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The Protective Effects of Perindopril Against Acute
Kidney Damage Caused by Septic Shock
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Abstract— Acute kidney injury (AKI) resulting from septic shock caused by sepsis is an
important health problem encountered at rates of 55–73%. Increasing oxidative stress and
inflammation following sepsis is a widely observed condition with rising mortality rates. The
purpose of this study was to determine whether perindopril (PER) can prevent sepsis-
associatedAKIwith its antioxidant, anti-inflammatory, and anti-apoptotic effects. The control
group received an oral saline solution only for 4 days. Cecal ligation and puncture (CLP)–
induced sepsis only was applied to the CLP group, while the CLP + PER (2 mg/kg) received
CLP-induced sepsis together with 2 mg/kg PER via the oral route for 4 days before induction
of sepsis. Finally, all rats were euthanized by anesthesia and sacrificed. TBARS, total SH
levels and NF-κβ, TNF-α, and Caspase-3 expression were then calculated for statistical
analysis. TBARS, total SH, NF-kβ/p65, TNF-a, and Caspase-3 levels increased in the CLP
group. In contrast, oral administration of PER (2 mg/kg) to septic rats reduced TBARS levels
and NF-kβ/p65, TNF-α, and Caspase-3 immunopositivity at biochemical analysis. PER
treatment appears to be a promising method for preventing sepsis-induced acute kidney
injury through its antioxidant anti-inflammation and anti-apoptotic activities.

KEYWORDS: inflammation; kidney; oxidative stress; perindopril; rat; sepsis.

INTRODUCTION

Sepsis is an important health problem involving
severe complications that emerges when microorgan-
isms in the host trigger antioxidant and anti-
inflammatory mechanisms in favor of oxidants and
inflammation [1]. Research has shown that sepsis
progresses with high morbidity and mortality by
causing dysfunction of more than one organ in the
host [2]. Acute kidney injury (AKI) is the most
important problem caused by sepsis [3]. Research
has shown that mortality rates resulting from sepsis-
related kidney damage should not be underestimated
[4].
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Although the cause of AKI is not fully understood,
the main causes include increased endothelial dysfunction
with sepsis-induced inflammation and renal tubular cell
damage [5]. Decreased tissue oxygenation also plays an
important role in the development of damage [6]. The
glomerular filtration rate decreases in particular with dam-
age, while blood urea nitrogen and creatinine levels in-
crease significantly [7, 8]. In addition, increasing oxidative
stress is one of the important mechanisms contributing to
worsening AKI damage [9]. Thiobarbituric acid reactive
substances (TBARS) are one of the most important
markers of oxidative stress [9]. Previous studies have
shown a significant increase in TBARS concentrations in
sepsis-induced AKI compared with control groups [10,
11]. Oxidative stress can be eliminated with glutathione
(GSH), which is endogenously present and exhibits anti-
oxidant effects [12]. Rousta MA et al. showed that de-
creased GSH levels resulting from sepsis-associated AKI
increased with the application of agents exhibiting antiox-
idant effects [13]. In addition, an excessive increase in
oxidative stress under conditions of damage also triggers
the inflammatory mechanism [14].

Inflammation is one of the factors caused by sepsis
that play a central role in the development of AKI [15].
Previous research has shown that proinflammatory cyto-
kine levels increase with sepsis [16, 17]. The production of
pro-inflammatory cytokines, particularly interleukin (IL)-
1β, IL-6, and tumor necrosis factor-alpha (TNF-α), in-
creases during the resulting inflammatory process, and if
this is not halted, the scale of the damage increases contin-
ually [10]. Zhaoheng Lin et al. and Yi-Zhan Cao et al.
showed an increase in the synthesis of these proinflamma-
tory cytokines in AKI associated with sepsis induced by
cecal ligation puncture (CLP) in case groups [10, 14]. In
addition, transcription factors such as nuclear factor-kappa
beta/mitogen-activated protein kinase (NF-κβ/MAPK) are
the most important pathway causing an inflammatory re-
sponse in CLP-induced AKI [18]. Previous research has
shown that expression of NF-κβ/p65 in the kidney triggers
an oxidant and inflammatory effect, but that proinflamma-
tory cytokine levels decrease with inhibition [10, 19]. On
the other hand, inflammation occurring in the renal tissue
can induce apoptosis in kidney cells [20]. In that context, it
is most important to reduce apoptosis in sepsis-related
AKI. The present study aimed to use immunohistochemi-
cal methods to determine levels of the important apoptosis
marker Caspase-3 expression.

Sepsis is known to cause organ dysfunction by estab-
lishing endothelial damage [21]. The discovery of novel
agents capable of reducing oxidative stress and

inflammation that increase with damage and that can re-
verse potential AKI has led to new hopes in treatment. This
suggested that perindopril (PER), the anti-oxidant and anti-
inflammatory efficacy of which has been demonstrated in
previous studies, may also exhibit beneficial effects in
sepsis-related AKI [22, 23]. PER is a classic angiotensin-
converting enzyme inhibitor (ACEi) with known beneficial
effects in several cardiovascular diseases through mecha-
nisms involving angiotensin II [24]. Previous studies have
also proved that with its antioxidant and anti-inflammatory
effects PER can prevent drug-induced renal damage [25,
26].

If oxidative stress and inflammation that increase
together in the case of polymicrobial sepsis cannot be
prevented, this can lead to renal losses. The purpose of this
study was to show, using biochemical, histopathological,
and immunohistochemical methods, the positive effects of
PER, which was already demonstrated to prevent sepsis-
associated lung damage in our previous study, in renal
tissue through similar mechanisms.

MATERIALS AND METHODS

Animals

The 3R principle (replacement, reduction, refine-
ment) representing new humane rules concerning animal
welfare already implemented in various countries under the
European framework was also applied in the present study.
The experimental procedures were performed with cadaver
tissues leftover from the study titled “The Protective Ef-
fects of Angiotensin-Converting Enzyme Inhibitor against
Cecal Ligation and Puncture-Induced Sepsis via Oxidative
Stress and Inflammation” approved by the local animal
ethics committee of Recep Tayyip Erdogan University
(decision No. 2020/05 dated 28.02.2020).

Experimental Animals

Twenty-four female Sprague Dawley rats weighing
290 ± 10 g were used for all biochemical, histopathologi-
cal, and immunohistochemical investigations. Animals
were treated in conformity with the principles of the Guide
for the Care and Use of Laboratory Animals published by
the National Research Council and approved by the local
ethical committee. Throughout the study period, rats in all
groups were housed in standard plastic cages containing
sawdust flooring under normal temperature conditions of
22 ± 1 °C and 55–65% humidity and under controlled
lighting (12/12 h dark/light cycle). Ad libitum access was
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permitted to standard rat chow and tap water. All experi-
ments and other procedures were conducted such as to
conform to the national guidelines for the use and care of
laboratory animals. The study protocol was approved by
the Recep Tayyip Erdogan University animal care com-
mittee (approval number: 2019/01-31.01.2019).

Chemicals

PER (Coversyl 10 mg 30 film tablets) was obtained
from Servier Ilaç ve Araştırma A.S. (Istanbul, Turkey)
under license from Les Laboratory Services (France). All
animals were anesthetized using ketamine hydrochloride
(Ketalar, 50 mg/kg, Pfizer İlaçları Ltd. Şti., Istanbul, Tur-
key) and sedative xylazine hydrochloride (Rompun, 10
mg/kg, Bayer, USA). All chemicals employed during lab-
oratory experiments were procured from Sigma Chemical
Co. and Merck (Germany).

Experimental Protocol

Rats were randomly assigned into three groups, each
containing eight animals. Group 1 (n = 8), the control
group, received oral saline solution alone for 4 days. Group
2 (n = 8), the CLP group, underwent only CLP-induced
sepsis, while Group 3 (n = 8), the CLP + PER(2 mg/kg)
underwent CLP-induced sepsis together with oral admin-
istration of 2 mg/kg PER for 4 days prior to induction of
sepsis [27].

Cecal Ligation and Puncture-Induced Sepsis Model

Sepsis was induced using the CLP-induced model
described by Rittirsch D et al. [28]. All surgical procedures
were performed under sterile conditions. Anesthesia was
administered with 50 mg/kg ketamine HCL injection and
10 mg/kg xylazine HCL. Following confirmation of anes-
thesia, a 2.5-cm incision was made to the abdominal mid-
line. Next, the abdominal organs and the cecum were
isolated and ligated distal to the ileocecal valve with the
help of 3/0 silk sutures. The cecum content was brought
into contact with the peritoneum by opening two holes in
the distal from the mesentery to the opposite side with a 22-
gage needle. The abdominal incision was then closed with
two layers of sterile 4/0 synthetic absorbable sutures. The
wound was finally washed with 1% lidocaine solution for
analgesia. The experiment was terminated 16 h after the
related treatments and surgery [29].

Once the experimental procedures had been complet-
ed, rats were sacrificed by euthanasia with a high-dose
anesthetic. One kidney was stored for biochemical analysis

together with the serum specimens at − 80 °C. The other
kidney was separated into two halves and stored in 10%
neutral formalin.

Biochemical Procedure

Tissue Sampling and Homogenization

We first prepared a mixture of 20 mM 1 L sodium
phosphate + 140 mM potassium chloride (pH 7.4) [30].
One hundred milligrams of kidney tissue was homoge-
nized with 1 ml homogenate buffer for 5 min at 30 Hz
using a tissue lyser II device (Qiagen, Hilden, Germany).
Next, 800g was centrifuged for 10 min at 4° C. The
resulting supernatant was removed and used for TBARS
and total -SH assays.

Standard Solutions

Briefly, 82.5 μL 1,1,3,3-tetramethoxypropane was
added to 0.01 M 50 mL HCl solution. This was then
allowed to incubate at 50 °C for 60 min. The concentration
of this main stock solution was 10 μmol/mL. Next, 20, 10,
5, 2.5, 1.25, and 0.625 nmol/mL solutions were then pre-
pared from this main stock solution.

TBARS Analysis

TBARS assay was performed following the method
described by Ohkawa et al. [31]. A mixture of 200 μL
tissue supernatant, 50 μL 8.1% SDS (sodium dodecyl
sulfate), 375 μL 20% acetic acid (v/v) pH 3.5, and 375
μL 0.8% thiobarbituric acid (TBA) was vortexed and left
to incubate for 1 h in a boiling water bath. The mixture was
then cooled in ice water for 5 min and centrifuged for
10 min at 750g. The resulting pink color was read on a
spectrophotometer at 532 nm. The results were calculated
as nmol/mg tissue.

Total Thiol(-SH) Measurement Assay

–SH groups were assayed using Ellman’s reagent.
Briefly, 1000 μL 3 M Na2HPO4 and 250 μL DTNB
(4 mg DTNB was prepared in 1% 10 mL sodium citrate
solution) were added to 250 μL supernatant. The resulting
mixture was then vortexed, and absorbance was measured
at 412 nm. The results were calculated using a 1000–
62.5 μM reduced glutathione standard curve and were
expressed as μmol/mg tissue.
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Histopathological Analysis

Renal tissues were separated into 1.5 cm3 volume
pieces and fixed for 24 h in 10% neutral formalin
(Sigma-Aldrich, Germany) solution. Following fixation,
these specimens were placed into tissue processing cas-
settes and dehydrated by being passed through increasing
ethyl alcohol (Merch GmbH, Germany) series (50%
(twice), 60%, 70%, 80%, 96%, and 100% (twice)) on a
tissue processing device (ThermoScientific™ Citadel
2000, UK). In the following stage, tissues were rendered
transparent with xylol (Merck GmbH, Darmstadt, Germa-
ny) series. The specimens were then embedded into blocks
using tissue embedding cassettes with metal base molds on
a paraffin embedding device (Leica EG 1150 H, Germa-
ny). Sections 4–5 μm in thickness taken from these blocks
using a Rotary microtome (Leica RM2255, Germany)
were stained with hematoxylin and eosin G (H&E, Merck
GmbH, Darmstadt, Germany) using a staining device
(Leica ST5020, Germany).

Immunohistochemical Analysis

NF-kβ/p65 (Rabbit polyclonal, ab16502, Abcam,
UK) and TNF-α (Rabbit polyclonal, ab6671, Abcam,
UK) primary antibody was used to show the effectiveness
of pro-inflammatory cytokines, and cleaved Caspase-3
(Rabbit polyclonal to cleaved Caspase-3, ab2302,
Abcam, UK) primary antibodies were used to identify
apoptotic tubular cells. Secondary antibodies (Goat Anti-
Rabbit IgG H&L (HRP), ab205718, Abcam, UK) compat-
ible with the primary antibodies were also employed. Kid-
ney tissue sections 2–3 μm in thickness were placed onto
positively charged slides (Patolab, PRC). Following dehy-
dration, hydrogen peroxide (H2O2) and endogenous per-
oxide procedures were performed using primary antibody
kits in line with the instructions of the manufacturing
company. Sections were first incubated with primary anti-
bodies for 1 h, and then for 1 h with secondary antibodies.
Counterstaining was subsequently applied with DAB chro-
mogen (Dako, Denmark) and Harris hematoxylin (Merck
GmbH, Darmstadt, Germany).

Semi-quantitative Analyses

Tumor necrosis scoring (TNS) was calculated, as
shown in Table 1, by modifying the TNS system of Jeong
et al. in order to subject H&E-stained sections to histopath-
ological examination. Semi-quantitative analysis was ap-
plied to 15 randomly selected different areas of sections

from each experimental animal by two histopathologists
blinded to the study groups.

Immunohistochemical Analyses

Twenty randomly selected areas of kidney tissue sec-
tions incubated with NFk-β/p65, Caspase-3, and TNF-α
primary antibodies were subjected to positivity scoring by
two histopathologists blinded to the study groups, as
shown in Table 2.

Statistical Analysis

Data elicited from the semiquantitative analysis were
analyzed on SPSS 18.00 (IBM Corp. IL, Chicago, USA)
software. Median and 25% and 75% interquartile ranges
were calculated, and differences between groups were
evaluated using the Kruskal-Wallis and Bonferroni-
corrected Mann-Whitney U tests. p-values ≤ 0.05 were
regarded as statistically significant. Parametric data obtain-
ed from biochemical analyses were calculated as mean ±
standard deviation, and differences between groups were
subjected to a one-way analysis of variance (ANOVA),
followed by the Tukey test.

RESULTS

Biochemical Results

TBARS and Total -SH Analysis Results

TBARS levels in the control and CLP groups (54.72
± 1.95 nmol/g tissue and 57.96 ± 4.59 nmol/g tissue,
respectively) were higher than in the treatment group
(46.01 ± 3.45 nmol/g tissue). TBARS levels were also
higher in the CLP group than in the control group, but
the difference was not statistically significant. TBARS
levels decreased statistically significantly in the PER treat-
ment group compared with the other groups (p < 0.01,
Table 3). Similarly, total thiol levels also increased signif-
icantly in the treatment group compared with the other
groups (p < 0.05, Table 3). Total -SH values were higher
in the control and CLP groups (3.05 ± 0.31 μmol/g tissue,
3.23 ± 0.48 μmol/g tissue, respectively) than in the PER
treatment group (2.31 ± 0.47μmol/g tissue). Total -SHwas
also higher in the CLP group than in the control group, but
the difference was not statistically significant.
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Histopathological Analysis Results

The renal corpuscle in the control group consisted
of a normal glomerulus and Bowman’s capsule. Prox-
imal and distal tubular epithelial cells were also normal
in appearance (Fig. 1a, b; Table 4; TNS: 1(0-1). In
contrast, we detected widespread vacuolization in
proximal and distal tubular epithelial cells and loss of
connections between epithelial cells in the CLP appli-
cation group. Tubular lumen debris accumulation and
vascular congestion in intertubular spaces were also
present. Notable loss of brush border structures was
also observed in proximal tubular epithelial cells (Fig.
1c,d; Table 4; TNS: 7(6-7)). In the PER-treatment
group, we observed vascular congestion and decreased
loss in proximal and distal tubular epithelial cells. We
also observed typical brush structures in proximal tu-
bular epithelial cells (Fig. 1e,f; Table 4; TNS: 1(1-
2.5)).

Immunohistochemical Results

Kidney tissue sections incubated with NF-kβ primary
antibody were examined under a light microscope. NF-kβ
positivity was significantly higher in the CLP application
group than in the control group (Fig. 2a,d; Table 5; p =
0.002). In contrast, NF-kβ positivity decreased in the PER
treatment group compared with the CLP application group
(Fig. 2c,f; Table 5; p = 0.001).

Examination under light microscopy of kidney tissue
sections incubated with TNF-α antibody revealed greater
TNF-α positivity in proximal and distal tubular epithelial
cells in the CLP application group compared with the
control group (Fig. 3a–d; Table 5; p = 0.004). However,
TNF-α positivity decreased in the PER treatment group
compared with that in the CLP application group (Fig. 3 c–
f; Table 5; p = 0.005).

Examination under light microscopy of kidney tissue
sections incubated with cleaved Caspase-3 antibody

Table 1. The Tubular Necrosis Scoring Method Modified from Jeong Sung et al.

Deterioration of brush border structure in proximal tubules

Score Percentage (%)

0 No damage
1 ≤ 10%
2 10–25%
3 26–75%
4 ≥ 75%
Debris accumulation in the lumen
0 No damage
1 ≤ 10%
2 10–25%
3 26–75%
4 ≥ 75%
Loss of tubular epithelial cell connections
0 No damage
1 ≤ 10%
2 10–25%
3 26–75%
4 ≥ 75%

Table 2. NFk-β/p65, Caspase-3, and TNF-α Staining Positivity Score Grading

Score

0 None (less than 5%)

1 Mild (5-25%)
2 Moderate (26-50%)
3 Severe (51%)
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Fig. 1. Representative light microscopy images of kidney tissue sections exposed to cecal ligation and PER treatment. H&E.A(x20)-B(x40): Control group
sections exhibiting renal corpuscles consisting of a normal glomerulus (g) and Bowman’s capsule (b). The brush border in proximal (p) and distal (d) tubules
is normal in appearance (TNS:1(0-1). C(x20)-D(x40): CLP group sections exhibit losses in proximal and distal tubular epithelial cells (spiral arrow) and
debris accumulation in the tubular lumen (*). In addition, vacuolization in proximal tubular epithelial cells in particular and loss of brush border structures
(blue arrow) can also be seen. Vascular congestion can also be seen in the intertubular spaces (c)(TNS: 7(6-7). E(x20)-F(x40): PER treatment group section
exhibit decreased losses in proximal and distal tubular epithelial cells and decreased debris accumulation in tubular lumens, together with typical tubular cells
(TNS: 1(1-2.5)).
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Table 3. Biochemical Analysis Results

Study groups Measured parameters

TBARS (nmol/g tissue) Total SH (μmol/g tissue)

Control 54.72 ± 1.95 3.05 ± 0.31
CLP 57.96 ± 4.59 3.23 ± 0.48
CLP + PER 46.01 ± 3.45** 2.31 ± 0.47*

*Statistically significant from the other groups at the p < 0.05 level
**Statistically significant from the other groups at the p < 0.01 level



revealed mild Caspase-3 positivity in proximal and distal
tubular epithelial cells in the CLP application group

compared with the control group (Fig. 4a–d; Table 5; p =
0.048).

Table 4. Tubular necrosis score (TNS) results (median (25%-75% interquartile range)

Groups Brush border damage score Luminal Debris accumulation score Loss of tubular epithelial cells score TNS

Control 0 (0–0) 0 (0–0) 0 (0–1) 1 (0–1)
CLP 3 (3–3) 1 (1–2) 2 (2–3) 7 (6–7)
CLP + PER 1 (0.5–1) 0 (0–0.5) 0.5 (–1) 1 (1–2.5)
Kruskal-Wallis p < 0.001 0.002 < 0.001 < 0.001
CLP vs. control* 0.001 0.012 0.003 0.002
CLP + PER vs. control* 0.067 1.000 1.000 0.054
CLP vs. CLP + PER* 0.001 0.017 0.002 0.002

*The Bonferroni-corrected Mann-Whitney U test

Fig. 2. Representative light microscopic images of kidney tissue sections incubated with NFk-β/P65 primary antibody. A(x20)-B(x40): Control group se-
ctions exhibit normal renal corpuscles and tubules (NFk-β/P65: positivity score: 0(0-1). C(x20)-D(x40): NFk-β/P65 positivity can be seen in proximal and
distal epithelial cells in the CLP treatment group (NFk-β/P65: positivity score: 3(2-3). E(x20)-F(x40): a significant decrease in NFk-β/P65 positivity can be
seen in proximal and distal epithelial cells in the PER treatment group (NFk-β/P65: positivity score: 0.5(0-1).
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Table 5. Semi-quantitative Analysis Results (Median (25–75% Interquartile Range)

Group NFk-β/p65 positivity scores Caspase-3 positivity scores TNF-α positivity scores

Control 0 (0–1) 0 (0–1) 0 (0–1)
CLP 3 (2–3) 1 (1–1) 2 (2–2)
CLP + PER 0 (0–1) 0.5 (0–1) 1 (0.5–1)
Kruskal-Wallis p < 0.001 0.037 0.001
CLP vs. control* 0.002 0.048 0.004
CLP + PER vs. control* 1.000 1.000 0.662
CLP vs. CLP + PER* 0.001 0.201 0.005

*The Bonferroni-corrected Mann-Whitney U test

Fig. 3. Representative light microscopic images of kidney tissue sections incubated with TNF-α primary antibody. A(x20)-B(x40): Control group sections
exhibit normal renal corpuscles and proximal and distal tubules (TNF-α positivity score: 0(0-1). C(x20)-D(x40): TNF-α positivity can be seen in proximal
and distal epithelial cells in the CLP group (TNF-α positivity score: 1(1-1). E(x20)-F(x40): A decrease in cleaved TNF-α positivity can be seen in proximal
and distal epithelial cells in the PER treatment group (TNF-α positivity score: 0.5(0-1).
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DISCUSSION

This experimental research revealed the protective
effects of PER in sepsis-induced kidney damage. The
application of PER before sepsis played an effective role
in preventing renal damage.

Kidney damage caused by sepsis, or AKI, is an im-
portant pathological problem. The most important mecha-
nisms involved in triggering this damage in previous stud-
ies are sepsis-induced oxidative stress and inflammation
[32]. The present study also identified AKI by measuring
the principal oxidant and pro-inflammatory levels. AKI
was thus revealed using both histopathological and immu-
nohistochemical methods.

One of the most important parameters in the present
research, and one of the mainmarkers of oxidative damage,
is TBARS levels [33]. TBARS and malondialdehyde
(MDA) are products of damage that increases with oxida-
tive stress [33, 34]. Zhang Z et al. showed an increase in
MDA levels compared with those in a control group fol-
lowing sepsis-induced AKI [35]. Similarly to the present
study, Chuang CH, et al. also showed an increase in MDA
levels in kidney damage caused by endotoxigenic shock
[36]. In the present study, damage developing following
lipid peroxidation was expressed as TBARS equivalent
nmol/mg tissue, and was in agreement with previous stud-
ies. This finding is one of the most important markers of
kidney damage emerging with oxidative stress caused by

Fig. 4. Representative lightmicroscopic images of kidney tissue sections incubatedwith cleavedCaspase-3 primary antibody.A(x20)-B(x40): Control group
sections exhibit normal renal corpuscles and proximal and distal tubules (cleaved Caspase-3 positivity score: 0(0-1).C(x20)-D(x40): Mild cleaved Caspase-3
positivity can be seen in proximal and distal epithelial cells in the CLP group (cleaved Caspase-3 positivity score: 1(1-1). E(x20)-F(x40): A decrease in
cleaved Caspase-3 positivity can be seen in proximal and distal epithelial cells in the PER treatment group (cleaved Caspase-3 positivity score: 0.5(0-1).
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sepsis. TBARS levels decreased in the PER-treated group,
and PERwas observed to reduce AKI caused by sepsis due
to its antioxidant effects. This was consistent with our
previous study showing the protective effect of PER on
lung tissue [22].

GSH, studied in terms of preventing the effects of
oxidative stress and endogenous in origin, occupies an
important place in cell defense [37]. GSH is a thiol (-
SH)-containing tripeptide molecule [38]. One aim of the
present study was to detect antioxidant activity by measur-
ing total thiol levels. Guang-Dao Chen et al. showed that
total septic AKI-associated GSH levels decreased com-
pared to a control group [39]. Shilin Xia et al. also reported
similar results [40]. In the present study, total thiol levels in
tissue were measured, and total –SH levels in the case
group increased compared with the control group. This
finding was inconsistent with previous studies. This sug-
gests that endogenous GSH stores may have been triggered
to protect the cell against oxidative stress caused by dam-
age. In the treatment group, in contrast to previous studies,
PER application reduced total–SH levels compared with
the case group, suggesting that this resulted from stores
being completely depleted during damage prevention.

The induction of oxidative stress in sepsis-induced
AKI in previous research has also been shown to cause an
increase in the production of such pro-inflammatory cyto-
kines as TNF-α, Il-1β and in particular [32, 41]. Renal
dysfunction may therefore be inevitable if the resulting
inflammation cannot be brought under control. NF-κB is
the most important molecule triggering the synthesis of
pro-inflammatory cytokines. Increased ROS activity in
favor of oxidation in association with cellular injury trig-
gers NF-κB-mediated inflammation and a vicious circle
between them [15, 41]. From that perspective, our data
obtained using immunohistochemical methods were con-
sistent with previous studies. Abdel-Gawad S Shalkami
et al. showed that PER exhibits antioxidant and anti-
inflammatory effects [25, 42]. Similarly in the present
study, we observed that PER reduced inflammation caused
by sepsis in kidney tissue through its anti-inflammatory
activity at the expression level.

Oxidative stress and inflammation, among the princi-
pal causes of AKI development, also contribute to AKI by
inducing apoptosis [13]. Previous research has shown in-
creased apoptotic enzyme activity on case groups [13, 43].
The Caspase family is one of the most important bio-
markers of apoptosis and increased Caspase-3 levels in
tissue leads to the triggering of programmed cell death
[44]. Lin Liu et al. reported that endotoxigenic sepsis-
induced oxidative stress and inflammation also led to

AKI by triggering apoptosis [45]. Similarly to those stud-
ies, we observed that Caspase-3 expression levels deter-
mined using immunohistochemistry increased with CLP
and thus contributed to AKI. Caspase-3 levels decreased
following PER treatment and were effective in preventing
AKI. This finding was consistent with previous research
into PER [22, 46].

One limitation of this study is that serum BUN, cre-
atinine, and angiotensin-converting enzyme levels could
not be measured. However, this research is an important
pilot study showing the antioxidant and anti-inflammatory
effects of PER in kidney tissue.

In conclusion, PER prevented kidney injury caused
by sepsis-inducedAKI through its antioxidant, anti-inflam-
matory, and anti-apoptotic effects. PER thus exhibited
promising results in terms of prevention of AKI. However,
further studies assessing other oxidative stress enzymes
and molecules, inflammation, and intracellular Ca+2

levels and revealing the clinical effects of these are now
needed.
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