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دملأاليوطوطبضنمريغيباهتلايدلجضرميهةيفدصلا:ثحبلافادهأ
نمةلئاهتايمكجاتنإمتي.ةرشقتموةيمامحوةكيمسةيدلجتافآبزيمتي
تازفحمبةعوفدميعانملازاهجلاتلالاتخانوكتامدنعةيباهتللااتانيكوتيسلا
يفدوجوملانيماكنيفللناسنلإاعنصنمريظنوهو،نيتيسوبنيف.ةيئيبوةيثارو
داضمو،ةعانملللدعمو،تاباهتللالداضميوقءاودوه،ةمزقلاةكنلاةبشع
يفتلادعلاوتاضمحلالثم،ةيعانملاايلاخلالغلغتنمففخينأنكميةدسكلأل
.تاباهتللالةديؤملارصانعلانمليجلاءاغلإوةرشبلا

دملأاليوطيعضوملانيتيسوبنيفللففخملاريثأتلافاشكتسلا:ثحبلاةقيرط
دلجلاباهتلااهيدليتلانارئفلاجذامنىلعلوساتيبولكتانويبوربعموأهدرفمب
مت،ضيبلأاعونلانمايرسيوسارأف48نمةساردلالوكوتوربنوكتي.يفدصلا
،ىلولأاةعومجملايف.نارئف8اهنملكمضتتاعومجم6يفايئاوشعاهعيمجت
ءاطعإمت،ةيناثلاةعومجملايف.مايأةينامثةدملايموينيلزافلاءاطعإمت
تاعومجميف.مايأةينامثةدملايمويغلم62.5ةعرجبايعضومدوميكيميإ
نيتيسوبنيف،٪0.05لوساتيبولكتانويبوربءاطعإمت6و،5و،4و،3جلاعلا
ايعضوم٪0.05لوساتيبولكىلإةفاضلإاب٪3نيتيسوبنيفو،٪3نيتيسوبنيف،1٪
.اموي16ىلإةبرجتلالوطيلامجإلصيل،ضيرحتلادعبةيفاضإمايأ8ةدمل

ةيفدصلاتافآةدشنمةفلتخمتاعرجبيعضوملانيتيسوبنيفلاففخ:جئاتنلا
،ةكامسلاو،ةيضفلاءاضيبلاروشقلاو،يمامحلالثم،دوميكيميلإانعةمجانلا
ةضرعملاتاناويحلانإف،كلذىلعةولاع.ةيضرملاتاهوشتلاسكعو
تازيكرتنمريبكلكشبتللقنيتيسوبنيفلابتجلوعيتلاودوميكيميلإل
Corresponding address: Al-Mustaqbal University, College of

armacy, Department of Pharmacology, 510001 Hillah, Babylon,

q.

E-mail: hayder80.ridha@gmail.com (H.R. Salman)

r review under responsibility of Taibah University.

Production and hosting by Elsevier

8-3612 � 2023 The Authors. Published by Elsevier B.V. This is an o

tp://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1
،8-نيكولرتنلإاو،افلأ-مرولارخنلماعكلذيفامب،ةيباهتللااةيويحلاتارشؤملا
اباك-يوونلالماعلاو،37-نيكولرتنلإاو،23-نيكولرتنلإاو،أ17-نيكولرتنلإاو
.1اتيب-ومنلالماعليوحتو،يب

عمهدحونيتيسوبنيفلانأىلعاديدجلايلديلاحلاثحبلامدقي:تاجاتنتسلاا
ةيتاذلاةعانملاضارملأدملأاةليوطةرادلإلةلمتحمةدعاسمةداموهلوساتيبولك
تافلآاةدشفيفختقيرطنع،ةيفدصلاةصاخو،ةيتاذلاةيدلجلاتاباهتللااو
.يباباك-يوونلالماعلانمدحلاو،تانيكوتيسلاديلوتعمقو،ةيفدصلا

؛ةيفدصللرأفلاجذومن؛دوميكيميإ؛ةيفدصللداضملاجلاعلا:ةيحاتفملاتاملكلا
ضارمأ؛ةعانملاةطاسوبةيدلجلاضارملأا؛ةيتاذلاةيباهتللاادلجلاضارمأ
ىرغصلااكنيف-ريغصلاةيقانعلا؛نيماكنيف؛نيتيسوبنيف؛ةيتاذلاةعانملا

Abstract

Psoriasis is an uncontrolled, long-lasting inflammatory

dermatosis distinguished by thickened, erythematous,

and flaky skin lesions. Massive amounts of inflammatory

cytokines are produced when immune system imbalances

are driven by genetic and environmental triggers. Vin-

pocetine (VNP), a man-made analogue of the compound

vincamine found in the dwarf periwinkle herb, has robust

anti-inflammatory, immunomodulatory, and anti-

oxidative effects; alleviates the epidermal penetration of

immune cells, such as eosinophils and neutrophils; and

abolishes the generation of pro-inflammatory molecules.

Objective: This study was aimed at exploring the effects of

long-term topical VNP, both alone and co-administered

with clobetasol propionate, in an imiquimod-induced

mouse model of psoriasiform dermatitis.
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Methods: The study protocol consisted of 48 Swiss al-

bino mice, randomly divided into six groups of eight mice

each. In group I, petroleum jelly was administered daily

for 8 days. In group II, imiquimod was administered

topically at 62.5 mg daily for 8 days. In groups III, VI, V,

and VI, 0.05% clobetasol propionate, 1% VNP, 3%

VNP, and 3% VNP plus 0.05% clobetasol were admin-

istered topically for an additional 8 days after the in-

duction, thus resulting in a total trial length of 16 days.

Results: Topical VNP at various doses alleviated the

severity of imiquimod-induced psoriatic lesionsdinclud-

ing erythema, silvery-white scaling, and thickeningdand

reversed the histopathological abnormalities. Moreover,

imiquimod-exposed animals treated with VNP showed

markedly diminished concentrations of inflammatory

biomarkers, including tumour necrosis factor-a, inter-

leukin (IL)-8, IL-17A, IL-23, IL-37, nuclear factor-kappa

B (NF-kB), and transforming growth factor-b1.

Conclusion: This research provides new evidence that

VNP, alone and in combination with clobetasol, may

serve as a potential adjuvant for long-term management

of autoimmune and autoinflammatory skin diseases,

particularly psoriasis, by attenuating psoriatic lesion

severity, suppressing cytokine generation, and limiting

NF-kB-mediated inflammation.

Keywords: Antipsoriatic therapy; Inflammatory skin diseases;

Imiquimod; Immune-mediated dermatoses; Mouse model of

psoriasis; Vinpocetine

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Psoriasis is a long-lasting, non-contagious, incurable in-

flammatory disorder characterized by the presence of
reddened plaques coated with silvery-white scaling on
extensor surfaces, such as the elbows, knees, trunk, scalp, or

lumbosacral area. The disease can also manifest as pus-filled
lesions on the lips, nails, palms, or soles, or as a widespread
outbreak of sterile pustules in some cases. Psoriasis is

believed to affect 2e4% of people worldwide; it may appear
at any age, and it substantially varies in scope and severity
among seasons and individuals.1 Its incidence is associated

with several other factors, including geographical region,
race, sex, and environment.2 Five types of psoriasis have
been recognized: guttate-type; pustular-type; eryth-
rodermic; inverse or intertriginous; and psoriasis vulgaris or

plaque-type psoriasis. Psoriasis vulgaris is most prominent
and is followed by guttate psoriasis.3 Researchers have
demonstrated links between psoriasis and other conditions,

including diabetes, cardiac disease, ulcerative colitis,
depression, and malignancy.4

The complex interplay among genetic, environmental,

and immunological molecules has been implicated in the
pathogenesis of psoriasis.5 Psoriasis may have an initial
phasedlikely to be caused by traumatic accidents (i.e., the

Koebner phenomenon), infection attacks, stressful
situations, drug use, or smokingdand a maintenance phase
marked by continuing clinical progression.6 Psoriatic

plaque histology indicates acanthosis, as a result of
immune cell infiltration involving dendritic cells (DCs),
macrophages, and T lymphocytes. Neovascularization is

another clear characteristic.7

The pathogenesis of psoriasis includes autoimmune
components, as demonstrated by the detection of
autoantigen-specific T cells, which contribute to the onset

and chronic persistence of the disease.8,9 LL-37, or cath-
elicidin, attaches to self-DNA, thereby forming LL-37-DNA
complexes. Toll-like receptor (TLR)-7 and TLR-9 recognize

these complexes and cause plasmacytoid DCs (pDCs) to
release different subtypes of interferon (IFN)-a and IFN-
b.10,11 These IFNs, via TLR8, stimulate myeloid DCs

(mDCs) to produce TNF-a, IL23, and IL12, which in turn
stimulate the maturation of T helper (Th) 1 and Th17 cells
and diverse cytokine cascades.12,13 Consequently, extensive
keratinocyte multiplication and defective differentiation,

the two critical hallmarks of the disorder, result.14e16

Th17 cells and their cytokine molecules are believed to be
integral in the occurrence of psoriasis. IL-17A is an essential

cytokine implicated in keratinocyte overgrowth, and
neutrophil and macrophage aggregation.15,17,18 Certain
TLRs are typically expressed on the outer layer of DCs

during infections, thus resulting in cytokine release.19,20

Imiquimod (IMQ), a TLR7 and TLR8 ligand, and a
potent immune-stimulating drug, is administered locally to

manage cancerous and contagious dermatological condi-
tions, including genital and perianal warts, cutaneous basal
cell cancers, and solar keratoses.21 Repeated application of
IMQ triggers psoriasiform-like dermatitis in mice.22,23

Notably, the IMQ-provoked exacerbation of psoriasis oc-
curs not only in the affected region but also in previously
unaffected distant skin sites.24 This mouse model bears

numerous similarities to human psoriasis, including the
proliferation of pDC; generation of type I IFN-g, NF-kB,
TNF-a, and IL-1b; and secretion of IL-17 and IL-23.24,25

Furthermore, IL-17 promotes improper keratinocyte prolif-
eration and stimulates a network of events resulting in the
release of Antimicrobial peptides (AMPs), such as cath-

elicidin and b-defensins, and chemotactic cytokines, such as
IL-8 and IL-36, which recruit neutrophils and DCs to
lesional skin and perpetuate inflammation.26,27 Increasing
evidence implicates TNF-a in the emergence of IMQ-

provoked psoriasis inflammation.28 TGF-b1 is a pleiotropic
cytokine that is overproduced in the epidermis and serum
in people with psoriasis.29,30

Psoriasis manifestations are managed through various
treatment approaches, including topical therapy, photo-
therapy, and systemic therapy.31 Topical treatment is suitable

for mild psoriasis, whereas severe or advanced forms of
psoriasis may require phototherapy or systemic
therapies.32,33 The use of older topical medications, such as
dithranol and coal tar, is gradually declining. Salicylic acid

is sometimes coupled with topical steroidal preparations.
People with facial or intertriginous psoriasis are prescribed

http://creativecommons.org/licenses/by-nc-nd/4.0/
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low- to moderate-potency topical steroids, such as fluocinol-
one acetonide, whereas those with palmoplantar pustular

psoriasis are prescribed high-potency steroids, such as clo-
betasol propionate (CLO). Tazarotene is often used in com-
bination with topical glucocorticoids to alleviate stationary

psoriatic plaques. Vitamin D derivatives help treat extremity
lesions and palmoplantar pustulosis.34,35

Additional treatment options for psoriatic skin lesions

include phototherapy, traditional systemic medications
(methotrexate, cyclosporine, and acitretin), oral small-
molecule drugs (dimethyl fumarate and apremilast), stan-
dard systemic drugs (methotrexate, cyclosporine, and aci-

tretin), and oral small-molecule drugs (dimethyl fumarate,
and apremilast), and injectable therapies involving biological
agents.36 The widespread use of targeted biological drugs

over the past 20 years has substantially enhanced
therapeutic approaches to psoriasiform dermatitis and
psoriatic arthritis. Before biological therapies, psoriasis

treatments were restricted to oral medications, such as
methotrexate, which carries more than ten “black box”
warnings, several of which are catastrophic. Retinoic
derivatives and cyclosporine are additional oral alternatives

with black box warnings. Biological drugs surpass
traditional oral systemic therapies and do not carry black
box warnings.37 The biological treatment choices for severe

psoriasis consist of TNF-a antagonists (e.g., infliximab,
etanercept, adalimumab, and certolizumab pegol), IL-17
blockers (e.g., secukinumab, ixekizumab, and brodalu-

mab), and the IL-12/IL-23 antagonist ustekinumab.38,39

Furthermore, spesolimab and imsidolimab, which are
selective IL-36 inhibitors, have been approved as orphan

drugs to treat generalized pustular psoriasis.40e42 Finally,
bimekizumab, a specific blocker of IL-17A and IL-17F,
and deucravacitinib, an orally bioavailable blocker of tyro-
sine kinase 2 (TYK2), are currently approved biologic

agents. These advances in therapeutic options have added
complexity to the treatment decision-making process.43,44

Vinpocetine (VNP) originates from the compound vinc-

amine, which is present in the herb Vinca minor, often known
as lesser periwinkle (Apocynaceae). VNP is also extracted
from tabersonine, an alkaloid identified inVoacanga africana

seeds.45 Since 1978, the vasodilatory and anti-inflammatory
effects of VNP have been known to enhance functional
cognition and memory among individuals with dementia and

cerebrovascular ischaemia (Khalil et al., 2022). VNP’s vast
pharmacological uses have been a focus of comprehensive
clinical investigations and practical applications. A thera-
peutic guideline regimen has outlined the optimal manage-

ment of strokes, diabetes mellitus, epilepsy, digestive
problems, glaucoma, cardiopulmonary diseases, neurological
disorders, deafness, and autoimmune conditions.46,47 VNP is

frequently offered as a prescription medicine under the brand
names Cavinton� or Intelectol�, and as a constituent of
several products for weight-reduction and muscular-

building demands.48 Furthermore, accumulating evidence
indicates that VNP has anti-inflammatory properties in
numerous types of cells, primarily vascular endothelium cells,
macrophages,49 neutrophils,50 cerebral microglia,51

astrocytes,52 and pDCs.53 This medicine has shown
promising results in controlling many inflammatory
disorders, notably atherosclerosis,54 pulmonary
inflammation,49 retinal inflammatory disease,55 and brain
ischaemic reperfusion impairment.56 In this regard, VNP

decreases the activity of NF-kB and its detrimental
byproducts, such as TNF-a, as demonstrated in laboratory
animal experiments and/or TNF-a-driven lung

inflammation, lipopolysaccharide (LPS), and Streptococcus
pneumoniae-triggered otitis media.57 In addition, VNP’s
anti-inflammatory advantages have been verified in a forth-

coming multi-centre clinical research study involving 60 pa-
tients with cerebrovascular infarction. VNP restricts the NF-
kB transcriptional pathway and inflammatory cytokines,
thereby improving cognitive recovery and clinical results.58

VNP also has anti-proliferative activity, by inhibiting cyclo-
oxygenase (COX)-2 activation and decreasing the amounts of
IL1b, IL-6, and IL-10 biomarkers in dimethylhydrazine-

induced colorectal cancer.59 VNP promotes cell death and
has anti-cancer activity via the mitochondrial pathway.60 In
addition, it markedly prevents the growth of diverse

malignant cells from human breasts via arresting the cell
cycle in G0 and G1 phases, and mediating cell apoptosis.61

VNP additionally restores renal function, boosts
antioxidant defence, and attenuates inflammation after

ischaemic reperfusion injury.62,63

Various dosage forms of VNP are available, with daily
doses ranging from 15 to 40 mg.64 Given its limited water

solubility and high first-pass effect, VNP has low oral
bioavailability (7%) unless it is taken with meals (60%
bioavailability). It has a short half-life of 1e2 h, is well

absorbed by the GIT, may readily penetrate the bloodebrain
barrier, and may be taken three times daily. The drug’s pKa
of 7.31 indicates that it is weakly basic.65,66 It undergoes

rapid de-esterification into apovincaminic acid along with
additional byproducts in the liver, followed by renal elimi-
nation. Additionally, it exhibits characteristics of first-order
pharmacokinetics with a volume of distribution of 3.2e
0.9 L/kg.67,68 VNP is generally tolerated during prolonged
use, and is associated with relatively minimal adverse
effects, such as nausea, headache, stomach ache, and facial

flushing.69 However, topical VNP may be the most
effective treatment at optimum concentrations.70

VNP’s pharmacodynamic actions may stem from its

ability to bind multiple receptors, enzymes, and channels, as
well as its diverse range of targets and mechanisms involving
blockage of voltage-dependent Naþ channels, antagonism of

Ca2þ/calmodulin-dependent phosphodiesterase 1 (PDE1),
and coupling to peripheral benzodiazepine receptors.71 The
drug also blocks voltage-gated calcium channels and gluta-
mate receptors, enhances GABAA transmission, scavenges

hydroxyl free radicals, and boosts dopamine metabolism.45

It has an excellent safety profile with low toxicity in
humans, and has shown anti-inflammatory action in both

laboratory settings and living organisms through several
pathways, notably via diminished NF-kB and TNF-a
expression.45,72 Furthermore, VNP inhibits TLR-4 and the

transcriptional process of NF-kB, thus restricting the pro-
duction of chemotactic cytokines.73,74 Because of its
recognized safety, VNP has recently been explored for its
specific medicinal properties and modes of action in many

different types of cells and disease prototypes. These
findings may support the use of VNP in human disease
prevention and therapy.75,68 Therefore, we tested the
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antipsoriatic potential of VNP in a mouse model of psoriasis
induced by IMQ. We examined the effects of VNP on

psoriasis symptoms, including redness, flaking/peeling, and
thickening/induration of the skin, as well as on
histopathological changes and inflammatory biomarkers,

such as NF-kB and tissue cytokine levels.

Materials and Methods

Drugs and reagents

IMQ (5% w/w) was manufactured by MEDA Pharma-
ceutical Co. (Sweden), and VNP was provided by MedChem

Express (USA) for animal investigations. GlaxoSmithKline
(UK) supplied the 0.05% CLO ointment. Chemical in-
gredients administered in the current study for the topical
VNP formulations were obtained from standard companies.

The prepared VNP (1% and 3%) was found not to cause any
cutaneous irritation after application to volunteers’ skin.
Moreover, the formulation had excellent uniformity.

Design and evaluation of VNP emulgel

Different amounts of polymers were used to prepare the

gel phase. Carbopol 940 (1%) was mixed and dissipated in
distilled water under constant agitation at a reasonable
speed. The pH of the solution was modified to match the pH

of the skin by gradual addition of triethanolamine to a
concentration of 1% in the formulation. The system was
exposed to heating until a homogeneous gel-like base was
obtained, cooled, and subsequently homogenized for 48 h.

The oily component of the emulsion was formulated by
dispersion of a specific amount of Span 20 in a certain
quantity of carrier oil (coconut oil). The ethanol solution

containing VNP was added to the oil phase under magnetic
stirring.76 For the aqueous component, Tween 20 was
dissolved in propylene glycol, propylparaben, and

methylparaben in distilled water. Both component were
individually heated at 75 �C. Next, the oily component was
steadily blended into the aqueous component and
continuously mixed until the entire oily fraction had been

incorporated. Finally, an emulsified liquid containing VNP
was mixed into a previously prepared Carbopol 940 gel
base in a 1:1 ratio under gentle stirring.77

Properties of formulations

Emulgels can be easily prepared, have excellent spread-

ability, are easily removable, do not leave stains, and are
inexpensive, because their production methods are simple
and do not require special equipment.78 After storage at

room temperature for weeks, the colour, homogeneity,
consistency, and phase separation of each emulgel formula
were examined to determine its stability. Centrifugation

was performed to verify its physical stability, and a pH
meter was used to assess the pH.79,80 The formulations
with blended VNP appeared off-white, dense, and viscous,
and demonstrated favourable physicochemical features, bio-

adhesive properties, and rheology behaviour, as well as
nearly no changes in colour, pH, and drug delivery
characteristics.
Drug content

Drug content was estimated by mixture of a known

quantity of gelified emulsion in phosphate-buffered sodium
chloride, pH 7.4, in a cylindrical container, agitation for an
adequate period to make it entirely soluble, and filtration to
obtain a clear solution. A UVevisible spectrophotometer

with a wavelength in the 320 nm range was used to determine
the VNP content.81

Skin prick tests

The topical formulations were applied in skin prick tests
on human volunteers to identify any irritation that might

render them inappropriate for topical application. Each
topical formula was tested for skin irritation in ten partici-
pants. After the application of VNP emulgels to a 2-inch

square region encompassing the wrists on the hand, no in-
dications of erythema, blistering, irritation, burning, or
itching were observed.82
Design of animal experiments

Al-Nahrain University’s College of Medicine’s Institu-
tional Review Board authorized the proposed research pro-

tocol. The research investigation was conducted from
September 2021 to December 2022. The Al-Nahrain Uni-
versity Centre for Biotechnology Research provided model

mice 9e11 weeks of age with a weight range of 27e40 g. The
mice had been housed in polypropylene boxes at 25 �C, and
given access to pelleted feed and water ad libitum. Under the
framework of the current study, a total of 48 albino mice

were divided into six groups of eight animals each. The hair
of the dorsal mouse skinfold was removed with an electric
shaver 2 days before the commencement of the investigation.

Subsequently, a depilatory lotion was applied to eliminate
any remaining strands of hair. The experimental groups were
as follows.

Group I (negative control group): An 8-day regimen of
medicinal petroleum jelly was applied.

Group II: Induction (or IMQ) group: IMQ cream was
topically applied at an average dosage of 62.5 mg each
day, which is equivalent to an ordinary 5% strength, for a

total of eight successive days.25 Mice were received a
topical vehicle solution 1 h before IMQ administration.
Group III (positive control group): CLO ointment at a

strength of 0.05% was topically applied twice daily for an
additional 8 days after the initial induction.
Group IV (1% VNP group): After the initial induction,
1% VNP emulgel was applied topically twice daily for 8

days.
Group V (3% VNP group): After the initial 8-day induc-
tion phase, 3% VNP emulgel was topically applied twice

daily for a further 8 days.
Group VI (CLO þ VNP group): A combination of 0.05%
CLO ointment and 3% VNP emulgel was independently

applied twice per day for a total of 8 days beyond the
original 8-day induction period.

The entire trial period lasted 16 days.
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Evaluating the severity of psoriasis-associated lesions

Clinical parameters were tracked and scored throughout

the study. Epidermal thickness, redness, grey peeling of the
exposed dorsal skinfolds, and ear thickening were measured
daily for the 16 days of the experiment and used to compute
the PASI, which estimates the severity of psoriatic inflam-

mation. The following criteria were assessed: scaling, ery-
thema, and epidermal thickening on a rating system ranging
from 0 to 4 (0, none; 1, slight; 2, moderate; 3, marked; 4, very

marked). A grading system involving red blots was used to
establish the level of erythema present (0 ¼ no lesion;
1 ¼ slightly pink; 2 ¼ pink; 3 ¼ red; 4 ¼ dark red). The total

score (erythema/redness plus scaling/desquamation plus
thickening/induration) was used to assess the intensity of
psoriatic plaques (scale of 0e12).25 Epidermal thickening on

the right ear was determined on two separate occasions on
the indicated dates, with digital micrometre callipers. The
increase in ear thickness indicated the extent of
inflammation.24 Skin lesions were documented each day

with photographs, beginning on day 1 after IMQ cream
application, and ear thickening was measured.

Tissue handling and specimen preparation

After receiving the last topical dose on day 16 of the
experiment, the mice were euthanized. Tissue specimens were
collected and processed into homogenates for use in

biomarker assays, and haematoxylin and eosin staining of
histopathology slides.25

Preparation of skin tissue homogenates

A quantity of 1 g of newly excised dorsal skin was pre-
served in a solution of 9 mL of phosphate-buffered saline

(pH ¼ 7.2). After homogenization by grinding with a mortar
and pestle, the tissues were centrifuged at 5000 rpm for
10 min at a cold setting. For further analysis, the remaining

supernatants were flash-frozen at a temperature of �80 �C.25

Histological examination

According to standard methods, tissue samples obtained
from multiple groups of mice were preserved in a solution of
10% neutralized buffered formalin before being subjected to
paraffin fixation. Sections of tissues were made by cutting the

paraffin-embedded specimens and staining them with eosin
and haematoxylin. Samples were then examined under a
microscope and graded on a scale of 0e10 according to

Barker’s scoring method to determine the presence of any
pathologic alterations.83

Biomarker data analysis

A sandwich enzyme-linked immunosorbent assay
(ELISA) was used to measure IL-8, IL-17A, IL-37, IL-23,

TGF-b1, and TNF-a biomarker concentrations in tissues,
according to the manufacturer’s instructions (MyBioSource).
An ELISA developed by MyBioSource was also used to
measure the presence of NF-kB, with a specialized antibody

targeting the specific protein.84 Anti-interleukin antibodies
were coated on 96 well plates. Afterward, multi-biotin
molecule-labelled antibodies specifically targeting the indi-

cated cytokines were used for detection. Standards and test
specimens were placed in the designated wells and subse-
quently washed with a detergent buffer. After the addition of

HRP-streptavidin, any remaining conjugates were eliminated
with lysis buffer. HRP enzymatic activity was observed by
using TMB substrates. The HRP facilitated TMB activation,
thus yielding a soluble blue product. Subsequently, the

application of an acidifying stop solution caused a colour
change from blue to yellow. The intensity of the yellow
colour corresponded to the concentration of a particular

cytokine.85

Basic statistics for data analysis

The data sets were entered in the latest version of SPSS 24,
a statistical program designed for social scientists. The
descriptive statistical analysis included mean � standard

deviation (SD). The data were displayed in charts and tables,
and subjected to the relevant statistical testing. One-way
analysis of variance (ANOVA) analysis was used for more
than two means, and a posthoc test (Tukey HSD test) was

used to compare two means. In every statistical analysis, the
significance threshold was p � 0.05.86

Results

Effects of investigated drugs on PASI scores

Eight days after IMQ application, all mice, in contrast

with the healthy controls, developed classical symptoms of
psoriasiform dermatitis, including redness, thickened
epidermis (acanthosis), inflammatory infiltration, and scaly

skin. Erythema and induration became apparent on the
second day, and gradually increased in severity until the
eighth day. Scaling (desquamation) started on the fourth
day, progressively intensified, and eventually peaked on the

eighth day. By the eighth day, the desquamation resembled
flagstone mosaics, with dome patterns visible on the layers of
the skin. Group II (IMQ) showed significantly greater ery-

thema, epidermal back thickness, grey or silvery scaling, and
ear thickness than the healthy controls.

However, the PASI levels for redness, scaling, induration

(thickening), and the final cumulative scores of animals with
topically applied 1% or 3% VNP alone, 0.05% CLO, or a
combination of both (groups III, IV, V, and VI, respectively)

gradually decreased over time, particularly with respect to
those in group II.

Figures 1 and 2 show different types of psoriatic lesions
and levels of erythematous papules induced by IMQ.

Figure 3 illustrates the intensity scores of cutaneous
plaques associated with psoriasis in various groups of mice.
Figure 4 depicts the effects of the investigated drugs on

redness/erythema, induration/thickening, and scaling/



Figure 1: Severity of imiquimod-triggered psoriasiform dermatitides. Scale bars ¼ 100 mm.

Figure 2: Degree of imiquimod-induced erythema. A: No lesion (0 days), B: slightly pink (2nd day), C: pink (4th day), D: red (6th day), E:

dark red (8th day). Scale bars ¼ 100 mm.
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desquamation. Figure 5 demonstrates the effects of the
examined pharmaceutical agents on the final PASI rating
scores after a continuous 16-day treatment regimen.

Most mice in groups IV and V showed a high degree of
tolerance towards the recommended dosages of the topically
applied VNP-containing emulgel formulation, thus suggest-
ing that VNP has a favourable safety profile.

Unexpectedly, when VNP, CLO, or combinations

thereof, were administered to IMQ-exposed animals, the
psoriatic skin changes were markedly ameliorated. Topical



Figure 3: Severity scores of psoriasiform skin lesions in mouse groups. Scale bars ¼ 100 mm.
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VNP at 1% and 3% doses in the VI and V groups, respec-

tively, led to a skin morphology similar to that in the mice
administered CLO ointment in group III. However, mice
receiving combined topical application of VNP and CLO in

group VI, in comparison with the 0.05% CLO group, had
smoother skin texture, thinner dorsal and ear skin, less
visible erythema, and little or no scaling (Figures 3 and 4).
Group V, which received a higher dose of VNP than group

IV, showed considerably less visible erythema, thinner
dorsal and ear skin, less silvery white scaling, and lower
cumulative PASI scores than observed in group IV.

However, no substantial differences in these psoriatic skin
lesions were observed between groups III and V.
Meanwhile, group V showed markedly fewer psoriatic

lesions than group III. Therefore, as shown in Figure 3, a
prototype of IMQ-induced psoriasiform dermatitis in mice
responds well to a combination of VNP and CLO, and thus
may offer greater anti-inflammatory and immunosuppressive

benefits than CLO alone.

Analysis of biomarker concentrations in skin tissues

In this investigation, 48 albino mice were divided into six
groups with eight mice each. We calculated the concentra-
tions of numerous inflammatory markers (TNF-a, IL-17A,

IL-23, IL-8, TGF-b1, and NF-kB) in tissue biopsy speci-
mens by using ELISA.

Group II (induction group) had significantly greater tis-

sue concentrations of inflammatory molecules (TNF-a, IL-
17A, and IL-23) than group I (p < 0.001). However,
groups III (0.05% CLO), IV (1% VNP), V (3% VNP), and
VI (CLO þ VNP) had significantly lower concentrations of

TNF-a, IL-17A, and IL-23 than group II (p < 0.01).
Moreover, the tissue concentrations of TNF-a and IL-17A
were considerably lower in group VI than group III

(p < 0.05), although no substantial difference in IL-23 was
found between groups III and VI (p > 0.05) as shown in

Figure 6.
Likewise, the current results indicated that the mice in

group II, compared with the healthy mice in group I, had

significantly greater tissue scores of the chemokine IL-8,
immunoregulatory molecules IL-37 and TGF-b1, and the
inducible transcription factor NF-kB (p < 0.001). Mean-
while, in comparison with model group II, groups IIII

(0.05% CLO), IV (1% VNP), V (3% VNP), and VI
(CLO þ VNP) had significantly lower concentrations of IL-
8, IL-37, TGF-b1, and NF-kB (p < 0.01). Moreover, the IL-

8 and NF-kB tissue concentrations were considerably lower
in group VI than group III (p < 0.05). Nonetheless, as
shown in Figure 7, no significant correlations in IL-37 or

TGF-b1 were observed between groups III and VI
(p > 0.05).

Effects of the investigated drugs on histopathological
alterations

The dorsal skin biopsies from multiple mouse groups
underwent haematoxylin and eosin staining. The scoring

system developed by Barker was used to examine the rele-
vance of the histological differences among experimental
animal groups. Group I mice (healthy controls) had normal

skin architecture: the keratin skin layers, the outermost layer
of the dermis, sebaceous glands, and hair-growing follicles of
the healthy controls all appeared normal under a microscope

(Figure 8). In contrast to the controls (group I), group II
(IMQ group) showed a thicker cutaneous layer and
downward stretching of the skin. In addition, IMQ caused
notable histopathological changes (p < 0.05) indicated by

skin barrier breakdown, a Munro abscess, marked
hyperkeratosis, parakeratosis, acanthosis, aberrant
epidermal thickness, epidermal atrophic changes, upstream

papillary dermis, the appearance of rete processes, and



Figure 4: A: Effects of the investigated drugs on erythema. B: Effects of the investigated drugs on scaling. C: Effects of the investigated

drugs on dorsal skin thickness. D: Effects of the investigated drugs on right ear skin thickness. Data are presented as mean � SD.

IMQ ¼ imiquimod, CLO ¼ clobetasol, and CLO þ VNP ¼ clobetasol plus vinpocetine. *p < 0.001 compared with healthy controls;

**p < 0.01 compared with the IMQ 5% induction group; #p < 0.05 compared with the 0.05% CLO group, n ¼ 8.
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prominent lymphocyte aggregation and papillary

congestion, as shown in Figure 8. Simultaneously, VNP
therapy significantly ameliorated psoriatic condition
measures, such as skin thickness. However, the histological

features of groups IV, V, and VI were notably devoid of
Munro abscesses, dermal congestion, hyperkeratotic
lesions, parakeratotic pustulosa, acanthotic changes, rete
pegs, and lymphocytic infiltration, similarly to observations

in the negative control group, as shown in Figure 8. CLO
plus 3% VNP in group VI resulted in significantly greater
protection and restoration than observed in group II

(p < 0.05). Importantly, VNP decreased CLO-induced at-
rophy and other skin-associated adverse reactions.
Discussion

The principal goal of this investigation was to determine
the medicinal prospects of VNP in treating psoriasis in a
mouse model induced by IMQ. This goal was achieved by

analysis of VNP’s effects on psoriasiform-like skin lesions,
characterized by erythema/redness, silvery-white scaling, and
skin thickening/induration; NF-kB and Th1 and Th17

cytokine concentrations in skin tissue; and histopathological
changes. IMQ-induced psoriasis is the mouse model most
frequently used in research on molecular mechanisms, anti-
psoriatic drug discovery, and transdermal drug uptake.87,88

In agreement with previous research findings, daily IMQ



Figure 5: A: Effects of the investigated drugs on total cumulative PASI scores after a continuous 16-day therapeutic regimen. B: Effects of

the investigated drugs on Baker’s scores after a continuous 16-day therapeutic regimen. Data are presented as mean � SD. *p < 0.001

compared with healthy controls; **p < 0.01 compared with the IMQ 5% induction group; #p < 0.05 compared with the 0.05% CLO group,

n ¼ 8.
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application to dorsal skin in mice for 8 days elicited

psoriasiform lesions with erythema, scaling/desquamation,
and epidermal thickening/induration, as well as increased
production of pro-inflammatory molecules.25,89,90

According to prior research, erythema alludes to the extent
of epidermal vasodilation exacerbated by DCs, mast cells,
and keratinocytes, which release inflammatory chemicals

including TNF-a, NO, and histamine. Skin becomes
inflamed and thickened as a result of the multiplication of
keratinocytes initiated by pro-inflammatory cytokines. A
failure of keratinocytes to correctly differentiate results in the

accumulation of grey or silvery skin flakes.90,91

Topically applied corticosteroids are currently the treat-
ment of choice for psoriasis. CLO, a prednisone predecessor,

is the most frequently recommended steroidal antipsoriatic
medication.92,93 A recent study has indicated notable
improvements in the unique characteristics of psoriasis-

associated lesions with CLO treatment. These positive out-
comes may potentially be attributed to the medication’s anti-
inflammatory, immunosuppressive, apoptotic, vaso-
constricting, and anti-proliferative activities.88,94,95 Topically

applied CLO appears to mitigate psoriasiform dermatitis via
promoting vasoconstriction, decreasing the synthesis of
phospholipase A2, hindering the stimulation of immune

system cells and consequent cytokine discharge, and
obstructing DNA and signalling components such as NF-
kB.88,96,97

Although topical steroids are the preferred treatment for
psoriasis, their excessive use is associated with many delete-
rious skin effects, including telangiectasis, hypertrichosis,

striae, rosacea, impaired wound healing, and acne exacer-
bation.98,99 Additionally, the application of topical
corticosteroids, particularly CLO, may lead to dermal
atrophy, owing to a deficit in TGF-b-induced collagen

formation.100 Another drawback of topical steroids is the
potential for an intense rebound reaction in the event of
sudden withdrawal of therapy.101 Therefore, the

exploration of unique psoriasis treatments capable of
counteracting steroid-induced adverse effects is urgently
needed102,103. This research examining the efficacy of VNP as

a topical agent was undertaken because of the need to
investigate novel topically applied medicines with minimal
adverse effects and promising outcomes for the treatment
of psoriasis.

VNP is an innovative anti-inflammatory agent enabling
novel strategies for the amelioration of NF-kB-triggered



Figure 6: Mean tissue concentrations of TNF-a and IL-17A. IMQ ¼ imiquimod, CLO ¼ clobetasol, VNP ¼ vinpocetine,

CLO þ VNP ¼ clobetasol plus vinpocetine. Data are shown as mean � SD. *p < 0.001 compared with the control group; **p < 0.01

compared with the IMQ induction group; #p < 0.05 compared with the 0.05% CLO group, n ¼ 8.
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immune-related and inflammatory events. VNP suppresses

monocytic cell adherence and chemotaxis during inflamma-
tion.49,104 The combination of VNP and its derivatives with
other immunosuppressive medicines, particularly corticos-

teroids, has been documented in pharmaceutical
formulations.105 In light of these investigations, the co-
administration of VNP and steroidal dexamethasone has

been observed to ameliorate the synthesis of TNF-a, IL-8,
IL-20, and IFN-g, and to modulate the activity of TLR2
and TLR4, thus offering greater immunosuppressive, anti-

inflammatory, and anti-oxidative benefits than corticoste-
roids alone, and ameliorating mental deterioration in in-
dividuals with radiation-damaged nasopharyngeal cancer.106

Herein, VNP at two strengths (1% and 3%) in combi-
nation with CLO attenuated the severity of lesional psoriasis
of erythema, scaling, and skin thickening; diminished NF-kB
and Th1 and Th17 cytokine concentrations in dermal tissue;
and restored normal histopathology of the epidermal layers.



Figure 7: Mean tissue concentrations of IL-8, NF-kB, and TGF-b1. IMQ ¼ imiquimod, CLO ¼ clobetasol, VNP ¼ vinpocetine,

CLO þ VNP ¼ clobetasol plus vinpocetine. Data are shown as mean � SD. *p < 0.001 compared with the control group; **p < 0.01

compared with the IMQ induction group; #p < 0.05 compared with the 0.05% CLO group, n ¼ 8.
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These improvements may be attributable to a vast array of

anti-inflammatory, antioxidant, antifibrotic, immunomodu-
lating, anti-proliferating, and PDE-inhibiting character-
stics.107

VNP has recently been demonstrated to achieve excellent

neuro-protective, cardio-protective, hepato-protective,
antithrombotic, anti-ageing, and anti-fibrotic out-
comes.107,108 VNP can repair and sustain the skin’s defensive

barriers in addition to treating immune-mediated diseases.
According to Xiao-Xiao et al. (2013), VNP enhances the

survival of random skin flaps, diminishes the necrotic area,
and encourages neovascularization.109 Another study has
reported that VNP restores natural skin morphology in
carrageenan-induced paw skin, possibly by inhibiting tissue

oedema, congestion, immune cell invasion, NF-kB expres-
sion, and the generation of detrimental inflammatory mole-
cules comprising TNF-a, myeloperoxidase, COX-2, and

prostaglandin (PGE)-2.110 This agent also relieves pain



Figure 8: Histological skin sections of mouse groups stained with haematoxylin and eosin at 10�magnification. Group 1 (control) showed

normal skin structures, including the keratin skin layers (yellow line), epidermis (red line), dermis (green line), and sebaceous glands (blue

line). Group II (IMQ group) tissue demonstrated hallmarks of psoriasis, including marked epidermal inflammatory processes (yellow line),

prominent rete processes thinning (red line), intense hyperkeratotic lesions (green line), and marked acanthotic alterations (blue line).

Group III (CLO group) showed mild psoriasis inflammation (yellow line), moderate rete peg lengthening (red line), mild hyperkeratotic

lesions (green line), and mild acanthotic changes (blue line). Mice subjected to 1% VNP (group IV) exhibited modest inflammation (yellow

line), mild extension of rete pegs (red line), minor hyperkeratotic lesions (green line), and modest acanthotic modifications (blue line).

Group V (3% VNP) mice had mild skin inflammation (yellow line), absence of rete ridge processes (red line), absence of hyperkeratotic

signs (green line), and absence of acanthotic alterations (blue line). Mice in group V (CLO þ VNP) displayed modest epidermal

inflammation (yellow line), absence of rete ridge processes (red line), absence of hyperkeratotic signs (green line), and a lack of acanthotic

changes (blue line).
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associated with inflammatory conditions by eliminating NF-
kB activation, paw skin cytokine generation, and cellular

oxidative damage.111 Additionally, the medication
accelerates wound healing in diabetic rat skin and
regenerates the skin’s structural features, by decreasing

epidermal thickness, renewing dermal granulation, and
increasing collagen fibre formation.112 Interestingly, IMQ in
psoriatic lesions activates pDCs, which in turn respond to

TLR7 or TLR9 by releasing large quantities of IFN-a,
thereby inducing psoriasis.113 Given that VNP markedly
blocked TLR9 signalling, attenuated pDC activation, and
downregulated the expression of CD40, CD80, and CD86

on pDCs, thus decreasing generation of IL-12p40, TNF-a,
and IL-6, VNP might potentially be used to treat immune-
mediated diseases involving pDCs, such as psoriasis.53

Moreover, immune cell-targeted therapies have yielded
encouraging results in the treatment of psoriatic inflamma-
tion, notably decreasing Th17/Th1 lymphocytes and

increasing Treg cells, and thus significantly ameliorating
psoriasis.114,115 In addition, neutrophils, another immune cell
type, contribute to psoriatic skin lesions by favouring
inflammation and its harmful consequences.116,117 VNP has

also been found to alleviate LPS-challenged neutrophil traf-
ficking by impeding the activity of NF-kB target genes, spe-
cifically the chemotactic cytokine peptides TNF-a and IL-

33.118 According to a more recent study, the medication
downregulates the influx of neutrophils, macrophages,
mononuclear cells, and total leukocytes into the skin.111

Nevertheless, Kang et al. (2022) have reported that topical
VNP substantially mitigates itching, induration, peeling,
and reddened skin in mice with atopic dermatitis, by

ameliorating inflammatory cell influx into the skin, and
decreasing plasma levels of immunoglobulins (IgE and IgG)
and inflammatory cytokines (IL-13 and IL-4); moreover,
VNP’s ability to alleviate tissue eosinophilia was considered

responsible for the clear decrease in the epidermal thickening
of dorsal skin tissues.70 In another study, inhibition of tissue
eosinophil infiltration as well as IL-13 and IgE levels was

ameliorated by VNP in a mouse model of allergic inflamma-
tion.119 Similarly, promising evidence has indicated that VNP
might alleviate autoimmune ulcerative colitis in rats by

hindering the extent of mucosal damage and the secretion of
pro-inflammatory molecules.48 Furthermore, VNP
attenuates myelin expression and oligodendroglial cell

maturation in individuals with autoimmune-related multiple
sclerosis.120 When used as a PDE inhibitor, VNP has fewer
adverse effects than PDE4 inhibitors.121,122

More importantly, potent antioxidants that eliminate

multiple types of free radicals may be an effective treatment
for psoriatic inflammation.123 VNP has remarkable
antioxidant capacity, thereby preventing the formation of

free radicals in macrophages and neutrophils.50 It decreases
concentrations of malondialdehyde and inducible NO
synthase in the CNS while increasing superoxide dismutase

activity, neurotransmitter levels, glucose utilization, and
oxygen uptake.124 The drug also mitigates oxidative stress
by decreasing lipid peroxidation; restoring the endogenous
antioxidant defence; and scavenging singlet oxygen,

superoxide, and hydroxyl radicals.111,125 Anti-inflammatory
agents and oxidative stress biomarkers offer exciting thera-
peutic alternatives for psoriasis.126 Similarly, VNP markedly

decreases TNF-a in neural tissue in mice with paraquat-
induced parkinsonism.127 The drug also has been found to
decrease inflammation in a murine prototype of recurring

otitis media. VNP’s ability to increase cylindromatosis, a
key inflammatory suppressor, and block MAPK and ERK
activity, thereby decreasing S. pneumoniae-induced

inflammation, clarifies these findings.128 Likewise, Zhou and
colleagues have found that VNP decreases levels of TNF-a
and IL-6 cytokine peptides in murine microgliocytes chal-

lenged by LPS.129 Notably, the medication suppresses the
mRNA levels of TLR4 and TLR2 and their key signalling
molecules, including the mitogen-activated protein kinase
(MAPK) cascade and MYD88.130 Moreover, VNP has been

found to prevent SARS infection and COVID-19 via modu-
lating IL1b, IL-8, IL-12, and TNF-a/MAPK/NF-kB tran-
scription pathways.131 Remarkably, VNP has been reported

to alleviate the biological activities of TGF-b, phospho-
SMAD2/SMAD3, and PDE-1 in an animal model of
diabetes-related cardiomyopathy.132 Adalimumab and

cyclosporine, drugs used to treat psoriasis, are likely to exert
their medicinal benefits by inhibiting the signaling pathway
of TGF-b.133 Corroborating the above findings, VNP has
been found to inhibit TGF-b-mediated fibroblast activation

and matrix gene expression,134,135 and to block TNF-a, IL-
1b, and IL-33 secretion in LPS-challenged murine models.50

Important implications in controlling NF-kB signalling may

be drawn on the basis of VNP’s ability to mitigate brain
ischaemic damage via substantially hindering NF-kB/
MyD88/TLR4 activation.136

In contrast, calcium/calmodulin-dependent protein ki-
nase has been reported to drive IMQ-induced psoriatic dis-
ease via dermal macrophages and epidermal keratinocytes in

mice.137 Recently, signal transducer and activator of
transcription 3 (STAT3) has been recognized as an
essential factor triggering the onset of psoriasis and various
inflammatory dermatoses.138 Thus, VNP may ameliorate

psoriasis-like dermatitis via decreasing the activity of pro-
tein kinase and STAT3.61 Given that IL-23 activity largely
depends on the Janus kinase (JAK) class of tyrosine kinase

proteins (TYK), JAK inhibition may be an attractive ther-
apeutic option for psoriasis.139 JAK1, JAK2, and TYK2
phosphorylate STAT proteins, thus resulting in improper

gene transcription that is visible in psoriatic lesions.140

VNP has been found to hinder JAK2 and STAT3
phosphorylation, and therefore serves as a potent STAT3

antagonist, which is believed to affect the generation of
inflammation-associated cytokines such as IFN-a, IL-6,
and IL-10.141 Finally, VNP acts as a PDE-1 blocker, thus
resulting in destruction of cGMP and cAMP131 The PDE

enzyme is abundantly distributed in keratinocytes, T
lymphocytes, and DCs, and is overexpressed in lesional
psoriasis. PDE inhibition increases cGMP and cAMP

levels, and attenuates psoriasiform-like lesions by
decreasing key immunostimulatory molecules, notably IL-
17, IL-23, and TNF-a.142e144

VNP also hinders the phosphorylation of JAK2 and
STAT3 and the secretion of IL-6, IL-10, and IFN-a in adi-
pose tissue.141 The medication also exhibits anti-proliferative
activity, as indicated by its blockade of COX-2 activation,

and diminished amounts of IL1b, IL-2, IL-6, and IL-10;
therefore, it may serve as a useful agent in preventing the
growth of colorectal cancer, potentially because of its anti-

oxidant and anti-inflammatory abilities.59
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Our results, together with those from other studies in
clinical settings, suggest that VNP has favourable tolerance,

remarkable safety, and no adverse effects during prolonged
treatment.64,67,70

As far as we know, this present study represents the first

investigation into the potential anti-inflammatory effects of
VNP in experimental animal models of psoriasis. Never-
theless, this investigation had several limitations. First,

although diminished TGF-b1, TNF-a, IL-23, IL-17A, and
IL-8 cytokine levels, together with NF-kB signaling
pathway, were observed in back skinfold specimens of mice
receiving VNP (1% and 3%) alone and in combination

with CLO, immune system cell phenotypes, such as sple-
nocytes, and drainage of lymphatic nodes were not exam-
ined. Prospective studies are necessary to further

understand the effects of VNP in controlling immune sys-
tem responses in vivo. Second, in the current analysis, the
effects of VNP on psoriasis were examined, but its exact

mode of action was not determined. The recognition of
multiple targets for VNP necessitates further investigation
to clarify the mechanisms underpinning its anti-psoriatic
effects. Third, activated STAT3 signalling may participate

in Th17 survival and differentiation; however, we were
unable to confirm additional potential pharmacological
actions of VNP, such as anti-oxidant effects, suppression of

STAT3 stimulation, or anti-inflammatory effects, which
may either entirely or partially govern Th17 development.
Finally, whereas VNP ameliorated aspects of psoriasis skin

lesions, such as redness/erythema, flaking/desquamation,
and epidermal induration or thickening in mice, our study
did not involve clinical examination; therefore, further ev-

idence from biological patient collections or clinical trials is
required for assessing and establishing the medical benefits
of VNP.

Conclusions

The current study demonstrated that VNP, alone or in

combination with CLO, successfully attenuated psoriasis-
linked lesions, decreased tissue concentrations of the TNF-
a, IL-8, IL-17A, IL-23, IL-37, and TGF-b1 cytokines; and

limited NF-kB-triggered inflammatory cascades. Therefore,
VNP may be an attractive candidate for future research on
the prolonged management of immune-related inflammatory
skin conditions involving psoriasis.
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