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ABSTRACT

Introduction: Psoriasis is an autoimmune skin disorder that is symptomized by erythema and scaling. Recently, imiquimod
(IMQ) has been used to induce skin inflammation in mice to create a psoriasis model.
Aim of the Work: To assess the possible preventive potential of acarbose on psoriasis-like skin inflammation induced by
IMQ in adult male mice, and to compare it to calcipotriol/betamethasone applied on the same psoriasis mouse model.
Materials and Methods: Thirty four BALB/c mice were classified as the following groups: I(Control), II(IMQ): IMQ-model
with topically applied Aldara cream, ІII(Acarbose): IMQ-model treated with Glucobay orally, ІV(Calcipotriol/Betamethasone):
IMQ-model treated with Calcipoheal-Cort ointment and V(Acarbose+Calcipotriol/Betamethasone): IMQ-model treated with
both Glucobay and Calcipoheal-Cort combined. Haematoxylin & Eosin stain and S100 immunohistochemical staining were
performed along with electron microscopic study of skin sections. Mean epidermal thickness and mean number of S100
immuno-positive keratinocytes were measured and measurements were statistically analyzed.
Results: Group II mice showed psoriasis-like signs of skin inflammation. Groups III and IV mice showed less signs of
inflammation which were markedly attenuated by combination of both of the treatments. Group II demonstrated significant
acanthosis and abundant infiltrates of inflammatory cells in the dermis and significantly numerous S100 immuno-positive
keratinocytes. Groups III and IV showed significant improvement of these changes which were markedly diminished in group
V as it showed almost normal histological structure.
Conclusion: Acarbose had an overall beneficial effect on psoriasis-mimicking mouse model triggered by IMQ, almost
comparable to that demonstrated by calcipotriol/betamethasone. However, combination of both treatments exerted a more
powerful therapeutic effect.
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INTRODUCTION

erythematous scaly patches which shed constantly.
Moreover, a cellular reaction that includes T lymphocytes,
dendritic cells (DCs), macrophages and mast cells is
involved in psoriasis pathogenesis[7,8].

Psoriasis is a disfiguring autoimmune skin disorder,
with reported prevalence ranging between 0.09% and
11.4% of the population worldwide, making it a significant
global problem[1]. Psoriasis is a multifactorial disease as
genetic factors have a role in enabling its development
when they interact with environmental factors such as
stress and certain medications[2, 3, and 4]. As an inflammatory
disorder, patients suffering from psoriasis are at a great risk
of developing metabolic disorders as insulin resistance and
cardiovascular diseases[5]. Furthermore, the disfiguration
resulting from psoriatic skin lesion causes severe
psychological distress to psoriatic patients[6].

Imiquimod (IMQ) is toll-like receptor (TLR) 7
agonist in mice and TLR 7 and 8 agonist in humans[6].
Imiquimod is prescribed to treat certain viral skin diseases
as well as basal cell carcinomas[3]. However, it can also
provoke a psoriasis-like disease in some patients as a side
effect[9]. Similarly, topical application of IMQ to the skin
of BALB/c mice induces lesions that mimics psoriasis
being marked by keratinocytes hyperproliferation along
with cellular inflammatory infiltration of DCs and T
lymphocytes. Recently, IMQ-induced skin inflammation
has been growingly used as mouse model to study human
psoriasis[10,11].

The main characters of psoriasis are uncontrolled
proliferation of keratinocytes and their abnormal
differentiation leading to development of focal
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Certain cells of the immune system and their
inflammatory factors play the key role in psoriasis
pathogenesis[12]. Researches have revealed that T helper 17
(Th17) cells and the inflammatory cytokines they produce
especially interleukin (IL)-23 are detected in psoriatic
lesions[10]. This IL-23/Th17 axis constitutes an essential
element in the pathological process of psoriasis studied in
humans as well as the IMQ mouse model[13].

conventional clean facility at 22–26◦C and allowed food
and water ad libitum.

II- Materials

To date, no therapy has been able to completely cure
psoriasis. However, the past few years have witnessed
remarkable advances in studying the pathogenesis of
psoriasis, nonetheless, complete explanation of this disease
is still far ahead[14]. Current treatment choices for psoriasis
include steroids and vitamin D derivatives. Recently,
it has been recognized that glucose metabolism plays a
pivotal role in the mechanism of chronic inflammatory
skin diseases. Accordingly, targeting metabolism is now
considered as a promising method of managing psoriasis[15].
Acarbose, an alpha-glucosidase inhibitor, is a widely
prescribed antidiabetic drug. It is considered to be a welltolerated drug, besides, it doesn’t cause hypoglycemia
as long as other antidiabetic agents are not used
concomitantly[16]. Through anti-inflammatory effects,
acarbose decreases the inflammatory markers detected
in diabetic patients[17]. Additionally, it also lowers the
risk of diabetes mellitus (DM) major complications as
cardiovascular diseases, which are marked by the presence
of high levels of inflammatory factors[18].

•

Imiquimod (IMQ) (Aldara 5% cream, supplied
in the form of sachets each containing 250 mg of
cream, 3M Health Care Limited, Loughborough,
Leicestershire, United Kingdom).

•

Acarbose (Glucobay 50, supplied in the form of
tablets each containing 50 mg acarbose, Bayer
Pharma AG Leverkusen, Germany). The tablets
were crushed and the required dose was weighed
using a digital scale and dissolved in water.

•

Calcipotriol and Betamethasone (CalcipohealCort topical ointment containing calcipotriol
0.005% and betamethasone 0.05%, Advanced
Pharmaceutical Industries Company (APIC),
Cairo, Egypt).

•

Anti-S100 antibody Rabbit polyclonal anti-S100
antibody, PA1-932, Thermo Fisher Scientific,
Rockford, USA.

III- Experimental Design
The back skin of all mice was shaved 48 hours before
the start of the study[22], then they were divided into 5
groups:
Group I (Control group n=10): Mice of this group
were equally divided into two subgroups:

S100 proteins are a family of multifunctional small
proteins involved in proliferation, differentiation and
intercellular adhesion[19]. Under normal states, production
of inflammatory factors such as antimicrobial peptides
(AMPs) is limited to possible points of microbial entrance
in the epidermis, such as around the hair follicles[20].
Nevertheless, S100 proteins are over expressed in
psoriatic skin, which is attributed to altered epidermal
differentiation, and this happens because of the location of
S100 encoding genes within the epidermal differentiation
complex that contains major genes involved in epidermal
differentiation[21].

Subgroup Ia: Vaseline cream (Unilever, London, United
Kingdom) was applied topically on the back skin of control
group mice once daily for 6 successive days[23].
Subgroup Ib: Received 2 ml water orally by gastric
gavage twice daily starting one week before induction of
skin inflammation as detailed in group II, then continued
till the end of the experiment[24].
Group II (IMQ group n=6): Aldara cream was
applied topically on the back skin of IMQ group mice at a
dose of 62.5 mg once daily for 6 successive days to induce
psoriasis-like skin inflammation[25]. This equals a dose of
3.125 mg of the active compound daily which was proven
to cause the most optimal inflammation of skin in mice[26].

The present work was structured to assess the possible
preventive potential of acarbose on psoriasis-like lesion
induced by IMQ in the skin of adult male BALB/c mice,
and to compare it to the combined therapeutic effect of the
widely used psoriasis medications, vitamin D analogue
“calcipotriol” and corticosteroid “betamethasone”, applied
on the same psoriasis mouse model.

Group ІII (Acarbose group n=6): Mice of this group
received 500 mg/Kg Glucobay (=20 mg) dissolved in 2
ml water orally by gastric gavage twice daily starting one
week before induction of skin inflammation as detailed in
group II, then continued till the end of the experiment[24].

MATERIALS AND METHODS

Group ІV (Calcipotriol/Betamethasone group n=6):
Skin inflammation was induced as detailed in group II.
Calcipoheal-Cort ointment was simultaneously applied to
the skin twice daily till the end of the experiment[27,28].

I- Animals
Thirty four adult male BALB/c mice with average
body weight 40 g, were housed in the animal house of
Kasr Al-Ainy, Faculty of Medicine, Cairo University. The
mice were treated according to the guidelines for animal
research approved by Animal Ethics Committee, Faculty
of Medicine, Cairo University. They were sub-caged in a

Group V (Acarbose + Calcipotriol/Betamethasone
group n=6): Skin inflammation was induced as detailed in
group II. Mice of this group received Glucobay treatment
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RESULTS

and Calcipoheal-Cort ointment application as described in
groups III and IV respectively.

A) General observations

IV- Experimental Procedure

No deaths were noticed in all mice during the
experiment. Mice of both control subgroups showed the
same macroscopic and microscopic picture. Group I
mice showed apparently normal back skin all throughout
the experiment (Figure 1a). IMQ treated mice (group II)
showed psoriasis-like signs of inflammation in the form of
redness (erythema) of the back skin and scaling. Erythema
started at day 2, and increased in severity reaching a peak
at day 7. Scaling started at day 3, but progressed rapidly
at days 5, 6 and 7 (Figure 1b). Mice treated with acarbose
(group III) and calcipotriol/betamethasone (group IV)
showed less signs of inflammation with milder erythema
and sparser scales, and the whole process was delayed 1
day as compared to group II (Figure 1c&d respectively).
Combination of both treatments (group V) markedly
attenuated of the inflammation as only slight erythema and
was noticed starting day 4 and didn’t increase in severity
till day 7 (Figure 1e).

Sacrifice of all the mice was done on the 7th day by
cervical dislocation under 100 mg/kg pentobarbital sodium
anesthesia administered intra¬peritoneally[29]. Back skin
specimens were subjected to the following studies:
A. Light microscopic studies
Specimens were processed for paraffin sections (5 µm)
which were subjected to the following stains:
1.

Hematoxylin and Eosin (H&E)[30].

2.

Immunohistochemical staining[31] for S100 protein.
It was done according to the staining protocol
provided by the UltraVision Detection System,
a labeled streptavidin-biotin immune-enzymatic
antigen detection kit, TP-015-HD, Thermo Fisher
Scientific, Fremont, USA.

B. Electron microscopic study

B) Light microscopic results

Fine fragments of skin specimens were obtained.
Prefixation was done in glutaraldehyde 2.5% followed
by postfixation in osmium tetraoxide 1%. Dehydration
was done in alcohol, clearing in propylene oxide and
embedding in epoxy resin[32]. Ultrathin sections were
stained with uranyl acetate-lead citrate[33]. Transmission
electron microscope JEOL (JEM-1400 TEM) was used
for examination of the sections. The images were captured
by CCD camera, model AMT, at Electron Microscope
Research Unit, Faculty of Agriculture, Cairo University.

• H&E stained sections
Normal histological structure of the thin skin was
illustrated by sections of group I. The epidermis comprised
few layers of keratinocytes arranged as five strata;
starting with the deepest, stratum basale, then, spinosum,
granulosum, lucidum and the most superficial, stratum
corneum. Dermal-epidermal junctions were flat except
for involutions of the hair follicles. The dermis contained
densely packed hair follicles, sebaceous glands and blood
vessels (Figure 2a).

C. Morphometric study
The following parameters were measured in randomly
chosen, non-overlapping ten fields in each section:
1.

Mean epidermal thickness in H&E stained sections
[x200].

2.

Mean number of S100 immuno-positive
keratinocytes in S100 immuno-stained sections
[x400].

Group II sections demonstrated epidermal hyperplasia
with strong epidermal thickening (acanthosis), marked
thickening of stratum corneum (hyperkeratosis), in
addition to presence of nuclei in some areas of stratum
corneum (parakeratosis). Many keratinocytes showed
vacuolated cytoplasm and pyknotic nuclei. Abundant
elongated epidermal rete ridges were observed along with
abundant infiltrates of mononuclear inflammatory cells in
the dermis including lymphocytes, macrophages and mast
cells (Figure 2b).

Leica Qwin 500 LTD software image analysis computer
system (Cambridge, England) was used for image analysis
at the Histology department, Faculty of Medicine, Cairo
University.

Examination of sections of treated groups (groups III
and IV), illustrated that the changes observed in group II
were ameliorated as they demonstrated less acanthosis and
hyperkeratosis as well as fewer areas of parakeratosis. In
addition, few keratinocytes showed vacuolated cytoplasm
and pyknotic nuclei. Group III sections showed few
elongated epidermal rete ridges while group IV sections
showed almost flat dermal-epidermal junction except
where hair follicles were present. In addition, sections of
group IV showed many areas of inflammatory infiltrations
(Figures 2c & 2d).

D. Statistical analysis
Statistical analysis of the morphometric measurements
was done by “IBM SPSS statistics 23” and the data were
reported as mean ± standard deviation (SD). To determine
the statistical significance, One-way analysis of variance
(ANOVA) followed by “Tuckey” post-hoc test were
used. When “P value” was < 0.05, the differences were
considered to be statistically significant[34].
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The changes caused by IMQ seen in group II were
markedly diminished in sections of group V as they
showed almost normal histological structure. Most of the
keratinocytes showed normal morphology and unaffected
nuclei. However, very few inflammatory infiltrates were
still observed (Figure 2e).

Sections of group II revealed several histological
changes in keratinocytes of all the layers. The markedly
thickened stratum corneum demonstrated many wide spaces
between the irregularly organized keratin scales. Marked
reduction in cells of stratum granulosum was observed
with disappearance of most of the granular keratinocytes.
However, numerous electron dense keratohyaline granules
were observed. The cytoplasm of many cells of stratum
spinosum and stratum basale showed multiple vesicles
while the nuclei of some cells showed heterochromatin
condensed along their irregular and indented nuclear
envelope and they were often shrunken. Wide intercellular
spaces were detected between numerous stratum spinosum
keratinocytes. Distinct areas of epidermal-dermal
separation were also observed (Figures 5a-d).

• Immunohistochemical stained sections for S100
protien
Group I sections showed negative S100 immunoreaction
in the epidermis and occasional S100 immuno-positive
cells with cytoplasmic reaction around the hair follicles in
the dermis (Figure 3a).
Sections of group II revealed numerous immunopositive keratinocytes in the epidermis. The reaction
appeared in the cytoplasm, nuclei and plasma membranes
of the keratinocytes. Immuno-positive cytoplasmic reaction
in multiple cells in the dermis was also noticed (Figure 3b).

Groups III and IV sections showed obvious improvement
of the changes observed in group II, with less thickened
stratum corneum and less numerous keratohyaline
granules. Only few keratinocytes had heterochromatic,
shrunken and indented nuclei and few small vesicles in
the cytoplasm. Wide Intercellular spaces were noticed,
however, intact epidermal-dermal interface was observed
(Figures 6a and b and 7a and b).

Group III showed negative S100 immunoreaction in
the epidermis, however, multiple immuno-positive cells
were detected in the dermis very close to the basement
membrane (Figure 3c). Group IV demonstrated multiple
immuno-positive keratinocytes (Figure 3d). In both
groups, few cells expressed immune-positive reactivity in
the dermis around the hair follicles and in the endothelial
lining of few blood vessels (Figures 3c and 3d). Negative
S100 immunoreaction in the epidermis and few immunopositive cells in the dermis of group V sections were
noticed (Figure 3e).

Sections of group V demonstrated normal morphology
of epidermis, with regularly organized keratin scales
in stratum corneum with minimal spaces in between.
Stratum granulosum showed few keratohyaline granules.
The Keratinocytes had normal euchromatic nuclei with
prominent nucleoli and normal cytoplasmic morphology,
except for occasional cells that showed small vesicles
in their cytoplasm and small intercellular spaces in
between. Desmosomal junctions were seen connecting the
keratinocytes together and hemidesmosomes connecting
the epidermal-dermal interface were also noticed
(Figures 8a-c).

C) Electron microscopic results
Ultrastructurally, sections from group I demonstrated
the normal epidermal organization of keratinocytes as the
five strata; stratum basale being the deepest layer, then,
spinosum, granulosum, and finally stratum corneum, the
most superficial one. The keratinocytes showed normal
morphology of cytoplasm as well as normal euchromatic
nuclei with prominent nucleoli. Desmosomal junctions
connecting the keratinocytes together and hemidesmosomes
connecting the epidermal-dermal interface were also
observed (Figure 4).

D) Morphometric and statistical results (Table 1)
Morphometric and statistical results are illustrated in
(Table 1).
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Fig. 1: Macroscopic picture of mice back skin at day 7.
a: Group I shows apparently normal back skin.
b: Group II shows psoriasis-like signs of skin inflammation in the form of erythema and scaling.
c: Group III and d: Group IV show mild erythema and sparse scales.
e: group V shows only slight erythema.
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Fig. 2: Photomicrographs of H&E-stained skin sections.
a: Group I shows the epidermis (E), flat dermal-epidermal junction (DEJ) and dermis (D) containing hair follicles (HF), sebaceous glands
(SGL) and blood vessels (BV) [x200].
b: Group II shows strong acanthosis (AC), marked hyperkeratosis (HK) and parakeratosis (PK). Many keratinocytes shows vacuolated
cytoplasm and pyknotic nuclei (arrows). Elongated epidermal rete ridges (curved arrows) and abundant infiltrates of mononuclear inflammatory
cells (asterisks) are noticed [x200]. Higher magnification of the boxed areas I and II shows retained nuclei of parakeratosis (N) in box I, and
lymphocytes (Ly), macrophage (Mpg) and mast cells (M) of mononuclear inflammatory infiltration in box II [x1000].
c: Group III shows mild acanthosis (AC) and hyperkeratosis (HK) as well as few areas of parakeratosis (PK). Few keratinocytes showed
vacuolated cytoplasm and pyknotic nuclei (arrows). An elongated epidermal rete ridge (curved arrow) is also observed [x200].
d: Group IV shows mild acanthosis (AC) and hyperkeratosis (HK), few areas of parakeratosis (PK) and few keratinocytes with vacuolated
cytoplasm and pyknotic nuclei (arrows). Flat dermal-epidermal junction (DEJ) are noticed, in addition to many areas of inflammatory
infiltrations (asterisks) [x200].
e: Group V shows almost normal histological structure except for occasional keratinocytes with vacuolated cytoplasm and pyknotic nuclei
(arrows) and very few inflammatory infiltrates (asterisk) [x200].
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Fig. 3: Photomicrographs of S100 immuno-stained skin sections.
a: Group I shows negative S100 immunoreaction in the epidermis and occasional S100 immuno-positive cells in the dermis (bifid arrows)
around the hair follicles (HF) [x400].
b: Group II shows numerous immuno-positive keratinocytes (arrows) and multiple immuno-positive cells in the dermis (bifid arrows) [x400].
c: Group III shows negative S100 immunoreaction in the epidermis and multiple cells in the dermis with immuno-positive reactivity (bifid
arrows) and in the endothelium of few blood vessels (BV) [x400].
d: Group IV shows multiple keratinocytes with immuno-positive reactivity (arrows). Few immune-positive cells scattered in the dermis (bifid
arrows) and around the hair follicles (HF) are seen [x400].
e: Group V shows negative S100 immunoreaction in the epidermis and few immuno-positive dermal cells (bifid arrows) [x400].

Fig. 4: Electron micrograph of a skin section from group I.
Shows keratinocytes organized as five strata; stratum basale (SB), spinosum (SS), granulosum (SG) and corneum (SC). Their cytoplasm (C)
shows normal morphology as well as normal euchromatic nuclei (EN) with prominent nucleoli (No). Desmosomal (D) and hemidesmosomal
(HD) junctions are observed [x5000].
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Fig. 5: Electron micrographs of skin sections from group II.
a: Shows many wide spaces (asterisks) between the irregularly organized keratin scales of markedly thickened stratum cornum (SC).
Disappearance of most of granular keratinocytes is noted, however, numerous electron dense keratohyaline granules (KG) are observed in
stratum granulosum (SG) [x3000].
b: Shows part of stratum corneum (SC), large amounts of electron dense keratohyaline granules (KG) with absence of granular keratinocytes
in stratum granulosum (SG) and some cells of stratum spinosum (SS) with often shrunken heterochromatic nuclei (HN) with the chromatin
condensed along their irregular and indented nuclear envelope (wavy arrows) [x4000].
c: Shows keratinocytes of stratum spinosum (SS) and stratum basale (SB) revealing multiple vesicles in their cytoplasm (bifid arrows),
irregular and indented nuclear envelope (wavy arrows) and wide intercellular spaces (arrows) [x5000].
d: Shows a keratinocyte of stratum basale (SB) with a shrunken heterochromatic nucleus (HN) and irregular and indented nuclear envelope
(wavy arrow). Distinct areas of epidermal-dermal separation are observed (curved arrows) [x12000].
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Fig. 6: Electron micrographs of skin sections from group III.
a: Shows thickened stratum corneum (SC) and many keratohyaline granules (KG) in stratum granulosum (SG) [x4000].
b: Shows keratinocytes of stratum spinosum (SS) with shrunken, heterochromatic (HN) and indented (wavy arrows) nuclei and few small
vesicles in the cytoplasm (bifid arrows). Wide Intercellular spaces are seen (arrows), however, one keratinocyte with euchromatic nucleus
(EN) and normal cytoplasmic (C) morphology is also noticed [x5000].

Fig. 7: Electron micrographs of skin sections from group IV.
a: Shows keratinocytes of stratum spinosum (SS) and stratum basale (SB). Two keratinocytes show shrunken heterochromatic (HN) and
indented (wavy arrow) nuclei. Wide Intercellular spaces are observed (arrows). The remaining keratinocytes have euchromatic nuclei (EN)
and normal cytoplasmic (C) morphology [x5000].
b: Shows a keratinocyte of stratum basale (SB) with normal morphology of cytoplasm (C) as well as normal euchromatic nucleus (EN).
Desmosomal junctions (D) connecting the keratinocytes together and hemidesmosomes (HD) connecting the epidermal-dermal interface are
also observed [x12000].
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Fig. 8: Electron micrographs of skin sections from group V.
a: Shows regularly organized keratin scales in sratum corneum (SC) with minimal spaces in between (asterisks). Stratum granulosum (SG)
show few keratohyaline granules (KG). The keratinocytes have normal euchromatic nuclei (EN) with prominent nucleoli (No) and normal
cytoplasmic (C) morphology, except for occasional cells that show small vesicles in their cytoplasm (bifid arrows) and small intercellular
spaces in between (arrows) [x3000].
b: Shows keratinocytes of stratum spinosum (SS) revealing normal euchromatic nuclei (EN) with prominent nucleoli (No) and normal
cytoplasmic (C) morphology. Desmosomal junctions (D) are noticed connecting the keratinocytes together [x5000].
c: Shows a keratinocyte of stratum basale (SB) revealing normal euchromatic nucleus (EN) with prominent nucleolus (No) and normal
cytoplasmic (C) morphology. Desmosomal junctions (D) are noticed connecting the keratinocytes together and hemidesmosomes (HD)
connecting the epidermal-dermal interface are also observed [x12000].
Table 1: Mean values (±SD) of the epidermal thickness and S100 immuno-positive keratinocytes.
Group
Epidermal thickness (µm)
S100 immuno-positive keratinocytes

Control

IMQ

Acarbose

Calcipotriol/ Betamethasone

Acarbose+Calcipotriol/Betamethasone

22.77±1.63

92.41±10.05*

39.84±1.13○

37.32±1.50○

27.09±2.14□

-

19±1.41

-

*

10.80±1.03

○#

-

Statistical significance (p<0.05):
*Significant compared to control group.
○ Significant compared to control and IMQ groups.
□ Significant compared to IMQ, acarbose and calcipotriol/betamethasone groups.
# Significant compared to acarbose and calcipotriol/betamethasone groups.

DISCUSSION

In the current work, group II mice developed psoriasislike signs of inflammation following IMQ application,
in the form of erythema and scaling of back skin that
progressed throughout the duration of the experiment.
These signs which phenocopy important features of human
psoriasis have been previously reported by various studies
that applied this model with the same IMQ dose on BALB/c
mice for the same duration[24-26].

Psoriasis is considered to be one of the most researched
skin diseases[4]. Although several psoriasis treatment
modalities exist, management of psoriasis continues to be
a challenging point in clinical medicine, and new treatment
choices beyond the conventional ones are truly needed[35].
In the present study IMQ (Aldara cream) was used to
induce psoriasis-like skin inflammation in BALB/c mice.
The IMQ mouse model has become the most commonly used
animal model of psoriasis since its first publication in 2009[26].
This model was chosen for its several advantages including
fast response, relative inexpensiveness[36], convenience and
simplicity[11]. Most importantly, the skin lesions caused
by IMQ in mice remarkably mirror human psoriasis both
phenotypically and histologically[37] as well as in regards to
the genes implicated in epidermal development[22]. Most
of the psoriasis mimicking studies using the IMQ mouse
model are performed using BALB/c strain. Studies propose
that IMQ responses could be strain-specific. For instance,
following IMQ application, skin lesions in BALB/c develop
more rapidly than other strains[11].

Microscopically, IMQ induced several histological
changes in group II characterized by significantly marked
acanthosis, with abundant elongated epidermal rete ridges
and hyperkeratosis with some areas of parakeratosis. These
changes are in agreement with the findings of prior IMQ
model studies[7, 22, 24 and 38].
Skin turnover describes the transformation of basal
keratinocytes into anucleate corneocytes, which in normal
skin occurs over about 50 days, while in psoriatic skin,
it only takes 5 days. This results from disturbance of the
homeostasis of the epidermis which is normally maintained
by a well-organized balance of differentiation and renewal
processes[4]. Acanthosis has been attributed to an increase
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immensely produced by psoriatic keratinocytes[19,50]. It was
demonstrated that both S100A8 and S100A9 localize in
the peripheral cytoplasm, besides, S100A9 is also detected
within the plasma membrane as well. They are both
expressed in stratum granulosum, spinosum and basale[51].
As for S100A12, it is detected in the suprabasal layers of
the epidermis[21].

in cell number as well as size. It was also described to
display as elongated rete ridges with bulbous tips[39]. Rapid
keratinocyte proliferation leading to acanthosis[40] has also
been explained by continuous release of inflammatory
factors from activated T lymphocytes leading to the
presence of a sustained set of signals that results in
epidermal hyperplasia[8]. Parakeratosis is an epidermal
differentiation abnormality, a typical phenomenon for
psoriasis skin lesions[26,41] and the underlying cause of
scaling of the skin[26].
The presence of many keratinocytes with vacuolated
cytoplasm and pyknotic nuclei demonstrated in group II
has been previously reported following IMQ application[38].
It has been described that massive epidermal cell death is
one of the early phenomena following the application of
IMQ. In addition, necroptosis was hypothesized to have
a major role in the death of keratinocytes. Furthermore,
necroptotic keratinocytes have been considered the main
triggers of inflammation by the production of damageassociated molecular patterns[7].
Abundant dermal infiltrates of mononuclear
inflammatory cells including lymphocytes, macrophages
and mast cells have been observed in group II. Psoriatic
lesions exhibit dense infiltrates of inflammatory cells
comprised of T lymphocytes, DCs[40,42], macrophages[42]
and mast cells[43,44] in the dermis. IMQ activates proinflammatory signaling pathways through the ligation
of TLR7/8 on DCs[36]. Mast cells, which are attracted to
the lesion by the chemokines produced by keratinocytes,
play an essential role in magnifying the inflammatory
process[44]. Psoriasis-resembling skin inflammation
triggered by IMQ is characterized by an imbalance in IL23/IL-17 axis, with IL-23 and IL-17 are upregulated in
patients suffering from psoriasis and psoriasis-like mice
both[45]. It has been revealed that DCs release IL-23 to
activate Th17 cells to produce large amounts of psoriatic
cytokines, including IL-17 and IL-22[40]. These cytokines
stimulate the hyper-proliferation of keratinocytes[40,46] as
well as their production of further inflammatory factors
such as antimicrobial peptides (AMPs)[47] which amplify
the psoriatic inflammatory process[40].
Among the AMPs, S100 proteins have gained a
notable interest as a principal factor in the pathogenesis
of psoriasis. Psoriatic skin has displayed overexpression
of S100A7, S100A8, and S100A9[4,21], S100A2 and
S100A15[21]. Prominent co-expression of the homologue
S100 proteins S100A7, S100A8, S100A9 and S100A12,
has been demonstrated suggesting their co-regulation and
synergy[48].

The
previous
data
support
our
S100
immunohistochemical findings which revealed significantly
numerous S100-positive keratinocytes in group II, with
the reaction seen in the cytoplasm, nuclei and plasma
membranes of keratinocytes. In addition, immuno-positive
reaction was seen in multiple cells in the dermis. While
Group I sections showed negative S100 immunoreaction in
the epidermis and occasional S100 immuno-positive cells
around the hair follicles in the dermis. In agreement with
our results are the findings of prior studies that applied the
IMQ model and displayed an increase in the expression of
the inflammatory protein S100A8 in the epidermis. Also,
it has been reported that necroptotic keratinocytes produce
damage-associated molecular patterns, as S100 proteins[7].
Furthermore, it was demonstrated that mRNA levels of
S100A8, and S100A9, were markedly increased in IMQtreated mice[28].
Ultrastructurally, group II in our study demonstrated a
significantly thickened stratum corneum with many wide
spaces between irregularly organized keratin scales and
numerous electron dense keratohyaline granules. Similar
results were previously obtained by previous studies[38].
Moreover, our sections displayed a marked reduction in
cells of stratum granulosum with disappearance of most of
the granular keratinocytes. This is in accordance with prior
IMQ model studies[26] as well as studies done on samples
obtained from psoriatic plaques of psoriasis patients[35,39].
This finding, described as “hypogranulosis” was credited
to the aberrant differentiation of keratinocytes[40].
As for stratum spinosum and stratum basale of group II,
many keratinocytes showed multiple cytoplasmic vesicles.
The same finding was similarly demonstrated in prior
studies[38,52]. In addition, the nuclei of some cells showed
heterochromatin condensed along their irregular and
indented nuclear envelope and they were often shrunken.
This could be explained by the effect of IMQ application,
which has been described to massively disturb the
epidermal integrity and lead to keratinocyte apoptosis[41].
Wide intercellular spaces were detected between numerous
stratum spinosum keratinocytes, a feature previously
reported by IMQ induced psoriasis-like studies[38] and
prior electron microscopic studies on human psoriasis[52]
that explained it by reduction of desmosomes, indicating
alteration of cell-cell adhesion. Finally, distinct areas
of epidermal-dermal separation were observed. It was
previously suggested that in psoriasis, lymphocytes and
neutrophils release proteolytic enzymes that affect laminin
and collagen type IV, the most important macromolecules
in the epidermal basement membrane, resulting in loss of
its integrity[39].

In psoriatic skin, S100A7 overexpression in
keratinocytes is located in the nucleus and the cytoplasm[48].
S100A15 is produced by basal keratinocytes, DCs and the
endothelium of blood vessels. Moreover, in mice, S100A7
shares an ancestral protein with S100A15[19]. S100A8
and S100A9 together form a complex[49] produced by
DCs, macrophages, keratinocytes and endothelial cells.
It has been reported that S100A8/S100A9 complex is
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Regarding groups III and IV of the current work, we
treated IMQ induced psoriasis mice with acarbose and
calcipotriol/betamethasone respectively. Acarbose, is
considered one of the safest available antidiabetic drugs[53]
that has also been reported to lower some inflammatory
markers in diabetic patients as well as in arthritic mice[54].
The combination of vitamin D3 analogue “calcipotriol”
and the corticosteroid “betamethasone” is broadly
prescribed for treatment of psoriasis[47,55 and 56]. Vitamin D3
analogues stimulate keratinocyte differentiation, inhibit
keratinocyte proliferation and inhibit T cells, DCs and
keratinocytes cytokine production. As for corticosteroids,
they have powerful anti-inflammatory effects with wideranging immunosuppressive functions through blocking
inflammatory pathways and triggering apoptosis[47,56].

but it couldn’t be able to directly affect DCs rendering
them triggered by IMQ[28]. This could explain the presence
of many inflammatory infiltration areas in our group IV.
As for the S100 immunohistochemical staining of
group III, it showed negative immunoreactivity in the
epidermis, while in group IV sections, the immunopositive keratinocytes significantly decreased as compared
to group II, strengthening the amelioration signs observed
both morphologically and microscopically, attributed to
acarbose and calcipotriol/betamethasone anti-inflammatory
functions. A significant increase in group IV was noted
as compared to control and group III, supporting our
finding of many inflammatory infiltration areas in group
IV. It is worth mentioning that betamethasone has been
formerly reported to decrease the mRNA levels of S100A8
and S100A9 significantly in IMQ-induced skin lesions
in mice[28]. Furthermore, Vitamin D3 analogues were
described to be effective in psoriasis treatment through
modulating the expression of S100A7/ S100 A15[19,46 and 58].

The treated groups in our study, groups III and IV,
showed less signs of inflammation with milder erythema and
sparser scales as compared to group II. Upon microscopical
examination, the changes observed in group II were
ameliorated in both groups revealing histological findings
almost comparable to each other. They demonstrated
significantly less acanthosis compared to group II,
however still significantly increased in comparison to the
control group. This is accordance with a previous study[24]
that investigated the effects of acarbose on IMQ-induced
psoriasis-like inflammation of skin of BALB/c mice
which exhibited reduced erythema and scaling over the
whole period of treatment as well as significant decrease
of the epidermal thickness. Also, in agreement with our
observations, calcipotriol[8] and betamethasone[28] have
been reported to significantly reduce erythema and scaling
in IMQ treated mice. Moreover, calcipotriol/betamethasone
therapy has been stated to hinder the epidermal thickening
in skin biopsy samples of psoriasis patient[56,57].

Ultrastructure examination of sections of groups III
and IV mirrored the obvious improvement of the changes
observed in group II, as it showed less thickened stratum
corneum, less numerous keratohyaline granules and fewer
affected karatinocytes. Similar findings featuring an overall
improvement of the psoriatic changes were reported by a
previous ultrastructural study on psoriatic skin biopsies of
patients treated with calcipotriol ointment, confirming its
efficacy in normalizing the process of keratinization[59].
In group V, we combined both treatments, acarbose and
calcipotriol/betamethasone. This combination markedly
suppressed the inflammation as only slight erythema was
noticed. Microscopic examination showed that changes
caused by IMQ seen in group II were evidently diminished
as they showed almost normal histological structure. The
epidermal thickness decreased significantly as compared
to groups II, III and IV, besides, it showed a non-significant
increase compared to the control. Most of the keratinocytes
showed normal morphology and unaffected nuclei.
Nevertheless, very few inflammatory infiltrates were still
observed. Negative epidermal immune-reactivity was
noticed in S100 stained sections. Parallel findings were
seen ultrastructurally, comprising normal morphology
of epidermis, with regularly organized keratin scales in
stratum corneum, few keratohyaline granules, normal
keratinocytes morphology except for occasional cells and
intact epidermal-dermal interface.

Prior to our study it was previously demonstrated that
acarbose decreased the inflammatory cellular infiltration in
IMQ model of psoriasis. Moreover, it also decreased mRNA
level of the pro-inflammatory IL-17 and IL-22 cytokines in
the skin lesion[24]. They suggested that oral intake of acarbose
influences the adaptive immune response indirectly
through modulating the activation of DCs in the intestine.
They also found that, similar to our results, acarbose alone
wasn’t able to fully suppress the psoriatic changes. Thus,
they recommended the combination of acarbose with other
treatments of psoriasis, which we applied in group V.
Going with our results, it has been formerly demonstrated
that topical application of calcipotriol suppressed the
inflammatory cellular infiltration in skin of mice with
IMQ induced dermatitis[58]. In addition, calcipotriol/
betamethasone therapy has been stated to suppress T cells
infiltration in skin specimens obtained from psoriatic
patients[56,57]. Moreover, calcipotriol[58] and betamethasone
were reported to inhibit the increase in the mRNA levels
of IL-17 and IL-22 in psoriasis induced by IMQ in mice.
However, betamethasone a had minor effect on IL-23 level,
indicating that it exerted its anti-inflammatory effects by
suppressing Th1 cells, Th17 cells as well as keratinocytes,

CONCLUSION
The present work demonstrated that acarbose treatment
had the ability to attenuate psoriasis-like skin inflammation
induced by IMQ in mice to an extent comparable to
calcipotriol/betamethasone. The combination of both
treatments exerted a more marked beneficial effect, which
holds a great promise for combining acarbose with other
psoriasis treatment modalities.
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الملخص العربى

دراسة هستولوجيه مقارنة على الدور الوقائي لألكاربوز والكالسيبوتريول/بيتاميثازون
في نموذج الفأر المصاب بالتهاب الجلد المشابه للصدفية الناجم عن اإليميكيمود
سارة محمد الغندور ،مروة محمد صبري ،منال علي عبد المحسن
قسم علم األنسجة ،كلية الطب ،جامعة القاهرة ،القاهرة ،مصر

مقدمة :تعتبر الصدفية مرض جلدي مناعي ذاتي من عالماته ظهور طفح جلدى وتقشر .يتم استخدام االيميكيمود مؤخرا
لحث التهاب الجلد في الفئران النتاج نموذج للصدفيه.
الهدف من العمل :تقييم االمكانيه الوقائية المحتمله لألكاربوز على التهاب الجلد المشابه للصدفيه الناجم عن اإليميكيمود
فى ذكور الفئران البالغة  ،ومقارنته بالكالسيبوتريول/بيتاميثازون المطبق على نفس نموذج الفأر المصاب الصدفية.
المواد والطرق :تم تصنيف أربعة وثالثين فأرا  BALB / cكالمجموعات التالية(١ :الضابطة)(٢ ،اإليميكيمود) :نموذج
االيميكيمود عن طريق كريم الدارا المستخدم موضعيا(٣ ،األكاربوز) نموذج اإليميكيمود المعالج بـجلوكوباى عن طريق
الفم (٤ ،الكالسيبوتريول/بيتاميثازون) نموذج اإليميكيمود المعالج بمرهم الكالسيبوهيل-كورت و(٥الكالسيبوتريول/
بيتاميثازون+األكاربوز) نموذج اإليميكيمود المعالج بمرهم الكالسيبوتريول/بيتاميثازون واألكاربوزمعا .تم صباغة
مقاطع الجلد بصبغة الهيماتوكسلين واإليوسين والصبغة الهستوكيميائية المناعية S100الي جانب عمل دراسة مجهرية
إلكترونية .تم قياس متوسط سماكة البشرة ومتوسط عدد الخاليا التقرنية الموجبة مناعيا لل  S100وتم تحليل القياسات
إحصائيا.
النتائج :أظهرت المجموعة الثانية عالمات اللتهاب الجلد تشبه الصدفية  .أظهرت فئران المجموعة الثالثة والرابعة
عالمات أقل شدة لاللتهابات والتي تم تحسنها بشكل ملحوظ عن طريق الجمع بين العالجين .أظهرت المجموعة الثانية
زيادة ذات داللة إحصائية فى كثافة طبقة الجلد ،ووفرة من االرتشاح الخلوي االلتهابي في األدمة .أظهرت المجموعتان
الثالثة والرابعة تحسنا ملحوظا في هذه التغييرات التي تضاءلت بشكل ملحوظ في المجموعة الخامسة حيث انها أظهرت
بنية نسيجية طبيعية تقريبا.
اإلستنتاج :كان لألكاربوز تأثيرا نافعا بشكل عام على نموذ الفأر المحاكي للصدفيه المستحث بواسطة اإليميكيمود ،
والذي يشبه تقريبا ً ذلك الذي أظهره كالسيبوتريول/بيتاميثازون .ومع ذلك ،فإن الجمع بين كل من العالجين أظهر تأثيرا
عالجيا أكثر قوة.
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