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Abstract

Pruritus, or itching, is one of the most common skin complaints. The intensity of the itching is
sometimes so uncomfortable and irritating that the patient injures himself by repeatedly scratching. Skin
damage, inflammation through diverse chemical mediators, and pruritogens are among the agents capable
of causing pruritus in the skin. Ivermectin (IVM), a broad-spectrum anti-parasitic agent, has also been
evidenced to improve pruritus without histamine mediation. This study aimed to assess the ability of [VM
to improve pruritus and histopathology alterations induced by chloroquine (CQ) in a mouse model. Thirty
rats were divided into 5 groups of 6, including control group, CQ group, and IVM group (3 doses). [VM
(1, 2, and 5 mg/kg, intraperitoneally (i.p.)) was injected 3 hours before CQ injection (200 pg/site, subcuta-
neously). Scratching behavior was recorded for 30 minutes after the CQ injection. The result showed that
IVM (5 mg/kg) significantly reduced itching bouts and duration in the CQ group. In addition, Immunohis-
tological analysis of the skin also showed that CQ significantly increased the expression of p-NF-kB p65,
and iNOS, and these alterations were normalized in the IVM (5 mg/kg) groups. acute treatment with IVM
reduces CQ-induced itching by ameliorating the inflammatory process.
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1. Introduction ) ) from damaging factors (3). Pruritogens stimu-

Prurlt}ls (itch) is an annoying and un- late receptors (G protein-coupled receptors
pleasapt feeling 'that'makes a person scratch (GPCRs)) on unmyelinated C nerve fibers,
- Skn.l (1)'. Pruritus is a consequence of some and consequently, scratch begins in the skin.
systemic disorders, and the most prevalent  Tpeqe receptors are involved in the opening of
sign of skin diseases, which often does not o, channels contributing to the sensation of

rep ly to antihis_tamines (2). It acts as a pro- a quick shallow pain (4). C nerve fibers are
tective mechanism to help protect the skin classified as non-histaminergic or histaminer-
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receptor 2 (PAR2)) activate non-histaminergic
neurons (4). Chloroquine (CQ) is a drug de-
rived from quinoline utilized to cure malaria,
but one of its intensive complications is itch-
ing (5). It has been evidenced that injection of
CQ into the back of the neck of mice causes
severe itching behavior (6). In pathophysi-
ological studies of itching independent of his-
tamine, the CQ model has been widely used
(7). CQ activity is mediated by binding to the
Mas-related G-protein receptor (Mrgpr), pri-
marily expressed on sensory neurons. Mrg-
prXl1 is the human ortholog whereas MrgprA3
is the receptor of CQ in mice (8). MrgprA3
neurons mediate various forms of histamine-
independent itch caused by various prurito-
gens and acute itch associated with dry skin,
atopic dermatitis, and systemic disorders (9).
These characteristics of CQ-induced pruritus
make it a suitable model for investigating the
mechanisms of pruritus in humans (2).
Nuclear factor-kB (NF-kB) is the pri-
mary driver of the inflammatory response and
is necessary for the homeostasis of the im-
mune system. NF-kB participates in the con-
trols of the cell cycle, immune cell growth,
proliferation, cell death, and inflammation
through the regulation of gene transcription
(10). p65 and p50 or p52 are subunits of NF-
kB. p53 NF-kB and p65 NF-kB are essential
transcription factors in apoptosis and the regu-
lation of inflammatory response, respectively.
NF-kB activation induces the transcription of
pro-inflammatory molecules such as toll-like
receptor 4 (TLR4), interleukin 1 beta (IL-1p),
and tumor necrosis factor-alpha (TNF-a), as
well as the inducible isoform of the nitric ox-
ide synthase (iNOS) (11). iNOS is involved
in producing of high amounts of nitric oxide
(NO) with beneficial microbicidal, antiviral,
antiparasitic, and antitumoral activities (12).
Dysregulated iNOS leading to excessive NO
production is frequently associated with in-
flammatory conditions. Macrophages, microg-
lia, neutrophils, dendritic cells, smooth muscle
cells, oligodendrocytes, astrocytes, and even
endothelial cells of the brain are among the
cells that express iNOS (13). Targeting these
inflammatory pathways has been a strategy for
reducing pathological inflammation, and sev-
eral drugs with anti-inflammatory properties

254

act through modulation of NF-xB and iNOS
signaling. In this context, ivermectin (IVM),
a semi-synthetic derivative of the macrocy-
clic lactone avermectin, has been reported not
only for its antiparasitic effects but also for its
ability to downregulate NF-«xB activation and
INOS expression, thereby exerting anti-in-
flammatory effects in various models (14, 15).
Mechanistically, [IVM is involved in increasing
neurotransmitter-gated gamma-aminobutyric
acid (GABA) activity or binding to ion chan-
nels of glutamate (Glu-Cl), present in a wide
range of parasites, but not in mammals (14).
In addition to these antiparasitic effects, recent
evidence suggests that ivermectin also pos-
sesses anti-inflammatory properties capable of
reducing p-NF-kB p65 and iNOS (16, 17). In
this sense, IVM is used topically in adults as
a therapy for papulopustular inflammatory ro-
sacea. Therapeutic efficacies of [IVM can also
be observed in other facial dermatoses due to
its anti-inflammatory properties (16). Based
on the effectiveness of topical IVM treatment
in seborrheic dermatitis (SD), acne vulgaris
(AV), and perioral dermatitis (PD), this com-
pound can be considered an attractive potential
candidate for use in other skin diseases (16).
In the first stage, IVM suppresses the pro-
duction of NO and prostaglandin E2 (PGE2)
(inflammatory mediators) through inhibition
phosphorylation of c-Jun N-terminal kinase
(JNK), extracellular-signal-regulated kinase
(ERK)n1/2, and mitogen-activated protein
kinases (PKMA). In addition, IVM induces
a decrease in the mRNA expression levels of
cyclooxygenase-2 (COX2), and inducible NO
synthase (iNOS) (18, 19). In the second step,
IVM reduces the number of inflammatory le-
sions through its anti-inflammatory effects
(20, 21). Animal studies have shown that [IVM
is able to downregulate the NF-kB expression
and, consequently, has an immunomodula-
tory effect that ultimately leads to a reduction
in itching sensation (22). Moreover, the rapid
and permanent elimination of skin lesions and
disappearance of prurience after healing with
IVM allows the confirmation of a possible di-
agnosis of scabies in places where laboratory
techniques or dermoscopy are not available
(23) . So far, no side effects have been report-
ed after oral therapy with IVM, confirming the
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safety of [IVM (23).

The aim of the present study was to
investigate the anti-itch effect of IVM in a
mouse model of CQ-induced pruritus and the
potential implication of the p-NF-kB p65 and
INOS signaling pathways as mediators of the
therapeutic effects of IVM.

2. Materials and Methods
2.1. Reagents

Chloroquine hydrochloride (CQ) and
ivermectin (IVM) were purchased from Sig-
ma-Aldrich (St. Louis, MO, USA).

2.2. Animals

In the study, 30 female rats (170-180
g and 8-week-old) were used. After purchase
from Elm Bavaran Aftab Company, the ani-
mals were kept in cages under standard lab-
oratory conditions at 25 °C and a 12-h light/
dark cycle according to the standard instruc-
tions for working with animals of Kermanshah
University of Medical Sciences, Iran.

2.3. Induction of CQ-scratch and IVM treat-
ment

Before starting the experiment, the
fur on the neck of the rats was shaved. Then,
animals were divided into 5 different experi-
mental groups with 6 animals each: 1) Control
group: received a standard diet; 2) CQ group:
Subcutaneous injection of CQ (200 pL/site);
3-5) IVM group: Intraperitoneally injection of
IVM (1,2, and 5Smg/kg), 3hr before CQ injec-
tions (24).

2.4. Itching Behavioral Tests

CQ-induced scratching behavior was
investigated in rats for 30 minutes. Immedi-
ately after the induction of scratching, the
number and time of scratching were recorded.
Scratching was defined as a quick and frequent
movement of the mouse's hind limb, rubbing
the injection area and neck (5).

2.5. Skin tissue preparations
After carrying out behavioral tests, rats
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were sacrificed with xylazine (10 mg/kg) and
ketamine (50 mg/kg) i.p. injection. Then, the
skin of animals was dissected and fixed in for-
malin (10%) for immunohistochemistry (IHC)
analysis (5). It should be noted that only the 5
mg/kg IVM group was used for histochemis-

try.

2.6. Immunohistochemistry staining

The expression levels of p-NF-kB p65
and iNOS were determined in the skin by IHC.
Skin samples were deparaffinized with xylene
and progressively rehydrated in a series of
graded alcohols to distilled water and, finally
washed with PBS. Antigen was retrieved in tri-
sodium citrate buffer (pH 7.4, 100 °C, 20 min).
Then, samples were washed with TBS plus
0.03% Triton X-100 and blocked with block-
ing solution (3% BSA) for 2 h. Afterward, the
paraffin-embedded skin slides (5 pm) were
incubated overnight at 4 °C with primary an-
tibody rabbit monoclonal (rabbit monoclonal
p-NF-kB p65 antibody and rabbit monoclonal
antibody iNOS). Slides were washed (3 times
for 5 min) with TBS plus 0.03% Triton X-100
and incubated 3% H,O, in RT for 10 min and
washed with PBS 4 times, and incubated with
the goat biotinylated polyvalent secondary an-
tibody for 10 minutes. After washing 3 times
with TBS plus 0.03% Triton X-100, sections
were incubated with horseradish peroxidase
(HRP)-conjugated streptavidin for 10 minutes,
washed with PBS and 3,3’-Diaminobenzidine
(DAB) solution as a chromogen was finally
added. Slides were assessed for antigen with
an optical microscope (MDOB3- U, Olym-
pus, Japan). The results of IHC were quanti-
fied with ImageJ® software version 1.43 (25).
Finally, the mean optical intensity of positive
cells in the control group was measured then
each data in other groups was divided by that
and the fold changes were reported.

2.7. Statistical analysis
Statistical analysis was carried out us-
ing the GraphPad Prism 9 software, and the
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Figure 1. Scratching behavior: (A) shows the duration of scratching and (B) shows the bouts of
mice at 30 min. *P < 0.05 vs the control group, #P < 0.05, vs the CQ group. CQ: Chloroquine;

IVM: Ivermectin.

data were expressed as mean = SEM. The sta-
tistical significance of the data was checked by
one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test. P value < 0.05
was considered statistically significant.

3. Results
3.1. The Effect of ivermectin on CQ-Induced
Scratching Behavior

Figure 1A shows that the duration of
scratching in the CQ group significantly in-
creased compared to the control group (P
<0.05). The outcomes revealed that the ad-
ministration of IVM (5 mg/kg) to CQ-exposed
rats led to lower scratch with respect to the CQ
group (P<0.05). In contrast, at the doses of 1, 2
mg/kg, the effects were not statistically signif-
icant. Also, the treatment with IVM 5 mg/kg
significantly reduced the scratching time com-

Control

P_NF-kB p65 expression

pared to the CQ group (Figure 1B, P<0.05).

3.2. Immunohistochemistry staining of p-NF-
kB p65 and iNOS

Immunohistochemical staining of p-
NF-kB p65 and iNOS antibodies to evaluate
the effects of CQ and IVM are shown in Fig-
ure 2 and 3. Based on the significant differ-
ence between IVM 5 mg/kg with CQ group
in scratching behavior, this dose was consid-
ered in THC tests. In the group receiving CQ,
a significant increase in p-NF-kB p65 levels
was observed compared to the control group
(Figure 2A-B, P<0.05). The administration
of IVM (5 mg/kg) significantly recovered the
increased levels of p-NF-kB p65 observed in
the CQ group (P<0.05). Fig. 3 A-B shows
that after injection of CQ, the levels of iNOS
significantly increased compared to the con-

Figure 2. A: p-NF-kB p65 immunohistochemistry staining (IHC) (x 100), of skin, B: the optical
intensity of IHC assay results using ImageJ. *P < 0.05 vs the control group; #P < 0.05 vs the CQ
group. CQ: Chloroquine; IVM: Ivermectin (5 mg/kg).
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Figure 3. A: iNOS immunohistochemistry staining (IHC) (x 100), B: the optical intensity of IHC
assay results using ImageJ. *P < 0.05 vs the control group; #P < 0.05 vs the CQ group. CQ:

Chloroquine; IVM: Ivermectin (5 mg/kg).

trol group (P < 0.05). On the other hand, the
treatment with IVM (5 mg/kg) significantly
reduced the levels of iNOS compared to the
CQ group (P<0.05).

4. Discussion

Itching is an uncomfortable sensation
that significantly affects everyday aspects such
as sleep, mood, ability to concentrate, and af-
fects the quality of life more than other skin
conditions (26, 27). Skin damage, inflamma-
tion through diverse chemical mediators, and
pruritogens are among the causative agents of
pruritus in the skin (28). CQ is a drug that has
been used for a long time in treating malaria,
rheumatoid arthritis, and systemic lupus ery-
thematosus (29). Itch is the main side effect of
CQ, which leads to decreased patient compli-
ance and, consequently, can favor the appear-
ance of Plasmodium falciparum resistant to
CQ (2). Acute subcutaneous or intradermal CQ
injection has been observed to induce itching
behavior in both humans and rodents (3, 30).
CQ induces itch by activating the MrgprE3
homologous receptor in mouse and Mrgpr X1
in human. Then, coupling with modulating
transient receptor potential channels of Gy
(subfamily A, member 1 (TRPA1)) channels
(31). The results of an in vivo study showed
that the treatment with localized IVM elevates
the regeneration of peripheral nerves through
the induction of fibroblasts to adopt glia-like
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a phenotype (32). In addition, it causes the
upregulation of neuronal and glial markers in
the site of skin wounds after healing (32). In
a clinical trial, it has also been evidenced that
IVM 1% could be useful for the treatment of
scabies with a 91% remission after 4 weeks
(33). In the present study, we evaluated wheth-
er IVM is effective versus non-histaminergic
scratch by its ability to restrain scratching be-
havior induced by subcutaneous injection of
CQ. Intraperitoneal pre-treatment (3 hours be-
fore) of rats with IVM at doses of 1, 2, and
5 mg/kg resulted in a dose-dependent restrain
of the scratch response in CQ-injected rats.
Specifically, the administration of IVM (5 mg/
kg) to CQ-exposed rats resulted in lower bouts
than the CQ group. Moreover, in IVM groups
(5 mg/kg) the time of scratching was reduced
compared to the CQ group. IVM has been
shown to reduce inflammation by inhibiting
the NFkB pathway(17) . The NF-xB signal-
ing pathway has a vital role in the regulation
of innate immunity, activation, and efficient
performance of inflammatory cells, and differ-
entiation, so its dysregulation is related to the
pathogenesis of multitude inflammatory dis-
eases (34). The NF-«xB pathway upregulates
the expression of proinflammatory mediators
such as the cytokines IL-1, IL-2, IL-6 and oth-
er inflammatory molecules, including vascular
endothelial growth factor (VEGF), cyclooxy-
genase 2 (COX-2), and iNOS. Blocking the
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activity of p50 and p65 NF-kB subunits has
been reported to suppress the expression of
genes associated with inflammation, COX-2,
and iNOS (35). Outcomes of an in vivo study
carried out by Aryannejad et al., showed that
IVM reduced the inflammation psoriasis (15).
The treatment with IVM significantly reduced
the activity of myeloperoxidase (MPO), and
reduced the levels of TNF-a, iNOS, COX-2,
and the expression p-NF-xkB p65 (17). In a
clinical trial with 20 patients with moderate to
severe rosacea, treatment with 1% IVM cream
exerted anti-inflammatory effects by reducing
the expression of IL-8, TLR-4 and TNFa, and
antiparasitic effects by killing Demodex spp.
mites after 12 weeks (36).

In the present study, IVM treatment
inhibited the activation of the p-NF-KB p65
pathway, and consequently, decreased the in-
flammatory response, indicating a potential
anti-inflammatory effect, although they mainly
reflect an association rather than a confirmed
causal relationship. Exposure to CQ also leads
to the expression of iNOS associated with ac-
tivating the NF-kB pathway (37). In this sense,
iINOS has a vital role in the pathophysiology of
acute non-histaminergic scratch (26). The cel-
lular distribution of iNOS expression indicates
the role of NO in all process of wound heal-
ing, including effects on the regulation of cell
proliferation, inflammatory phase, formation
of granulation tissue and neovascularization,
apoptosis, differentiation, and tissue regen-
eration to some extent (38). Previous studies
have demonstrated that the iNOS pathway is
involved in the development of the disease
through increasing inflammation and pro-ox-
idative processes (11, 39, 40). Similar to the
present research, IVM was found to decrease
the iNOS levels in skin tissue of allergic rats
.(12) Thus, the iNOS signaling pathway inac-
tivation is an excellent therapeutic target for
ameliorating pruritus. In this sense, the reduc-
tion of p-NFkB p65 and iNOS levels, suggests
that IVM may be a promising agent for the
treatment of pruritus. However, clinical trials
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are needed to corroborate its effectiveness.

5. Conclusion

The present results showed the itch-in-
ducing effects of CQ as a study model for itch
and to evaluate the protective effects of [VM.
Behavioral tests showed that IVM reduced the
duration and number of itching in rats. Among
mechanisms that may be involved in improv-
ing pruritus by IVM is the inhibition of p-
NFkB p65, and the iNOS signaling pathway.
Therefore, IVM treatment can reduce the in-
flammatory response associated with p-NFkB
p65 and the iNOS pathway. According to the
results, it can be argued that IVM can be a
promising candidate for treating skin diseases
such as itching.
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