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Abstract

Objective: To explore the beneficial effects of azilsartan in rat models of burn wounds. Methods: Forty male rats were
divided into four groups: The negative control group (NC) of 4 animals used as controls. Positive control group (PC),
azilsartan-treated group (AZ), and silver-sulfadiazine group (SV). Each group consisted of twelve rats with burn injuries,
subdivided into three subgroups each of four (euthanized on days 7, 14, and 21 post-burn injury induction). Results: The
levels of RBC, platelets, and HGB in the treated groups did not vary significantly. The AZ group had significantly greater
WBC levels, while the AZ and SV groups had significantly higher lymphocyte levels than the PC group. After 7 days of
treatment, both the PC and AZ groups showed a significant improvement in lesions and burn area, but the SV group
showed no significant improvement. The improvement was considerable after 14 days of treatment in the SV-treated
group and the AZ group, with no meaningful changes evident after 7 days of treatment in either of the indicated groups.
When compared to the initial day of induction, no significant reduction was found in the PC group after 7 and 14 days of
treatment. After 21 days of induction, the control group showed a considerable reduction in lesion and burn area. On the
last day of treatment, however, the AZ and SV groups showed a more dramatic decline. Conclusions: Azilsartan heals
the burnt area effectively, which could be related to limiting the local effects of Ag Il, and deserves to be evaluated in a
clinical environment.
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INTRODUCTION

The renin-angiotensin system (RAS) plays a crucial role
in regulating arterial pressure, blood volume, electrolyte
balance, and systemic vascular resistance. It is
responsible for both acute and chronic changes in blood
pressure [1]. RAS has been identified as an endocrine
system that controls blood pressure and fluid-electrolyte
balance via hormones and peptides. Recent research has
shown that RAS is not only present in the circulatory
system but also in organs where it functions locally [2].
The skin, heart, lungs, kidneys, liver, and most other
organs and tissues have a tissue renin-angiotensin
system (tRAS). This system works as an
autocrine/paracrine system and [3] controls tissue
homeostasis, which includes tissue metabolism and
proliferation. [4]. Like the systemic RAS, the tRAS
consists of angiotensin Il (Angll) as its primary effector
molecule. Angll has the ability to interact with two types
of receptors, namely angiotensin receptor 1 (AT1) and
angiotensin receptor 2 (AT2). The chymase and
angiotensin-converting enzyme (ACE) combine to
produce Angll from angiotensin |1 (Angl). The AT1
receptor is considered to mediate most of the known
consequences of RAS activation, including fibrosis.
Angiotensin-1-7 (Angl-7) is a peptide derived from
Angll that exerts its effects via the activation of the Mas
receptor. It is widely believed that Angl1-7 blocks the
effects of the AT1 receptor [5]. The local tRAS has been
suggested as a potential mediator in the processes of
wound healing and fibrosis. Several pathological
processes of the skin rely on RAS components. These
processes include inflammation, scar formation,
fibrosis, and several skin cancers [6]. The healing of
wounds is a dynamic process that may be broken down
into three distinct stages: inflammation, proliferation,
and remodeling [7]. In the skin, the activation of tRAS
occurs in response to tissue injury, particularly in the
context of inflammation. This activation process is
associated with significant proinflammatory outcomes,
including enhanced vascular permeability, the
development of edema, and the involvement of cellular
proliferation, fibrosis, and inflammation [8,9].
Therefore, agents that block this system might be
effective in wound healing. Burn injuries may arise from
several causes, including but not limited to heat, friction,
cold, radiation, chemical exposure, or electric sources
[10]. Burn injuries, even those of a relatively minor
nature, may have long-lasting functional and cosmetic
consequences that last for the duration of the patient's
life. The issue of burns and their management has been
recognized as a significant medical concern dating back
to ancient times. Burn-related mortality is estimated at
approximately 265,000 deaths, with 11 million burn
injuries annually worldwide [10,11] The prompt
implementation of suitable therapeutic approaches
immediately after the onset of burns not only has the
potential to save the patient's life but also to reduce their
duration of hospitalization and expedite the healing
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process. Various pharmacological and
nonpharmacological approaches are used in the
management of burns; one of the topical and effective
agents that is commonly used is silver sulfadiazine
cream (SSD). Many research studies have looked into
what happens to burn injuries and scars when the RAS
is blocked with drugs like angiotensin-converting
enzyme inhibitors (ACEIs) and angiotensin receptor
blockers (ARBs). Topical application of an ACE
inhibitor (captopril) reduced the level of inflammation
and prevented excessive scarring in a wound scar model
on rabbit ears [12]. However, Johanneke et al. [13] state
that early captopril treatment of burn wounds did not
show beneficial effects. One study suggests that the use
of oral ARBs in animal models impairs fibroblast
migration and delays wound healing [14]. The
application of 1% valsartan gel facilitated and
significantly accelerated wound closure in diabetic mice
and aging pigs [15]. Maria et al. [16] found that losartan
accelerates wound repair and normalizes wound stromal
responses, having a beneficial role in the wounds of
diabetic individuals. Keshvad et al. [17] also showed
that applying losartan topically made the Vancouver
Scar Scale (VSS) scores much better after three months.
These scores included vascularity, pigmentation,
pliability, and height. Patients taking oral ARBs and
ACEIs demonstrated improved scar width in post-
surgical scars [18]. To the best of our knowledge, the
wound healing potential of azilsartan has not been
studied yet; accordingly, this study has been designed to
explore the possible beneficial effects of azilsartan in a
rat model of burn wound.

METHODS
Animals

Forty male adult Wistar rats, weighing 250-350g, were
obtained from the animal house of the University of
Tikrit, housed in the animal house, College of
Pharmacy, University of Sulaimani and kept in well-
ventilated plastic cages at an ambient temperature of
25+2°C and humidity of 55+5%. The room was on a 12-
hour light-dark cycle. Standard rodent chow and tap
water were available ad libitum. The animals were kept
for one week before the experiment for acclimatization.
The experimental protocols met the Guidelines for
Animal Experimentation and were approved by the
Research and Ethics Committee of the University of
Sulaimani, College of Pharmacy (Certificate
No0.PH103-23 on June 12, 2023). The study was
performed in accordance with the Canadian Council on
Animal Care (CCAC) guidelines (1998). The animals
were randomly divided into four groups, as follows:
Negative control group (NC): consisted of 4 animals
used as controls for biochemical tests. Positive control
group (PC): twelve rats with burn injuries who received
no treatment, subdivided into three subgroups each of 4
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(euthanized on days 7, 14, and 21 post-burn injury Biochemical parameters and assessment of burn area
induction). Azilsartan-treated group (AZ): twelve rats

with burn injuries received azilsartan gel (1%) topically Every seven days of the study, four animals in each
from the start of burn induction, subdivided into three group were euthanized, two milliliters of blood were
subgroups each of 4 (euthanized on days 7, 14, and 21 drawn from each rat and added into EDTA tubes for
post-burn injury induction). Silver-sulfadiazine group assessment of complete blood count (CBC). The burn
(SV): twelve rats with burn injuries received silver- area was photographed for macroscopic evaluation and
sulfadiazine cream (Silvderma® 1% cream, ALDO- its size was measured using Image) software, (NIH,
UNION, Spain) topically from the start of burn USA) at days 0, 3, 7, 14, and 21 of the study. The area
induction, subdivided into three subgroups each of 4 of the wound was expressed as cm?.

(euthanized on days 7, 14, and 21 post-burn injury

induction).

Statistical analysis

Induction of burn injury The statistical analysis was performed using GraphPad

Prism 8. The values of the measured parameters were

To create a burn wound, the rats were anesthetized by expressed as mean + standard deviation (S.D.). For the
intraperitoneal injections of ketamine (50 mg/kg) and Comparisons between different groups, one-way
xylazine (5 mg/kg). After shaving their backs hair with analysis of variance (ANOVA) was followed by
a blade and disinfection with 70% alcohol, a deep Tukey’s test to compare each group with the positive
second-degree burn wound was created by a metal bar control group. The results were considered statistically
with dimensions of 2x2 cm that was heated to 105°C for Significant When the p_vaiue was |eSS than 0.05.

15 seconds, and an area of about 4 cm? was burned by

applying the heated bar for 5 seconds without applying RESULTS

pressure. Thereafter, treatment was initiated with
different materials on a daily basis until the end of the

experiment. Table 1 shows the effect of azilsartan on the

hematological markers, where no significant changes
were observed in the levels of RBC, platelets, and HGB
in each of the treated groups (p>0.05). Meanwhile,
WABC levels were significantly higher in the AZ group

Preparation of azilsartan gel

Chemicals used in the preparation: Azilsartan powder, compared to the PC group (p<0.05), lymphocyte levels
carbopol 940, ethanol, propylene glycol, and were significantly higher in the AZ and SV groups
triethanolamine. The necessary quantity of carbopol 940 compared to the PC group (p<0.05). Additionally,
pOWder was dissolved in distilled water to create 1% HCT% was Significan“y lower in the AZ group and was
carbopol 940 hydrogel, which was then allowed to sit for comparable to that of the NC group when compared to
a few days to allow the polymer to swell. Next, 0.5% the PC group (p<0.05). A significant decrease was
ethanol-based solutions of azilsartan were made. Using observed in the SV group when compared to the PC
a magnetic stirrer, the drug solution and the hydrogel group (p<0.05), and this was parallel to that produced by
that had been prepared were mixed. Triethanolamine the negative control group. Figure 1 shows the
was added in the right amounts to neutralize the pH of improvement of lesions and the area of burn, where a
the hydrogel, and propylene glycol (10%) was added to significant reduction was observed in both the PC and
make it easier for drugs to pass through and keep the gel AZ groups after 7 days of treatment when compared to
fresh [19]. the first day of induction (p<0.05).

Table 1: Effect of Azilsartan on the hematological markers of thermally-induced burn in rats

Groups WBC RBC Platelet Lymphocyte Monocyte Neutrophil
el (10°uL) (10°L) (10°/uL) y(r?&/ug (103/ul}:t) (10%&) BgB@al e
NC 2011204  7.58:0.01  788.5:51 14.475+0.95 1.43+0.66* 4.170.16* 1465028  38.1+0.98*
PC 19.5+7 724035  731.9+97 13.7644.4 22425 34843 15.341 4229
AZ 21415+ 6.840.5 744112 15.768+2.7* 197418 3.6+13 143:12  39.1£2.7*
sV 205£2.8  7.440.34 726.9+81 15.542.1* 12940.6* 3.67+0.78 15.650.6  41.5£1.9

Values are mean+SD. n: number of animals; * significantly different compared to positive control group (PC) in each group (paired t-
test, p< 0.05); NC: negative control, PC: positive control, AZ: azilsartan, and SV: silver sulfadiazine.

No significant change was noted with the SV group days of treatment in each of the mentioned groups. No
(p>0.05), (Figures 1 A—C). After 14 days of treatment, significant reduction was observed in the PC group after
the improvement of lesions and the area of burn were 7 and 14 days of treatment when compared to the first
significant in the SV-treated group (p<0.05) and the AZ day of induction (p>0.05), (Figures 2 A—C).

group (p<0.01) when compared to the first day of
induction, but no significant changes appeared after 7
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Figure 1: Burn area for days 1-7. A) Positive control group (PC), B)
Azilsartan group (AZ), and C) Silver sulfadiazine group (SV); *
(p<0.05) significantly different compared to the first day of induction
using one-way ANOVA and paired #-test.
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Figure 2: Burn area for days 1-14. A) Positive control group (PC), B)
Azilsartan group (AZ), and C) Silver sulfadiazine group (SV); *
(p<0.05), ** (p<0.01), and ***(p<0.001) significantly different
compared to day 1 and 7 using one-way ANOVA and paired t-test.

Effect of azilsartan in burn injury

The current study revealed a significant reduction in the
lesion and burn area in the control group after 21 days
of induction (p<0.05). However, a more pronounced
reduction was observed in the AZ and SV groups at the
last day of treatment (p<0.01) and (p<0.001)
respectively (Figures 3 A-C).
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Figure 3: Burn area for days 1-21. A) Positive control group (PC), B)
Azilsartan group (AZ), and C) Silver sulfadiazine group (SV); *
(p<0.05), and ** (p<0.01) significantly different compared to days 1,
7 and 14 using one-way ANOVA and paired #-test.

Figure 4A shows the significant reduction in PC and AZ
groups after 7 days of induction; meanwhile, Figure 4B
revealed a significant reduction in burnt area in all the
groups, with the maximum effect appearing on the SV
group, which was statistically not significant when
compared to the AZ group after 14 days of treatment,
and both SV and AZ produced significant reductions
when compared to the PC group (p<0.05).

Burn Area (Days 1-7)

o'b*\s) 6? @\9@\9 ‘8\‘5 @'\&*\9 0{59 S
FEIF P P e

Bumn Area (Days 1-14)

Burn Area (Day 21)

*%
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Figure 4: Burn area for all groups, A) Days 1-7, B) Days 1-14, C) Days 1-21, and D) Day 21 of each group; Values with non-identical
letters (a,b,c,d,e,g) are significantly different among groups. * (p<0.05), and **(p<0.01) significantly different compared to the positive

control group using one-way ANOVA and unpaired t-test.

After 21 days of treatment, the SV group showed a
maximum reduction in the burnt area compared to the
PC group (p<0.01) and the AZ group (p<0.05).
Azilsartan groups also resulted in a significant reduction
when compared to the PC group (p<0.05) (Figure 4C
andD).
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DISCUSSION

The current study aimed to investigate the healing
effects of azilsartan on thermally induced burns in rats.
The findings of the current study emphasized the
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potential of azilsartan in facilitating the process of
wound healing in burn injuries. Regarding the
hematological markers, it was observed that azilsartan
did not result in any significant alterations in the level of
RBC and platelets. This finding suggests that azilsartan
did not exert a direct influence on these particular
parameters. Although peptides of the RAS are potent
stimulators of progenitor cell proliferation [20], their
blockade did not affect these parameters. This might be
related to the fact that azilsartan is associated with
increased circulating angl-7 levels [21], which
stimulates hematopoietic progenitors [20,22]. Likewise,
there were no notable alterations seen in the levels of
HGB within the AZ group, suggesting the lack of
considerable hematological damage linked to azilsartan.
In contrast, the AZ group had a notable elevation in
WBC count as compared to the PC group, suggesting a
potential immunomodulatory impact of azilsartan. This
finding fits with the fact that the numbers of
lymphocytes were much higher in the AZ and SV groups
compared to the PC group. This shows that azilsartan
may have an effect on how the immune system responds
to burn injuries. Additionally, a significant decrease in
hematocrit percentage (HCT%) was noted in the AZ
group. An intact RAS is crucial for erythropoiesis in
various conditions like hypertension, chronic renal
insufficiency, obstructive pulmonary disease, and
congestive heart failure. Accordingly, inactivation of
RAS can lead to the hematocrit-lowering effects of
ACEIls or ARBs, causing a dose-dependent decrease in
hematocrit [23]. The burn area showed a significant
decrease in size in both the AZ and PC groups after 7
days of treatment. This suggests that azilsartan may help
burn wounds heal. The existing body of literature
pertaining to the modification of the healing process
indicates that the expression of RAS-related receptors is
contingent upon the specific stage of healing, with
ATI1R appearing initially during the proliferation phase
and, to a lesser extent, AT2R, then the process continues
with downregulation of AT1R and upregulation of
AT2R [7]. Previous studies have shown that RAS
activation in the skin plays an important role in the
wound healing process [24-26]. Furthermore, there
have been suggestions indicating that the administration
of systemic AT1R blockers may hinder the migration of
fibroblasts and hence lead to a delay in the process of
wound healing. (14) and that AT1R and AT2R may have
phase-dependent effects on wound healing [27].
However, the results of the current study indicate that
azilsartan initially had the potential to promote wound
healing. This finding may be explained by the fact that
azilsartan increases the level of angl-7 [21], which has
been found to accelerate wound healing and accelerate
dermal repair [28]. Conversely, the SV group did not
exhibit any significant changes, suggesting a possible
limitation of silver sulfadiazine in inducing rapid burn
wound closure within the initial week of treatment. After
14 and 21 days of treatment, both the AZ and SV groups
demonstrated substantial improvements in burn area,
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with the SV group exhibiting a more pronounced effect.
Notably, azilsartan continued to exhibit a significant
reduction in burn area at this stage, underscoring its
promising role in facilitating the healing process.
Importantly, the comparison between  groups
highlighted the superior efficacy of both the AZ and SV
groups over the PC group, emphasizing the potential
therapeutic benefits of azilsartan in the context of burn
wound management. The findings of this study are
consistent with previous works that pointed out the
healing potential of blocking tRAS and the consequent
acceleration of wound healing and wound closure [12,
15-18].

Conclusion

Azilsartan successfully heals the burn area in a manner
comparable to silver sulfadiazine. This result could be
attributable to azilsartan decreasing the local effects of
Ag Il at the wound site, highlighting the prospect of
studying azilsartan in clinical settings.
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