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Acacetin Attenuates Renal Damage-Induced by Ischemia-Reperfusion with

Declining Apoptosis and Oxidative Stress in Mice

Abstract

Background: Renal ischemia-reperfusion disturbs both the function and the histology of this
organ. Acacetin (Aca) is a natural flavonoid that is effective for relief of many diseases. The
aim of this study was to determine the impacts of Aca on renal ischemia-reperfusion process in
mice. Methods: In total, 84 male Balb/cmice divided into 12 groups and were administrated
intraperitoneally for 4 days with or without surgery to dimethyl sulfoxide 0.01% or Aca (10, 25,
and 50 mg/kg) as Control, control Acas, sham, sham Acas groups. Ischemia-reperfusion without
or with Aca (10, 25, and 50 mg/kg) treatments were the other groups. Parameters related to the
function and the histology of the kidneys were evaluated and statistically analyzed from kidney
and blood serum samples in the respect of the groups. Results: In ischemia-reperfusion and
ischemia-reperfusion + Aca (10 mg/kg) groups, there were significantly increased in urea, creatinine,
malondialdehyde (MDA), and apoptosis rate, whereas total antioxidant capacity decreased compared
to the control and sham and ischemia-reperfusion + Aca (25 and 50 mg/kg) (P < 0.05). The
histopathology alteration was seen in the ischemia-reperfusion group than the others (P < 0.01).
Moreover, there was a significant difference between ischemia-reperfusion + Aca (25 and50 mg/kg)
groups than ischemia-reperfusion + Aca (10 mg/kg) one (P < 0.05). Conclusions: The recovery
effect of Aca was offered on renal ischemia-reperfusion damage in a dose-dependent manner in mice,
showing by kidney histopathology and functional criteria improvements. The attributed mechanism
for this impression would be the antioxidant property of Aca, decreasing both MDA levels and
apoptosis rate in kidney tissue.
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Introduction tubular epithelial cells residua obstruction
declining glomerular filtration rate, and
reperfusion by itself.?! Reperfusion increases
the production of oxygen free radicals ,
cytotoxins, chemokines, and leukocyte
activators that they motivate inflammatory
cascades and damage to the kidney tissue.
Hence, anti-oxidant activation would be
essential for relieving renal failure-induced
by  ischemia-reperfusion.’!  Moreover,
research demonstrate that the level of
malondialdehyde (MDA) increases during
kidney ischemia-reperfusion process as a
result of rupturing kidneys cell membranes.
Thus, measurement of the amount of this
parameter is a remarkable criterion for
diagnosis of ischemia-reperfusion, either its
followed induced-renal failure.™

Ischemia-reperfusion causes lack of oxygen
and nutrients in the tissues, conducting
to induce anaerobic conditions as a
consequence of decreasing both intracellular
PH and ATP levels simultaneous with raised
oxidative agents.! Although either many
reliable diagnostic criteria or management
strategies have been developed, induction
of renal failure after these operations has
remained as a medical conflict. Qua for
resolving this challenge, exploiting natural
originated compounds has offered many
eligible medicinal benefits in accompany
with their safety, approachability, and
cost-effectiveness.

Three mechanisms have been documented
for the onset of acute renal failure following
renal ischemia-reperfusion; as, vascular
endothelial cells continuous contractions
inducing abnormal compensated responses,

Owing to damage to the renal tubules that
occurs by ischemia-perfusion, urea and
creatinine re-enter to the bloodstream,
provoking serum nitrogen levels boosting.
Thus, evaluation of urea and creatinine
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in the serum should be a relevant indicator of renal
failure.®

Some drugs and procedures are used to prevent cell
damage against ischemia-reperfusion defect. For example,
thermal shock leading to decline in L-arginine/nitric oxide
path; dipyridamole that increases endogenes adenosine;
and nicotine that promotes inhibitors of cholinergic
anti-inflammatory pathway, calcium channel blockers or
antagonists, and chlorpromazine.[”

Acacetin (Aca) as natural plant-derived flavonoid compound,
has many medicinal benefits properties such as anti-oxidant,
anti-inflammatory, anti-cancer, anti-fibrillation, analgesic,
anti-peroxidation, and anti-aromatase.®”! In the case of
Ischemia-reperfusion, studies indicate a healing effect of
Aca. Ha and colleagues pointed that neuroinflammation in
lipopolysaccharide-stimulated BV-2 cells and in male mice
were reduced by Aca. As well, Yang and colleagues offered
advantageous of Aca on cultured (ex vivo) cardiac muscle
cells induced-ischemia of rat pups.l'®!

Although Aca has its own medical beneficial efficacy,
there is a few data about the impact of Aca on the renal
ischemia-reperfusion outcomes. In this regard, the present
study was aimed to investigate the effectiveness of
Aca against renal ischemia-reperfusion in mice and the
histological, functional, and biochemical related criteria
were evaluated.

Methods
Animals

This experimental study was done on 84 male inbred Balb/c
mice (30 £ 2 g) at Kermanshah University of Medical
Sciences. All animals were treated in accordance with
guidelines of National Institute of Health for the Care and
Use of Laboratory Animals approved by Research Deputy
at Kermanshah University of Medical Sciences according
to WMA Declaration Ethic of Helsinki (Ethic number;
IR.KUMS.REC.1396.124). The mice were maintained on a
regular diet and water ad libitum with a 12:12 h light/dark
cycle at 23°C £ 2°C in animal room of medical school of
Kermanshah University of Medical Sciences by considering
1-week adaptation prior to the experiments.

Experimental protocol

The mice were randomly divided into 12 groups (n = 7)
that are brought classified as follows:

The mice in sham operation, control, and six groups of
sham Aca and control Aca groups, following laparotomy
and suturing in the anterior abdominal wall (shams) or
not (controls), were injected intraperitoneally (I.P) to
Dimethyl sulfoxide (DMSO) (0.01%) or Aca (10, 25, and
50 mg/kg) dissolved in DMSO (0.01%) once a day for 4
consequent days, respectively. In Ischemia-reperfusion
involved groups, the laparotomies were carried out as long

2

as bilateral ligating of renal arteries for 60 min.!'>'¥] Then,
the reperfusion was done on left renal arteries followed
by suturing the anterior abdominal walls of the mice.
Afterward, the ischemia-reperfusion mice did not treated
with any reagent and were kept alive for 5 days, whereas
the ischemia-reperfusion + Aca involved mice were
treated with Aca (10, 25, and 50 mg/kg) (I.P and daily
for 4 days) dissolved in DMSO (0.01%), respectively.
Finally, the sampling was conducted 24 h after the last
injections or fifth day on those remained in non-treated
condition, so all mice were sacrificed at the day 5; at 10
AM. [Table 1]. The sampling included blood from the
hearts (at least 1 ml per animal) for evaluating the urea and
creatinine. The left kidneys were removed for histological
and TUNEL assay examinations and the right ones for
the MDA level estimations, in the respect of the groups.
All the ischemia-reperfusion, laparotomy, and sacrificing
operations were done when the mice were maintained in
deep anesthesia that was accomplished by I.P injection of
ketamine HCI (100 mg/kg) and xylazine (10 mg/kg), at 10
AM.

The tissue preparing and staining

The non-parenchymal tissues (fat, fascia, and vessels) of
removed left kidneys were dissected and preparing paraffin
embedded blocks were gotten using automatic tissue
processor. The steps of this process was consequently
included fixation with 10% formal saline (for 72 h),
washing thoroughly under running water, dehydrating by
raised a doses of ethanol (50, 60, 70, 80, 90, and 100%,
which included 3 min for each step, and 100% ethanol
step was repeated for three times), clearing by xylene
(three times and 10 min in each), and embedding in soft
paraffin (three times and 15 min in each). At this stage,
S5 um coronal histological thin sections were cut from
paraffin-embedded blocks, undertaken by a microtome
instrument (Leica RM 2125, Leica Microsystems Nussloch
GmbH; Germany), and 5 sections per animal were chosen.
For the unification of the section selection, the first section
was the 4" and the last was the 24" (5 sections interval),
and finally, the routine protocol for hematoxylin and eosin
staining was implemented.

At the end of tissue processing, the stained sections were
mounted by entalan glue and assessed under microscope
Olympus BX-51T-32E01 research microscope connected
to a DP12 Camera with a 3.34-million pixel resolution and
Olesya Bio software (Olympus Optical Co. LTD, Tokyo,
Japan). Randomly selected sections stained by the TUNEL
method that was applied in the evaluation of apoptosis as
follows.

Histological quantification

In this study, both qualitative and quantitative histological
parameters were evaluated, respectively. Qualitative
histological involved scoring of the sections by monitoring
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intra-cellular vacuolization, tubular dilatation, vascular
congestion, intra-tubular proteinaceous casts, and tubular
cell detachments. Quantitative renal tissue changes
included estimation of the number and the diameter of
renal corpuscles as long as urinary space (Bowman’s
space) enhancement. For this reason, 5 sections/animal and
5 random fields for each section (25 fields totally) were
captured at 100 x and 400 x magnifications, respectively
by the connected camera to the microscope. The field’s
selection was done by a zigzag form of monitoring of
the round or nearly rounded renal corpuscles by a blind
observer using a specialized software package (AE-3; Motic
S.L.U., Barcelona, Catalonia, Spain), respectively. Briefly,
the diameter of each renal corpuscle was estimated as the
mean length of two drawing lines, vertical to each other,
that connected the distance between opposed basement
membranes of the outer cell layer. The Bowman’s space,
the distance between the outer and the inner cell layers,
was estimated by drawing at least 4 lines (in opposed
directions) that connected these two layers, and the mean
measured amount of these lines was considered as the
space volume.['*!

Evaluation of BUN and creatinine

Blood serum was collected by centrifuging of the samples,
separately and stored at —80°C until analysis of blood serum
urea nitrogen (BUN) and urine creatinine as two functional
universal biomarkers of the kidney. The concentrations of
BUN and creatinine were analyzed in triplicated with a
commercially available assay kit (Bioassay System, USA)
in accordance with the instructions.

Measurement of renal malondialdehyde

Malondialdehyde (MDA) levels in right renal tissues
were evaluated as an index of lipid peroxidation. In
this regard, homogenizing of the samples were carried
out by homogenization buffer containing 1.15% KCI
solution and the specimens centrifuged at 1,500 g for
10 min, respectively. Then, the homogenated subjects
were added to a reaction mixture containing SDS, acetic
acid (pH 3.5), thiobar-bituric acid, and distilled water.
Following boiling the mixture for 1 h at 95°C and
centrifuging at 3000 g for 10 min, the absorbency of
the supernatant was measured by spectrophotometry at
550 nm light length.

Estimation of renal total antioxidant capacity

To measure the total antioxidant capacity (TAC),
an acquisition kit (Cat No: TAC-96A) ZellBio
GmbH-Germany was purchased, which was the basis for
the oxidation colorimetry resuscitation. The kit contains
1 reagent ready to use, buffer X100, dye powder, reaction
suspension solution, standard, and a microplate of 96 wells.
In this assay, the TAC was equivalent to some antioxidant
in the sample that was compared with ascorbic acid as
standard. The kit’s sensitivity was equal to 0.1 mM and the
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diagnostic range was mM 2-125/0, and final absorbance
was read at 490 nm and unit conversion was performed.

TUNEL assay

TUNEL assay was carried out using in situ Cell Death
Detection Kit, AP (Roche Diagnostics, Germany) according
to the manufacturer’s instructions. Briefly, the sections
were washed in PBS, permeabilized with 0.1% Triton
X-100 (Sigma, USA) for 5 min on ice, followed by
incubation with spilled 50 ul of terminal deoxynucleotidyl
transferase end-labeling solution for 60 min at 37°C in a
humidified chamber in dark. Then, the contra-staining was
performed by methylene green (1%).

Statistical analyses

The data were analyzed by SPSS software for
windows (version 20) using one-way ANOVA postulation
followed by Tukey’s post hoc test, and P < 0.05 was
considered significant. The variables were represented as
mean + standard error of mean.

Results
Qualitative histopathology changes in treated groups

Qualitative histopathology evaluation of renal tissue
in the studied groups showed that the control group,
sham, Acas (shams and controls) as well as recurrent
ischemia-reperfusion + Aca (50 mg/kg) group possess
the same tissue indices. In ischemia-reperfusion and
ischemia-reperfusion + Aca (10 mgkg) groups, a
significant increase was observed in all histopatological
compared to other groups and scored 31 and 15 (P < 0.01).
A significant increase of these indices was also observed
in ischemia-perfusion + Aca (25 mg/kg) group (with
score 6) compared to sham and control groups (P < 0.05).
Furthermore, there was a dose-dependent significant
difference between the Aca + ischemia-reperfusion
groups [Table 2 and Figure 1].

Table 1: Grouping of the mice for determining, ischemia
or different doses of Aca. The treatments were daily
intraperitoneally (I.P)

Groups Treatment Laparotomy Ischemia
Sham operation ~ No No No
Control Dimethyl sulfoxide yes No
(DMSO)

Sham Acal Aca- 10 mg/kg No No
Sham Aca2 Aca- 25 mg/kg No No
Sham Aca3 Aca- 500 mg/kg No No
control Acal Aca- 10 mg/kg Yes No
control Aca2 Aca- 25 mg/kg Yes No
control Aca3 Aca- 50 mg/kg Yes No
Isc-rep No Yes Yes
Isc-rep+ Acal Aca- 10 mg/kg Yes Yes
Isc-rep+ Aca2 Aca- 25 mg/kg Yes Yes
Isc-rep+ Acal Aca- 50 mg/kg Yes Yes

3
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Number of renal corpuscles

The results of the number of renal corpuscles between the
groups showed a significant decrease in renal corpuscles
number in the ischemic/reperfusion group compared to
the control group (P < 0.01), but there was no significant
difference in other groups compared to the control group.
In all groups, a significant increase in the number of
renal corpuscles was observed in comparison to ischemic/
reperfusion group (P < 0.05). Although the number of
renal corpuscles in the ischemia-reperfusion + Aca groups
was increased with an increase in dose, statistical analysis
showed no significant difference. A number of renal
corpuscles in the sham operation and receiving Aca at doses
of 50 mg/kg groups was significantly increased compared
to Aca at doses of 10 mg/kg group (P < 0.05) [Table 3].

Diameter of renal corpuscles

The diameter of renal corpuscles significantly decreased
in the ischemia-reperfusion group compared to the control
group (P < 0.01), but there were no significant difference in

other groups compared to the control group. A significant
increase in diameter of renal corpuscles was observed in
groups receiving Aca at doses of 10 and 25 mg/kg and sham
operation groups compared to ischemia-reperfusion + Aca
at a dose of 10 mg/kg group (P < 0.01). The diameter
of renal corpuscles in the group receiving Aca at doses
of 50 mg/kg showed a significant increase compared
to ischemia-reperfusion + Aca at a dose of 25 mg/kg
(P < 0.05).

The diameter of renal corpuscles was increased in the
ischemia-reperfusion + Aca groups with a dose-dependent

manner, but without showing any significant
differences [Table 3].

Urinary (Bowman’s) space

The wurinary space was increased significantly in

ischemic/reperfusion group compared to the control
group (P < 0.01).A significant increase was observed also in
ischemia-reperfusion + Aca at a dose of 10 mg/kg group. In
all groups, a significant increase was found in urinary space

Figure 1: Showing histological features in the kidney following ischemia-reperfusion and acacetin (Aca) (50 mg/kg) or both by H and E staining. In
ischemia-reperfusion group, the yellow arrows in above picture and yellow stars in below picture show intra-tubular proteinaceous casts, whereas in below
picture the yellow arrows depict tubular cell detachments, and arrow and star in blue demonstrate the shrinkage of renal glomerulus and tubular dilation,
respectively (Above pictures are 100x, and below ones are 400 x captured, respectively). The originating sites of the glomerular vessels are shown by circles

Table 2: Renal histological qualitative parameters affected by ischemia (ISC) and acacetin (Aca) treatment or both in

male mice
Histopathology Indices
Groups Intra-cellular Tubular Vascular Intra-tubular Tubular cell Total
vacuolization dilatation congestion proteinaceous casts detachment

Control 0 0 I 0 0 1
Sham operation 0 0 I 0 0 1
Ischemia v v v XII VII 31**
Sham Aca 10 0 0 I 0 0 Jeab##
Sham Aca 25 0 0 I 0 0 Jaabr
Sham Aca 50 0 0 I 0 0 [
Control Aca 10 0 0 I 0 0 1*#
Control Aca 25 0 0 I 0 0 Jaabr
Control Aca 50 0 0 I 0 0 Jaab##
ISC+Aca 10 I 111 v 111 111 15%*
ISC+Aca 25 0 1I 1I 0 I 6%
ISC+Aca 50 0 0 1 0 1 Qaabr?

*p<0.05, **p<0.01 compared to control and sham groups; *p<0.05, “p<0.01 compared to isct+Acal0 mg/kg group; ®p<0.05 compared to isc+
Aca25 mg/kg group; ?p<0.05, #p<0.01 compared to ischemia-reperfusion group
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compared to the ischemia-reperfusion group (P < 0.01).
Further, there was a significant decrease in Aca receiving
group than ischemia-reperfusion + Aca groups (P < 0.05).
Sham operation group showed a significant decrease
compared to ischemia-reperfusion + Aca at doses
of 10 and 25 mg/kg group (P < 0.05). There was a
significant  difference  between ischemia-reperfusion
groups (P < 0.05) [Table 3].

Measurement of Urea (BUN) levels

The serum levels of BUN were significantly increased in
the ischemia-reperfusion and ischemia-reperfusion + Aca
at doses of 10 and 25 mg/kg groups in comparison with
the control group (P < 0.01). A significant decrease in
BUN levels was showed in all experimental groups
compared to the ischemia-reperfusion group (P < 0.01).
Sham operation and Aca receiving groups (with or without
surgery) had a significant reduction in BUN compared with
ischemia-reperfusion + Aca at doses of 10 and 25 mg/kg
group (P < 0.01), however, in ischemia-reperfusion + Aca at
a dose of 50 mg/kg group, there was no significant difference.
Furthermore, there was a significant difference in BUN in
the ischemia-reperfusion + Aca at doses of 25 mg/kg and
50 mg/kg groups compared with ischemia-reperfusion + Aca
at a dose of 10 mg/kg group (P < 0.01) [Table 4].

Measurement of serum creatinine levels

The serum levels of creatinine were significantly raised
in ischemia-reperfusion (P < 0.01), two groups of
ischemia-reperfusion + Aca 10 and 25 mg/kg (P < 0.05)
compared to the control group. However, there were
no significant differences in this parameter between
ischemia-reperfusion + Aca (50 mg/kg) and control
group. In all experimental groups, a significant reduction
was found in serum levels of creatinine compared to the
ischemia-reperfusion group (P < 0.01). Sham operation
and Aca receiving groups (with or without surgery) had a

significant reduction in serum creatinine levels compared
with ischemia-reperfusion + Aca at doses of 10 and 25 mg/kg
group (P < 0.01), however, in ischemia-reperfusion + Aca
at a dose of 50 mg/kg group, there was no significant
difference. Moreover, there was a significant difference in
serum levels of creatinine in the ischemia-reperfusion + Aca
at doses of 25 mg/kg and 50 mg/kg groups compared
with ischemia-reperfusion + Aca at a dose of 10 mg/kg
group (P < 0.01) [Table 4].

Effect of acacetin and renal ischemia-reperfusion on
malondialdehyde levels

The serum levels of MDA significantly boosted in the
ischemia-reperfusion (P < 0.01), ischemia-reperfusion + Aca
at doses of 10 mg/kg and 25 mg/kg groups compared to
the control group (P < 0.01 and P < 0.05 respectively). In
comparison with ischemic/reperfusion, MDA levels were
significantly reduced in all experimental groups (P < 0.01).
In addition, a significant reduction was observed in
sham operation and Aca receiving groups (with or
without surgery) in serum MDA levels compared with
ischemia-reperfusion + Aca at doses of 10 and 25 mg/kg
group (P < 0.01), however, in ischemia-reperfusion + Aca
at a dose of 50 mg/kg group, there was no significant
difference. Furthermore, there was a significant decrease
in serum levels of MDA in the ischemia-reperfusion + Aca
at doses of 10 mg/kg and 25 mg/kg groups compared
with ischemia-reperfusion + Aca at a dose of 50 mg/kg
group (P < 0.01) [Figure 2a].

Effect of acacetin and renal ischemia-reperfusion on
total antioxidant capacity levels

The TAC levels were decreased significantly in the
ischemia-reperfusion group rather than the control
group (P < 0.01). In all experimental groups, a significant
rise was found in serum levels of TAC compared to
the ischemia-reperfusion group (P < 0.01). In addition,

Table 3: Renal histological quantitative parameters affected by ischemia (ISC) and acacetin (Aca) treatment or both in

male mice

Groups Meanzstandard error of means

Number of renalcorpuscles Diameter of renal corpuscles (um) Urinary space (um)
Isc+ Aca 50 mg/kg 8.20+0.37% 67.92+4.017 14.20+0.927=
Isc+ Aca 25 mg/kg 7.88+0.45% 63.17+3.58%# 14.78+0.46%*
Isc+ Aca 10 mg/kg 7.70+£0.407 57.05+6.21 %% 16.35+1.16%7
Sham Aca 50 mg/kg 9.35+0.34* 90.95+4.1 77 9.0540.497mabb.ce
Sham Aca 25 mg/kg 8.91+0.45% 88.77+5.187= 10.0540.427aabbce
Sham Aca 10 mg/kg 8.78+0.37% 84.95+4.097%= 11.04+0.477aabbe
Sham operation 8.47+0.37# 83.26+3.307% 13.74+0.567%220
Ischemia 3.68+0.51** 49.26+3.05%* 22.56+1.31%*
Control Aca 50 mg/kg 9.45+0.447 90.21£5.187ab 10.06+0.537abbe
Control Aca 25 mg/kg 9.00+0.607 87.365.097#bbe 10.540.457#aa.bbe
Control Aca 10 mg/kg 8.67+0.48% 84.70+5.087b 11.1340.4377aabbe
Control 8.57+0.57 83.36+3.49 13.58+0.73

*p<0.05, **p<0.01 compared to control/sham groups; ®p<0.05, *p<0.01 compared to isc+ Acal0 mg/kg group; *p<0.05, **p<0.01 compared
to isct Aca25 mg/kg group; p<0.05, “p<0.01 compared to isc+Aca50 mg/kg group; *compared to ischemia/reperfusion group
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Aca receiving groups (with or without surgery) had
a significant increase in TAC levels compared with
ischemia-reperfusion + Aca groups (P < 0.01). In spite the
decline in serum levels of TAC in ischemia-reperfusion + Aca
groups compared with each other, no statistically significant
difference was found [Figure 2b].

Effect of Aca and renal ischemia-reperfusion on TUNEL
positive cells

Evaluation of apoptotic cells showed a significant increase
in ischemia-reperfusion than control, Aca at a dose of
50 mg/kg and ischemia-reperfusion + Aca at a dose of
50 mg/kg groups (P < 0.01). However, there was no significant
difference in the apoptotic index between the two groups of
Aca at a dose of 50 mg/kg and ischemia-reperfusion + Aca at
a dose of 50 mg/kg [Figures 2c and 3].

Discussion

Overall, the current study  represented  that
ischemia-reperfusion  exacerbated histopathology and
functional indices of the kidneys, such as Bowman’s
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Figure 2: Effect of ischemia- reperfusion (ISC) and Acacetin (Aca) or both
on (a) malondialdehyde, (b) Total anti-oxidant capacity, (c) Apoptotic
index in mice. *P < 0.05, **P < 0.01 compared to control and sham groups;
a=P<0.05,aa=P<0.01 compared to Isc + Aca10 mg/kg group; b =P <0.05,
bb = P < 0.01 compared to Isc + Aca 25 mg/kg group; ##: compared to
ischemia-reperfusion group
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space, diameter of renal corpuscle, serum levels of BUN
and creatinine, oxidant-antioxidant balance, promoting
apoptosis, whereas Aca relief these diverse effects in a
dose-dependent manner.

The histopathology changes following ischemia-reperfusion
on renal tissue have been approved by many authors, and
our results in this regard are parallel with them showing
enlargement of Bowman’s space, injury in tubules of the
cortex, and occurrence of dramatically change in whole
tissue qualitative indices.!>>1%

Studies about the effect of Aca on renal tissue are rare.
Avila-Villarreal and colleagues demonstrated that high
doses of plant extract of Brickellia Cavanillesii (Cass.),!”
which contains Aca, was safe and its LD50 is higher
than 2000 mg/kg in mice. Further, 100 mg/Kg of Aca
did not alter the function of the liver, kidney, and heart
in mice.'”! These data are in parallel with our results that
showed a high dose of Aca (50 mg/kg) does not induce
harmful effects, both histologically and functionally,
on kidney of mice, even in chromic usage. The impact
of Aca (150 mg/kg) on renal tissue damage induced
by bacteria (Staphylococcus aureus) was approved,!']
however, there was not found any evidence for showing the
effect of Aca on renal tissue after ischemia-reperfusion, and
in this case, our data are unique. Furthermore, the present
study indicated that there were no significant differences
for the efficacy of Aca with 25 mg/kg and 50 mg/kg in all
evaluated parameters; however, the higher dose was more
efficient. Thus, in the case of ischemia-reperfusion than
bacterial infected kidney, we can say that lower doses of
Aca should be considered as retrieve dose.

Control Control Control

ACA 50 mg/kg ACA 50 mg/kg

ACA 50 mg/kg

ACA 50 mg/kg Ischemia ACA 50 mg/kg Ischemia ACA 50 mglkg Ischemia

N

Ischemia |

Ischemia Ischemia

Figure 3: Apoptosis induction in the kidney followed by ischemia-reperfusion
and acacetin (Aca) (50 mg/kg) or both by TUNEL staining (x400);
Aca = acacetin. The yellow arrows referred to the emerald green nuclei of
apoptotic cells. The left pictures are stained cytoplasm, the middle figures
show stained nuclei, and the right ones are the merges
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Table 4: The serum levels Urea (BUN) and Creatinine
following Ischemia (ISC) and Acacetin (Aca) treatment
or both in male mice

Groups Meanztstandard error of means
Urea (BUN) Creatinine

Isc+ Aca 50 mg/kg 6.25+0.217= 6.2940.947%

Isc+ Aca 25 mg/kg 8.23+0.24#*#aa 9.25+0.78*#

Isct Aca 10 mg/kg
Sham Aca 50 mg/kg
Sham Aca 25 mg/kg
Sham Aca 10 mg/kg
Sham operation
Ischemia

Control Aca 50 mg/kg
Control Aca 25 mg/kg
Control Aca 10 mg/kg
Control

15.16+0.07**#
4.91+0.237 b
4.22+0.167 b
4.53+0.18 b
28.78+1.487mabb
4.55+0.14%*
4.07+0.077 b0
4.33+0.]1 8=t
4.55+0.]12# b
4.73+0.18

11.7740.34%*#
4.78+0.237mabb
5.2440.4077aabb
5.5440.137aabb
5.48+0.127aabb
69.18+0.14**
5.22+40.127a.bb
5.3040.157aabb
5.3440.1877aabb
5.08+0.18

*p<0.05, **p<0.01 compared to control and sham groups; *p<0.01
compared to Isc+ Aca 10 mg/kg group; *®p<0.01 compared to Isc+
Aca 25 mg/kg group; #compared to ischemia-reperfusion group

These differences are may be owing to the doses of Aca,
which in the later study was lower than the former one and
as we saw in the present study, at the dose of 10 mg/kg,
the efficacy of Aca was not complete. Nevertheless, it
has been shown an increase in the serum levels of MDA
following renal ischemia-reperfusion,™ we conducted the
measurement of MDA and TAC in the kidney tissue to
omit any bias.

The renal ischemia-reperfusion-induced tubular epithelial
damage is either lethal, expressed as necrosis and apoptosis,
or sub-lethal, including loss of tight junction integrity and
cell polarity, shedding of brush borders and exfoliation of
viable cells."”? In the present study, the percentage of
apoptotic cells was increased after ischemia-reperfusion
treatment in accompany with previous reports; however,
the necrosis was not observed.

Recently, several in vitro studies have approved AC
therapeutic properties on human cancerous cells such
as lung, prostate, and breast cancer cell lines, in which
apoptosis induction suggested as the main pharmacokinetic
of Aca on cancers.®?'?2 Thus, we suggest that Aca has
dual effects; anti- apoptotic activity for the treatment of
degenerative diseases like ischemia-reperfusion and the
second, inducing apoptosis (the opposed action), in cancers
that we need apoptosis as a treatment trend. Somehow, our
data reinforce the anti-cancer capability of Aca that does
not exert any side effects.

Conclusions

The results of this study showed that arterial renal ischemia
for 60 min and subsequent their reperfusion, even after
5 days, impress dangerous histological and physiological
outcomes in the kidney. The study approves that eliminated
renal oxidant-antioxidant balance as molecular advocator
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during the ischemia-reperfusion period would supervise
cellular chain reaction. Aca, with a dose-dependent
manner, upregulates oxidant system as long as down
regulates lipid peroxidation and apoptosis following renal
ischemia-reperfusion. Finally, this study emphasizes that
suppressing oxidative stress is the major priority for a
drug prescription in the case of organ transplantation like
kidney. Hence, contemplating of this trend would diminish
the destructive sequels of this surgical procedure.
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