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Abstract

The aim of the present study is to evaluate the protective effect of Azilsartan against Cisplatin-induced
ocular damage by ameliorating the oxidative stress and inflammation status. Since Azilsartan has a pleiotropic
activity by selectively blocking angiotensin Il type 1 receptor.

Forty-eight Wister-albino male-rats, weighing 270+30 g were used in this study. The duration of the
treatment protocol was for 14 successive days. The rats were assigned randomly into six groups, as follows: Group
1 (Healthy control) was given 0.5 ml/day of 0.5% carboxymethylcellulose orally. Group 2 was given a single
injection of 7 mg/kg Cisplatin intraperitoneally and then 0.5 ml/day of 0.5% carboxymethylcellulose. Group 3
was given 3.5mg/kg/day Azilsartan orally. Group 4 was given 7mg/kg/day Azilsartan orally. Group 5 was given
3.5mg/kg/day Azilsartan orally with a single injection of 7 mg/kg Cisplatin intraperitoneally. Group 6 was given
7mg/kg/day Azilsartan orally with a single injection of 7 mg/kg Cisplatin intraperitoneally. Biochemical analysis
of malondialdehyde, superoxide dismutase, and interleukin-1p levels in the eye tissue was estimated, and
histological examination of the eye was performed.

The co-therapy of Azilsartan at a low dose (3.5mg/kg) with Cisplatin showed a significant (p<0.05)
reduction in interleukin-1p pro-inflammatory levels in comparison with Cisplatin only group, but the co-therapy
of two different doses of Azilsartan with Cisplatin showed no significant (p>0.05) effect on malondialdehyde and
superoxide dismutase levels in comparison with Cisplatin only group. Additionally, there was no significant
(p>0.05) difference between the Azilsartan only groups and the healthy control group. Histologically, co-
administration of two different doses of Azilsartan with Cisplatin showed a significant (p<0.05) reduction in
inflammatory exudates, edema, and inflammatory cells infiltration in ocular tissue particularly with the Azilsartan
low dose which is recognized by the lesion scoring system compared to the Cisplatin group.

Our data validate that Azilsartan has a favorable anti-inflammatory effect in Cisplatin-induced ocular toxicity in
rat model in dose-dependent manner, by suppressing interleukin-1p overexpression and through potently
blocking angiotensin Il type 1 receptors in the eye.
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Chemotherapeutic drugs may result in a br
oad range of ocular toxicities due to the unique
anatomical, physiological, and biochemical charact
eristics of the eye. If the symptoms are not detected
early, these toxicities may become permanent O,
Cisplatin is a chemotherapeutic alkylating drug that
is very effective in the treatment of a variety of
malignant tumors, including those of the head/neck,
lung, bladder, cervical, ovarian, testicular, and
gastrointestinal system . However, Cisplatin has
limited use in clinical practice due to various
deleterious side effects. The use of high-dose
cisplatin treatment regimens causes acute kidney
injury, persistent diarrhea, neurological disorders,
hearing loss, and vision loss, which become
significant  obstacles to cisplatin  therapy
45, Cisplatin-associated eye toxicity is linked to
multiple mechanisms, including oxidative stress,
DNA adducts, inflammation, mitochondrial
dysfunction, and direct cytotoxicity to the retina and
optic nerve ®, Cisplatin causes an increase in the
production of reactive oxygen species and depletion
of the intrinsic antioxidant system, which results in
cell membrane lipid peroxidation, activation of the
p38 Mitogen-activated protein kinases (MAPKS)
signaling pathway, and dysfunction of the DNA
repair mechanism . Accordingly, several studies
were conducted to overcome Cisplatin ocular
toxicity by using antioxidants such as selenium and
resveratrol to minimize the oxidative stress and
protect the eye from the toxic effects of Cisplatin
(8,9)_

The positive involvement of the angiotensin
receptor blockers (ARBs) in ameliorating the
diseases that are associated with the eye has been
studied due to the local availability of angiotensin 1l
type 1 (AT1) receptors in the ocular tissues (011,
Angiotensin  receptor  blockers have been
investigated for their potential to reduce intraocular
pressure and provide neuroprotection in the
treatment of glaucoma *?). Azilsartan is the latest
approved angiotensin receptor blocker for the
management of hypertension. It is a potent and
highly selective antagonist to angiotensin Il type 1
(AT1) receptor that tightly binds to and dissociates
slowly from AT1 receptor than other angiotensin
receptor blockers (ARBs) @3,  Furthermore,
Azilsartan possesses a pleiotropic effect with anti-
inflammatory and antioxidant activity 4. It is
believed that Azilsartan exerts its protective effect
through diminishing the pathogenesis of the
angiotensin converting enzyme (ACE)/ angiotensin
(Ang) I/ angiotensin 1l type 1 (AT1) receptor axis
and upregulating the activity of angiotensin
converting enzyme 2 (ACE2)/ angiotensin (Angl-
7)/mas receptor axis 518, This is the first study to
look at the protective effect of Azilsartan in
Cisplatin-induced ocular toxicity in terms of
oxidative stress and inflammation. Moreover, an
enzyme linked immunosorbent assay (ELISA) was
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carried out in this research to measure
malondialdehyde (MDA), interleukin-1p (IL-1p),
and superoxide dismutase (SOD) levels in the
homogenates of eye tissue. Furthermore, an eye
histological investigation was also carried out.

Materials and Methods
Drugs and chemicals

Cisplatin injection (50 mg/100 ml) was
obtained from Kocak Pharmaceuticals /Turkey and
Azilsartan Medoxomil powder was obtained from

Apollo  Pharmaceuticals/Malaysia.  Azilsartan
Medoxomil ~ was prepared in a 0.5%
carboxymethylcellulose (CMC) suspension.

Phosphate buffer saline (PBS; pH 7.4) was obtained
from DNA biotech Co./ Ireland. The doses of
Cisplatin and Azilsartan that were used in this study
were utilized based on previous researches ©17:18),

Animals and experimental design
Forty-eight ~ Wister-albino  male-rats,
weighing 270+£30 g, were obtained from the

University of Tikrit /College of Veterinary. They

were housed in University of Sulaimani / College of

Pharmacy, were kept in standard conditions (24 °C,

45% humidity, and a 12 h light/dark cycle) and

acclimatized for seven days with standard chew and

tap water. The treatment protocol for this study was
for 14 successive days.

The rats were allocated randomly into six groups

(n=8 rats per group), as follows:

e Group 1 (Healthy control) was given 0.5 ml of
0.5% CMC orally @9,

e Group 2 was given a single injection of 7mg/kg
Cisplatin intraperitoneally and then 0.5ml/day
of 0.5% CMC orally @9,

e Group 3 was given 3.5mg/kg/day Azilsartan
orally @b,

e Group 4 was given 7mg/kg/day Azilsartan orally
@)

e Group 5 was given 3.5mg/kg/day Azilsartan
orally with a single injection of 7mg/kg
Cisplatin intraperitoneally.

e Group 6 was given 7mg/kg/day Azilsartan orally
with a single injection of 7mg/kg Cisplatin
intraperitoneally.

The present study was approved by the Ethical

Committee on Animal Research of University of

Sulaimani, College of Pharmacy (Certificate no.

PH35-21 on 14th November 2021) and carried out

in accordance with the Guidelines for Animal

Research of the National Institutes of Health. All

efforts were made to minimize the suffering of the

animals.

Sample collection

The animals were sacrificed on day 15 after
being fasting for 24 hours with free access to water,
and the eye samples were processed as follow:

e The right eyes were enucleated, washed with ice-

cold phosphate buffered saline (PBS) then dried and

weighed using electronic balance. As such, the
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whole eye dissected by adding 9-fold ice-cold PBS
per g of the eye used in preparing tissue homogenate.
The ocular tissue homogenate was made by
homogenization of eyes in PBS and centrifugation
at 5000 rpm for 20 min at 4°C, and then the
supernatant was frozen at -80°C for further
biochemical investigation @2,

e The left eyes were fixed in an accepted volume of
neutral buffered formalin 10% solution for further
histological investigation.

Biochemical parameters

The MDA, IL-1B, and SOD levels in the
eye tissue homogenates of all experimental groups
were estimated according to the manufacturer’s
procedure by utilizing commercial ELISA Kits
(Bioassay technology, UK).

Histotechnigque procedure

The left eyes were collected and fixed in
neutral buffered formalin 10% solution for 48-72
hours @3, Next, the eyes were dissected at the
horizontal meridian line through the optic nerve and
embedded in paraffin blocks. Further Routine
paraffin wax embedding procedures were used for
histopathologic evaluation, and in short, the tissue
samples were fixed in 10% neutral buffered
formalin, alcohol dehydrated, and paraffinized.
Thereafter, Paraffin embedded specimens were cut
into 5 pm thick sections, mounted on slides and
stained with Hematoxylin-Eosin (H-E).

Semi-quantitative histopathological evaluation

In general, as a semi-quantitative
morphometric measure, the ocular tissues were
examined using light microscope image analyzer
under a power of 100X magnifications. The whole
histological architecture of the eye, such as the
cornea, sclera, iris, ciliary body, and retina, as well
as the optic nerve sections, were investigated
histopathologically for the existence of numerous
abnormalities; congested blood vessels, edema, and
inflammatory exudates. Also, exploring the
degeneration, vacuolation, and hemorrhage as well
as the proliferating capillaries within glial cells
(gliosis) and associated ischemic necrosis of the
optic nerve. The ocular tissue was evaluated and
measured in pm and statistically calculated as mean
percentage. Whereas, inflammatory cells together
with ocular degenerative cells (Cellular swelling)
were counted in a total of ten fields randomly chosen
under high power magnification (1000X), then the
mean average was calculated statistically in
percentage. Overall, tissue samples were analyzed
under the light microscope (Olympus BX51, Japan)
using an image analyzer (Am Scope 3.7, for digital
camera, MU300, 2019). Finally, the morphometric
semi-quantitative mean percentage calculation was
estimated using the following lesion score-grade
system (score 0-10% as no lesions; score 10-25% as
mild; score 25-50% as moderate; score 50-75% as
severe; and score 75-100% as critical lesions).
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Overall, the eye sections were analyzed under the
light microscope (Olympus BX51, Japan) using an
image analyzer (Am scope 3.7, for digital camera,
MU300, 2019).

Statistical analysis

The statistical analysis was accomplished
using GraphPad Prism 8. The values of the measured
parameters were expressed as mean #standard
deviation (std) One-way analysis of variance
(ANOVA) was used for the comparisons between
different groups, followed by Tukey multiple
comparison tests. Unpaired t-tests were used to
compare each group with the Cisplatin group. The
results were considered statistically significant when
the p-value was less than 0.05.

Results

The effect of two different doses of azilsartan on
the mda MDA levels in the ocular tissue

Table 1 showed a significant reduction in the MDA
levels in the ocular tissue of the healthy control
group compared to the Cisplatin group (group 1 vs
group2; p-value=0.0271). Similarly, the MDA
levels were significantly lowered in the group of rats
that received only a low dose of Azilsartan
compared to the Cisplatin group (group 3 vs group
2; p-value=0.0271). While, the MDA levels showed
a non-significant change in the group of rats that
received only a high dose of the Azilsartan
compared to the Cisplatin group (group 4 vs group
2; p-value=0.179).

In addition, there was a non-significant reduction in
the MDA levels in the combination groups
compared to the Cisplatin group [(group 5 vs group
2; p-value=0.438), (group 6 vs group 2; p-
value=0.774), respectively]. Furthermore, there was
a non-significant difference in the MDA levels
between the groups that received only a low and a
high dose of the Azilsartan (group 3 vs group 4; p-
value=0.9554). Moreover, the MDA levels showed
a non-significant change between the combination
groups that received two different doses of the
Azilsartan and a single injection of the Cisplatin
(group 5 vs group 6; p-value=0.9944), as shown in
Figure 1.

The effect of two different doses of azilsartan on
the antioxidant sod enzyme activity in ocular tissue

Table 1 showed a non-significant
difference in the SOD levels among the
experimental groups. There was a non-significant
elevation in the SOD levels in the healthy control
group compared to the Cisplatin group (groupl vs
group 2; p-value=0.7156). Additionally, the SOD
levels were insignificantly different in the groups of
rats that received only two different doses of the
Azilsartan compared to the Cisplatin group [(group
3 vs group 2; p-value=0.1728), (group 4 vs group 2;
p-value=0.2945), respectively]. Likewise, the SOD
levels showed a non-significant change in the
combination groups compared to the Cisplatin group



Iragi J Pharm Sci, Vol.32( 2) 2023

[(group 5 vs group 2; p-value=0.9966), (group 6 vs
group 2; p-value=0.9995), respectively].
Furthermore, the SOD levels showed a non-
significant alteration between the groups of rats that
received only two different doses of the Azilsartan
(group 3 vs group 4; p-value=0.9996). Besides, the
SOD levels showed a non-significant difference
between the groups that received a combination of
treatments (group 5 vs group 6; p-value=0.9946), as
shown in Figure 2.

The effect of two different doses of azilsartan on
the pro-inflammatory IL-1f levels in the ocular
tissue

Table 1 showed a significant decreased in
the IL-1B Levels in the healthy control group
compared to the Cisplatin group (group 1 vs group
2; p-value=0.001). Also, the IL-1p Levels were
significantly lowered in the group of rats that
received only a low dose of the Azilsartan compared
to the Cisplatin group (group 3 vs group 2; p-
value=0.009). Similarly, the IL-1p levels showed a
significant reduction in the group of rats that

Azilsartan on cisplatin -induced ocular toxicity

received only a high dose of the Azilsartan
compared to the Cisplatin group (group 4 vs group
2; p-value=0.0244). Furthermore, the IL-1B levels
were significantly reduced in the combination group
of the low dose of the Azilsartan with the Cisplatin
compared to the group of rats that received only
Cisplatin injection (group 5 vs group 2; p-
value=0.0427). However, the IL-1p levels showed a
non-significant reduction in the combination group
that received a high dose of the Azilsartan with the
Cisplatin compared to the group of rats that received
Cisplatin injection (group 6 vs group 2; p-
value=0.5185). Furthermore, the IL-1B levels
showed a non-significant difference between the
groups of rats that received only different doses of
the Azilsartan (group 3 vs group 4; p-value=0.9959).
Moreover, there was a non-significant difference in
the IL-1pB levels between the combination groups
that received two different doses of the Azilsartan
with the Cisplatin injection (group 5 vs group 6; p-
value=0.6613), as shown in Figure 3.

Table 1. Shows the effect of two different doses of the Azilsartan on the MDA, SOD, and IL-1p levels in the

ocular tissue.

Variables Gl G2 G3 G4 G5 G6
Healthy 7mg/kg 3.5mg/kg 7mg/kg 3.5mg/kg 7mg/kg Azil+
control CIS Azil Azil Azil+ 7mg/kg CIS

7mg/kg CIS
MDA 2.20 2.82 2.20 2.36 2.46 2.56
(nmol/ml) +0.28a | £0.13b +0.28 a +0.27a,b +0.324a,b +0.42a,b
SOD 3.64 3.10 4.04 3.92 3.42 3.22
(ng/ml) +0.54a | £0.48a +0.29 a +0.97a +0.54 a +0.54 a
IL-1p 11.46 16.60 13.04 13.40 13.62 14.98
(ng/ml) +143a | £1.96b +0.80 a +0.59 a +1.21a +2.13a,b

The values of the biomarkers of six experimental groups (n=8 rats) are expressed as meanz standard deviation. Mean values
with different letters (a, b) among the groups represent a significant difference at (P < 0.05), while identical letters among the
groups represent a non-significant difference at (p>0.05). MDA: malondialdehyde; SOD: super oxide dismutase; IL-1p:

interleukin-1beta; G: Group, CIS: Cisplatin; Azil: Azilsartan.
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Figure 1. Shows the effect of two different doses of
Azilsartan on the MDA levels in the ocular tissue.
The values of six experimental groups (n=8 rats) are
expressed as meant standard deviation. The mean
values with different letters (a, b) among the groups
represent a significant difference at (P < 0.05), while
identical letters among the groups represent a non-
significant difference at (p>0.05).
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Figure 2. Shows the effect of two different doses of
Azilsartan on the SOD levels in the ocular tissue.
The values of six experimental groups (n=8 rats) are
expressed as meanz standard deviation. The mean
value with identical letter (a) among the groups
represents a non-significant difference at (p>0.05).
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tissue MDA (nmol/ml)

Figure 3. Shows the effect of two different doses
of Azilsartan on the IL-1p levels in the ocular
tissue. The values of six experimental groups
(n=8 rats) are expressed as meanz standard
deviation. The mean values with different letters
(a, b) among the groups represent a significant
difference at (P < 0.05), while identical letters
among the groups represent a non-significant
difference at (p>0.05).

Histopathology Findings

Table 2 showed histopathological
morphometric  semi-quantitative evaluation and
lesion scoring for ocular tissue from different
treatment groups. Animals were sacrificed and eye
samples were collected for histopathology at the
experiment end point. Microscopic structures of the
eye in healthy control group revealed well organized
histological layers and intact features of all tunics;
fibrous tunic including cornea and sclera with
vascularized tunic such as; iris, ciliary body, and
process, also neural tunic-like retina, with the optic
nerve (Figure 4 a, b). The microscopic section of
sclera showed tough fibrous connective tissue layers
that compose of a thin, loose collagenous connective
tissue and the stroma is a thick layer of dense
collagenous connective tissue made of intertwining
collagen fibers alternating with networks of elastic
fibers, also limbus had a normal structure (sclera-
corneal junction) in G1(Figure 4 d, ). G1 showed a
normal histological arrangement and cell
distribution of retina tissue, ganglionic cell layer,
normal glial cellularity, and astrocytes in the optic
nerve (Figure 5a, b, and c). Histopathologically,
7mg/kg Cisplatin administration led to a severe-
critical disruption in the eye morphology and layer
organization. In G2 (Figure 6 a,b, and c¢) marked
degeneration of lens capsule with sloughing of
lining epithelium was seen, also accumulation of
water in the lens (cataract or lens opacity) in
comparison to G1. Cornea histological alterations
were very severein G2 vs. G1 and showed
proliferation in the stromal layer with sloughing of
lining epithelium and endothelium, with marked
infiltration of the neutrophil inflammatory cell as
seen in figure 7 ¢. The marked proliferation of ciliary
process, vascular congestion, and infiltration of
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inflammatory cells in G2 (Figure 7 a, b) in
comparison to G1. Cytoplasmic vacuolation of
episcleral epithelium, thickening of sclera with a
significant increment of inflammatory exudates and
cells, together with severe vascular congestion and
critical degenerative changes within the retinal
photoreceptor cells were seen in G2 as shown
(Figure 8 a). Also marked ischemic optic nerves had
a lot of inflammatory cells in the form of cell
clusters, multi vascular congestion with a critical
reduction in glial cells, As shown in Figure 8 (b, c,
and d). Histological structure of the eye in G3
revealed the normal arrangement of each eye tissue
with normal cell distribution. In general, sample
scoring in G3 and G4 respectively, show mild to no
significant morphological changes in comparison to
G1 group, in which the lesions are much milder in
G3 than G4, as shown in table 2. In G3, there were
well-organized histological layers structures of the
lens (inset), cornea, eye chambers, and iris (Figure 9
a, b, and c), as well as Intact features of sclera with
ciliary body and process (Figure 9 d, e). Also, the
retina revealed normal cellularity and mild vascular
congestion in optic nerves of G3 (Figure 10 a, b).
Similarly, the histological structure in G4 showed an
intact histological layer of the lens (inset), cornea,
eye chambers, and iris (Figure 11 a, b, and c). G4
shows a normal morphological appearance of sclera
with mild congestion of ciliary process and iris
(Figure 11 d, e). G4 showed (Figure 12 a, b) mild
degeneration of photoreceptor cells, and exhibited a
normal distribution of cells in retinal layers, as well
as presented a mild vascular congestion of optic
nerves with a mild reduction in glial cell number vs
GL1. Likewise, Microscopic evaluation of the eye in
G5 revealed a mild-moderate disruption in eye
layers arrangement particularly the histological
structures of lens layers and iris (Figure 13 a, b),
such group also showed thinning of a capsule with
moderate degeneration of capsular epithelium, and
vascular congestion of iris while moderate
degeneration and vacuolation of a stromal layer of
the cornea were seen in (Figure 13 a, b, and c). Also,
G5 showed a proliferation of ciliary processes with
mild vascular congestion as well as mild thinning
and degeneration of sclera (Figure 13 d, e).
Histologically, the retina in G5 revealed a mild
vacuolation of the photoreceptor cells, mild gliosis,
and mild degeneration of ganglionic cells (Figure 14
a). There was thinning and hemorrhage of optic
nerves with a mild reduction in glial cells in G5
(Figure 14 b, ¢, and d). Whereas histological
examination of G6 revealed a severe lesion in
fibrous and vascularized tunic  structures.
Additionally, there were a thickening of ciliary
process, moderate vascular congestion with severe
thinning and degeneration of sclera in G6 (Figure 15
a, b, and c), as well as a moderate-severe vascular
congestion in the ciliary process (Figure 15 c-e)
moderate-severe proliferation and congestion of
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ciliary process (Figure 15 d). The retina of G6
revealed moderate degeneration of photoreceptor
cells, moderate gliosis, and severe degeneration of
ganglionic cells (Figure 16 a). Moreover, there was
a moderate ischemic optic nerve in G6 which had
inflammatory cells in the form of cell clusters,
vascular congestion with a moderate reduction in
glial cells, as shown in (Figure 16 b, c). Moreover,
histopathological evaluation showed a significant
reduction in lesion severity as well as scoring system
in G5 and G6 in comparison to G2 for 14 days, in

Arzilsartan on cisplatin -induced ocular toxicity

which it was much more effective in G5 in
comparison to G6, wherein the lesion intensity been
reduced from marked-critical in G2 to moderate-
severe in G6 then after to a mild-moderate in G5, as
demonstrated in table 1. Prophylactic trials with
Azilsartan showed significant anti-inflammatory
efficacy in reducing morphometric inflammatory
biomarkers, in which it was much more effective in
a lower dose regimen pilot.

Table 2. Histological quantitative evaluation of eye lesions with different treatment values

Experimental | Edema* Inflammatory | Inflammatory | Vascular Cellular Lesion | Lesion
Groups (Mean%) | Exudates* Cells Congestion* | Swelling* Scoring | Grading
N=8 *x (Mean%b) ** Infiltration* (Mean %) ** | (Mean %) ** | (0 -
(Mean %) ** 100%)
G1(HCt) 7.92%A | 487%A 526 %A 871%A 5.65% A 0-10% | No
lesions
G2(Tmg CIS) | 87.32%F | 7954 %E 76.39 % E 86.21% 92.75% F 75-100 | Marked-
% Critical
G3(3.5mg 12.48%8 | 11.28% B 9.89% A 16.32% B 11.42 %8 10-25 Mild
Azil) %
G4(Tmg Azil) | 14.62%8 | 12.83% B 1334 %8 18.74 % B 15.96 % B 10-25 Mild
%
G5(3.5mg 57.91%°P0 | 4783%°C 49.32%°C 49.67 % © 50.46 % P 25-50 Mild-
Azil+7mg % Moderate
CIS)
G6(7mg 7433%P | 68.74%P 7152 %P 59.86 % P 65.24 % P 50-75 Moderate-
Azil+7 mg % Severe
CIS)

Notes: *Area of edema, Inflammatory exudates, vascular congestion were estimated in (um), inflammatory cells
were calculated as mean percentage from different fields in ocular tissue and optic nerve. **Each value represents
mean percentage of (n=8). Statistical comparison among groups: Mean values with different capital letters (A, B,
C, D, E) have significant differences at (P < 0.05). }: Hc: healthy control, Azil: Azilsartan, CIS: Cisplatin, G:
Group.

B o

N

Figure 4. Microscopic section of normal eye histological appearance in healthy control group (G1). a and b: Normal
tissue sections of the cornea, lens, pupil (P), iris, anterior and posterior chamber (AC and PC), the inset section showed
structures of a lens; capsule (C), the simple cuboidal subcapsular epithelium (E), and LF which is lens fibers, (H &E
stain, 100X, 200X). c: Intact corneal morphology; Epithelium layer (EL), Bowman's layer or membrane (BM), Stroma
(S), Descemet’s layer (DL), and Endothelium (E), (H &E stain, 400X). d and e: Normal histological organization of
fibrous tunic (cornea and sclera), and intact vascular tunic (iris, ciliary body indicated by yellow arrow, and process
(CP)), limbus (L), and Schlemm canal (SC), (H &E stain, 100X, 400X).
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Figure 5. Microscopic section of normal eye histological appearance in healthy control group (G1). a:
Normal histological arrangement and cell distribution of retina tissue, ganglionic cell layer (GCL), inner
plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL),
and photoreceptor layer (PRL), (H &E stain, 400X). b and c: Well-arranged nerve fiber, normal glial
cellularity; Oligodendrocytes (yellow arrows), astrocytes (red arrows), vascular structures (black arrow),
and perineurium as indicated by PN, (H &E stain, 400X).

Figure 6. Microscopic section of an eye in the 7mg/kg Cisplatin group (G2). a and b: Disturbed eye
morphology, degeneration of lens capsule (C) and sloughing of the epithelium (E), accumulation of water
in the lens (H), (H &E stain, 100X and 400X). c: Thickening of the cornea with sloughing of the epithelium
(yellow arrows), infiltration of an inflammatory cell as indicated by red arrows, (H &E stain, 400X).

102



Iragi J Pharm Sci, Vol.32( 2) 2023 Azilsartan on cisplatin -induced ocular toxicity

A ‘: P -t ' > 4 “/};““ ;
b Fad' trd el L Ny o8 e WS SE L A e
Figure 7. Microscopic section of an eye in the 7mg/kg Cisplatin group (G2). a-c: Thickening or proliferation
of ciliary process with vascular congestion and inflammatory reaction (red arrows). Thickening of the
sclera (yellow arrows) with infiltration of inflammatory cells (red arrows and inset), cytoplasmic
vacuolation of the scleral epithelium (black arrows), (H &E stain, 100X and 400X).

Figure 8. Microscopic section of an eye in the 7mg/kg Cisplatin group (G2). a: The retina revealed severe
degeneration of the photoreceptor layer (PRL), marked gliosis in the inner and outer nuclear layer (INL
and ONL), (H &E stain, 400X). b-d: marked ischemic optic nerves had a lot of inflammatory cells in the
form of cell clusters (red arrows), multi vascular congestion (yellow arrows) with a moderate-marked
reduction in the glial cells, (H &E stain, 100X and 400X).
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Figure 9. Microscopic section of an eye in 3.5 mg /kg Azil group (G3). a-c: Well-organized
histological layers structures of the lens (inset), cornea, eye chambers, and iris, (H &E stain, 100X,
200X, and 400X). d and e: Intact features of sclera with ciliary body and process, (H &E stain,
400X).

Figure 10. Microscopic section of the eye in 3.5mg/kg Azil group (G3). a: The retina revealed normal
cellularity, (H &E stain, 400X). b: Mild vascular congestion (yellow arrows) in optic nerves, (H &E stain,
400X).
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Figure 11. Microscopic section of the eye in 7 mg/kg of Azil group (G4). a-c: Intact histological layers of the
lens (inset), cornea, eye chambers, and iris, (H &E stain, 100X, 200X, and 400X). d and e: Normal
morphological appearance of sclera with mild congestion of ciliary process and iris as indicated by yellow
arrows, (H &E stain, 400X).

Figure 12. Microscopic section of the eye in 7mg/kg Azil group (G4). a: Mild degeneration of photoreceptor
cells, normal distribution of cells in other layers, (H &E stain, 400X). b: Mild vascular congestion (yellow
arrows) of optic nerves with a mild reduction in glial cell number as indicated by yellow arrows, (H &E
stain, 400X).
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Figure 13. Microscopic section of the eye in 3.5 mg/kg of Azil + CIS group (G5). aand b: Normal histological
structures of lens layers (inset) and iris, (H &E stain, 100X and 200X). ¢: Mild-moderate degeneration and
vacuolation of a stromal layer of the cornea, (H &E stain, 400X). d: Proliferation of ciliary process with
mild vascular congestion as indicated by yellow arrows, (H &E stain, 400X). e: Thinning and degeneration
of sclera, (H &E stain, 400X).

Figure 14.Microscopic section of an eye in 3.5 mg/kg of Azil + CIS group (G5). a: The retina revealed mild
vacuolation of photoreceptor cells (PRL), mild gliosis in the inner and outer nuclear layer (INL and ONL),
and mild degeneration of ganglionic cells as indicated by black arrows, (H &E stain, 400X). b and c: mild
Thinning of epineurium (yellow arrows) of optic nerves with a mild reduction in glial cells, (H &E stain,
100X and 400X).
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Figure 15. Microscopic section of an eye in 7 mg/kg of Azil + CIS group (G6). a and b: Normal organization
of lens layers (inset) with thinning of the capsule (C) with mild degeneration of capsular epithelium (E),
and vascular congestion of iris, (H &E stain, 100X and 200X). c: Mild-moderate degeneration and
vacuolation of a stromal layer of the cornea, (H &E stain, 400X). d: Thickening of the ciliary process with

moderate vascular congestion as indicated by yellow arrows, (H &E stain, 400X). e: Focal inflammatory
reaction of the sclera as indicated by black arrows, (H &E stain, 400X).
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Figure 16. Microscopic section of the eye in 7 mg/kg of Azil + CIS group (G6). a: The retina revealed
moderate degeneration of photoreceptor cells (PRL), moderate gliosis, and vacuolation in the inner and
outer nuclear layer (INL and ONL), and severe degeneration of ganglionic cells as indicated by black
arrows, (H &E stain, 400X). b and c¢: moderate ischemic optic nerves had inflammatory cells in the form of

cell clusters (red arrows), vascular congestion (yellow arrows) with a moderate reduction in glial cells, (H
&E stain, 100X and 400X).
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Discussion

The nature of the eye functioning, in which
end stage visual damage can be irreparable if
detected later, contributes to the underreporting of
ocular injury associated with the Cisplatin treatment
4, Since Cisplatin is widely used in chemotherapy
protocols of different types of malignancies, the
retinal and ocular neuro-toxicities might be
challenging the benefit of the drug regimen ©). This
research examined the protective effect of various
doses of Arzilsartan against the ocular toxicity
generated by Cisplatin in rat models. Oxidative
damage is an important factor in the
pathophysiology of Cisplatin toxicity, and it has
been shown that Cisplatin has a harmful impact on
tissues by increasing free radical formation and
depletion of antioxidant enzymes 9. Previous
studies demonstrated that cisplatin enhanced the
generation of MDA, the final outcome of lipid
peroxidation of cellular biomembranes in the ocular
tissue and optic nerve, which indicates the damage
caused by free radicals in such sites ?22%- In vivo
study showed that Cisplatin induced-neurotoxicity
as a result of DNA-platinum binding and generation
of DNA adducts, which was much higher than that
seen in several other tissues @”. A hypothesized
mechanism of how Cisplatin causes inflammation
includes the upregulation of pro-inflammatory
cytokines like IL-1pB as a result of oxidative stress
stimulation and activation of the p38 MAPK
signaling pathway, which is ultimately responsible
for mitochondrial damage and release of additional
free radicals as well as causing cellular injury @9,
The results of this study are parallel with
aforementioned researches that conducted on
Cisplatin toxicity on various tissues. The MDA
levels were significantly higher in the rats that
received Cisplatin as a single dose only than the
healthy control group, as illustrated in Figure 1.
Likewise, in the Cisplatin group the IL-1B levels
were significantly higher than the healthy control
group, this finding is consistent with several studies
attributed to Cisplatin induced retinal toxicity,
hepatic  toxicity, and cognitive dysfunction
respectively in rat models @°3Y, In this study, the
histological examination of the retina of the rat that
received a Cisplatin injection showed a degeneration
of retinal layers with the formation of gliosis as
shown in Figure 8a, such finding also occurred after
injecting IL-1B into the retina and induced a
retinopathy as a result of oxidative stress and
depletion of the anti-oxidant enzymes which end
with accelerating the apoptosis process in the retinal
microvasculature as mentioned in the previous
research 2,
Furthermore, the SOD level in the Cisplatin group
was non-significantly lower than that of the other
groups in this study. This finding is supported by a
previous study showing that overwhelming the
antioxidant enzymes with extra free radical genesis
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results in retinal toxicity ©®. Reactive oxygen
species perturb the balance between the SOD and
glutathione peroxidase (GPx) balance, which results
in further damage to the integrity of the cells. The
increased SOD to GPx ratio led to the accumulation
of hydrogen peroxide (H202) along with the
generation of hydroxyl radical, which is a very
noxious radical with a very short half-life by Fenton
reaction 4%, Overexpression of Ang Il is associated
with the upregulation of NADPH oxidase, which
mediates the ROS production and causes diabetic
retinopathy as reported by Chen et al ¢,

In this investigation, co-treatment of Azilsartan with
Cisplatin reduced the MDA level minimally and
marginally normalized the SOD level, and this
outcome was assured by multiple studies on
different pathological rat models ©639), The key
mechanism that attenuates the harmful impact of
Ang ll-induced ROS generation and lipid
peroxidation is the pharmacological action of
Azilsartan, which works by potently inhibiting the
AT1 receptor and increasing the activity of the
ACE2/(1-7) Ang/mas receptor axis more than
Candesartan %41, Additionally, a modest dose of
Azilsartan (3.5 mg/kg) effectively suppresses
inflammation in the ocular tissue brought on by
Cisplatin in this trial, by significantly lowering the
level of IL-1B. Several studies have reported
Azilsartan anti-inflammatory effect at low doses in
various experimental models “2#4, which is in
agreement with our findings. Azilsartan blocks Ang
Il activity, which in turn inhibits the p38 MAPK
signaling pathway, which in turn decreases the
expression of pro-inflammatory cytokines “®. While
Azilsartan inhibited mitochondrial dysfunction and
pro-inflammatory marker activity in an in vitro
study, it had minimal to no effect on the antioxidant
system 8. Remarkably, our data reveals that
Azilsartan has a negligible effect on the SOD levels
in the group of rats that received a toxic dose
of Cisplatin, which was associated with the
induction of ocular injury. Moreover, histological
examination of this study demonstrated the
damaging effect of the Cisplatin on the eye tissue as
whole and the optic nerve in particular, causing a
significant  disruption of eye morphology,
degeneration of lens capsule, sloughing of the retinal
epithelium, and accumulation of cataract in the lens,
as shown in Figure 5. While co-administering
Azilsartan with Cisplatin, particularly 3.5mg/ kg
dose drastically protected the ocular tissue by
reducing the congestion and inflammatory
infiltration, as well as restoring the overall
morphology of the eye layers, as shown in Figures
13 and 14.
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Conclusion

Azilsartan shows a promising anti-
inflammatory effect in ocular tissue in the current
study by significantly  reducing  IL-1pB
overexpression and diminishing the features of
inflammation in the eye tissue in a dose-dependent
manner, mediated through its potent AT1 receptor
blocking effect. However, Azilsartan shows a slight
effect on the MDA levels and marginal effect on the
SOD levels in the Cisplatin-induced ocular toxicity
in the rat model.
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