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Abstract
Ischemia/reperfusion (I/R) injury is associatedwith a strong inflammatory and oxidative stress response to hypoxia and reperfusion that
impair organ function.We aimed to investigate the role of oxidative stress, renal inflammation, and apoptosis in the injury of the kidney
tissue after ischemic reperfusion, and the protective effect of dose-dependent boric acid administration. For this purpose, 35 Sprague
Dawley albino rats were divided into five groups of seven animals in each group: Sham, I/R and I/R + boric acid (BA) (i.p at doses of
50, 100, and 200 mg/kg). All animals underwent nephrectomy (the right kidney was removed) and were expected to recover for
15 days. After recovery, each animal received 45 min of ischemia. BAwas injected intraperitoneally 10 min before reperfusion and a
24-h reperfusion procedure was performed. Sham group only underwent surgical stress procedure. In order to investigate the oxidative
stress induced by I/R injury and antioxidant effects of different BA doses in the kidney tissue, TAS, TOS,MDA, SOD, CAT, and GSH
levels were measured. DNA fragmentation, cytochrome C levels, caspase 3 activity were measured to determine apoptotic index in
tissue. IL-6 and TNF-α levels were measured in the evaluation of inflammation. Hematoxylin-eosin and TUNEL staining was
performed for histopathological examinations. As a result, increased oxidative stress, inflammation, and apoptosis after I/R were
decreased with different doses of BA treatment. The application of high-dose BA was found to be lower in anti-apoptotic, anti-
inflammatory, and antioxidant effects than in the low-dose groups.
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Introduction

Renal ischemia/reperfusion injury (I/R) causes acute kidney in-
jury (AKI) and leads to high mortality rates in clinical and ex-
perimental studies [1–3]. Ischemia is a condition in which the
blood supply to an organ for a variety of reasons becomes insuf-
ficient or stops by a clot or a mechanical agent (especially during
vascular surgery and organ transplantation). Reperfusion is the
restoration of blood flow to the tissue [4]. Currently, there is no
clear treatment options because the harmful effects of renal I/R
are the result of unclear, interrelated, and complex events.
Previous studies indicated that apoptosis, inflammation, and ox-
idative stress are associated with renal I/R [5–7]. Reactive oxy-
gen species (ROS) are responsible for increased oxidative stress,
pro-apoptotic mediator expression, and inflammatory cytokines
when reperfusion is seen in ischemic tissues [8].

Trace element boron (B), which is the characteristic element
of boric acid (BA), may have significant effects on various met-
abolic and physiological systems in organism [9]. The effects of
BA on vitamin, hormone, enzyme, energy, and mineral metabo-
lism have been shown in some studies [10]. However, the
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biochemicalmechanism of B andBA is not fully known yet. The
researchers explain the biological effects of boric acid by two
different hypotheses. In the first hypothesis, it is argued that B
and BA are negative regulators affecting the path of competitive
inhibition in key enzyme reactions [11]. In the second hypothe-
sis, it is argued that boron plays an important role in cell mem-
brane function, structure, and stability [12]. Therefore, it has
recently attracted the attention of researchers due to its multifac-
eted effects in the pathogenesis of many diseases. Studies inves-
tigating the effect of BA on renal I/R injury are limited. In addi-
tion, there are several studies showing the antioxidant, anti-in-
flammatory, and anti-apoptotic effects of BA in different exper-
imental and clinical studies [13–27]. However, inconsistency is
observed in the results.

According to our hypothesis, as shown in Fig. 1, BA exhibits
antioxidant properties against oxidant molecules by quenching
and chain-breaking through protons in the hydroxyl groups. In
this way, we think that it may be involved in apoptotic and
inflammatory processes. However, harmful effects can occur as
high concentrations of BA take the radical on itself and change
the pH of the medium.

In the current study, we aimed to investigate the role of
oxidative stress, inflammation, and apoptosis in the injury
of the kidney tissue after I/R, and the protective effect of
dose-dependent BA administration. The effects of BA on
I/R injury were investigated by measuring some oxidative,
apoptotic, and inflammation parameters including super-
oxide dismutase (SOD) activity, catalase (CAT) activity,
glutathione (GSH) levels, malondialdehyde (MDA) levels,
total oxidant status (TOS), total antioxidant status (TAS),
caspase 3 (CASP3) activity, cytochrome C (CYCS) levels,
DNA fragmentation, tumor necrosis factor alpha (TNF-α),
and interleukin-6 (IL-6) levels. In addition, morphological
changes were investigated with hematoxylin eosin stain-
ing (H&E) and apoptosis was examined by TUNEL
staining.

Materials and Methods

Animals and Experimental Design

The study was approved by the committee of Local Ethics
Committee of Eskişehir Osmangazi University Animal
Experiments (ESOGU HADYEK) (decision no. 657 of
14.03.2018). Thirty-five female Sprague Dawley albino rats
weighing 180–220 g were divided into five groups of seven in
each group. Sham, I/R, and I/R + BA (i.p at doses of 50, 100,
and 200 mg/kg). The rats were housed in polycarbonate cages
(3–4 rats per cage), under the conditions of conventional lab-
oratory animal housekeeping conditions (controlled tempera-
ture (21 ± 2 °C), humidity (50 ± 5%), air change (cycle), and
light (12 h light, 12 h dark). During the experiment, the ani-
mals were checked daily and their overall morphological ap-
pearance (hair loss, defecation disorders) was evaluated visu-
ally. The experimental animals were fed standard commercial
rat pellets (purchased from Korkutelim Yem Gıda, Antalya,
Turkey; 2.4% crude fat, 5.97% crude cellulose, 23.5% crude
protein, 1–2% vitamins and minerals; 3% trace elements, iron,
selenium, manganese, zinc, cobalt, iodide, 270 kcal 100 g−1)
and allowed water ad libitum. Feed and water restriction has
not been made to rats. All surgical procedures and euthanasia
were performed under anesthesia.

The followingmethods were applied to groups: Nephrectomy
was performed in all animals by intramuscular administration of
10 mg/kg xylazine and 80 mg/kg ketamine anesthesia. Right
kidney nephrectomy was performed under sterile conditions.
Sterilized physiological saline solution to the abdominal cavity
to prevent the hypovolemic effects of the fluid lost after nephrec-
tomy for each rat. Each animal was chemically sterilized, single-
individual, transparent cages with polycarbonate composition
were placed separately for 15 days. For the I/R procedure, rats
underwent midline laparotomy under anesthesia. The left renal
artery was isolated, and blood flow was stopped for 45 min with

Fig. 1 Boric acid structure and
oxidant-antioxidant effect
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an anti-traumatic vascular clamp. Immediately after 45 min of
ischemia, reperfusion was performed for 24 h. Sterilized physio-
logical saline was given to the abdominal cavity to prevent hy-
povolemic effects of fluid lost during reperfusion. The BA solu-
tion applied to the experimental animals was freshly prepared
immediately before the study, containing 50, 100, and
200 mg/kg BA in a 0.5-mL physiological saline.

After recovery, each animal received 45 min of ischemia.
Sham group only underwent surgical stress procedure. Animals
in the I/R group were injected into intraperitoneally only the
0.5-mL physiological saline 10 min prior to reperfusion.
Animals in the I/R group + BA (50, 100, 200 mg/kg) were
injected into intraperitoneally 50, 100, and 200 mg/kg (b.w.)
separately with a 0.5-mL physiological saline 10 min prior to
reperfusion. After 24 h of reperfusion, the animals in the groups
were sacrificed by intracardiac blood to appropriate separator gel
tubes under intramuscular anesthesia of ketamine (80mg/kg) and
xylazine (10 mg/kg) because of the experimental procedure.

Biochemical Measurements

After blood samples were centrifuged at 3500 rpm for 15 min
(JouanMR 22), some of the obtained serumwere stored in the
deep freezer (− 80 °C, Jouan VX350 series Thermo 26
Electron) until analyzed for ELISA by aliquot. The remaining
fresh serumwas also run in the auto-analyzer for measurement
of some biochemical parameters. Kidney tissues were taken
from the abdomen of the animals whose blood was taken. For
histological examinations, some of the kidney samples were
placed in 10% formaldehyde and the remaining tissues were
stored for biochemical measurements.

Serum BUN and creatinine measurements for determina-
tion of renal function were performed with a Roche COBAS
C501 auto-analyzer (Roche Diagnostics GmbH, Mannheim,
Germany). The results were expressed as mg/dl.

TAS and TOS levels (Rel Assay Diagnostics, Gaziantep,
Turkey,) in per 100 mg tissue homogenates were measured by
ELISA (PerkinElmer2030 Multilabel reader, VictorX3). The re-
sults were expressed as mmol Trolox Equiv/L and μmol H2O2

Equiv./L. MDA levels were measured using the method reported
by Ohkawa et al. [28]. The results were expressed as nmol/mg
protein. GSH levels were determined according to modified
method of Srivastava and Beutler [29]. CAT activities were de-
termined by the method of Aebi [30]. The reduction in optical
density per minute was determined and the enzyme activity was
expressed in U/mg protein. SOD activity was determined by the
method ofWinterbourn et al. [31]. One unit of SOD expressed in
U/mg protein was designated as the amount of enzyme that
inhibits the reduction of nitroblue tetrazolium reduction by
50%. Total protein level in tissue samples was performed accord-
ing to the Bradford assay [32]. Manual measurement methods
were performed using a spectrophotomer (Shimadzu UV-1601)
device.

DNA fragmentation was evaluated according to the meth-
od applied byWyllie. DNA fragmentation in the kidney tissue
was expressed as a percentage of total DNA in the supernatant
fraction [33]. CYCS levels and CASP3 activities were mea-
sured using a commercial kit (Cloud-Clone Corp., USA, cat
no. SEA594Ra and SEA626Ra, respectively). The concentra-
tions of CASP3 and CYCS in per 100 mg tissue homogenates
were shown as ng/mL in comparison with the optical density
of the standard curve.

TNF-α and IL-6 levels were measured using a commercial
kit (Cloud-Clone Corp., USA, cat no. SEA133Ra and
SEA079Ra). The concentrations of TNF-α and IL-6 in serum
samples were shown as pg/mL in comparison with the optical
density of the standard curve.

Histopathological Assessments

Each of the middle kidney tissues was left in a 10% buffered
neutral formaldehyde solution for 24 h for histological exam-
ination. Chemical fixation was achieved, dehydrated, and em-
bedded in paraffin for H&E staining. In total, 4–5 μm thick
sections were taken using a microtome (Leica RM 2025) and
paraffin was opened in water bath and closed on poly-L-ly-
sine–coated slides. Sections were kept in the oven at 37 °C for
one night and deparaffinized in xylol. H&E staining was car-
ried out by decreasing the degree of ethyl alcohol in the alco-
hol series. H&E-stained kidney sections were examined by
light microscopy. All tissue sections were examined by an
Olympus brand, a CH40 light microscope, and photographed
by a Spot Insight 3.2.0. model digital camera and a Spot ad-
vanced, with the help of the 4.0.6 version program. The degree
of the kidney damage in the sections was evaluated as absent
(−), less (+), moderate (++), and severe (+++). Sections were
scored by two blind observers (Donmez, D and Senturk, H).

Apoptotic cells in the kidney sections were detected with
transferase-mediated dUTP nick-end labeling (TUNEL) assay
by an observer. The TUNEL staining was conducted using an
assay kit according to the manufacturer’s instructions
(Millipore, USA, cat no. S7101).

Statistical Analysis

SPSS Version 21.0 package program was used for statistical
analysis of biochemical measurements and histopathological
assessments. The results were evaluated using the
Kolmogorov-Smirnov and Shapiro-Wilk normality tests. The
Kruskal-Wallis test was applied for data not showing normal
distribution. One-way analysis of variance (ANOVA) tests for
normal distribution data. The Tukey HSD test was used for
differences between groups. Results were expressed as the
mean ± standard deviation. The statistical significance was
considered as p < 0.05.
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Results

Biochemical Results

The comparison of serum BUN and creatinine levels among
the groups in the evaluation of renal function were shown in
our previous study [34]. Serum creatinine and BUN levels in
the I/R group were found to be statistically higher compared
with the sham group (p < 0.05), while creatinine and BUN
values were lower in the 50 mg/kg BA group (p < 0.05).
There was no statistically significant difference in BUN and
creatinine levels between the other treatment groups (100 and
200 mg/kg BA) (p > 0.05).

In order to investigate the oxidative stress induced by I/R
injury in the kidney tissue and antioxidant effects of different
BA doses, TAS, TOS, MDA, SOD, CAT, and GSH levels are
shown in Table 1. MDA levels were significantly higher in the
renal tissue of the I/R group compared with the sham group
(p < 0.001). MDA levels showed a significant decrease com-
pared with the I/R group in the BA-treated groups. In addition,
SOD, CAT, and GSH levels increased significantly compared
with I/R groups in BA-treated groups. The highest average
TOS values were detected in the I/R group. TOS levels were
statistically lower in the 50 and 100mg/kg BA groups than the
I/R group (p < 0.001). BA applications showed a dose-
dependent increase in TAS levels comparedwith the I/R group
(p < 0.001). However, no statistically significant difference
was observed in both TOS and TAS levels in 200 mg/kg BA
application. According to these results, BA applications were
found to suppress the oxidative stress by inducing the antiox-
idant system and it was revealed that BA should be used in
appropriate doses.

Detection of DNA fragmentation is the evaluation of mono
or oligonucleotides fragmented at the end of the apoptotic
process and dispersed in the cytoplasm. DNA inhibition in
all experimental groups is shown in Fig. 2 as percent inhibi-
tion. The percentage of DNA fragmentation due to kidney
damage was found to be statistically higher in the I/R group
than the control group (p < 0.001). DNA fragmentation levels

were found to be statistically lower in 50, 100, and 200 mg/kg
BA treatment groups when compared with the I/R group
(p < 0.001). There was no statistically significant difference
in DNA fragmentation levels between groups with different
doses of BA (p > 0.05).

A statistically significant difference was found between the
Sham and I/R groups in terms of CYCS levels and CASP3
activity (p < 0.001). These data indicate that the levels of
CYCS and CASP3 activity increase in the damaged tissue
following I/R injury in Table 2. The administration of
50 mg/kg BA showed a statistically significant decrease in
tissue CASP3 activity compared with the I/R group
(p < 0.001). Statistically significant decrease in tissue CYCS
and CASP3 levels was observed in 100 mg/kg BA group
compared with I/R group. BA application inhibits apoptotic
activity after renal I/R. However, the effect of 200 mg/kg BA
on apoptotic activity was mild and there was no statistically
significant difference.

TNF-α and IL-6 levels in the I/R group were significantly
higher in the Sham (p < 0.001). TNF-α and IL-6 levels in
50 mg/kg BA and 100 mg/kg BA treatment groups were sig-
nificantly lower than in the I/R group (p < 0.001). In the
200 mg/kg BA group, there was a decrease in the levels of
TNF-α and IL-6 of approximately 2–3% compared with I/R
group but not statistically significant.

Histopathological Results

In our study, histopathological examination of the kidney
tissues and kidney damage for each rat were calculated.
These calculated values are shown in Table 3. The light
microscopic image of all experimental groups is shown in
Fig. 3. As the DNAs of apoptotic cells are rapidly
degrading, the chromatin network in the cell suddenly loses
its integrity and the number of DNA particles containing 3′-
OH is very high. In the cell, the terminal deoxynucleotidyl
transferase (TdT) enzyme transfers the added biotin dUTP
to the free 3′-OH ends of the fragmented DNA particles.
Biotin-labeled DNA fragments become visible on the

Table 1 TAS, TOS, MDA, SOD, CAT, and GSH levels in renal tissues

Groups TAS mmol Trolox
Equiv. /L

TOS μmol H202
Equiv. /L

MDA nmol/mg
protein

SOD U/mg
protein

CAT U/mg
protein

GSH μmol/g
protein

Sham 1.56 ± 0.02 5.08 ± 0.03 1.92 ± 0.03 341.06 ± 5.91 56.41 ± 2.08 2.61 ± 0.02

I/R 0.88 ± 0.06* 16.71 ± 0.13* 4.06 ± 0.03* 232.36 ± 2.94* 41.14 ± 1.11* 1.09 ± 0.02*

I/R + 50 mg/kg BA 1.77 ± 0.02** 6.23 ± 0.04** 2.11 ± 0.02** 295.08 ± 5.30** 48.45 ± 0.51** 1.52 ± 0.01**

I/R + 100 mg/kg BA 1.89 ± 0.03** 7.30 ± 0.05** 2.32 ± 0.02** 309.34 ± 3.04** 52.48 ± 1.14** 1.79 ± 0.02**

I/R + 200 mg/kg BA 0.94 ± 0.02 14.89 ± 0.57 3.86 ± 0.13 236.68 ± 1,63 43.02 ± 3.44 1.10 ± 0.04

* p < 0.001 compared with the sham group
** p < 0.001 compared with the IR group
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fluorescence microscope when light streptavidin is added to
the microscope or a fluorescent agent. This method is a very
sensitive test in cell cultures and tissue sections as it can
show in situ apoptosis in individual cells. TUNEL images
of all experimental groups are shown in Fig. 4.

The cortex and the medulla structure (A1, B1) were normal
in the Sham group. The kidney body (►), proximal tubule
(pt), and distal tubule (dt) structures were seen in normal his-
tological structure. In the I/R group, glomerular damage (thick
arrow), tubular damage (→), and dilatation (d) were observed
in the cortex (A2) and medulla (B2). Tubular hyaline cast (c)
structures were seen in the medulla (B2) in I/R groups. Kidney
bodies (►), proximal tubule (pt), and distal tubule (dt) struc-
tures were seen near normal histological structure. In addition,
cortex (A3) and medulla (B3) drew attention to reduced dam-
age in I/R + 50 mg/kg BA groups. Kidney bodies (►), prox-
imal tubule (pt), and distal tubule (dt) histological structures
were similar to the sham group. Reduced damage was ob-
served in the cortex (A4) and medulla (B4) in I/R + 100mg/kg
BA groups. Glomerular damage (thick arrow), tubular dam-
age (→) and dilatation (d) were observed similar to the I/R
group in the cortex (A5) and medulla (B5) of I/R + 200 mg/kg
BA groups.

When the scoring results of the experimental groups were
examined, it was observed that I/R + 50 mg/kg BA treatment
decreased the glomerular damage rate in the I/R group but not

statistically significant (p = 0.121). There was a statistically
significant decrease in tubular damage and dilatation com-
pared with I/R group, respectively (p = 0.023, p = 0.006).
There was no statistically significant difference in the
50mg/kg BA group compared with the other treatment groups
(p > 0.05). In the application of 100 mg/kg BA, there was a
statistically significant decrease in glomerular damage and
tubular dilatation compared with 50 mg/kg BA, respectively
(p = 0.027, p = 0.006). In addition, there was no statistically
significant difference in the degree of kidney damage com-
pared with the Sham group (p > 0.05).

The kidney sections from all of the groups were stained by
TUNEL staining to investigate apoptosis in Fig. 4. We ob-
served that low doses of BA prevented apoptosis due to I/R
injury.

TUNEL positive stained cells in several tubule epithelial
cells in the kidney cortex drew attention (→) (A1–A2) in
sham groups. Numerous TUNEL positive stained cells in
the cortex of the rat kidneys of the I/R group, especially in
the distal tubule epithelial cells (→) (B1–B2). A small num-
ber of TUNEL positive stained cells in the cortex of the rat
kidneys of the I/R + 50 mg/kg BA, especially in the distal
tubule epithelial cells compared with the I/R group (→)
(C1–C2). In the rat kidneys of I/R + 100 mg/kg BA, a mini-
mal number of TUNEL positive stained cells in the cortical
epithelial cells of the distal tubule epithelial cells, especially

Fig. 2 DNA fragmentation
percentage in renal tissue. a:
p < 0.001 compared with control
group, b: p < 0.001 compared
with the I/R group

Table 2 CYCS levels, CASP3
activity in renal tissues and TNF-
α, IL-6 levels in serum samples

Groups CYCS (ng/mL) CASP3 (ng/mL) TNF-α (pg/mL) IL-6 (pg/mL)

Sham 5.13 ± 0.31 2.11 ± 0.02 174.12 ± 4.80 123.18 ± 6.03

I/R 14.87 ± 0.13* 11.38 ± 0.09* 384.08 ± 8.37* 270.01 ± 5.41*

I/R + 50 mg/kg BA 9.60 ± 0.25** 7.17 ± 0.09** 209.32 ± 1.39** 152.20 ± 4.32**

I/R + 100 mg/kg BA 8.18 ± 0,03** 6.16 ± 0.09** 193.14 ± 1.71** 134.98 ± 2.97**

I/R + 200 mg/kg BA 13.64 ± 0.56 10.80 ± 0.55 363.24 ± 17.69 258.44 ± 16.32

* p < 0.001 compared with the sham group
** p < 0.001 compared with the IR group
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in the distal tubule cells, drew attention to a minimal number
of TUNEL-stained cells (→) (D1-D2). In the rat kidneys of
I/R + 200 mg/kg BA, especially in the distal tubule epithelial
cells in the cortex, especially in the distal tubule epithelial
cells in the middle TUNEL positive cells in the epithelial cells
attracted attention (→) (E1–E2).

The present study demonstrated that the I/R injury in-
creased levels of some renal function parameters, oxidative
stress, apoptosis, and inflammation. Application of low
doses of BA prevented this increased levels.

Discussion

AKI or renal failure is defined as a rapid dysfunction of the
kidney and I/R damage is the most important cause of acute
renal failure [35]. I/R has been reported to cause serious his-
topathological and biochemical damage in both patients and
experimental animals [36–38]. Experimental studies have
shown that BA has protective effects against oxidative stress,

hepatotoxicity, pancreatic damage, genotoxicity, and
cardiotoxicity. We have demonstrated the distant tissue dam-
age and dose-dependent BA effect caused by I/R in our studies
on the pancreas, brain, heart, and liver [34, 39–42]. When the
literature is evaluated, dose-dependent BA application on re-
nal I/R damage was first shown with this study.

Significantly, increased BUN and creatinine levels are typi-
cal signs of acute kidney injury [43–46]. There are many stud-
ies in the literature in which ischemia and reperfusion were
performed at different times and increased levels of damage
markers such as serum creatinine, urea, uric acid, and BUN
were observed and in these studies [47–51]. Mousavi et al.
applied renal ischemia period as 60 min [49]. In the study of
Chen et al., the rats were treated with ischemia for 45 min and
then reperfusion [50]. Wang et al. performed 45 min ischemia
and 6 h reperfusion [48]. In our study, ischemia period was
performed for 45 min and reperfusion was achieved for 24 h.
Our previous results show that the increase in BUN and creat-
inine levels, which are indicative of glomerular filtration disor-
der, are consistent with the results of renal I/R studies

Table 3 Histopathological scores
of renal tissues in groups Kidney tissue Glomerular damage Tubular damage Hyaline cast Tubular dilatation

Sham – – – –

I/R +++* +++* +++* +++*

I/R + 50 mg/kg BA + + + +

I/R + 100 mg/kg BA +*** +*** +*** +***

I/R + 200 mg/kg BA ++** ++** ++** ++**

−, no damage; +, less damage; ++, moderate damage; +++, intense damage. Kruskal-Wallis independent samples
test pairwise comparisons were used

*p < 0.001 compared with the Sham group

**p < 0.001 compared with the Sham group

***p < 0.001 compared with the group of I/R

Fig. 3 Light microscopic image of renal tissue in groups
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previously performed with different ischemia-reperfusion
times. Increased creatinine and BUN values were decreased
in BA-treated groups. This decrease shows the beneficial effect
of BA on kidney function. In the study of Başbuğ et al.,
200 mg/kg BA application (i.p.) decreased creatinine levels
compared with the I/R group but could not detect statistical
difference [15]. However, we found that a dose of 200 mg/kg
BA caused an increase in creatinine levels in our previous study
[34].

Re-oxygenation of tissue, especially after hypoxia, causes
the accumulation of free radicals known as oxidative stress.
Ischemia increases the production of reactive oxygen species
(ROS) [16]. Since the level of tissue TOS is significantly
increased in the I/R group, we think that I/R induces oxida-
tive stress. In our study, BA doses decreased TOS level and
increased TAS level. It is estimated that BA is effective in
reducing oxidative stress and damage induced by I/R in is-
chemic rats as the BA dose decreases TOS level and increases
the level of TAS. However, we observed that the level of TOS
increased and the level of TAS decreased in the 200 mg/kg
BA application compared with the other dose groups. In the
study of Geyikoglu et al., the rats were administered with a
14 mg/kg BA gavage 1 h before ischemia. At the end of the
study, MDA levels were statistically decreased in the BA-
treated groups compared with the I/R group, whereas the
SOD and GSH levels were increased statistically [17].
Although these results are considered to be in parallel with
our study, the differences between the doses come to the fore.
Some applied BA doses share inconsistent results in different
studies. In a study of 200 mg/kg BA supplementation, it was
reported that MDA levels was decreased by increasing anti-
oxidant activity such as GSH, SOD, and CAT, and no toxic

effect was observed in the 200 mg/kg treated group [18].
Söğüt et al. found that a significant decrease in MDA levels
in the 100 mg/kg BA group with alcohol, while they observed
an increase in GSH, CAT, and GPx levels [19]. İnce et al.
showed that the addition of BA to rats reduced intracellular
ROS produced by cyclophosphamide and that cellular com-
ponents were protected against DNA damage and membrane
lipid peroxidation [20]. Türkez et al. reported that low doses
of BA (5–50 mg/L) did not alter the MDA concentration, but
increased MDA concentration in human peripheral blood cul-
tures exposed to BA compounds at high doses (5–500 mg/L)
[21]. Mohora et al. found that 80 mg/kg BA supplementation
in the diet increased MDA levels in rat liver tissue [22].

DNA damage caused by ROS is very important because it
initiates and increases carcinogenesis [23]. In the determina-
tion of apoptotic processes in renal I/R injury, apart from sev-
eral investigations, the appropriate dose range of BAwas not
determined. BA application may reduce I/R induced DNA
damage. In one study, it was shown that DNA damage de-
creased in animals given 200 mg/kg (i.p.) before induction of
the IR in BA group compared with control group [15]. TNF-α
and other cytokines activate many proteases such as caspase-3
and 8 during reperfusion. A subsequent sequence of events
ultimately leads to the destruction of DNA [24]. In a study
demonstrated by elevated TNF-α and IL-6 resulting in DNA
damage after I/R, they concluded that the damagewas reduced
by administration of 200 mg/kg BA [15]. Apoptotic cells,
which are too rare to be detected in DNA studies, can be
observed using TUNEL staining. In another study,
200 mg/kg BA administration against cisplatin toxicity was
shown to suppress caspase-3 mRNA levels. Similarly, when
the TUNEL scores of the groups treated with BA after

Fig. 4 TUNEL image of renal tissue in groups
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cisplatin toxicity were examined, apoptosis rates decreased
[25]. The effective doses determined from toxicity induced
kidney damage were found at higher concentrations than our
study. In our study, the application of BA in all dose groups
after I/R decreased the degree of DNA fragmentation by
preventing partially oxidative damage. This finding is sup-
ported by a decrease in apoptotic cell index determined by
TUNEL staining. However, no significant change was ob-
served in CASP3 activities and CYCS levels in 200 mg/kg
BA.

Geyikoglu et al. observed a decrease in the number of his-
topathological changes when propolis and BA (14 mg/kg
intragastric administration 1 h before ischemia) were applied
on the rat kidney with I/R. In our study, it was shown that
severe histopathological damage was improved with BA ap-
plication in glomerular and tubular damage, hyaline cast and
tubular dilatation image examination in renal tissue taken after
I/R. In Bahadoran’s study on rats and Naghii’s study on
humans, low-dose boron (3 and 10 mg/day) supplementation
was observed to prevent kidney stone formation [26].
However, there was no protect ive effect against
nephrolithiasis and oxidative stress in a high dose boron treat-
ment [27]. Although our biochemical and histological find-
ings were consistent with the above-mentioned studies, statis-
tically significant differences were found in our 200 mg/kg
BA application.

Conclusions

We conclude that oxidative stress, inflammation, and apopto-
sis may be reduced after renal ischemia/reperfusion injury
with different doses of BA treatments. The obtained data in-
dicate that the anti-apoptotic, anti-inflammatory, and antioxi-
dant effects of 200 mg/kg BA may be less than the other dose
groups. In our subsequent studies, we planned to investigate
the effective dose of new substance synthesis by the formation
of boric acid and derivative compounds on different diseases.
In this way, we think that this trace element mechanism will
emerge better.
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