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ARTICLEINFO ABSTRACT

Article type:

Objective(s): Psoriasis is a chronic skin disease that usually manifests as white and silver spots on the
Original

skin. Because of its anti-inflammatory properties, we investigated the effects of ivermectin (IVM) on
imiquimod (IMQ)-induced psoriasis in rats.

Materials and Methods: Fifteen rats were assigned to 3 different groups (n=5 per group): the control
group received normal water and food; the psoriasis group, in which psoriasis was induced by topical
application of IMQ (1 mg per rat), and treatment group where rats were treated daily with topical
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Keywords: IVM-gel (1%) from day 3 to 7. The Psoriasis Area Severity Index (PASI) Score for the entire treatment

Cytokine period was used to assess erythema, silver scale, and skin thickness on the dorsal region of rats, and

Lm‘qAU'WOd the spleen-to-body weight index on day 7 was examined. Moreover, histological assessment of skin
soriasis

tissues was performed using fluorescence immunostaining and hematoxylin-eosin (H&E) staining.
Rat q : : . .
TLR4 Results: The severity of lesions in the ivermectin group was reduced compared to the IMQ group,
with a significant decrease in the average PASI scores. The results of fluorescence immunostaining
showed that topical administration of IVM-gel reduced inflammation by decreasing Toll-like receptor
4 (TLR4) levels and p65 nuclear factor kappa-B (NF-kB). Furthermore, findings from H&E staining
revealed that IVM-gel decreased dermal fibrosis, epidermal thickness, and infiltration of inflammatory
cells caused by IMQ.
Conclusion: Based on the obtained results, it can be concluded that IVM-gel can effectively reduce
psoriasis lesions due to its therapeutic properties, such as anti-inflammatory effects via targeting
TLR4/p65 NF-xB.
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Introduction

Psoriasis is a non-contagious inflammatory skin
condition with an unknown cause that leads to itching
and abnormal epidermal growth (1, 2). Factors triggering
psoriasis include genetics, streptococcal infections, skin
damage, stress, smoking, alcohol consumption, obesity, and
certain drugs such as propranolol, lithium, indomethacin,
and antimalarial drugs (3, 4). This condition affects nearly
2-3% of the world’s population (5) and is characterized by
symptoms such as dryness, itching, burning, red patches
with silver scales, and joint swelling and stiffness (6).
In addition, it leads to immune system dysfunction (7).
Cytokines like IL-17A, IL-22, IL-23, and tumor necrosis
factor-a (TNF-a) play a role in psoriasis pathogenesis (8).
Malondialdehyde (MDA), as indicator of lipid peroxidation
and oxidative stress, is an effective marker of several
diseases, including psoriasis (9). Tanhapour and colleagues
reported that psoriatic patients have higher plasma MDA
concentrations than healthy individuals (10).

Toll-like receptors (TLRs) are a category of membrane
pattern recognition receptors (PRRs) that initiate signals in
response to various pathogen-associated molecular patterns
(PAMPs) (11). TLRs are present in all types of immune
cells, including macrophages, monocytes, dendritic cells,
neutrophils, and basophils, and non-immune cells such
as epithelial and endothelial cells. In addition, TLRs are
also present in the brain (12, 13). Evidence suggests that
TLR4 is involved in the immune response in the psoriasis
pathogenesis (14). Psoriasis inhibits TLR4 function on
dendritic cells, leading to dendritic cell dysfunction,
release of anti-inflammatory cytokines, and suppression
of hypersensitivity reactions and inflammation (15). It has
been shown that targeting and inhibiting TLR4 effectively
prevents the incidence of auto-inflammatory symptoms in
a mouse model of IL-36 receptor antagonist deficiency-
induced psoriasis (16). Nuclear factor kappa B (NF-«B) is
a critical regulator of pro-inflammatory gene expression,
inducing the expression of cytokines such as TNF-a, IL-1b,
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IL-6, and IL-8 (17). In psoriasis, keratinocyte differentiation
and proliferation can be regulated and modulated by many
cytokine transcription factors and inflammatory mediators
released from chronic inflammatory cells that accompany
these lesions (18, 19). Since NF-kB regulates cytokine gene
expression, inhibiting proliferation and inflammatory
responses of keratinocytes through the inactivation of the
NF-«B signaling pathway may represent a novel psoriasis
treatment (20-22).

Imiquimod (IMQ) is a modifier of safety response that
acts as a TLR-7/8 agonist, and the topical application in
mice induces psoriasis-like dermatitis (23, 24). IMQ is also
used to treat skin conditions like keratosis and certain types
of skin cancer, such as Superficial Basal Cell Carcinoma (25,
26). It is a common model of induction of psoriasis (27) as it
activates the production of downstream factors like IL-6, IL-
23, IL-1p, and TNF-a by binding to TLR-7 and stimulating
epidermal plasma-like dendritic cells and macrophages
(28). It has been shown that mice treated with IMQ
exhibit epidermal alterations (parakeratosis, acanthosis),
skin erythema, scaling, thickening, neurogenesis, and
inflammatory infiltrate (including neutrophils, T cells, and
dendritic cells) similar to human plaque-type psoriasis (29).

Studies have revealed that topical drug application
is more effective than systemic administration for skin
diseases originating under the skin. In addition, topical use
also reduces systemic bioburden and, consequently, the toxic
effects of drugs (30, 31). In this sense, topical treatment is the
first-line approach for managing psoriasis (32). Ivermectin
(IVM) is a large cyclic lactone obtained from Streptomyces
composed of a mixture of 22 and 23-dihydrovermectin Bla
(over 80%) and B1b (less than 20%), and (33). It is used
to treat cutaneous conditions like larva migrans, scabies,
filariasis, onchocerciasis, ascariasis, and strongyloidiasis
(34). IVM has also been reported to restrain intense acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) (35).
IVM can be administered locally or systemically, and
its anti-inflammatory effects have been demonstrated
in murine models of allergic inflammation (36, 37). The
anti-inflammatory effects of IVM result from the down-
regulation of kalikrein-5 (KLK5), TLR-2, cathelicidin
(LL-37), and other pro-inflammatory signaling pathways
(38, 39). Topical IVM has been shown to alleviate skin
allergic inflammation by reducing inflammatory cytokines,
activating allergen-specific T cells, and decreasing immune
cell priming (37).

Carboxymethyl cellulose (CMC) is a semi-natural
linear polymer, soluble in water and one of the derivatives
of cellulose. In the pharmaceutical industry, it is used as a
lubricant, viscosity modifier, emulsifier, and stabilizer to
develop various pharmaceutical dosage formulations (40,
41). Its swelling and water absorption capacity is excellent.
Being non-toxic, CMC is compatible with the skin, mucous
membranes, and bones (42-44). CMC has shown significant
potential in skincare products, both as a bioactive ingredient
and structural component (45). Additionally, CMC is used
as a template for skin regeneration and wound healing
applications (42). CMC gels have been considered for
developing safe drug delivery carriers in clinical fields due
to their low immunogenicity, good biocompatibility, and
biodegradability (46).

The present study was conducted to prepare a CMC-based
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gel and investigate the therapeutic effects of topical IVM
on imiquimod-induced psoriasis. This research involved
determining PASI (Psoriasis Area Severity Index), spleen-
to-body weight index, TLR4 and NF-kB expression using
immunohistochemistry, and histopathological evaluation
on mice.

Materials and Methods
Chemicals

Ivermectin (IVM) and carboxy methyl cellulose (CMC)
were obtained from Sigma Aldrich. Aldara (comprising 5%
IMQ, obtained from Meda [Solna, Sweden]). Monoclonal
antibodies of mouse TLR4 ((25) sc-293072) and NF-kappa
p65 (ab-16502) were used for immunofluorescence assays.

Animals

The present study examined 15 female Wistar rats
weighing 160-180 g. Mice were purchased from Elm
Bavaran Aftab Company. The maintenance conditions were
the same for all mice: 12 hr of light, 12 hr of darkness, and
a temperature of 25 °C. All experiments in this research
were conducted in accordance with the Ethics Committee
of Kermanshah Faculty of Medical Sciences (Ethical code:
IR KUMS.AEC.1402.037) (47).

Preparation of topical gel containing ivermectin (1%w/w)

Gels are extensively applied in topical formulations
for therapeutic and cosmetic objectives (48). A 2%
carboxymethyl cellulose (CMC) solution in water was
prepared. The solution was thoroughly mixed using a
magnetic stirrer at ambient temperature for three hours.
Then, IVM 1% w/w was added to the solution and was
stirred (550 rpm) for an adequate time. This gel was prepared
freshly and used immediately.
Induction of ivermectin
treatment

One day prior to treatment, the back skin of each mouse
was shaved using hair removal creams. Then, the mice
were randomly divided into three different groups (n = 5/
group): 1) control group: received a standard diet every day
for 7 days; 2) IMQ group: IMQ cream (1 mg per mouse)
was applied evenly every day for 7 days; 3) topical IVM-
gel group: on the shaved area, IVM-gel (1%) was used for
7 days. In the IVM group, IVM treatment was used on the
shaved area 20 min before IMQ cream from day three to day
seven of the study. The dose of IVM has been chosen based
on a previous study (49). All animals were euthanized on the
last day using IP injection of 10 mg/kg xylazine and 50 mg/
kg ketamine, and skin samples and spleen were collected for
further analysis.

imiquimod-psoriasis and

Evaluation of the score of psoriasis area severity index
(PASI)

To determine the Psoriasis Area Severity Index (PASI),
rats were examined over the entire 7-day period. The
clinical scoring system of PASI was applied to determine
the disease progression, the status of skin inflammation,
its severity, and the therapeutic effects of IVM-gel (7, 41).
Three parameters of erythema, silver scale (desquamation),
and thickness on the skin dorsal region of all rats were
examined. A score between 0 and 4 was considered for
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each of these parameters. 0: no sign; 1: mild; 2: moderate; 3:
severe; 4: very severe.

Spleen to body weight index

On the last day of the study, after the PASI score was
assessed, the animals’ weights were recorded. Then, after the
animals were sacrificed, the spleens were carefully dissected,
cleaned, and weighed. The proportion of spleen weight to
body weight (organ index) was reported in g/g (50).

Hematoxylin and eosin (H&E) staining

For histological studies, skin sections from the dorsal
region were fixed with 10% formalin and dehydrated with
a graded alcohol series. The samples were then embedded
in melted paraffin, and 5-micron slices were made using a
microtome. The samples were placed on a slide and stained
with hematoxylin-eosin (E&H). Finally, stained samples
were imaged at 40x magnification with a camera (50).

TLR4 and p65 NF-kB immunostaining
Formalin-preserved skin samples were used to evaluate
the expression changes of TLR4 and NF-«kB through
immunostaining. Five micrometer slices were placed on
slides coated with saline. Then, they were deparaffinized
and hydrated with ethanol (graded series) and were washed
with distilled water. The slides were incubated at room
temperature (2 hr) and at 2-8 °C (24 hr) with normal
donkey serum (10%) containing rabbit monoclonal NFkB
antibody (phospho S40, 1:100 dilution, Abcam, USA)
or rabbit polyclonal TLR4 alpha antibody (Ser32/S36
phosphor, 1:100 dilution, Elabscience, USA). The slides,
after washing with PBS (4 times), were incubated with goat
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Figure 1. Results of the effect of topical IVM-gel in rats (1% w/w)
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anti-rabbit IgG (H+L) (FITC) antibody (orb688925) at a
dilution of 1:150 for 1.5 hr at 37 °C. In the next step, after
washing the samples with PBS and DAPI (Sigma-D9542)
(3 times, 20 min) and pouring glycerol/PBS solution, they
were assessed with a fluorescence microscope (Olympus)
and Image] software was used to compute the expression of
TLR4 and NF-xB (51).

Statistical analysis

Statistical analysis was performed using Prism 8 software.
The results are reported as mean + SEM. One-way ANOVA
and post hoc statistical tests were used to compare the mean
difference of different groups, and in each case P<0.05 was
considered statistically significant.

Results
Effect of IVM on IMQ-induced psoriatic-like skin
inflammation, alterations of bodyweight, and spleen weight
To assess the therapeutic effect of IVM-gel on psoriasis
caused by IMQ, the changes in clinical phenotypic
characteristics, including scaling, erythema, thickness,
spleen/body weight, and the morphology of spleens, were
evaluated (Figure 1A-F). IMQ significantly increased these
parameters compared to the control. Conversely, treatment
with topical IVM-gel (1% w/w) for seven consecutive days
dramatically decreased the thickness, scaling, erythema,
and spleen/body weight compared with the IMQ group.

Effect of topical IVM on TLR4 and p65 NF-KB protein
expression

Fluorescence immunostaining of TLR4 and NF-«xB
proteins to assess the effects of IMQ and IVM-gel are shown
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Figure 2. (A) TLR4 fluorescence immunostaining of the skin (x 40). (B) the optical intensity of IF assay results using Image]
*P<0.05 vs the control group; #P<0.05 vs the IMQ group. TLR4: Toll-like receptor 4; IMQ: Imiquimod
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Figure 3. (A) p65 NF-kB fluorescence immunohistochemistry staining (IF) (x 40). (B) the optical intensity of IF assay results using Image]
*P<0.05 vs the control group; #P<0.05 vs the IMQ group. p65 NF-kB: p65 nuclear factor kappa-B; IMQ: Imiquimod

in Figures 2 and 3. In the IMQ group, the expression level
of TLR4 was significantly higher than in the control group
(P<0.05). Topical administration of IVM-gel (1% W/W)
significantly ameliorated the elevated TLR4 levels observed
in the IMQ group (P<0.05). In addition, after 7 days of IMQ
administration, NF-kB protein levels were dramatically
increased compared to the control group (P<0.05).
Conversely, treatment with IVM-gel (1% W/W) significantly
reduced the increased levels of NF-kB compared to the IMQ

Control

group (P<0.05).

Histological results

In the control group, the skin tissue and epiderm thickness
were normal. After treatment with IMQ, the thickness of the
epidermis, dermal fibrosis, and infiltration of inflammatory
cells were increased. All these negative changes were reduced
after treatment with IVM-gel (Figure 4 A-B).

IMQ + IVM
”

Figure 4. (A) Phenotype appearance of mice from control, IMQ, and IMQ-IVM groups
The photograph is taken on the last day of the study. (B) Histological assay of hematoxylin and eosin staining (x40) of back skin of mice in the control, IMQ, and IMQ + IVM

groups. IMQ: Imiquimod; IVM: Ivermectin
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Discussion

Psoriasis is a common chronic skin disease that leads to
immune dysfunction in keratinocytes, resulting in delayed
differentiation, rapid cell proliferation, and apoptosis (52).
Branisteanu and colleagues reported that in psoriasis, there is
excessive production of important inflammatory mediators
such as TNFa in the skin, leading to rapid cell growth and
skin damage. Blocking the production of TNF a helps to
halt the inflammatory cycles of psoriasis (53). It has been
found that topically applied IMQ induces psoriasis. IMQ
is known as an immune response modulator that acts as a
TLR-7 agonist (54). Erythema, scaling, and skin thickness
are the important features of IMQ-induced psoriasis (55). In
the epidermis of a mouse model caused by IMQ or psoriasis
patients, the expression of cytokines such as TNF-a, IL-
23, IL-17, and IL-22 is very high (55-57). The activation
and increase of autoreactive skin T cells and keratinocytes
through stimulation of the up-regulation of these cytokines
result in a pro-inflammatory state (58, 59). In our study,
topical IMQ application for seven days increased the PASI
score, body weight changes, spleen weight, erythema,
scaling, and skin thickness, consistent with previous
studies (7, 60). In contrast, local IVM-gel (1%w/w) applied
on the skin lesions of rats exhibited therapeutic effects in
their skin lesions. IVM by restraining phosphorylation
of the mitogen-activated protein kinases (MAPK) p38,
c-Jun N-terminal kinase (JNK), and extracellular-signal-
regulated kinase (ERK) 1/2 leads to the suppression of
production of prostaglandin E2 (PGE2), and nitric oxide
(NO) (inflammatory mediators), as well as a reduction in
the expression levels of cyclooxygenase-2 (COX2) and
inducible NO synthase (iNOS) (61). Recently, in phase III
clinical trials, the potential of IVM for topical treatment
of skin inflammatory diseases has been demonstrated.
IVM cream showed strong efficacy in decreasing skin
inflammatory lesions in patients with moderate to intense
papulopustular rosacea (62).

IVM hasbeen shown to reduce inflammation by inhibiting
the NF-kB pathway (63). The NF-«xB signaling pathway is
involved in the regulation of various cellular processes, such
as inflammation and proliferation (20). NF-xB activates
cytokines involved in the inflammatory response, including
IL-1B, IFN-y, TNF-a, IL-4, and IL-22 (64). The role of TLR4
in defense against microbes on the skin surface and in the
pathogenesis, occurrence, and progression of psoriasis has
been demonstrated in several studies (21, 53, 65). In the
present study, local IVM treatment resulted in reduced
inflammation and skin lesions through the down-regulation
of NF-«xB and TLR4 expression. TLR4 is an innate immune
system receptor expressed in keratinocytes and human skin
(38). The activation of TLR4 leads to downstream factor NF-
kB activation and its translocation to the nucleus, resulting
in increased expression of pro-inflammatory cytokines, IL-
1B, TNF-a, and IL-6 (64, 66). Thus, inhibiting inflammatory
responses is effective in reducing the progression of
psoriasis (67). In IMQ-induced psoriasis models in mice,
IMQ acts as a Toll agonist, activating Toll receptors in the
body, resulting in the inflammatory response, which in
turn creates psoriasis-like lesions (68). TLRs are involved in
regulating NF-kB (as a downstream signaling pathway) in
the immune response (69). The outcomes of Lv et al. showed
that Yangxue Jiedu soup (YJS) is capable of inhibiting
the NF-«xB signaling pathway, blocking TLR4 activation,
and restraining the secretion of HSP70 exosome, further
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reducing the production of inflammatory cytokines, and
subsequently, contributing to the improvement of psoriasis
(68).

Fluorescence  immunostaining results indicated
that IMQ significantly increased TLR4 and p65 NF-«B
protein expression in psoriasis model mice. In contrast,
topical administration of IVM reduced inflammation by
decreasing the levels of TLR4 and p65 NF-kB. Moreover,
the results of H&E staining showed that IVM-gel decreased
dermal fibrosis, thickness of epiderm, and infiltration of
inflammatory cells caused by IMQ in animals, suggesting
a therapeutic effect of IVM-gel for treating psoriasis skin
lesions.

Conclusion

Psoriasis is a common chronic and recurrent
inflammatory skin disease related to the immune system,
which is characterized by accelerated growth of skin
cells. Topical use of IMQ is one of the common methods
of inducing psoriasis in animal models, resulting in skin
changes that resemble psoriatic lesions. In the present
study, topical application of IVM-gel improved rats’ skin
thickness, erythema, and silver scale. Moreover, IVM was
able to moderate the changes in spleen weight to body
weight, which is one of the side effects of psoriasis. It should
be noted that the therapeutic activity of IVM is mainly
due to its anti-inflammatory capacity mediated by down-
regulation of the NFKB pathway, inhibiting the activation of
TLR4. Based on these findings, topical IVM-gel can be used
as one of the treatment options to reduce psoriasis lesions
and their complications.

Acknowledgment
This project was supported by Kermanshah University of
Medical Sciences, Iran (grant number 50003308).

Authors’ Contributions

S S helped conceive the study, provided methodology
and supervision, and contributed to writing the original
draft, review, and editing. T N performed visualization and
investigation and contributed to writing, reviewing, and
editing. A S provided software analysis, validation, writing,
reviewing, and editing.

Conflicts of Interest
None.

Declaration
We have not used Al tools or any technologies to prepare
this manuscript.

References

1. Chen S, Li H, Liu Y, Zhu Z, Wei Q. Quercitrin extracted from
tartary buckwheat alleviates imiquimod-induced psoriasis-like
dermatitis in mice by inhibiting the Th17 cell response. ] Funct
Foods 2017;38:9-19.

2. Takeshita J, Grewal S, Langan SM, Mehta NN, Ogdie A, Van
Voorhees AS, et al. Psoriasis and comorbid diseases: Epidemiology.
] Am Acad Dermatol 2017;76:377-90.

3. Kaffenberger BH, Lee GL, Tyler K, Chan DV, Jarjour W, Ariza
ME, et al. Current and potential immune therapies and vaccines
in the management of psoriasis. Hum Vaccin Immunother
2014;10:876-86.

4. Unissa R, Kumar PM, Pasha M, Begum S, Maheswari B. Psoriasis:

Iran ] Basic Med Sci, 2025, Vol. 28, No. 6



Ivermectin decreases inflammation and skin lesions

A comprehensive review. Asian ] Pharm Sci 2019;9:29-38.
5.ChenY, Zhang Q, Liu H, Lu C, Liang C-L, Qiu E, et al. Esculetin
ameliorates psoriasis-like skin disease in mice by inducing CD*"
Foxp** regulatory T cells. Front Immunol 2018;9:2092-2104.

6. Ansar A, Emami Z. Evaluation of serum prolactin level in
patients with psoriasis. Avicenna J Clin Med 2015;22:43-47.

7. Sangaraju R, Alavala S, Nalban N, Jerald MK, Sistla R. Galangin
ameliorates imiquimod-induced psoriasis-like skin inflammation
in BALB/c mice via down regulating NF-«B and activation of Nrf2
signaling pathways. Int Immunopharmacol 2021;96:107754.

8. Kurschus FC, Moos S. IL-17 for therapy. ] Dermatol Sci
2017;87:221-227.

9. Yousefi-Manesh H, Noori T, Asgardoon MH, Derakhshan
MH, Tavangar SM, Sheibani M, et al. Protective effect of dapsone
against bleomycin-induced lung fibrosis in rat. Exp Mol Pathol
2022;124:104737.

10. Tanhapour M, Falahi B, Vaisi-Raygani A, Bahrehmand F, Kiani
A, Rahimi Z, et al. Angiotensin-converting enzyme insertion/
deletion (rs106180) and angiotensin type 1 receptor A1166C
(rs106165) genotypes and psoriasis: correlation with cellular
immunity, lipid profile, and oxidative stress markers. ] Cell
Biochem 2019;120:2627-2633.

11. Nie L, Cai S-Y, Shao J-Z, Chen J. Toll-like receptors, associated
biological roles, and signaling networks in non-mammals. Front
immunol 2018;9:1523-1541.

12. Chen J-Q, Szodoray P, Zeher M. Toll-like receptor pathways
in autoimmune diseases. Clin Rev Allergy Immunol 2016;50:1-17.
13. Botten G, Scumpia P, Doty K, Smale S. Global regulation of
Toll-like receptor 4-induced inflammatory gene networks by
physiologic stress signals in macrophages. Am Assoc Immnol
2015; 194: 194-213.

14. Panzer R, Blobel C, Folster-Holst R, Proksch E. TLR 2 and TLR
4 expression in atopic dermatitis, contact dermatitis and psoriasis.
Exp Dermatol 2014;23:364-366.

15. Pochernina VV, Daschuk AM. TLR expression on peripheral
blood monocytes in patients with psoriasis. Wiad Lek 2020;
73:401-404.

16. Marrakchi S, Guigue P, Renshaw BR, Puel A, Pei X-Y, Fraitag
S, et al. Interleukin-36-receptor antagonist deficiency and
generalized pustular psoriasis. N Engl ] Med 2011; 365:620-628.
17.Liu T, Zhang L, Joo D, Sun SC. NF-«B signaling in inflammation.
Signal Transduct Target Ther 2017; 2:17023-17031.

18. Ortiz-Lopez LI, Choudhary V, Bollag WB. Updated
perspectives on keratinocytes and psoriasis: Keratinocytes are
more than innocent bystanders. Psoriasis (Auckl) 2022;12:73-87.
19. Zhou X, Chen Y, Cui L, Shi Y, Guo C. Advances in the
pathogenesis of psoriasis: From keratinocyte perspective. Cell
Death Dis 2022;13:81-93.

20. Gao J, Chen F, Fang H, Mi ], Qi Q, Yang M. Daphnetin inhibits
proliferation and inflammatory response in human HaCaT
keratinocytes and ameliorates imiquimod-induced psoriasis-like
skin lesion in mice. Biol Res 2020; 53:48-59.

21. Goldminz A, Au S, Kim N, Gottlieb A, Lizzul P. NF-xB: An
essential transcription factor in psoriasis. ] Dermatol Sci 2013;
69:89-94.

22. Andrés RM, Montesinos MC, Navalon P, Paya M, Terencio MC.
NF-«B and STAT3 inhibition as a therapeutic strategy in psoriasis:
In vitro and in vivo effects of BTH. JID Innov 2013; 133:2362-2371.
23. El Malki K, Karbach SH, Huppert ], Zayoud M, Reiflig S,
Schiiler R, et al. An alternative pathway of imiquimod-induced
psoriasis-like skin inflammation in the absence of interleukin-17
receptor a signaling. JID Innov 2013;133:441-451.

24. Hammerl V, Parlar B, Navarini A, Gantenbein L, Vith H,
Mueller SM. Mucosal side effects in patients treated with topical
imiquimod—A scoping review of the literature. Dermatol Ther
2021;34:14355.

25.Sinx KA, Nelemans PJ, Kelleners-Smeets NW, Winnepenninckx

Iran J Basic Med Sci, 2025, Vol. 28, No. 6

J=MS

Noori et al.

VI, Arits AH, Mosterd K. Surgery versus combined treatment with
curettage and imiquimod for nodular basal cell carcinoma: One-
year results of a noninferiority, randomized, controlled trial. ] Am
Acad Dermatol 2020; 83:469-476.

26. Sharma M, Sharma G, Singh B, Katare O. Actinic keratosis and
imiquimod: A review of novel carriers and patents. Expert Opin
Drug Deliv 2019;16:101-112.

27. Chamcheu JC, Chaves-Rodriquez M-I, Adhami VM, Siddiqui
IA, Wood GS, Longley BJ, et al. Upregulation of PI3K/AKT/mTOR,
FABP5 and PPARP/S in human psoriasis and imiquimod-induced
murine psoriasiform dermatitis model. Acta Derm Venereol 2016;
96:854-856.

28.ZengY, Zhao H, Zhang T, Zhang C, He Y, Du L, et al. Curcumin
against imiquimod-induced psoriasis of mice through IL-6/STAT3
signaling pathway. Biosci Rep 2020; BSR20192842.

29. Jabeen M, Boisgard A-S, Danoy A, El Kholti N, Salvi J-P,
Boulieu R, et al. Advanced characterization of imiquimod-induced
psoriasis-like mouse model. Pharmaceutics 2020; 12:789-807.

30. Gupta M, Agrawal U, Vyas SP. Nanocarrier-based topical drug
delivery for the treatment of skin diseases. Expert Opin Drug Deliv
2012;9:783-804.

31. Sonawane R, Harde H, Katariya M, Agrawal S, Jain S. Solid
lipid nanoparticles-loaded topical gel containing combination
drugs: an approach to offset psoriasis. Expert Opin Drug Deliv
2014;11:1833-1847.

32. Mitra A, Wu Y. Topical delivery for the treatment of psoriasis.
Expert Opin Drug Deliv 2010; 7:977-992.

33. Padivitage N, Adhikari S, Rustum AM. Assay of ivermectin
including determination and identification of its related substances
in ivermectin injectable product by a stability-indicating RP-HPLC
method. Chromatographia 2021; 84:989-997.

34. Laing R, Gillan V, Devaney E. Ivermectin-old drug, new
tricks?. Trends Parasitol 2017; 33:463-472.

35. Sharun K, Dhama K, Patel SK, Pathak M, Tiwari R, Singh BR, et
al. Ivermectin, a new candidate therapeutic against SARS-CoV-2/
COVID-19. BioMed Central 2020; 19: 1-5.

36. Yan S, Ci X, Chen N, Chen C, Li X, Chu X, et al. Anti-
inflammatory effects of ivermectin in mouse model of allergic
asthma. Inflamm Res 2011; 60: 589-596.

37. Ventre E, Roziéres A, Lenief V, Albert E Rossio P, Laoubi L,
et al. Topical ivermectin improves allergic skin inflammation.
Allergy 2017; 72:1212-1221.

38. Schaller M, Gonser L, Belge K, Braunsdorf C, Nordin R, Scheu
A, et al. Dual anti-inflammatory and anti-parasitic action of topical
ivermectin 1% in papulopustular rosacea. ] Eur Acad Dermatol
Venereol 2017; 31:1907-1911.

39. Thibaut de Ménonville S, Rosignoli C, Soares E, Roquet M,
Bertino B, Chappuis J-P, et al. Topical treatment of rosacea with
ivermectin inhibits gene expression of cathelicidin innate immune
mediators, LL-37 and KLKS5, in reconstructed and ex vivo skin
models. Dermatol Ther 2017; 7:213-225.

40. Hebeish A, Hashem M, Abd El-Hady M, Sharaf S. Development
of CMC hydrogels loaded with silver nano-particles for medical
applications. Carbohydr Polym 2013; 92:407-413.
41.BasuP,Repanas A, Chatterjee A, Glasmacher B, NarendraKumar
U, Manjubala I. PEO-CMC blend nanofibers fabrication by
electrospinning for soft tissue engineering applications. Mater Lett
2017; 195:10-3.

42. Basu P, Narendrakumar U, Arunachalam R, Devi S, Manjubala
I. Characterization and evaluation of carboxymethyl cellulose-
based films for healing of full-thickness wounds in normal and
diabetic rats. ACS omega 2018; 3:12622-12632.

43. Ahmad H. Celluloses as support materials for antibacterial
agents: a review. Cellulose 2021;28:2715-2761.

44. Rahman M, Hasan M, Nitai AS, Nam S, Karmakar AK,
Ahsan M, et al. Recent developments of carboxymethyl cellulose.
Polymers 2021;13:1345-1392.

813



Noori et al.

45. Costa EM, Pereira CE Ribeiro AA, Casanova F, Freixo R,
Pintado M, et al. Characterization and evaluation of commercial
carboxymethyl cellulose potential as an active ingredient for
cosmetics. Appl Sci 2022; 12:6560-6575.

46. Zhang W, Liu Y, Xuan Y, Zhang S. Synthesis and applications of
carboxymethyl cellulose hydrogels. Gels 2022; 8:529-537.

47. Zimmermann M. Ethical guidelines for investigations of
experimental pain in conscious animals. Pain 1983; 16:109-110.
48. Saka R, Jain H, Kommineni N, Chella N, Khan W. Enhanced
penetration and improved therapeutic efficacy of bexarotene via
topical liposomal gel in imiquimod induced psoriatic plaque
model in BALB/c mice. ] Drug Deliv Technol 2020; 58:101691.

49. Maher A, Radwan R, Breitinger H-G. In vivo protection
against strychnine toxicity in mice by the glycine receptor agonist
ivermectin. Biomed Res Int 2014; 2014:640790.

50. Zeini MS, Haddadi N-S, Shayan M, Zeini MS, Kazemi K,
Solaimanian S, et al. Losartan ointment attenuates imiquimod-
induced psoriasis-like inflammation. Int Immunopharmacol 2021;
100:108160.

51. Yousefi-Manesh H, Dehpour AR, Nabavi SM, Khayatkashani
M, Asgardoon MH, Derakhshan MH, et al. Therapeutic effects of
hydroalcoholic extracts from the ancient apple mela rosa dei monti
sibillini in transient global ischemia in rats. Pharmaceuticals 2021;
14:1106-1118.

52. Harden JL, Krueger JG, Bowcock AM. The immunogenetics of
psoriasis: A comprehensive review. ] Autoimmun 2015; 64:66-73.
53. Branisteanu DE, Voicu CM, Cretu A, Dimitriu A, Luca MC,
Salavastru CM. Adverse reactions of biological therapy for
psoriasis. Med Surg J 2015; 119:38-44.

54. Meng FZ, Liu JB, Wang X, Wang P, Hu WH, Hou W, et al. TLR7
activation of macrophages by imiquimod inhibits hiv infection
through modulation of viral entry cellular factors. Biology
2021;10:661-677.

55.Moos S, Mohebiany AN, Waisman A, Kurschus FC. Imiquimod-
induced psoriasis in mice depends on the IL-17 signaling of
keratinocytes. J Invest Dermatol 2019;139:1110-1117.

56. Benhadou E, Mintoft D, Del Marmol V. Psoriasis: keratinocytes
or immune cells—which is the trigger?. Dermatology 2019; 235:91-
100.

57. Garzorz-Stark N, Eyerich K. Psoriasis pathogenesis:
keratinocytes are back in the spotlight. J Invest Dermatol 2019;
139:995-996.

58. Alexander H, Nestle FO. Pathogenesis and immunotherapy in
cutaneous psoriasis: What can rheumatologists learn?. Curr Opin

814

N=MS

Ivermectin decreases inflammation and skin lesions

Rheumatol 2017;29:71-78.

59. Girolomoni G, Strohal R, Puig L, Bachelez H, Barker J,
Boehncke W-H, et al. The role of IL-23 and the IL-23/TH 17
immune axis in the pathogenesis and treatment of psoriasis. ] Eur
Acad Dermatol Venereol 2017; 31:1616-1626.

60. Jabeen M, Boisgard AS, Danoy A, El Kholti N, Salvi JP, Boulieu
R, et al. Advanced characterization of imiquimod-induced
psoriasis-like mouse model. Pharmaceutics 2020;12:789-806.

61. Steinhoff M, Vocanson M, Voegel JJ, Hacini-Rachinel F
Schifer G. Topical ivermectin 10 mg/g and oral doxycycline 40 mg
modified-release: current evidence on the complementary use of
anti-inflammatory rosacea treatments. Adv Ther 2016; 33:1481-
501.

62. Stein L, Kircik L, Fowler J, Tan J, Draelos Z, Fleischer A, et
al. Efficacy and safety of ivermectin 1% cream in treatment of
papulopustular rosacea: Results of two randomized, double-blind,
vehicle-controlled pivotal studies. ] Drugs Dermatol 2014;13:316-
323.

63. Aryannejad A, Tabary M, Noroozi N, Mashinchi B, Iranshahi
S, Tavangar SM, et al. Anti-inflammatory effects of ivermectin in
the treatment of acetic acid-induced colitis in rats: Involvement of
GABAB receptors. Dig Dis Sci 2022; 67:3672-3682.

64. Ye Y, Wang P, Zhou F miR-489-3p inhibits TLR4/NF-«kB
signaling to prevent inflammation in psoriasis. Exp Ther Med
2021; 22:744-753.

65. Malan M, Xuejingzi W, Quan SJ. Nuclear factor-kappa B (NF-
KB) activation gene single nucleotide polymorphisms (SNP)
associated with the risk of psoriasis in chinese han people of
wuhan, hubei province. Asian J Sci Res 2020;3:46-55.

66. Wei W, Dejie L, Xiaojing S, Tiancheng W, Yongguo C,
Zhengtao Y, et al. Magnolol inhibits the inflammatory response
in mouse mammary epithelial cells and a mouse mastitis model.
Inflammation 2015; 38:16-26.

67. Korman NJ. Management of psoriasis as a systemic disease:
what is the evidence?. Br ] Dermatol 2020; 182:840-848.

68. Lv J, Wang Y, Xu ], Zhou T, Chen Z, Yang H, et al. Protective
effect of Yangxue Jiedu Soup against psoriasis-like lesions by
regulating TLR4/NF-kB signaling pathway mediated by secretion
of exosome HSP70. Biomed Pharmacother 2022; 147:112604.

69. Cao C, Yin C, Chai Y, Jin H, Wang L, Shou S. Ulinastatin
mediates suppression of regulatory T cells through TLR4/NF-«xB
signaling pathway in murine sepsis. Int Immunopharmacol 2018;
64:411-423.

Iran ] Basic Med Sci, 2025, Vol. 28, No. 6



	bookmark0
	OLE_LINK82
	OLE_LINK83
	OLE_LINK128
	OLE_LINK127
	_GoBack
	_GoBack

