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Abstract

The study was designed to investigate the effect of strain on imiquimod (IMQ)-induced psoriasis disease
severity between C57BL/6 mice and Swiss mice. We have developed the disease model by the application
of 5% IMQ (62.5 mg/back skin, 5 mg/ear) for six consecutive days. Further, to validate the models, 0.05%
clobetasol (120 mg/back skin, 10 mg/ear) and 1% curcumin (150 mg/back skin, 12.5 mg/ear) was used. The
disease severity was evaluated by measuring PASI score, % change in body weight, and histopathology.
Changes in the spleen index and spleen size reflects the systemic effect of IMQ. Further, the role of
oxidative stress was investigated by measuring the activity of SOD, catalase, and levels of GSH. Increased
PASI score, decreased body weight and histopathological changes confirmed disease development in both
the strains of mice. These changes were more severe in the Swiss model as compared to the C57BL/6 mice
model. IMQ + curcumin treatment to the mice showed another increment in splenomegaly in C57BL/6 mice,
indicating systematic effect. Alteration in the activity of SOD, catalase, and levels of GSH further confirms
the involvement of redox status. Our results demonstrate the strain-dependent effect on the development of
the disease and its severity. Comparatively, the Swiss mice model is better and more stable than the
C57BL/6 model. However, the detailed mechanistic study may be essential to conclude it further.
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Introduction

Psoriasis is an autoimmune, inflammatory disease
known to develop by the combination of genetic and

environmental factors. Worldwide it affects about 1-
3% of the general population. Emerging pieces of
evidence suggested the involvement of multiple
immune dysregulations in the evolution of the disease.
It is characterized by erythematous scaly plaques
and several histological features, including epidermal
hyperplasia (acanthosis), parakeratosis, and dermal
infiltration of immune cells. Recently psoriasis has
become a significant cause of public health concern
because it dramatically affects the quality of life and
causes a financial burden on the patients. Despite



84 D’Souza, Badanthadka and Salwa Indian J Physiol Pharmacol 2020; 64(1)

Materials and Methods

Animals

Healthy female C57BL/6 mice and Swiss mice of 8-
12 weeks old weighing about 20-25g were obtained
from the animal house of NUCARE (Nitte University
Centre for Animal Research and Experimentation),
Deralakatte, Mangalore. Animals were maintained
under  the s tandard laborato ry cond i t ions  o f
temperature 22±2°C with 12 hours light cycle. The
animals were given free access to food and water ad
libitum throughout the experiment. Animals were
maintained as per CPCSEA guidelines. Protocol
approval # NGSM/IAEC/2017-18/48.

IMQ-induced psoriasis mouse model

Two days before the application of drugs, the dorsal
skin of the mice were depilated (Veet, Reckitt
Benckiser India Pvt. Ltd.). After that, the animals
were divided into four different (n=6) groups. Group
I – served as petroleum jelly control, which was
t rea ted wi th  62.5  mg o f  pe t ro leum je l l y
(MediplusPharma Lab) on the back and 5 mg on the
right ear. Group – II served as IMQ control, which
was treated with 62.5 mg of 5% IMQ (Imiquad,
Glenmark Pharmaceuticals Ltd.) on the shaved back
and 5 mg on the right ear. Group – III treated with
0.05% Clobetasol (Clop, Zydus Healthcare Ltd.) 120
mg on the back and 10 mg on the right ear after four
hours of application with 62.5 mg of 5% IMQ on
back and 5mg on the right ear. Group – IV treated
with 1% curcumin gel (LobaChemie Pvt. Ltd. Gel
prepared by Atrimed Pharmaceuticals Pvt. Ltd.) 150
mg on the back and 12.5 mg on the right ear after
four hours of application of IMQ 62.5 mg of 5% IMQ
on back and 5mg on the right ear. The diagram
representing the experimental design is shown in
Fig. 1.

Evaluation of the severity of the disease

The severity of inflammation of the back skin was
done as a PASI scoring system, as described by
van der Fits et al. (5). Erythema, scaling, and
thickening was scored independently on a scale from

vast research in recent decades, search for novel
therapies for the total cure remains as an important
goal (1, 2).

Preclinical models are an essential tool for the
evaluation of drug molecules for their pharmacological
activity. Animal models are also used for the study
of disease mechanisms and thereby providing an
opportunity for the improvement in treatment and
identification of new therapeutic targets (3). Despite
the availability of several animal models, a preclinical
model that mimics the human disease is either
scan ty or  not  ava i lab le  by cons ider ing  the
pathogenesis of psoriasis (4).

van der Fits et al., (2009) reported that topical
application of imiquimod (IMQ) (agonist for toll-like
receptors 7 and 8) induces psoriasis-like skin
inflammation in mice. DCs, Th-1, and Th-17 axis
play an essential role in the formation of psoriasiform
dermatitis. This condition resembles human psoriasis
lesion by phenotypic and histological changes.
T here fo re ,  th is  model  may be considered a
simple, convenient, and immunologically clean model
(5).

C57BL/6 and BALB/c are the two most commonly
used mice strains in the development of psoriasis
model by repeated application of 5% IMQ. The
pathogenesis of psoriasis is multifactorial, with the
complex interplay among genetic, environmental, and
immunolog ica l  f ac to rs  that  contr ibu te to  the
phenotype of the disease (6, 7). Considering the
involvement of genetic factors, it is obvious to expect
that any realistic mouse model of psoriasis would
be sensitive to the genetic background, which varies
among the mouse strains (8). Further, IMQ-induced
psoriasis model is found to be a valuable tool to
explore the mechanisms underlying pathogenesis of
psoriasis. Therefore, it is crucial to understand the
role of animal strain on the effect of IMQ. This
understanding will help to eliminate the misdirected
mechanistic conclusions, if any. Therefore, in the
present study, we have aimed to develop IMQ-
induced psoriasis in C57BL/6 and Swiss mice and
to compare the severity of disease in both the
strains.
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0 to 4. 0-None, 1-Slight, 2-Moderate, 3-Marked, 4-
Very marked. The combination of high independent
scores was considered as a cumulative score (PASI),
which served as the measure of severity of psoriasis.
Back skin thickness was measured using digital
caliper (Aerospace, Maroor’s machine Tools Co.),
body weight, and food intake was recorded daily.

After 24 hours of the final application of IMQ, the
animals were euthanized by using isoflurane (Neon
Laboratories Ltd.) inhalation. Spleen of the mice was
excised and weighed. The back skin of the mice
was preserved in 10% formalin for histopathology
study, and fresh skin was used for the determination
of oxidative stress.

Determination of oxidative stress in the skin tissue

5% tissue homogenate was prepared using ice-cold
phosphate buffer (0.25M, pH7.4). Homogenate was
centrifuged at 10,000 rpm for 20 min. The supernatant
was collected and filtered to remove hair. The filtrate
was used for the estimation of GSH (9), SOD (10),
catalase (11), and total protein content (12) according

to the methods described previously.

Statistical analysis

The results were expressed as Mean ± SEM, with
six animals in each group. The results were analyzed
by one way ANOVA followed by Newman-keuls test
for multiple comparisons using Graph Pad Prism,
vers ion  5  sof tware.  P<0.05  was cons idered
statistically significant.

Results

Severi ty of the disease

The PASI score system evaluated the severity of the
disease. Application of IMQ to both the strains of
mice significantly increased the PASI score with
maximum severity on day 6 in the case of Swiss
mice, and severity decreased after that. In the case
of C57BL/6 mice, maximum severity was seen on
day 5.  These resu lts  indicate the successful
development of the disease in both the strains of
mice. Further, the application of clobetasol or

Fig. 1 : Diagram depicting the design of the imiquimod-induced skin-inflammation mouse model. Mice were divided into four
groups (n = 6): (1) Petroleum jelly group, (2) IMQ group, (3) IMQ + Clobetasol group, (4) IMQ + Curcumin group.
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curcumin significantly reduced the disease severity
in both the strains of mice, suggesting the reversal
of disease (Fig. 2).

Petroleum jelly treatment did not alter the body weight
of the animals. However, IMQ application significantly
decreased the body weight of the animals (6-13% in
the case of Swiss mice, 3-5% in the case of C57BL/
6 mice) as early as on day-3 and reversed after that.
Whereas both clobetasol and curcumin applications
did not reverse the body weight of Swiss mice.
However, in a C57BL/6 reversal in body weight was
seen only in the curcumin-treated group (Fig. 3). We
also measured ear thickness and back skinfold
thickness. The thickness of IMQ treated groups were
appeared to be more. However, the values are not
found to be statistically significant (data not shown).

IMQ application causes splenomegaly

The systemic effect of the topical application of IMQ
was evaluated by the spleen Index and spleen size
(13). There was a significant increase in the spleen
index (p<0.01) of the IMQ treated group in both the
strains when compared against the petroleum jelly
group. Treatment with clobetasol significantly reduced
the spleen index (p<0.001 in Swiss mice and p<0.01
in C57BL/6 mice). Curcumin treatment in Swiss
mice significantly (p<0.001) decreased splenic index.
In sharp contrast, curcumin treatment in C57BL/6
mice showed a synergistic effect along with the
IMQ effect. The overall results suggested that IMQ
has an e f fect  on the spleen,  and it  induces
splenomegaly, which is reduced by the treatment of
clobetasol (Fig. 4).

Fig. 2 : PASI scoring (cumulative score of erythema, scaling and thickness) system is used to evaluate the disease severity.
I and II are the PASI score for Swiss mice and C5BL/6 mice respectively. The values are expressed in terms of
Mean±SEM. a: compared against Petroleum jelly, b: compared against IMQ, c: compared against IMQ + clobetasol (*p<0.05,
**p<0.01, ***p<0.001). A representative photograph showing the macroscopic characteristic of the back skins of Swiss mice (III)
and C57BL/6 mice (IV) after application of A=Petroleum jelly, B=IMQ, C=Clobetasol, and D=Curcumin. D1-D7= day 1 to day 7.
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IMQ application causes oxidative stress

Table I : represents the oxidative status of the back
skin of mice. The results of IMQ treated Swiss mice
showed a significant reduction in SOD and catalase
activity and an increase in protein content (p<0.001)
as compared to the petroleum jelly treated group.
However, upon treatment with clobetasol, a significant
elevation of SOD was evident. (p<0.001). When we
compare between clobetasol and curcumin-treated
group, curcumin showed significant improvement in
catalase activity (p<0.05). The results of C57BL/6
mice showed a significant decrease in SOD, GSH
levels, and a significant increase in protein content
(p<0.001, p<0.05, p<0.001 respectively) in the IMQ
treated group as compared to the normal group.
Clobetasol and the curcumin-treated group showed
significantly higher levels of SOD and GSH levels
(p<0.001, p<0.05, respectively) as compared to the

IMQ treated group. Significant (p<0.05) higher levels
of catalase activity was found in the curcumin-treated
group as compared to clobetasol treated group. The
overall results suggested that IMQ treatment causes
oxidative stress, which can be restored by the
treatment of clobetasol or curcumin, whereas curcumin
is more favorable in maintaining oxidative stress.
This effect of curcumins was evident in both strains.

Histopathological changes

The H&E stained slides were prepared using the
back  sk in  o f  the  m ice  and eva luated fo r
histopathological changes for psoriasis based on
Baker’s score system (14). The total Baker’s score
in the petroleum jelly group was 2.66, which was
significantly (p<0.001) increased to 4.5 in IMQ treated
group in both the strains. IMQ treatment to the mice
showed max im um  h is topatho log ica l  changes

Fig. 3 : % change in the body weight of animals after application of drugs. I = Swiss mice, II = C57BL/6 mice. The values
are expressed in terms of Mean±SEM. a: compared against Petroleum jelly, b: compared against IMQ, c: compared
against IMQ + clobetasol (*p<0.05, **p<0.01, ***p<0.001).

Fig. 4 : Effect of drugs on the spleen index of mice. The spleen index was calculated (spleen size/body weight) and values
are represented as Mean±SEM. a: compared against petroleum jelly, b: compared against IMQ, c: compared against
IMQ + clobetasol (*p<0.05, **p<0.01, ***p<0.001).
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suggesting the development of the disease. In the
clobetasol treated group, the Baker’s scoring was
significantly reduced to 3 (p<0.001) in the case of
Swiss mice and to 4 (p<0.01) in the case of C57BL/
6 mice indicating the intermediate response of
clobetasol to psoriasis. In the groups treated with

curcumin, the response was excellent in both the
strains with a significant decrease in Baker’s score
to 3.16 (p<0.001) in the case of Swiss mice and to
3.50 (p<0.01) in case of C57BL/6 mice (Fig. 5).

TABLE I : Biochemical estimation for oxidative stress in mice skin tissues.

Mice Strains Biochemical Parameters Petroleum jelly IMQ IMQ+Clobetasol IMQ+Curcumin

Swiss SOD (U/mg protein) 3.14±0.40 0.95±0.19 a*** 2.38±0.15b** 3.04±0.37b***

Catalase (U/min/mg protein) 0.48±0.07 0.08±0.02a*** 0.13±0.03 0.32±0.08b*c*

GSH (µM/mg protein) 0.40±0.12 0.24±0.07 0.35±0.05 0.31±0.03
Protein (in mg/10mg tissue) 1.96±0.08 3.05±0.10 a*** 2.49±0.06b*** 2.33±0.11b***

C57BL/6 SOD (U/mg protein) 3.96±0.11 1.40±0.22a*** 2.53±0.18b** 3.22±0.43b***

Catalase (U/min/mg protein) 0.41±0.07 0.13±0.08 0.14±0.02 0.59±0.17b*c*

GSH (µM/mg protein) 0.41±0.08 0.15±0.05a* 0.38±0.06b* 0.41±0.05b*

Protein (in mg/10mg tissue) 2.02±0.09 2.73±0.03a*** 2.33±0.05b*** 2.11±0.05b***,c*

All values are expressed as Mean±S.E.M. (n=6), a: compared against petroleum jelly, b: compared against IMQ, c: compared
against IMQ + clobetasol (*p<0.05, **p<0.01, ***p<0.001).

Fig. 5 : Quantitative assessment of pathological score based on a baker score system for the back skin of Swiss mice (I)
and C57BL/6 mice (II). Values are expressed as Mean±SEM (n=3), a: compared against Petroleum jelly, b: compared
against IMQ, c: compared against IMQ + clobetasl (*p<0.05, **p<0.01, ***p<0.001). Histopathological appearances of
back skin of Swiss mice (III) and C57BL/6 mice (IV). A = Petroleum jelly treated, B = IMQ treated, C = IMQ +Clobetasol,
D = IMQ + Curcumin. Histological analysis of psoriatic skin revealed:hyperkertosis (thickening of the outer layer of the
skin), acanthosis (Increased thickness of the stratum basale and stratum spinosum), parakeratosis (retention of nuclei
in the stratum corneum which is associated with thinning or loss of the granular layer), elongation of the epidermal
rete ridges and munro abscesses (infiltration of neutrophils from dermis into the epidermal stratum corneum).
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Discussion

An animal model that mimics the clinical scenario
plays a crucial role in the target validation and drug
development process. Recently, research in psoriasis
is hampered, and it could be due to the lack of a
reliable animal model. However, many mouse models
for psoriasis have been proposed, but no single model
mimics all critical aspects of psoriasis (15, 16).
Therefore, standardization and validation of the model
are essential before a drug screening.

In the present study, we have developed psoriasis in
C57BL/6 mice, and Swiss mice by the application of
IMQ, as described by van der Fits et al. (5). The
presence of erythema, scaling, and increased
thickness of the shaved back skin of mice, confirmed
the successful development of the disease in both
the strains. Further, the application of IMQ to the
right ear increased the ear thickness. These results
are supported by histopathology results showing
hyperkeratosis, acanthosis, parakeratosis, and
papillary congestion the critical features of psoriasis.
One of the ideal features of an animal model is that
it must respond to well-established drugs l ike
clobetasol. In our study, both animal strains showed
an excellent response to clobetasol, which validates
our animal model .  Studies  have proven that
clobetasol has reliable curative power and provides
relief from IMQ-induced psoriasiform dermatitis (17,
18, 19). Clobetasol can impact the IL-23/17A axis in
the pathogenesis of psoriasis. Similarly, curcumin
down-regulates many pro-inflammatory cytokines
involved in the pathogenesis of psoriasis. Therefore,
curcumin is potentially valuable for the treatment of
psoriasis (20). In the present study, curcumin is used
to understand its role in the alleviation of psoriasis
by compensating oxidative stress caused by the
application of IMQ. In doing so, it provides an insight
into variation in biochemical aspects due to genetic
variation in different strains of mice. Previous reports
showed that IMQ treatment on C57BL/6 mice causes
dehydrat ion,  wh ich requ i res i .p .  in jec t ion  o f
phosphate-buffered saline (PBS) for recovery (21). In
our study, such effects were not observed. They were
healthy after the application of IMQ and PBS injection
was not essential.

The spleen plays an essential role in innate and
adaptive immunity in an organized way (22). In our
study, IMQ caused enlargement of the spleen in both
C57BL/6 mice and Swiss mice. Approximately two-
fold increases in splenic index suggesting the
systemic effect of topical application of IMQ, which
may be the indication for enhancing the inflammatory
immunoreactions. The combined treatment of IMQ
with clobetasol significantly reduced the size and
weight of spleen. The extent of systemic effects of
clobetasol is influenced by the intrinsic activity of
the drug molecule and the route by which it is
administered (23). Curcumin treatment decrease
spleen size only in Swiss mice compared to IMQ
control. Whereas, in C57BL/6 mice, there was an
increase in the splenic index. This observation was
further strengthened by previous publication, where
oral treatment with curcumin to C57BL/6J increased
spleen size by 40% (24). In our study, the synergistic
effect of IMQ and curcumin may be the reason behind
the significant increase in the splenic index in C57BL/
6 mice. This observation indicates that there is an
underlying strain difference between the two as far
as IMQ + curcumin action is concerned.

Skin is the primary target of oxidative stress due to
react ive oxygen spec ies or ig inat ing f rom the
environment or by the normal metabolism process in
the skin. Therefore, oxidative stress has been
implemented in many pathological condit ions,
including psoriasis (25). Further, in an experimental
setup, IMQ application induced psoriasis in mice
was due to an imbalanced antioxidant system (26).
Whenever ROS is generated as a result of stressful
conditions, cells increase the release of antioxidant
enzymes, including SOD for protection (27). In our
study, IMQ-induced psoriasis led to a decrease in
SOD activity. This decreased SOD activity may lead
to disturbance in the regulation of inflammatory and
immune response (28). Topical application of
clobetasol to the IMQ challenged animals, improved
the levels of SOD activity. This improvement in SOD
activity confirms that dermis is the location of
metabolic drug reaction in the skin (28). Curcumin
being antioxidant, recovery from oxidative stress was
expected. Our results also showed the promising
effect of curcumin in compensating the oxidative
stress offered by the IMQ application.
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The catalase enzyme is more suscept ib le to
environmental radiation. High concentrations of
peroxides significantly affect the activity of catalase.
Further, the activity of catalase gets inhibited by
superoxides produced in keratinocytes. A high level
of hydrogen peroxide can inactivate catalase (28). In
our study, catalase activity was reduced significantly
in the IMQ treatment as a result of oxidative stress
caused by IMQ. Increased catalase activity in the
clobetasol showed an adapt ive mechanism to
scavenge ROS. Curcumin showed better scavenging
activity than clobetasol.

Glutathione is the most abundant naturally occurring,
nonenzymatic, biological antioxidant. Reduced level
of glutathione is associated with lipid peroxidation
(29). In our study, co-treatment of curcumin with
IMQ improved the GSH levels, which we see in both
strains. Total protein content in the skin homogenate
of IMQ treated mice were found to be increased
as compared to the petroleum jelly treated group.
This increase in protein content could be due to
hyperkeratinization of the epidermis of the skin, which
is one of the critical features of psoriasis. Our results
indicate, the application of IMQ to the mice caused
an imbalance in the redox status in the skin, which
was confirmed by the lowered levels of SOD, Catalase,
and Glutathione.  Clobetasol  showed a better
compensative effect in recovering GSH levels,
whereas curcumin was found to be effective in
balancing the oxidative stress caused by IMQ in both

the strains.

In conclusion, we have compared psoriasis severity
between Swiss and C57BL/6 models. These models
are robust and responsive to the antipsoriatic drug
clobetasol.  Therefore these models  could be
beneficial in evaluating the antipsoriatic activity of
the drug molecule. Also, these models responded to
the antioxidant curcumin, suggesting that IMQ-
induced psoriasis in both the strains are useful for
demonstrating the role of redox imbalance in the
disease. However, the severity of the disease between
the strains was found to be different. Swiss model
was stable for six days and the C57BL/6 model for
five days. Therefore, we confirm that strain differences
do exist on IMQ-induced psoriasis development.
Swiss model development was better compared to
the C57BL/6 model. However, we did not conduct a
detailed mechanistic study that is responsible for
this strain-dependent effect on disease severity.
Therefore, further mechanistic study is essential to
learn the differences in these models. Understanding
this mechanistic difference will help us to explain
the pathogenesis of the disease in a better manner
and thereby its contribution for psoriasis research.
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