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ABSTRACT

The objective of the present study was to determine whether preischemic administration of
syringic acid (SA) would attenuate renal ischemia-reperfusion injury (IRl). Rats were divided into
three groups: Sham group; IR group; and IR+ SA group. The effects of SA were examined using
biochemical parameters including serum ischemia-modified albumin (IMA), total antioxidant status
(TAS), total oxidant status (TOS), oxidative stress index (OSI), tissue superoxide dismutase (SOD),
glutathione peroxidase (GPx), catalase (CAT) and malondialdehyde (MDA). The apoptosis status and
histopathological changes were evaluated. After calculating the score for each histopathological
change, the total score was obtained by summing all the scores. In the SA group, MDA, IMA, TOS,
and OSI decreased significantly compared to the IR group. After SA administration, the increase in
GPx activity was found to be significant. Apoptosis decreased significantly in the SA group
compared with the IR group. The total score significantly decreased after administration of SA.
Taken together, our findings suggest that SA preconditioning is effective in reducing tissue damage
induced in kidney IRI. Renal histology also showed convincing evidence regarding the protective
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nature of SA.

Introduction

Structural and functional damage as a result of transient
interruption and delayed restoration of blood flow to the
kidneys is called renal ischemia-reperfusion injury (IRI).
Renal IRl is a common cause of acute kidney injury which
often occurs due to hypovolemic conditions, septic
shock, cardiovascular surgery, kidney transplantation
and partial nephrectomy. The reasons for the IRl are
numerous. Hypotension, hypoperfusion, hypoxia, oxida-
tive stress and renal vasoconstriction contribute to its
pathogenesis. Eventually, it becomes a complicated
inflammatory condition, including ATP depletion, react-
ive oxygen species (ROS) accumulation, proinflammatory
cytokine production and apoptotic pathway activation.
In spite of advances in supportive precautions and
preventive strategies, acute kidney injury is associated
with high morbidity and mortality. Presently there is no
specific medication in clinical use for acute kidney injury
arising from IRI.'™*

Polyphenols are among the most common antioxi-
dants in the human diet. These are categorized into four
different classes as phenolic acids, flavonoids, lignins,
and stilbenes.” Syringic acid (SA), naturally found in

many plants such as olive, grape, pomegranate, green
tea and mushroom, is classified within the phenolic acid
group.®’ Along with anti-inflammatory, chemo protect-
ive and antimicrobial properties, SA is a powerful
antioxidant. It has been shown that SA is a strong
inhibitor of low density lipoprotein oxidation, support-
ing scavenging of free radicals and reducing production
of malondialdehyde (MDA).>®"!

The objective of the present study was to investigate
the preventive effect of the active ingredient SA on renal
injury due to ischemia reperfusion (IR).

Methods

Experimental animals and study groups

SA was obtained from Sigma-Aldrich’s Turkish distribu-
tor, Interlab (Sigma-Aldrich Lot: $6881). Twenty-four
male Wistar-Albino rats aged 8-12 weeks, weighing
275+ 259, were procured from Canakkale Onsekiz Mart
University Experimental Research Application and
Research Center. All animals were fed ad libitum with
7-8 mm pellet rat food and tap water. To provide 12h
darkness, 12 h light environment, photoperiodic white
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fluorescent light was used and the temperature and
humidity were held at 21+2°C and 55-60% humidity.
Food and water were withheld from all animals for 12 h
prior to the surgical procedures. The methods used for
animal experiments were in accordance with the
National Institute of Health Guide for the Care and Use
of Laboratory Animals protocols. Permission was granted
by Canakkale Onsekiz Mart University Animal
Experiments Local Ethics Committee (No: 2014/11-13).
The rats were randomly divided into three groups:

Group 1 (Sham operation group, n=8) (Sham)
Three intraperitoneal doses (at 0, 12, 24h) of 1 mL/kg
10% ethanol were administered and the group was
Sham operated without renal pedicle clamping 30 min
after the last dose.

Group 2 (ischemia-reperfusion group, n=8) (IR)
Three intraperitoneal doses of 1mL/kg 10% ethanol
were administered, half an hour after the last dose
bilateral renal pedicles were occluded for 30 min, and
the rats were sacrificed 60 min after removal of the
clamps.

Group 3 (ischemia-reperfusion +syringic acid,
n=8) (SA) Three intraperitoneal doses of 10mg/kg,
10% SA (1 mL/kg solution prepared with 10% ethanol)'?
were given before surgery (at 0, 12, 24 h). Half an hour
after the last dose, bilateral renal pedicles were occluded
for 30min, and the rats were sacrificed 60 min after
removal of the clamps.

At the end of the experiment all animals were deeply
anesthetized with ketamine (50-60 mg/kg), the left renal
tissue was removed for biochemical analyses and
histopathological evaluation. Blood samples were col-
lected from each rat and the rats were killed thereafter.

Surgical procedure

All groups were anesthetized with 5mg/kg xylazine
(Bayer, Istanbul, Turkey) and 50 mg/kg ketamine hydro-
chloride (Parke Davis, Istanbul, Turkey) with spontaneous
respiration at room temperature placed on a sterile
disposable towel over a warming pad. A midline incision
was made and the renal pedicles were bluntly dissected.
Bilateral renal pedicles were occluded for 30 min using
an atraumatic mini-clamp and subsequently allowed to
reperfuse for 60 min following removal of the clamp.”'?
The animals received 50 mL/kg of warm saline instilled
into the abdominal cavity during the entire procedure.
Successful ischemia or reperfusion was evaluated by
monitoring the transformation in tissue color from red to
navy blue or from navy blue to red, respectively. The
incision was closed with 3-0 silk and rats were returned
to cages to recover. Animals were sacrificed following
60min of reperfusion. Subsequently, blood samples

were collected by heart puncture for biochemical
analysis and the left kidney was harvested and subjected
to further histopathological and immunohistochemical
investigation.

Laboratory analysis

Rat blood and tissue samples were obtained at the end
of the procedures in each group of animals. Blood
samples were collected from all subjects into tubes with
no anticoagulants. The blood samples were centrifuged
at 4000 rpm for 10 min for analyses. The resultant serum
samples were aliquoted into polypropylene tubes and
stored at —80°C until biochemical analysis. The tissues
were prepared at +4°C to measure their MDA, super-
oxide dismutase (SOD), glutathione peroxidase (GPx)
and catalase (CAT) activities. After washing with 0.9%
NaCl, kidney tissue samples were weighed and cut into
small pieces, and homogenized in ice-cold tris—HCI
buffer (50 mM, pH 7.4) containing 0.50mL L-1 Triton
X-100 solution. Tissues from all experimental groups
were homogenized using IKA Ultra-Turrax t 25 Basic
(Staufen, Germany). Assays were performed on the
supernatant of the homogenate prepared by centrifu-
gation at 4000 rpm for 5min at +4°C.

Blood and tissue biochemical markers were deter-
mined by spectrophotometric measurements. The pro-
tein contents of the tissues were determined according
to the method of Lowry et al."

Serum total antioxidant status (TAS, Product Code:
RLO017) and total oxidant status (TOS, Product Code:
RL0024) activities were determined with spectrophoto-
metric kits (Rel Assay Diagnostics, Gaziantep, Turkey) as
previously described. The ratio of TOS to TAS was used
to calculate the oxidative stress index (OSl), an indicator
of the degree of oxidative stress. For calculation, the unit
of TAS, mmol Trolox equivalent/L, was converted to
pmol Trolox equivalent/L, and OSI was calculated as
follows: OSI (arbitrary unit) =[(TOS, umol H,0, equiva-
lent/L)/(TAS, umol Trolox equivalent/L)]."> Serum ische-
mia-modified albumin (IMA) activity was measured by
using the colorimetric method discovered by Bar-Or
et al.'® The results are reported as absorbance units
(ABSUs).

Tissue MDA activities were measured as described by
Wasowicz et al.'” The results are expressed as nmol/g
protein. The principle of the total (Cu-Zn and Mn) SOD
(EC 1.1.15.1.1) enzyme activity method is based on the
inhibition of nitroblue tetrazolium (NBT) reduction by O,
generated by the xanthine/XO system.'® Tissue SOD
activity was also expressed as units per milligram protein
(U mg prot-1). Tissue GPx (EC 1.6.4.2) activity was
measured by using the method of Paglia and



Valentine."® Results were expressed as units per milli-
gram protein. Tissue CAT (EC 1.11.1.6) activity was
measured according to the method of Aebi.”® Activities
were expressed as k (rate constant) per g protein.

Histopathological investigation

The renal tissue samples were immersed in 4% buffered
formaldehyde, dehydrated, embedded in paraffin and
then cut into 4 um slices. Tissue samples were examined
under a light microscope (Olympus BX51) and photo-
graphed with a camera system (Olympus DP72) con-
nected to the microscope. Evaluation of
histopathological changes included the dilatation of
Bowman’s space (DBS), tubular dilatation (TD), tubular
cell sloughing (TCS), tubular cell degeneration - necrosis
(TCDN), hyaline casts (HC) and interstitial lymphocytic
infiltration (ILI). Tissue damage was quantified in a
blinded manner and scored according to the percentage
of damaged tubules in the sample: 0 =normal kidney
(no damage); 1=minimal damage (<25% damage);
2=mild damage (25-50% damage); 3 =moderate
damage (50-75% damage); and 4 =severe damage
(>75% damage). After calculating the score for each of
the histopathological changes, the total score was
obtained by summing all the scores. Morphologic
assessments were examined by an experienced renal
pathologist who was unaware of the groups and
treatments.

The terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) method, which detects fragmen-
tation of DNA in the nucleus during apoptotic cell death
in situ, was employed using an apoptosis detection kit
(ApopTag, MILLIPORE, USA). The percentage of positive
cells with TUNEL staining in five 400x sights served as
apoptosis index.

Statistical evaluation

Statistical analyses were carried out using the statistical
software SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).
In normally distributed groups, the results are presented
as mean+SD, otherwise they are given as median

Table 1. Serum IMA, TAS, TOS and OSI activities.
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(min-max). The significance of the differences between
groups was determined using the Student unpaired
t-test for normal distribution, and using the
Mann-Whitney U test for abnormal distribution.
Histopathological findings were evaluated with the
Kruskal-Wallis test. Pearson correlation coefficient and
Spearman correlation coefficient were used to test the
strength of any associations between different variables.
p-Values less than 0.05 were accepted as the level of
significance.

Results

Biochemical findings

Blood biochemical results for the experimental groups
are given in Table 1. Plasma IMA increased significantly
in the IR group compared with the Sham group. In the
SA group, it decreased significantly compared to the IR
group (p=0.002). TAS values decreased in the IR group.
Although this value increased in the SA group compared
to the IR group, the increase was not significant. OSI and
TOS values increased significantly in the IR group. In the
group treated with SA, these values decreased signifi-
cantly compared to the IR group (respectively p=0.021;
p=0.010).

Tissue biochemical results for the groups are given
in Table 2. SOD, GPx and CAT values decreased in the
IR group. Although this value increased in the SA
group compared to the IR group, the increase was
significant only for GPx (p=0.033). Tissue MDA
increased significantly in the IR group compared with
the Sham group (p<0.001). In the SA group, MDA
decreased significantly compared to the IR group
(p=0.001).

Histopathologic findings

Apoptosis and histopathological analysis results for the
groups are given in Table 3. A higher apoptosis
degree, as well as tissue architecture disarrangement,
was found in the IR group when compared to SA and
Sham groups. Tunel assay showed an increase in the

Groups IMA (ABSU) TAS (mmol Trolox eqv/L) TOS (umol H,0, eqv/L) OSI (arbitrary unit)
Sham (n=8) 0.13+0.04 10.54+2.15 7.11+0.88 0.86+0.21

IR (n=8) 0.71+0.14° 833+143 15.32+1.98° 2.02+0.25°
Syringic acid (n=8) 0.19£0.05° 9.85+ 145 9.34+1.05° 1.09 +0.24°

Notes: Serum ischemia-modified albumin (IMA), total antioxidant status (TAS), total oxidant status (TOS) and oxidative stress index (OSI) activities.

?p<0.05 compared with Sham group.
Pp<0.05 compared with serum Ischemia-Reperfusion (IR) group.
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Table 2. Tissue SOD, GPx, CAT and MDA activities.

Groups SOD (U/mg protein) GPx (U/g protein) CAT (K/g protein) MDA (nmol/g protein)
Sham (n=8) 0.072+0.029 1.72+0.45 0.79+0.09 0.27 £0.02

IR (n=8) 0.055+0.014 0.64+0.46% 0.59+0.15% 0.38+0.04%
Syringic acid (n=8) 0.056+0.011 1.20+0.49%° 0.69+0.18 0.30+0.03*°

Notes: Tissue superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase (CAT) and malondialdehyde (MDA) activities.

ap<0.05 compared with Sham group.
Pp<0.05 compared with serum IR group.

Table 3. Histopathological analysis and apoptosis score results.

Groups Apoptosis DBS D TCS TCDN HC ILI Total number
Sham 2250+11.14 0.38+0.18 0.50+0.26 0.38+0.18 0.38+0.18 0.25+0.16 0.25+0.16 2.13+0.29
IR 252.50 + 64.9° 2.13+0.35° 1.75+0.36° 1.13+0.29 0.75+0.16 2.38+0.49° 1.63 £0.49° 9.75 +0.84
Syringic acid 75.00 +30.29° 1.00+0.37° 0.63+0.37° 0.50+0.18 0.50+0.18 0.63 +0.26" 0.88+0.39 413+0.71°

Notes: Apoptosis and histopathological analysis [the dilatation of Bowman’s space (DBS), tubular dilatation (TD), tubular cell sloughing (TCS), tubular cell
degeneration — necrosis (TCDN), hyaline castes (HC) and interstitial lymphocytic infiltration (ILI)] score results.

3p<0.05 compared with Sham group.
Pp<0.05 compared with Ischemia-Reperfusion (IR) group.

Figure 1. Hematoxylin—eosin (H&E x200) kidney stained sections showed normal structure of the renal cortex and medulla of Sham
operated group (A). Thin arrows show tubules and thick arrows show glomerulus. This was markedly affected in the renal ischemia-
reperfusion group (B) with severe tubular dilatation (thin arrow), moderate to severe tubular cell degeneration and necrosis (TCDN;
red (small) arrows), and severe dilatation of Bowman'’s space (DBS; thick arrows). In addition to this, the number of generated hyaline
cast was high (C). The normal structure was somewhat regained in the syringic acid pretreated group (D): mild DBS (thick arrows),

mild to moderate TD (thin arrows) and minimal TCDN (red (grey) arrows).



number of positive cells in the IR group compared
with Sham group (p=0.001). Apoptosis decreased
significantly in the SA group compared with the IR
group (p=0.011) (Figure 1).

DBS, TD, TCS, TCDN, HC and ILI found in the IR
group represent IR-induced morphological kidney
damage markers. SA preconditioning caused tubular
morphology recovery, and as a result, this group had
better preserved renal morphology (Figure 2).
Although levels of DBS, TD, HC, ILI and total score
were significantly increased in the IR group compared
to the Sham group; the increase in TCS and TCDN
scores were found to be insignificant. Compared to
the IR group, there was a significant decrease in levels
of DBS, TD, HC and total score in the SA group. The
decrease in levels of TCS and TCDN scores and ILI was
not significant. After calculating the score for each of
the histopathological changes, the total score was
obtained by summing all the scores from morpho-
logical kidney damage markers. The total score was
increased with IR damage when compared with the
Sham group (9.75+0.84, 2.13+£0.29; p=0.001).

A
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But the total score fell significantly after
administration of SA (4.13+0.71; p=0.001 compared
with IR group).

Discussion

According to our literature survey, this is the first
biochemical and histopathological research into the
possibility of a protective effect of SA against renal
injury induced by IR in rats. This study demonstrated that
IR-induced oxidative stress reduced with SA precondi-
tioning as per biochemical results and histopathological
analysis. In the IR group, the biochemical parameters
indicating oxidative stress of serum IMA, TOS, OSI and
tissue MDA activities were higher compared to the Sham
group. It was demonstrated that SA reduces these
oxidative stress parameters. Although serum TAS values
were lower in the IR group and higher in the SA
pretreated group, no significant changes in TAS values
were detected between all the studied groups. However,
after SA administration, the increase in tissue GPx activity
was found to be significant. Also the total

B
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100 um

Figure 2. Immunohistochemical staining of the three groups. Apoptotic cells are not encountered in the Sham group (A). Ischemic
tissue has dense apoptosis (B). Apoptotic cells are diminished in the antioxidant group (C).
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histopathological scores of the IR group were signifi-
cantly higher than the Sham group and this was lower in
the SA group.

As is well known, morphological changes indicating
ischemic necrosis of renal tubular cells are checked after
minimum 30 min of ischemia and at least an hour of
reperfusion.'*?'*? Tissue damage in IR is well docu-
mented and defined, and includes the early involvement
of activated neutrophils with subsequent diapedesis and
leukocyte adhesion in the chain of inflammatory events
that culminate in tissue disarrangement, fibrosis, necro-
sis and loss of function.>'®> ROS created during the
ischemic process trigger apoptotic and necrotic cell
death through several pathways.>'>?? Various causal
factors like ROS, cytokines, and chemokine synthesis
contribute to the pathogenesis of kidney injury.*

To reduce kidney damage caused by renal IR, experi-
mental studies of many possible protective agents have
been completed. Polyphenols behave as antioxidants by
scavenging ROS, which produce oxidative stress and can
adversely affect many cellular processes?. In our study,
the phenolic compound syringic acid, one of the major
benzoic acid derivatives in edible plants and fruits, which
has multipharmacological properties such as suppress-
ing fibrosis and strong antioxidant, antiendotoxin,
antiproliferative, and anti-cancer effects was used.®**

Studies in recent years have defined IMA as a new
marker for diseases related to inflammation.> IMA
activities are found to be higher in many inflammatory
and oxidative stress-associated diseases.’® Several
reports proved that IMA increases within a few minutes
after ischemia, remains high during 6-12h and returns
to normal within 24 h.?” In our study, serum IMA values
were significantly higher in the IR group than those in
the Sham group. In the SA treatment group, however,
these parameters decreased compared to the IR group.

Clinical studies emphasize that ROS play a major role
in the pathogenesis of IR-induced kidney damage.” It
was found that ROS linked to high activities of MDA
reacts with nucleic acids, proteins, and lipids, leads to
massive protein oxidation and degradation, and lipid
peroxidation in biological membranes.?® In recent years,
serum lipid peroxidation activities have been analyzed
by evaluating the TOS.?° The protecting enzymes, SOD,
CAT and GPx, react against the devastating actions of
ROS and these molecules comprise the TAS. The
advantage of TAS measurement is that it measures the
antioxidant capacity of all antioxidants in a biological
sample.*® More importantly, the ratio of the TOS to TAS
is accepted as the OSI, which is an indicator of oxidative
stress.'®

Kim et al. found that a caffeic acid-syringic acid hybrid
compound showed a strong neuroprotective effect in

transient cerebral ischemia.?® Although Kumar et al.?*
showed that SA administration preserves the functional
capacity of the kidney from adverse effects in hyperten-
sive rats, there was no study showing the effect of SA on
renal IR found in our review of the literature.

Itoh et al. reported that SA significantly suppressed
the increase in inflammatory cytokines TNF-a, IFN-y and
IL-6; and the suppressive effect of SA on Concanavalin A-
induced liver injury might be due to scavenging of ROS
generated by activated NADPH oxidase in the lympho-
cytes.”® They stated that SA could scavenge ROS to
suppress hepatocyte death. Consistent with this study,
we found that the fibrosis and oxidative stress marker
IMA and the valuable oxidative stress parameters MDA,
TOS and OSI decreased significantly in the SA group.

Kumar et al. demonstrated that SA significantly
inhibited lipid membrane damage as evidenced by the
decreased activities of lipid peroxidation products in
rats.* In our study, TOS activity showing serum lipid
peroxidation degree reduced significantly with SA ther-
apy. They also illustrated that administration of SA
improved the activities of SOD, CAT and GPx. In our
study, serum TAS activity was insignificantly lower in the
IR group compared to the Sham group and insignifi-
cantly increased with SA therapy. However, it was found
that tissue GPx activities were significantly increased
with SA therapy.

Renal histology also showed convincing evidence
regarding the protective nature of SA against kidney
injury induced during renal ischemia reperfusion.
Apoptosis decreased significantly in the SA group
compared with the IR group. The total score indicating
the sum of the levels of DBS, TD, TCS, TCDN, HC and ILI
was high in the IR group. It was observed that the total
score significantly decreased with administration of SA.
Briefly, improvements were detected in the SA group in
the form of remarkable regression of histopathological
changes caused by IR injury. Also, glomeruli and tubules
were observed to be apparently healthy.

The present study suggests that treatment with SA
preconditioning is effective in reducing tissue damage
induced in kidney IRl and also that the protective effect
of SA is mediated via reducing MDA, TOS and OSI,
increasing GPx activity and preventing apoptosis.
Consequently, SA might be helpful in protecting the
kidneys from IR induced damage in humans, probably
through its antiapoptotic and antioxidant properties.
More studies should be conducted to provide a better
understanding of the potential benefits and fully assess
the action of SA on IR damage to the kidney.

The limitations of the current study are that we did
not evaluate the effect of SA in a dose dependent
manner. However, the dosage was determined as



10mg/kg body weight based on previously studies.
The other limitation is that there was not the group of
Sham + SA.
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