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Abstract: Acute renal failure (ARF) is one of the important complications of rhabdomyolysis. Kefir is antioxidant, an-
tineoplastic and it lowers cholesterol levels and protects from infections. We evaluated the efficiency of kefir on rats 
with renal failure after rhabdomyolysis. Each weight 200-250 grams, 4 groups of Wistar Albino female rats which 
contain 8 rats per group are used. Biochemical parameters such as renal functional tests, Cystatin C, total antioxi-
dant capacity (TAC), total oxidative stress (TOS), laktat dehydrogenase (LDH) and creatine phosphokinase (CPK) are 
studied. Additionally, renal necrosis degree was evaluated with histopathological analysis. We observed nephropa-
thy and rhabdomyolysis in rhabdomyolysis group and kefir + rhabdomyolysis group. Cystatine C and LDH were sig-
nificantly higher in rabdomyolisis group (P < 0.01). When all the groups were evaluated, urea (P < 0.01), creatinine 
(P < 0.01), Cystatine C (P < 0.01), LDH (P < 0.01), TOS (P = 0.02) and CPK (P = 0.03) levels were significantly higher. 
The histopathological comparison of groups; degree of necrosis is lower in the kefir + rhabdomyolysis group than in 
the rhabdomyolysis group. But biochemically there were no differences within these two groups. Biochemically and 
histopathological comparison of groups there were no differences within other twogroups. We showed that kefir has 
a histopathological preventive attribute on rats with rhabdomyolysis-induced ARF.
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Introduction

Acute renal failure (ARF) is common in intensive 
care unit patients and its prevalence is gradu-
ally increasing. Morbidity and mortality rates 
associated with ARF remain high despite 
advancements in treatment [1]. Rhabdomyoly- 
sis is a syndrome that develops as a result of 
skeletal muscle structure and myoglobin im- 
pairment, and passage of intracellular protein 
and electrolytes into circulation. Iron and iron-
containing proteins (myoglobin and hemoglo-
bin) produced via myolysis and hemolysis lead 
to free radical formation, consumption of nitric 
oxide stores, and vasoconstriction, ultimately 
leading to impaired renal function [2-4]. ARF 
due to rhabdomyolysis is defined as myoglobin-
uric acute renal failure (MARF) [5].

Kefir is a food product made via fermentation 
of milk with kefir particles or culture [6]. It con-
tains many exogenous fatty acids and amino 

acids necessary for the human body that sho- 
uld be ingested with food. Sphingomyelins 
found in kefir and kefir oil are reported to stimu-
late the immune system against infections [7]. 
The basic function of the microorganisms in 
kefir is to produce lactic acid, antibiotic, and 
anti-bactericidals. Many lactic acid bacteria 
have systems that metabolize oxygen radicals. 
Stecchini et al. reported that superoxide dis-
mutase and high magnesium content are the 
most important antioxidant systems [8]. Re- 
gular consumption of 500 mL of daily milk was 
shown to positively affect hepatic, biliary, renal 
function, and blood circulation, in addition to 
having a metabolism-stabilizing effect [7].

The present study aimed to investigate the anti-
oxidant effect of kefir on renal tissue and func-
tion in a rat model of MARF experimentally 
induced using hypertonic glycerol, which is con-
sidered equal to that in humans [2].
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Methodology

Preparation of animals

The study included 32 female rats aged 10-12 
weeks and weighted 200-250 g that were 
obtained from the Süleyman Demirel University 
Test Animals Laboratory. The animals were 
housed under standard humidity, light (12 h 
daylight/12 h night), and temperature (23°C) 
conditions, and were fed standard rat feed and 
water for 30 days. Anesthesia was adminis-
tered on 31st day as intraperitoneal ketamine 
80 mg kg-1 + xylazine 10 mg kg-1. The abdomen 
of each rat was opened using a midline incision 
after anesthesia and blood samples were 
obtained from the abdominal aorta. The 
Süleyman Demirel University Animal Usage 
Regulation Committee and Ethics Committee 
(3209-TU-2) approved the study protocol. 

Experimental design

The rats were divided into 4 groups of 8 rats. 
Group 1 (control group) rats were fed standard 
rat feed and water for 30 days, rhabdomyolysis 
was not induced. Group 2 (rhabdomyolysis 
group) rats were fed standard rat feed and 
water for 30 days. Then, rhabdomyolysis was 
induced via administration of 50% glycerol 9 
mL kg-1 as 1 mL to the muscle tissue in each leg 
following subcutaneous administration of mor-
phine 15 mg kg-1 (approximately 0.4 mL). Group 
3 (kefir group) rats were fed with standard rat 
feed and water plus 2 × 1 mL of kefir (4-8 
mL•kg-1•d-1) for 30 days, rhabdomyolysis was 
not induced. Group 4 (kefir + rhabdomyolysis 
group) rats were fed with standard rat feed and 
water plus 2 × 1 mL of kefir (4-8 mL•kg-1•d-1) for 
30 days. Then, rhabdomyolysis was induced via 
administration of 50% glycerol 9 mL kg-1 as 1 
mL to the muscle tissue in each leg following 
subcutaneous administration of morphine 15 
mg kg-1 (approximately 0.4 mL).

Blood sample analysis

Blood samples were centrifuged at 5000 rpm 
for 8 minutes. Separated serum samples were 
stored at -80°C until analyzed. Urea, creatinine, 
blood urea nitrogen (BUN), and creatine phos-
phokinase (CPK)/laktat dehydrogenase (LDH) 
were measured using commercial kits and a 
Beckman Coulter Au 5800 (USA) autoanalyzer 
in order to evaluate renal function and rhabdo-

myolysis. Cystatin C was measured via ELISA 
using rat-specific kits (Biovendar, Czech 
Republic) in order to evaluate renal function.

Histological examination

Anesthesia was administered on 31st day, the 
abdomen of each rat was opened using a mid-
line incision after anesthesia was achieved and 
the rats’ kidneys were removed under sterile 
conditions and then washed with saline solu-
tion. The right kidney of each rat was used for 
histopathological examination and the left kid-
ney was used for biochemical analysis. In order 
to evaluate kidney oxidant and antioxidant 
activity, microprotein levels in kidney tissue 
buffered in phosphate were studied via spec-
trophotometry using a Beckman Coulter Au 
5800 (USA) autoanalyzer. Total antioxidant 
capacity (TAC) and total oxidant status (TOS) 
were determined using rat specific Rel Assay 
Diagnostics assay kits, a Beckman Coulter Au 
5800 (USA) autoanalyzer, and spectrophotom-
etry; results were calculated via division by the 
microprotein level. TAC and TOS were measured 
using the method developed by Erel [9].

Preparations were stained with hematoxylin & 
eosin (routine staining method) and analyzed 
using an Olympus BX50 binocular light micro-
scope at 100 ×, 200 ×, and 400 × magnifica-
tion; microphotographs were obtained and 
evaluated. A scoring system was used to deter-
mine the level of renal injury, according to the 
necrosed cell ratio in the cortical proximal tubu-
lar segment, as follows: 0: no necrotic cells; 1: 
necrotic cell count < 10%; 2: necrotic cell count 
10%-25%; 3: necrotic cell count 25%-50%; 4: 
necrotic cell count > 50%.

Statistical analysis

A statistical analysis was performed using the 
Statistical Package for  the Social Sciences 
(SPSS Inc., Chicago, IL, USA) 11.0 package pro-
gram. Continuous variables are shown as mean 
± standard deviation (SD) and categorical vari-
ables as percentage. The Kruskal-Wallis test 
was used for biochemical comparison of the 4 
groups, and the level of statistical significance 
was set at P < 0.05. The Mann-Whitney U test 
with Bonferroni correction was used for inter-
group comparisons when significant differenc-
es were noted; P < 0.01 was considered statis-
tically significant when Bonferroni correction 
was performed.
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total, 3 rats in rhabdomyolysis group and 3 rats 
in kefir + rhabdomyolysis group were excluded 
from the study because nephropathy was not 
observed biochemically; the study was com-
pleted with 26 rats. There wasn’t a significant 
difference in baseline weight (weight 0) 
between groups (P = 0.27); however, there was 
significant difference among control group, 
kefir group, and kefir + rhabdomyolysis group 
with a 30-day feeding (P = 0.04). When all the 
groups were evaluated together there was a 
significant difference in urea (P < 0.01), BUN (P 
< 0.01), creatinine (P < 0.01), Cystatine C (P < 
0.01), LDH (P < 0.01), CPK (P = 0.03), and TOS 
levels (P = 0.02) between the groups, whereas 
TAC levels were similar (P = 0.49). However, 
when the groups were evaluated individually; 
urea, BUN, creatinine, cystatine C and LDH val-
ues were similar between control group and 
Kefir group, between rhabdomyolysis group 
and kefir + rhabdomyolysis group, but signifi-
cantly different between other groups (Table 1, 
P < 0.01). The CPK level was similar between 
groups (P > 0.01). There wasn’t a significant dif-
ference in TAC and TOS values between the 
groups (Table 1, P > 0.01).

Histological analysis of renal tissue sections of 
the rats in control group and kefir group showed 
no pathologic findings (Figures 1 and 2). 
Histopathological analysis of renal tissues in 
rhabdomyolysis group showed vascular con-
gestion, inflammatory cell infiltration, tubular 
dilation, and hydropic degeneration in tubular 
epithelial cells (Figure 3). Pathologic findings in 
renal tissues in kefir + rhabdomyolysis group 
improved after the rats were given kefir (Figure 
4) (P < 0.05). Histologic (structural) evaluation 

Table 1. Comparison of weight and laboratory characteristics between groups
Variable Group I (n = 8) Group II (n = 5) Group III (n = 8) Group IV (n = 5) P value
Weight beginning, mg 238±14 224±20 231±21 221±21 0.27
Weight 1th month, mg 234±14★,€ 208±21 226±26 206±20 0.04
Urea, mg/dl 50±6★,€ 191±85¥ 51±7€ 181±77 < 0.01
BUN, mg/dl 23±3★,€ 90±40¥ 24±3€ 85±36 < 0.01
Creatinine, mg/dl 0.46±0.03★,€ 1.83±0.89¥ 0.45±0.04€ 1.75±0.80 < 0.01
Cystatin C, mg/L 1.56±0.32★,€ 5.42±3.04¥ 1.32±0.56€ 4.26±2.18 < 0.01
LDH, U/L 465±245★ 1456±1143¥ 124±68€ 1148±1077 < 0.01
CPK, U/L 215±127 525±540 137±172 250±178 0.03
TAC, Trolox equivalent/L 2.50±0.19 2.34±0.19 2.70±0.63 2.37±0.38 0.49
TOS, Trolox equivalent/L 87±8 101±23 80±10 139±50 0.02
BUN: blood urea nitrogen, CPK: creatine kinase, LDH; lactate dehydrogenase, TAC: total antioxidant capacity, TOS: total oxidati-
ve stress. Values   are given as mean ± standard deviation or number. P Values represent the comparisons among four groups. 
Group I: control, Group II: rhabdomyolysis, Group III: Kefir, Group IV: Kefir and rhabdomyolysis Group. ★: P < 0.01 vs. group II, 
€: P < 0.01 vs. group IV, ¥: P < 0.01 vs. group III.

Figure 1. Histopathological kidney section of the con-
trol group (group I). Normal histological findings. Kid-
ney corpusculum (thin arrow), tubules (thick arrow), 
(Hematoxylin-eosin, × 10).

Figure 2. Histopathological kidney section of Kefir 
group (group III). Normal histological findings. Me-
dulla area, collector tubules (arrows), (Hematoxylin-
eosin, × 10).

Results

A comparison of laboratory parameters and 
weight between groups is shown in Table 1. In 



Effectiveness of kefir in acute renal failure

17922 Int J Clin Exp Med 2016;9(9):17919-17925

of the experimental parameters was scored 
and the groups were compared, as follows: - 
(negative score): no structural changes; + (1 
positive score): mild; ++ (2 positive score): mod-
erate; +++ (3 positive score): severe structural 
changes (Table 2).

Discussion

The present findings show that kefir adminis-
tered to rats that developed ARF following rhab-
domyolysis induced via glycerol did not cause 
biochemical improvement, but improved histo-
logical findings. In TAC, TOS and Cystatin C lev-
els in Kefir groups was not observed to improve. 

However, pathologic findings in rhabdomyolysis 
group were significantly improved after the rats 
were given kefir.

Acute renal failure is defined as a serum creati-
nine level > 50% higher than the basal level or 
> 0.5 mg dL-1. It’s associated with impaired 
renal function that occurs within hours-days 
and a reduction in the glomerular filtration rate 
(GFR) [1]. Its prevalence gradually increases in 
intensive care units. The morbidity and mortal-
ity rates associated with ARF remain high 
despite treatment advancements [10]. Rha- 
bdomyolysis is a syndrome that develops as a 
result of myoglobin, intracellular protein, and 
electrolytes entering circulation. ARF that 
develops due to rhabdomyolysis is defined as 
MARF. A large amount of myoglobin released 
from necrotic muscle cells is freely filtrated by 
glomerules and reabsorbed by renal tubules, 
leading to direct injury. This pigment can also 
cause injury via distal renal tubular obstruction 
[5]. Traumatic muscle destruction was first 
defined by German Von Colmers after the 
Messina Earthquake [11]. Rhabdomyolysis can 
also occur due to trauma, excessive physical 
activity, seizures, alcohol and other drug use, 
and after infections [12]. Crush syndrome is a 
complicated condition consisting of trauma-
induced rhabdomyolysis and associated surgi-
cal/medical signs and symptoms [13]. In 1941 
Bywater and Beall reported the coexistence of 
skeletal muscle crush injury and acute tubuler 
necrosis [14]. Mortality increases in cases with 
crush syndrome that develops after an earth-
quake, and early diagnosis and treatment are 
crucial [13, 15]. 

The serum creatinine level is commonly used  
to diagnose ARF. Creatinine is a poor marker of 
acute deterioration of renal function. The serum 
creatinine level is affected by many extra-renal 
factors, including body weight, gender, age, 
total body volume, drug use, muscle metabo-
lism, and protein intake. In contrast, the cyste-
ine protease inhibitor cystatin C is not affected 
by age, gender, or muscle mass, is freely filtrat-
ed by glomerules and completely reabsorbed 
by proximal tubule cells, and is catabolized; 
therefore, it is much more sensitive than the 
serum creatinine level as marker of changes in 
GFR. In addition, the creatinine level elevates 
48-72 h following renal injury. Measurement of 
the serum cystatin C level was observed to be 

Figure 3. Histopathological kidney section of Rhab-
domyolysis Group (group II). Inflammatory cell infil-
tration (asterisk), hydropic degeneration in tubules 
epithelial cells (thin black arrow), tubules dilatation 
(white arrow), vasculler congestion (thick black ar-
row), (Hematoxylin-eosin, × 10).

Figure 4. Histopathological kidney section of Kefir 
and rhabdomyolysis Group (group IV). Inflammatory 
cell infiltration (white arrow), hydropic degeneration 
in tubules epithelial cells (thin black arrow), vasculler 
congestion (thick black arrow), (Hematoxylin-eosin, × 
10).



Effectiveness of kefir in acute renal failure

17923 Int J Clin Exp Med 2016;9(9):17919-17925

superior to such conventional techniques as 
serum creatinine measurement in the early 
detection of reduced renal function [16]. In the 
present study, the cystatin C level was mea-
sured in addition to BUN, creatinine, and urea 
in order to observe the severity of injury and 
the effectiveness of kefir on renal function in 
rats with rhabdomyolysis-induced ARF, because 
cystatin C can be detected in blood sooner 
than BUN or creatinine. In the present study, 
the cystatin C level was higher in the rats with 
rhabdomyolysis-induced ARF. Kefir had no 
effect on the cystatin C level, and measure-
ment of the cystatin C level was not observed 
to be superior to that of BUN or creatinine.

Humans have used Kefir continuously since the 
early 8th century due to its health promoting/
healing properties. It is currently used to treat 
diseases caused by pathogens in many regions 
of the world due to the beneficial microorgan-
isms it contains. In addition, kefir was shown to 
have anti-tumor and immunostimulant effects, 
antioxidant activity that reduces lipid peroxida-
tion, and anti-diabetic, antibacterial, and anti-
fungal effects in animals [6, 7]. Regular daily 
consumption of 500 mL of kefir was reported 
to stabilize metabolism, positively effect liver, 
gallbladder, and renal function, and blood cir-
culation. Kefir was also reported to lower the 
cholesterol level [7, 17]. Based on such reports, 
the present study aimed to investigate the 
effect of kefir in rats with rhabdomyolysis-
induced ARF. Rhabdomyolysis develops experi-
mentally in rats via intramuscular IM adminis-
tration of hypertonic glycerol and MARF devel-
ops secondarily. This model is also used as an 

role in the pathogenesis of renal injury of isch-
emic and toxic origin [20]. In addition, clinical 
and experimental studies reported that various 
antioxidant agents were effective when used 
together with conventional ARF treatments [4, 
21]. Brivet et al. reported that nutritional sta- 
tus was a factor affecting the prognosis in 
patients with ARF [10]. Dietary intake of antioxi-
dants was shown to elevate antioxidant enzyme 
levels in animal studies [22]. Kefir a known 
potent antioxidant is considered to be benefi-
cial for health in countries where it is a part of 
nutrition culture; however, the number of stud-
ies on the effect of kefir on animal and human 
nutrition is insufficient [23].

The antioxidant effect of kefir was shown in 
various studies [24-26]. In the present study, 
the antioxidant effect of kefir had a positive his-
topathological effect in rats with ARF. We an- 
ticipate that this effect was due to the increase 
in some antioxidant parameters. However, the 
antioxidant effect of kefir was not biochemically 
observed, which might be due to the dose of 
kefir administered to the rats. Precise data on 
the dose and duration of kefir administration 
are not available; the dose and duration of kefir 
administration varies by study [23, 26-28]. In 
our study, rats were fed kefir for 30-day, as 
reported by Figler and colleagues [26], and 
then laparotomy was performed on 31st day. 
The dose of kefir was 2 mL/rat in a study by 
Demirel and colleagues [28]. Güven and col-
leagues [24] reported that kefir was more pro-
tective than vitamin E via increasing glutathi-
one and glutathione peroxidase levels and 
reducing lipid peroxidase in a rat model of 

Table 2. Histopathological comparison of all groups

Group Inflammatory 
Cell Infiltration

Vasculer 
Congestion

Tubuler 
Dilatation

Degeneration of  
tubular epithelial cells

I - - - -
II +++ +++ +++ +++
III - - - -
IV + + + +
I-II P < 0.05 P < 0.05 P < 0.05 P < 0.05
I-III P > 0.05 P > 0.05 P > 0.05 P > 0.05
I-IV P < 0.05 P < 0.05 P < 0.05 P < 0.05
II-III P < 0.05 P < 0.05 P < 0.05 P < 0.05
II-IV P < 0.05 P < 0.05 P < 0.05 P < 0.05
III-IV P < 0.05 P < 0.05 P < 0.05 P < 0.05
Group I: control, Group II: rhabdomyolysis, Group III: Kefir, Group IV: Kefir and 
rhabdomyolysis group. P value of < 0.05 was significant.

experimental model of MARF in 
humans; therefore, glycerol was 
used to induce rhabdomyolysis in 
the present study. Regional myol-
ysis, hemolysis, and intravascu-
lar volume decrease in response 
to intramuscular injection of 
hypertonic glycerol [3, 12]. 

The iron ion that is produced as  
a result of degradation of myoglo-
bin and hemoglobin catalyzes 
Haber Weiss and Fenton reac-
tions, which results in radical for-
mation, lipid peroxidation, and 
impaired renal function [18, 19]. 
Recent studies have shown that 
free radicals play an important 
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CC14-induced oxidative injury. In contrast to 
the our study, they observed positive biochemi-
cal effects of kefir on oxidative stress, Çenesiz 
and colleagues showed that the antioxidant 
effect on abnormal crypt formation in the colon 
induced by azoxymethane was higher in rats 
given kefir [25].

Miller and colleaguesdeveloped a novel test 
(TAC) for measuring total antioxidant status. 
The most important advantage of TAC is that it 
measures the antioxidant capacity of all antioxi-
dants in a biological sample, not just the anti-
oxidant capacity of a single compound [29]. 
Antioxidant enzyme levels such as superoxide 
dismutase (SOD), Catalase (CAT), and glutathi-
one peroxidase (GPX) in ischemia-reperfusion 
injury dependent ARF were shown to signifi-
cantly decrease in a study [30]. To the best of 
our knowledge no study has reported the effec-
tiveness of kefir in rhabdomyolysis-induced 
acute tubular necrosis although it was shown to 
be a potent antioxidant in several studies. In 
the present study there wasn’t a significant bio-
chemical difference between TAC and TOS 
values.

Limitation of the study

The present study has some limitations. Firstly, 
the small study population limits the statistical 
power of the findings. Secondly, it is not known 
if the lactobacilli in the kefir used in this study 
had antioxidant properties. Lastly, the duration 
of kefir administration was limited to 30 d; 
administration of longer duration might have 
yielded more useful findings.

Conclusion

Kefir administered to rats that developed ARF 
following glycerol-induced rhabdomyolysis did 
not cause biochemical improvement, but 
improved histological findings. The findings 
suggest that kefir might be beneficial in patients 
that develop MARF; however, the optimal dose 
and duration of its use remain unclear. 
Additional research with larger samples is 
needed to discern the optimal therapeutic dose 
and duration of kefir in cases of renal failure 
due to rhabdomyolysis.
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