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ed to ATP in the cell membrane and results in more calcium, 
sodium and water entering the cell. During ischemia, degrada-
tion of adenin nucleotides increases. This causes increased ac-
cumulation of hypoxanthine, the precursor of reactive oxygen 
species (ROS), within the cell. After ischemia the reperfusion of 
the region and the renewed presence of molecular oxygen in 
the cell creates ROS6). It is thought that the ROS linked to high 
levels of malondialdehyde (MDA) causes lipid peroxidation. 
Lipid peroxidation results in damage to cell membranes. ROS is 
cleared from the cell by superoxide dismutase (SOD) and cata-
lase (CAT) enzymes11).

Nutritional sources of probiotics are fermented yogurts, chees-
es, pickles, raw sausage, bread, beer, wine, kumis and kefir using 
lactobacilli, bifidobacteria, enterococcus, and streptococcus2). Ke-

INTRODUCTION

Spinal cord ischemia and reperfusion (SCIR) may develop in 
a variety of situations. The main event of situations with re-
duced perfusion are a variety of vascular pathologies causing 
acute arterial occlusion, surgical interventions requiring clamp-
ing, trauma causing ischemia, transplantation and shock. Many 
complications may develop after ischemia and reperfusion 
damage from paraparesis to death.

Reversible or irreversible cell damage of ischemia is linked to 
insufficient blood flow perfusing organs or tissues. Ischemia 
disrupts oxidative phosphorylation in the cell causing reduced 
intercellular adenosine triphosphate (ATP) and phosphocreatin 
synthesis. This situation disrupts the ionic pump function relat-
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Surgical procedure
SCIR was induced as reported by Lafci et al.16). A Biopac MP36 

(BIOPAC Systems, Inc., Goleta, CA, USA) device was used as a 
monitor. Mean arterial pulse was 375 per minute during surgery. 
Body temperature was monitored with a rectal probe and was 
adjusted to 37.1 to 37.4°C with a heating pad during surgery. Rats 
were given premedication with intraperitoneal ketamine (50 mg/
kg) and xylazine (5 mg/kg). Anesthesia was continued with ket-
amine injections at intervals without intubation or mechanical 
ventilation. Surgical approach was supine position. After the op-
erating field was prepared in sterile fashion, laparotomy was per-
formed with a standard midline incision. After retracting the in-
testines laterally, the retroperitoneum was opened and was 
reached to the abdominal aorta. The spinal cord ischemia was in-
duced by cross-clamping the aorta with mini aneurysm clip be-
tween just below the left renal artery and just proximal to the aor-
tic bifurcation. Loss of aortic pulse was confirmed by palpation. 
The duration of ischemia was set at 45 minutes and later the cross 
clamps were removed and distal reperfusion was observed visu-
ally. At the end of the procedure, the abdominal wall was closed 
with 5/0 prolene sutures. Animals in sham group underwent a 
surgical procedure similar to the other groups but the aorta was 
not clamped. This group of animals was used for eliciting the ef-
fects of anesthesia and operation on results and also determining 
the biochemical parameters studied in the normal spinal cord tis-
sue. Animals fed on a standard diet and water ad libitum in their 
cages after surgery. At 24th hour all animals were anesthetized 
with penthobarbital (20 mg/kg) and sacrificed. The lumbar spi-
nal cord was harvested immediately via posterior approach. Each 
spinal cord was longitudinally divided into 2 equal parts with a 
fine scalpel. Half of the specimen taken for histopathological in-
vestigation and it was fixed in formalin for 7 days. The other half 
was stored in a freezer at -80°C for biochemical estimations.

Evaluation of neurological status
Neurological status of animals was assessed blindly by a neu-

rologist at 1, 12, and 24th hour after SCIR. To assess the motor 
function of rats after SCIR, rats were scored by a modified Tar-
lov’s scale3) as follows : 0, no lower extremity movement; 1, low-
er extremity motion without gravity; 2, lower extremity motion 
against gravity; 3, able to stand with assistance; 4, able to walk 
with assistance; 5, normal.

Biochemical estimations of spinal cord tissue
For biochemical investigation, MDA levels, CAT, and SOD 

activities from each supernatant were measured in duplicate 
with highly sensitive ELISA spectrophotometry, respectively. 
The protein concentrations were determined by the Lowry 
method19) using commercial protein standards (Sigma Aldrich, 
Inc., St. Louis, MO, USA; Total protein kit-TP0300-1KT).

Tissue MDA levels
Tissue MDA levels were determined according to Buege’s 

fir is a cultured milk product produced using kefir grains, kefir 
culture or kefir starter culture. It is a slightly acidic, alcoholic 
and foamy drink. In kefir ethyl alcohol and lactic acid fermenta-
tion occur simultaneously21). A various of biological activity has 
been reported in kefir. Kefir is known to have antibiotic and an-
tifungal activity against yeast and acetic acid bacteria in intesti-
nal microflora8,27). Kefir has been reported to have anti-muta-
genic, immunostimulant, anti-inflammatory and anti-oxidant 
activity and anti-diabetic effects in animals10,13,15,18,20,26).

In our study the anti-oxidant and protective effects of kefir on 
SCIR damage in rats was researched. With this aim the effects 
of kefir on SOD and CAT activity and MDA levels after SCIR 
were studied. Additionally, the dead neurons and the immu-
nopositive cells were counted in spinal cord histological sam-
ples. Toluidine-blue staining was used to evaluate general histo-
logical examination, Hipoxia-inducible factor-1α (HIF1-α) and 
caspase 3 primary antibodies were used to label and evaluate 
these proteins immunohistochemically.

MATERIALS AND METHODS

Animals
The methods used for animal experiments were in accor-

dance with the international guiding principles for biomedical 
research involving animals recommended by the World Health 
Organization. Permission was granted by Canakkale Onsekiz 
Mart University Animal Experiments Local Ethics Committee 
(Protocol number : 2014/03-02, date of approval : 21/03/2014). 
This study was conducted in Canakkale Onsekiz Mart Univer-
sity Experimental Research Center.

In this study, we used 24 male Sprague-Dawley rats weighing 
250–350 g. All animals were fed ad libitum with 7–8 mm pellet 
rat food (Bil-Yem Ltd., Ankara, Turkey) and tap water. To pro-
vide 12 hour darkness, 12 hour light environment photoperiod-
ic white fluorescent light was used and the temperature and hu-
midity were held at 21±2°C and 55–60%. Before the operation 
no rat was found to have any abnormalities.

Rats were randomly divided into three equal groups (consist-
ing of eight rats each) : 1) sham operated control group. Laparot-
omy and infrarenal abdominal aorta dissection was completed 
but occlusion was not performed; 2) SCIR (ischemia) group fed 
on a standard diet without kefir pretreatment; and 3) kefir group 
fed on a standard diet plus kefir (NBL Probiotic ATP, Cell Bio-
tech Co., Ltd., Seoul, Korea) (10 cc/kg/day; 2×109 cfu/kg/day) by 
gastric gavage during 1 month before SCIR.

Dosage
The dosage to reveal the beneficial effects of kefir was deter-

mined as 10 cc/kg/day body weight (2×109 cfu/kg/day) based 
on preliminary studies with various doses (3×108, 9×109, 1.8× 
1010 cfu/kg bw)14,23).
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based mounting medium. All the chemicals were purchased 
from Labvision corp (Fremont, CA, USA). HIF1-α and caspase 
3 primary antibodies were used to label and evaluate these pro-
teins immunohistochemically. The immunopositive cells in 
slides were counted in 6 different random areas under ×20 ob-
jective magnification. Immunopositive cells were counted by 
Image Analysis Software (NIS Elements, Nikon, Tokyo, Japan). 
The data were statistically analyzed. 

Statistical analysis
Results were subjected to one-way analysis of variance using 

the Statistical Package for the Social Sciences (SPSS 19.0, SPSS 
Inc., Chicago, IL, USA) software. Differences among the groups 
were obtained using the Bonferonni’s test option and were con-
sidered to be significant at p<0.05. All data was expressed as 
mean±standard deviation in each group. Tarlov scale results were 
analyzed by the Kruskal-Wallis followed by the Mann-Whitney 
U test. Difference was considered significant when p<0.05.

RESULTS

Neurological examination results
Fourty-five minutes of ischemia resulted in severe motor deficit 

in the hind limbs of ischemia groups, while all sham group ani-
mals maintained normal motor behavior (score of 5), as assessed 
by the motor deficit score. Pre-treatment with kefir did not pre-
vent the development of paraparesis. Most of animals in the kefir 
group exhibited score 3 or score 4 motor function at 24 h. The 
scores in kefir group were significantly higher than ischemia 
group at 24 h (3.25±0.37 vs. 1.37±0.46; p<0.05) (Table 1).

Biochemical estimation results
MDA levels were found to be significantly higher in the isch-

emia group compared to sham group (p<0.05). Also it was de-
termined that spinal cord SOD and CAT activities decreased in 
the ischemia group (p<0.05). When the kefir group was com-
pared with ischemia group, a significant decrease in MDA lev-
els of spinal cord tissues was observed (p<0.05). CAT and SOD 
levels in spinal cord tissues of the kefir group were significantly 
higher than ischemia group (p<0.05) (Table 2).

Histopathological results
Histopathological examination of toluidine blue staining in 

the sham group showed normal morphology. Ischemia group 

method5). MDA levels were analyzed for lipid peroxidation prod-
ucts in spinal cord tissue using the thiobarbituric acid reactive 
substance test (Cell Biolabs, Inc., San Diego, CA, USA; STA-330 
MDA Assay Kit). The results were expressed as nmol/mg protein.

Tissue CAT activity
Tissue CAT activity was determined according to Aebi’s meth-

od1). Decomposition of H2O2 in the presence of CAT was fol-
lowed at 540 nm (Cell Biolabs, Inc., San Diego, CA, USA; STA-
341 Catalase Activity Assay Kit). CAT activity was reported as 
U/mg protein.

Tissue SOD activity
Tissue SOD activity was measured with a modified spectro-

photometric method at 560 nm as described by Sun et al.29). SOD 
activity was reported as U/mg protein.

Histopathological investigation
The spinal cord samples were fixed with 10% neutral forma-

lin and then histologically processed and embedded in paraffin. 
Five micron-thick sections were mounted onto slides for histo-
chemistry. Toluidine-blue staining was used to evaluate general 
histological examination. In the evaluation of toluidine blue-
stained sections the dead neurons which were characterized by 
karyolitic, karyorectic nucleus and vacuolated cytoplasm were 
counted in 6 different random areas under ×20 objective mag-
nification. All the sections were evaluated under light micro-
scope (Eclipse E-600, Nikon, Tokyo, Japan). The data were statis-
tically analyzed.

Immunohistochemistry
The spinal cord samples were fixed with 10% neutral forma-

lin and then histologically processed and embedded in paraffin. 
Five micron-thick sections were mounted onto poly-l-lysine 
coated slides for immunohistochemistry. Tissue samples were 
deparaffinized and hydrated and immunohistochemically 
stained with HIF1-α and caspase 3 primary antibodies. Citrate 
buffer (pH=6.0) was used for antigen retrieval. Endogenous 
peroxidase activity was blocked by 3% hydrogen peroxidase in 
methanol. Then primary antibodies were dropped and incubat-
ed overnight for both in dilution 1 : 50. After incubation, HRP 
secondary antibody kit was used as a secondary antibody and 
AEC kit for chromogen. Finally, all the slides were counter-
stained with Mayers hematoxylin and mounted with water-

Table 1. Tarlov scores at 1, 12, and 24 hours after surgery

Time after surgery
1 h 12 h 24 h

Sham group (n=8) 5.00±0.00 5.00±0.00 5.00±0.00
Ischemia group (n=8) 2.37±0.62 1.50±0.50 1.37±0.46
Kefir group (n=8) 4.00±0.37 3.25±0.37 3.25±0.37
p value p<0.05 p<0.05 p<0.05

Data are expressed as means±standard deviation. Statistical analysis was by means of the Kruskal-Wallis test. p-value defines the significant difference (p<0.05)
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(p<0.05). Kefir group showed fewer caspase 3 immunopositive 
neurons than ischemia group and compared with ischemia 
group caspase 3 immunopositive neurons were significantly de-
creased in the kefir group (p<0.05) (Fig. 2).

In staining with HIF1-α, positive staining in cytoplasm and cy-
toplasmic membrane was observed. Sham group showed few im-
munopositive neurons. Ischemia group showed many HIF1-α 
immunopositive neurons and HIF1-α immunopositive neurons 
were significantly increased compared with the sham group 
(p<0.05). The kefir group showed fewer HIF1-α immunoposi-
tive neurons than ischemia group and compared with the isch-
emia group the HIF1-α immunopositive neurons were signifi-
cantly decreased in the kefir group (p<0.05) (Table 3, Fig. 3).

DISCUSSION

Neural tissue is very sensitive to ischemia. Cross-clamping 
the aorta during the surgical treatment of descending thoracic 

showed many dead and degenerated neurons with karyolitic, 
karyorectic nucleus and vacuolated cytoplasm. Comparing the 
ischemia group with sham group, there was a significant in-
crease in the number of dead and degenerated neurons in isch-
emia group (p<0.05). Comparing the ischemia and kefir group 
with the sham group, the number of the dead and degenerated 
neurons were significantly higher than sham group (p<0.05). 
When the kefir group is compared with ischemia group there 
was a significant decrease in numbers of dead and degenerated 
neurons in kefir group (p<0.05) (Fig. 1).

Immunohistochemical analysis
Immunohistochemical results showed that cytoplasmic posi-

tivity was found in neuron cells with caspase 3 immunostaining. 
Sham group showed few caspase 3 immunopositive neurons. 
Ischemia group showed many caspase 3 immunopositive neu-
rons compared with the sham group and caspase 3 immunopos-
itive neurons significantly increased in the ischemia group 

Table 2. Effects of kefir on changes in lipid peroxidation levels (MDA), catalase (CAT) and enzymatic activity of superoxide dismutase (SOD) in spinal 
cord tissues

Groups
Sham (n=8) Ischemia (n=8) Kefir (n=8)

MDA (nmol/mg protein) 4.28±0.23 11.03±2.21* 5.75±0.19
CAT (U/mg protein) 1.05±0.10   0.11±0.20* 0.46±0.31
SOD (U/mg protein) 8.75±0.39   5.51±0.24* 7.25±0.09

Results were given as mean±standard deviation. Means in the same line by the same letter are significantly different in each group to the one-way analysis of variance-
Bonferroni test. *p<0.05 : defines the significant difference

A

A

B

B

C

C

Fig. 1. Representative photomicrographs showing dead and degenerated neurons stained with toluidine blue in the ischemic spinal cord area of rats. 
A : Sham group showing normal architecture. B : Ischemia group showing degenerated neurons (arrowheads). C : Kefir group showing degenerated 
neurons (arrowhead). Toluidine blue, ×400.

Fig. 2. The representative example of caspase 3 immunohistochemical images in ischemic spinal cord section. A : Sham group showing lower cas-
pase 3 immunopositive neurons. B : Ischemia group showing many caspase 3 immunopositive neurons (thick arrows). C : Sham and kefir group 
showing fewer caspase 3 immunopositive neurons than ischemia group (thick arrows). Caspase 3 primary antibody, ×200. 
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and CAT activities were increased in biochemical tests, show-
ing a reduction in oxidative stress forming after ischemia.

ROS developing in oxidative stress during SCIR, affects mem-
brane lipids, cellular proteins and DNA. These processes trigger 
lipid peroxidation. Kefir may make neural tissues more sensi-
tive to lipid peroxidation, thus anti-oxidant enzymes are induced 
and causes a beneficial effect26). In our study, kefir pre-treatment 
significantly decreased MDA. It is known that the bioactive pep-
tides released during fermentation by proteolytic lactic acid bac-
teria can scavenge ROS and inhibit MDA26).

All peroxides, especially H2O2, can be metabolized by CAT 
enzymes. Additionally cellular membranes, membrane and cel-
lular proteins and DNA are protected from lipid peroxidation. 
However CAT works as an anti-oxidant in the cell during oxida-
tive stress. CAT activity increases during oxidative stres12). But if 
oxidative stress lasts a long time and overwhelms the capacity of 
CAT activity, CAT activity can reduce24). In our study the CAT 
activity of the ischemia group can be compared with the sham 
and kefir groups. These results were admitted as the scavenger 
effect of CAT due to high levels of ROS in the ischemia group. 
Compared to the ischemia group, application of kefir had a sig-
nificant increase in CAT activity.

To protect neural tissue from the unwanted effects of ROS, cells 
have a large number of enzymatic and nonenzymatic anti-oxi-
dants. SOD activity protects the proteins from the metal-cata-
lyzed reaction between O2 and H2O2. Oxidative stress developing 
after ischemia/reperfusion causes an increase in SOD activity18). 
But if oxidative stress lasts a long time and overwhelms the ca-
pacity of SOD activity, SOD activity can reduce24). In our study 
compared to the ischemia group, the SOD activity in the kefir 
group was significantly increased. This may be due to the rats in 
the kefir group being protected from ROS.

and thoracoabdominal aortic disease inevitably results in tem-
porary or permanent ischemia of the spinal cord. Several strate-
gies have been implemented to maintain spinal cord blood flow 
(distal aortic perfusion, intrathecal vasodilators, reattachment 
of intercostal and lumbar vessels, decreasing cerebrospinal fluid 
pressure), to increase spinal cord tolerance to ischemia (hypo-
thermia, anesthetic agents, calcium-channel blockers, excitato-
ry amino acid antagonists), and to decrease reperfusion injury 
(free radical scavengers, immune system modulation, adenos-
ine)22). Mauney et al.22) reported that SCIR injury was prevented 
in animals receiving methylprednisolone intravenously. The 
protective effect of corticosteroids were thought to be related to 
their ability to stabilize membranes, modulate the immune sys-
tem, and scavenge for free radicals. The 21-amino-steroids are 
potent scavengers of superoxide and lipid peroxyl radicals. 
However, paraplegia remains an uncommon but devastating 
complication of aortic diseases.

In our study a cultured milk product, kefir, which can be ob-
tained naturally was used.

Kefir is a traditional drink obtained via fermentation of milk 
by “kefir grains”. Kefir grains, which are complex mixtures of 
bacteria, yeast, and the polysaccharides produced by this micro-
flora. Kefir, which is believed to be a “functional food” due to its 
health benefits and disease prevention properties beyond its ba-
sic nutritional value, is becoming increasingly popular through-
out the world10). Understanding the bacterial community in the 
kefir grain is important for use of kefir as functional food. The 
most possible gradients in kefir are Lactobacillus kefiranofaciens, 
Lactobacillus buchneri, and Lactobacillus helveticus8,10).

In the SCIR model in rats, kefir was shown to have a protec-
tive effect on the ischemic spinal cord histopathologically. In 
addition after treatment MDA levels were decreased and SOD 

A B C
Fig. 3. The representative example of HIF1-α immunohistochemical images in ischemic spinal cord section. A : Sham group showing no HIF1-α im-
munopositive neuron. B : Ischemia group showing many HIF1-α immunopositive neurons (thin arrows). C : Kefir group showing lower HIF1-α immu-
nopositive neurons than ischemia group (thin arrow). HIF1-α, ×200.

Table 3. Toluidine blue, caspase 3, and HIF1-α staining results for all groups

Groups
p value

Sham Ischemia Kefir
Toluidine blue (dead neuron) 4.25±1.16* 44.88±3.31* 23.75±3.91* 0.000
Caspase 3 6.00±2.13* 24.88±3.60* 11.88±1.72* 0.000
HIF1-α 7.75±1.03* 16.75±1.58* 12.13±2.23* 0.000

One way analysis of variance and post hoc analysis with Bonferroni test. Data are expressed as mean±standard deviation. *p<0.05 : defines the significant difference
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In ischemia apoptosis may begin by two paths; intrinsic and 
extrinsic. Cytochrome c and caspase 3 stimulation released by 
mitochondria forms the intrinsic pathway25). Caspase 3 is known 
to be important in apoptosis caused by ischemia of neuronal 
cells. Studies of apoptotic neuronal cells have found that caspase 
3 may be activated by both intrinsic and extrinsic signal path-
ways and as a result supported the idea that caspase 3 plays a key 
role in ischemic apoptosis25). Some studies have shown a rela-
tionship between apoptosis and development of ischemia17,31). Li 
et al.17), in a spinal cord ischemia model in rats, showed that cas-
pase 3 activity clearly increased compared to the control group. 
In our study, kefir group showed fewer caspase 3 immunoposi-
tive neurons than ischemia group and compared with ischemia 
group caspase 3 immunopositive neurons were significantly de-
creased in kefir group (Fig. 2).

HIF-1 is a nuclear protein and plays an important role in the 
cell in hypoxia homeostasis28). The HIF-1α expression increases 
linked to reduced oxygen concentration. To rapidly respond to 
hypoxia, cells regularly and continuously synthesize and elimi-
nate HIF-1α in non-hypoxic conditions. In the hypoxic envi-
ronment HIF-1α degradation is inhibited and the amount of 
this protein increases30). The mechanisms of effect of this pro-
tein can be listed as regulating the transcription of many genes, 
cell dedifferentiation, vascularization, production of autocrine 
growth factor, proliferation, invasion and metastasis, and meta-
bolic reprogramming7). Linked to oxygen concentration chang-
es, arrangements of transcription of genes regulated by HIF-1 
occur4). In accordance with the literature, in our study the HIF-
1α expression of the ischemia group was increased, while this 
level was statistically significantly reduced in the kefir group.

In our study, all animals of the kefir and ischemia groups expe-
rienced severe hind limb motor deficit. This means that a strate-
gy focusing only on the attenuation of the SCIR injury alone (i.e., 
anti-oxidant agents) is not likely to prevent severe spinal cord in-
jury. Spinal cord hypoperfusion needs to be avoided during aor-
tic surgery. Ege et al.9) induced a SCIR model and achieved a sig-
nificant improvement in limb function over 72 hours. Their 
results are consistent with our study. Pre-treatment with kefir 
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