissue section images of CK-16; protein expression is indicated in areas of brown pigment. (A) Control group, (B) Induction group, (C) Clobetasol 
0.05% ointment group, (D) Dipyridamole 1% NEG group, (E) Roflumilast 0.3% NEG group, (F) DR-gel, (G) DR-NEG, and (H histogram of the H-score of CK-16 protein 
expression. Images at 100X magnification. Data presented as mean ± standard deviation. One-way ANOVA with post hoc Tukey’s test was used for statistical analysis. 
Abbreviations: CLO, clobetasol; D-NEG, dipyridamole 1% nanoemulgel; R-NEG, roflumilast 0.3% nanoemulgel; DR-gel, dipyridamole 1% and roflumilast 0.3% gel 
combination; DR-NEG, dipyridamole 1% and roflumilast 0.3% nanoemulgel combination.
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Topical application of numerous anti-psoriatic drugs is common; however, their clinical efficacy is restricted due to 
their inadequate absorption. The nanoemulgel delivery technology shows promising potential for effectively delivering 
anti-psoriatic drugs and achieving positive therapeutic outcomes. A novel nanoemulgel drug delivery method was 
recently developed, utilizing betamethasone dipropionate (BD) as an anti-psoriatic agent.83 Swati Pund et al developed 
a nanoemulgel containing leflunomide (LFD) to treat psoriasis in a separate proof-of-concept investigation. LFD is 
a newly licensed, very effective, and beneficial drug for treating psoriatic arthritis.84,85 Kaur et al utilized CLO 
propionate and calcipotriol as the preferred pharmaceutical agents in their formulation. The researchers employed an 
imiquimod-induced psoriatic model in BALB/c mice and formulated a nanoemulsion with superior skin penetration into 
the stratum corneum compared to commercially available drugs.86 Several studies have indicated that Th17 cells produce 
effector cytokines, including IL-17 and IL-23, which can be found in the peripheral blood of individuals with psoriasis. 
These cytokines are believed to play a role in the development of psoriasis.87

TGF-β1, a crucial mediator in numerous illnesses, stimulates the production of pro-inflammatory cytokines like TNF-α.5 

In their study, Ahmed et al determined that dipyridamole gel may have a potential impact on the anti-inflammatory efficacy 
of skin homogenate parameters in a mouse model of imiquimod-induced psoriasiform skin inflammation.88 In the present 
study, topical DR-NEG significantly reduced IL-17, IL-23, and TNF-α levels compared with the induction group.

TGF-β, a multifunctional cytokine, plays a crucial role in maintaining the stability of tissues and organs by regulating 
many cellular processes.89 Han et al (2010) demonstrated that levels of TGF-β are elevated in both the epidermis and 
serum of individuals with psoriasis.90 The increase in TGF-β level may be attributed to the enhanced production of 
TGF-β by activated endothelial cells, fibroblasts, or inflammatory cells in patients with psoriasis.91 In a separate 
investigation, the concentrations of IL-17, IL-23, and TNF-α were found to be reduced; on the other hand, the level of 
TGF-β increased when treated with dipyridamole gel and dipyridamole gel plus oral drug, compared to the induction 
group. Dipyridamole was discovered to decrease the activation and multiplication of T cells, resulting in the production 
of pro-inflammatory cytokines IL-17 in mice .92 Dipyridamole functions as an anti-inflammatory agent by enhancing 
cAMP mediators. This results in elevated amounts of TGF-β and reduced levels of the pro-inflammatory cytokines 
TNF-α, IL-23, and IL-17.93 Additional research has shown that dipyridamole inhibited the heightened production of the 
cytokine TNF-α in astrocytes and decreased the levels of pro-inflammatory substances .94

Different studies have demonstrated roflumilast’s efficacy and safety in treating plaque and intertriginous psoriasis.95–97 

In the treatment of psoriasis, the roflumilast cream with a greater concentration (0.3%) showed superior results compared to 
the cream with a lower dose (0.15%).98 The activity of PDE-4 is higher in psoriatic skin than healthy skin.99 The PDE-4 
inhibitors in psoriasis prevent the breakdown of cAMP, which results in a decrease in inflammation,100 roflumilast inhibits 
the activity of PDE4, resulting in the buildup of cAMP in specific cells and a consequent elevation in cAMP signaling. The 
buildup of cAMP in specific immune cells is believed to play a crucial role in avoiding inflammation,101,102 and blocking 
PDE-4 leads to a decrease in the activity of immune modulators, such as TNF-α, interferon-γ, IL-17, and IL-23.103 An IHC 
study verified the presence of IL-23 in the skin affected by psoriasis. IL-23R was notably expressed in immune cells and 
keratinocytes in psoriatic skin.104

Roflumilast is a pharmacological agent that exhibits anti-inflammatory properties and is recognized for its involve-
ment in multiple inflammatory pathways. It reduces the concentrations of leptin, TNF-a, IL-1b, IL-2, IL-13, IFN-g, and 
ROS.10,11 Roflumilast decreases the concentration of TNF-a and IL-1b in both the plasma blood and sputum and 
decreases oxidative stress.105 Roflumilast increases cAMP levels by blocking the activity of PDE4, an enzyme that 
specifically breaks down and deactivates cAMP.106 These elevated amounts of cAMP inhibit the release of different 
cytokines (particularly TNF-a, IL-1b, TGF-b, and IFN-g) in multiple cell types.107 Furthermore, the mRNA levels of 
TNF-a, TGF-b, IL-1b, and IFN-g saw a substantial increase, which the administration of roflumilast notably diminished. 
Roflumilast showed a considerable reduction in TNF-a, TGF-b, and IL-1b.11,108 The investigators determined that the 
anti-inflammatory properties of roflumilast were attributed to its capacity to inhibit the recruitment of neutrophils and 
eosinophils.101,109–111 Various cell types, including macrophages, neutrophils, lymphocytes, endothelial, and mast cells, 
produced pleiotropic cytokines such as TNF-α.112 TNF-α is widely recognized for its significant involvement in vascular 
inflammation and the infiltration of immune cells.113 TNF-α was upregulated in the perivascular dermis and epidermal 
keratinocytes of psoriatic plaque skin. In the skin around the lesion, immunostaining was mainly observed in the basal 
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layer of keratinocytes. However, in the psoriatic plaque, all layers of the skin were positively stained, with a more intense 
expression at the base.114

The present study examined the effects of tested drugs on IHC Findings. Figure 9 summarizes the net data regarding 
each group and the immunoreactivity against CK16. Furthermore, an actual picture clarifies the expression of CK16 in 
each group, as shown in the illustrated immunohistochemistry panel. Both combination groups showed significantly 
lower CK16 protein expression, and DR-NEG showed the lowest reduction, indicating that DR-NEG resulted in the best 
anti-inflammatory effect by inhibiting CK16 overexpression.

The present investigation demonstrated an elevation in psoriatic skin characteristics, including acanthosis, Munro 
micro-abscess, hyperkeratosis, parakeratosis, thinning above papillae, lengthening and clubbing, and mild dermis 
lymphocytic in the induction group. Fanti et al demonstrated that imiquimod was topically administered to mouse skin 
to exhibit the characteristics of erythema, scaling, thickness, and inflammatory reactions caused by the excessive growth 
of keratinocytes.115 Administration of dipyridamole topically enhanced the histopathological alterations caused by IMQ. 
The cAMP is the primary regulator of cellular immune response. It controls the production of pro-inflammatory and anti- 
inflammatory cytokines and the activation of T cells and neutrophil degranulation. cAMP exhibits strong expression in 
the brain, cardiovascular tissues, smooth muscles, keratinocytes, and immunocytes.116

In the present study, the histological section of rat skin of the psoriasis induction group showed para-keratosis, sub- 
corneal pustule, inflammatory crust containing inflammatory cells, thickening epidermis, without hair follicles in the dermis, 
few sweat glands and sebaceous glands, these results are compatible with other studies.117 In this study, using DR-NEG 
through direct application on the skin resulted in enhanced histopathological alterations caused by imiquimod. This led to 
decreased acanthosis, which can be linked to reduced angiogenesis and basal cell proliferation. Pharmacological drugs that 
limit PDE activity increase the amount of cAMP inside cells, resulting in broad anti-inflammatory effects.118

Conclusion
The new dipyridamole 1% and roflumilast 0.3% nanoemulgel combination’s topical administration showed better anti- 
inflammatory, tissue healing, and anti-psoriatic activity than either drug alone or topical clobetasol administration. The 
combination gel formulation showed good anti-inflammatory and anti-psoriatic activity compared to clobetasol ointment. 
However, the nanoemulgel combination was superior to the gel formulation. This could be attributed to the possible 
synergic effects of both drugs and the enhanced skin penetration offered by the nanoemulgel formulation.

Future Perspectives
1. Clinical Trials: Further research and clinical trials are needed to establish the efficacy and safety of this combination 

nanoemulgel in a larger patient population.
2. Formulation Optimization: Continued optimization of the nanoemulgel formulation can lead to even better 

performance and patient outcomes.
3. Broader Applications: The principles of this combination therapy could be applied to other inflammatory skin 

conditions, expanding its therapeutic potential.
4. Regulatory Approval: Securing regulatory approvals will be key to bringing this innovative treatment to market and 

making it widely available to patients.
5. Patient Compliance: The enhanced efficacy and improved healing properties may lead to better patient compliance 

and satisfaction with the treatment.

This combination nanoemulgel represents a promising advancement in the treatment of psoriasis and potentially other 
inflammatory skin conditions, offering improved efficacy and better patient outcomes.
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