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Abstract 

Aim: Kefir is a probiotic and prebiotic beverage produced from milk and kefir grains containing a mixture of 

bacteria and yeast. Drugs like cyclophosphamide (CPx) that are used for cancer chemotherapy are generally 

limited due to numerous unwanted side-effects such as multiple organ toxicity. For this purpose, the cell-

protective effects of kefir, a natural probiotic known for its antitumor and antioxidant properties, on CPx-

induced hemotoxicity and myelotoxicity were investigated in this study.  

Methods: Group 1 (control, 0.5 ml SF). Group 2 were administered a single dose of 150mg/kg CPx. Group 3 

and 5 were given 5 and 10mg/kg kefir. Group 4 and 6 were given 5 and 10mg/kg kefir+150mg/kg CPx. While 

kefir was administered to the rats by gavage method for 12 days, CPx was administered as single-dose on the 

12th day.  

Results: The DPPH results showed that kefir possesses high antioxidant activity. It was observed that the 

leukocytes, thrombocytes, erythrocytes, hemoglobin, hematocrit and bone marrow nucleated cell levels 

decreased in the group that was administered only CPx, and increased relatively in the groups that were 

administered CPx+kefir, drawing close to the control.  

Conclusion: The results of the present study showed that kefir had antioxidant and cytoprotective activity, 

protecting blood and bone marrow cells against CPx-induced damage. 
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Öz 

Amaç: Kefir, bakteri ve maya karışımı içeren kefir taneleri ile sütten üretilen probiyotik ve prebiyotik bir 

içecektir. Siklofosfamid (CPx) gibi kanser kemoterapisi için kullanılan ilaçların kullanımı, genellikle, 

istenmeyen çoklu organ toksisitesi gibi yan etkiler nedeniyle sınırlıdır. Bu amaçla yapılan çalışmamızda 

antitümör ve antioksidan özellikleri iyi bilinen ve doğal bir probiyotik olan kefirin CPx nedenli hemotoksisite ve 

myelotoksisite üzerine koruyucu etkileri araştırılmıştır. 

Gereç ve Yöntem: Grup 1 (kontrol, 0,5 ml SF), grup 2; tek doz 150 mg/kg/b.w/i.p CPx,  Grup 3; 5 mg /kg / b.w 

kefir, grup 4; 5 mg/kg/b.w+150 mg/kg/b.w/i.p CPx,  grup 5; 10 mg/kg/b.w kefir, Grup 6; 10 mg /kg/b.w 

kefir+150 mg/kg/b.w/i.p CPx. Kefir, hayvanlara gavaj yöntemiyle 12 gün boyunca verildi. CPx ise 12. gün tek 

doz olarak verildi. Deney sonunda tüm sıçanlardan kan ve kemikiliği örnekleri anestezi altında alındı.  

Bulgular: DPPH sonuçları kefirin yüksek antioksidan aktiviteye sahip olduğunu göstermiştir. Sadece CPx 

uygulanan grupta lökosit, trombosit, eritrosit, hemoglobin, hematokrit ve kemik iliği çekirdekli hücre 

düzeylerinin azaldığı, CPx+kefir verilen gruplarda ise göreceli olarak arttığı ve kontrole yaklaştığı gözlendi. 

Sonuç: Sonuçlarımız antitümör, antioksidan ve sitoprotektif özellikleri olan kefirin kan ve kemik iliği 

hücrelerini CPx hasarına karşı koruduğunu göstermiştir. 

 

Anahtar sözcükler: Kefir, Siklofosfamid, Myelotoksisite, Hemotoksisite, rat 
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Introduction 

Todays, the demand for probiotic, prebiotic and 

functional food products in particular has been gradually 

increasing [1]. Probiotic microorganisms can improve intestinal 

barrier integrity and immune response while preventing the 

negative effects of pathogens [2]. Prebiotics, on the other hand, 

are short-chain carbohydrates that selectively reinforce the 

activity of certain beneficial bacteria groups that cannot be 

digested by human digestive enzymes [3]. Kefir contains high 

amounts of probiotics and prebiotics [4]. Kefir grains contain a 

rich microbial community consisting of a microflora of yeast and 

bacteria responsible for the fermentation of kefir [5, 6]. 

Lactobacilli constitute 65-80% of the microbial structure in kefir 

while streptococci account for 20% and yeast make up 5% [7]. 

As a result of the synthesis of certain vitamins, the development 

of bioactive substances and the partial fragmentation of lactose 

and proteins with the effect of the fermentation induced by the 

microorganisms in its formation, the nutritional value of kefir 

increases further [8]. Kefir also contains certain fatty acids and 

essential amino acids that must be obtained through nutrition [9], 

Vitamins B1, B2, B6 and B12, folic acid, Vitamin K, biotin (vit 

H), macrominerals such as calcium, phosphorus, potassium, 

magnesium, and microminerals such as zinc, copper, manganese, 

iron and cobalt [4, 10]. It has been determined in many studies 

that kefir consumption had positive and regulatory effects on the 

immune system [10-12]. A previous experimental study has 

shown that the microorganisms in kefir could significantly affect 

the immunoregulatory properties in rats [13]. It has been shown 

that kefir reduces lipid peroxidation and positively affects the 

antioxidant parameters in carbon tetrachloride-induced toxicity 

in rats [14]. Kefir possesses antioxidative, antimicrobial, 

anticarcinogenic properties and demonstrates anti-apoptotic 

activity [10, 15, 16]. 

Leukopenia, thrombocytopenia and lymphopenia 

develop due to the immunosuppressive effects of alkylating 

drugs. Therefore, high doses and/or more frequent use of such 

drugs prevent stronger therapeutic efficacy [17]. High-dose 

alkylating agents such as Cyclophosphamide (CPx) are needed to 

be used in effective doses in order to be efficient [18]. However, 

the use of high-dose cytotoxic drugs and the prolongation of 

patients' survival time also increase the side-effects of the drugs 

[19]. CPx is a cytotoxic drug that can repress both humoral and 

cellular immunity [20]. CPx, an alkylating chemotherapeutic 

prodrug, is metabolized by cytochrome P450 liver enzymes, i.e. 

CYP3A4 and CYP2B6, which show active therapeutic and 

cytotoxic metabolites and spread from hepatocytes to plasma 

[21]. CPx spreads to the body and produces two active 

metabolites: phosphoramide mustard (PAM) and acrolein 

(ACR). While the immunosuppressive and antineoplastic effects 

of CPx are related to PAM, ACR is responsible for its unwanted 

toxicity [22]. ACR produces oxidative stress in hepatocytes and 

highly-reactive oxygen species [23]. Therefore, it damages the 

antioxidant defense mechanism of tissue as it causes changes in 

the structure and functions of enzymes by interacting with 

proteins [24]. CPx, which has been known to be effective in the 

treatment of cancer and non-malignant diseases since 1958 and 

has a wide area of use in many neoplastic diseases as a stand-

alone drug or in combination with other chemotherapeutics, also 

includes side-effects [25]. The fact that CPx causes multi-organ 

damage limits the effective high-dose use of the drug [26]. 

Hematopoietic depression is among the main side-effects of CPx. 

CPx includes considerable toxic side-effects such as 

hematoxicity, bone marrow suppression, carcinogenicity and 

mutagenicity [11]. In CPx chemotherapy, these toxic effects 

must be eliminated using certain antioxidant agents in order to 

avoid the toxic side-effects of acrolein [27]. For this purpose, in 

the present experimental study, the potential antioxidant and 

cytoprotective effects of kefir on peripheral blood and bone 

marrow nucleated cells in CPx-induced toxicity in rats were 

investigated. 

   

Material and methods  

Kefir fermentation 

In the present study, commercially available freeze-

dried kefir grains and 1 liter of cow's milk were used. For the 

kefir fermentation, the method adopted by Marshall et al., (28) 

was used. For the fermentation process, three groups of kefir 

classified as 24, 36 and 48 hours were created at a temperature of 

24-26°C and preserved for use at +4°C. Kefir groups fermented 

on different days were used due to the formation of different 

microbial flora around the kefir grains. 

 

Chemical Substances and Injections 

CPx (Sigma-Aldrich) was obtained commercially. 500 

mg of CPx was dissolved in 25 ml of bidistilled water and 150 

mg/kg of CPx was made ready for injection. The injection was 

administered intraperitoneally as a single-dose using sterile 

disposable syringes on the 12th day of the experiment. 

Also DPPH solution (in 60 micromolar in methanol) 

was obtained commercially. 

 

Determination of antioxidant capacity (Scavenging 

activity on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical) 

The milk (using as control) used for kefir fermentation 

and waited for 24, 36, 48 hours were weighed as 2 g samples. 20 

ml of methanol (75%) was added on it. Stirred with magnetic 

stirrer in the dark for 4 hours. It was centrifuged (3500 rpm, 30 

minutes, room temperature). The supernatant was put into a tube. 

The final volume was adjusted to 22 ml with 75% methanol. 100 

µl extract was put into a tube. 3.9 ml DPPH solution was added 

on it and the absorbance was read at 517 nm by leaving it to 

incubate for 30 minutes. In blind reading (blank), the solvent was 

used instead of the sample (solvent only). Only DPPH solution + 

solvent were used for control purposes. The antioxidant activity 

was given as percentage (%) DPPH scavenging, calculated as 

[(control absorbance-extract absorbance)/(control 

oviding 50% 

inhibition (IC50) was calculated from the graph of scavenging 

effect percentage against extract concentration. 

 

Experimental Groups 

In the present experimental study; healthy male Wistar 

albino rats that were approximately 3 months old and weighing 

200±20 grams were used. Throughout the experiment, the 

animals were kept in rooms with 12;12 bright/dark lighting, 

automatically adjusted to 22±2 C˚ temperature and 45-50% 

humidity.  Standard pellet feed and tap water were provided to 

the rats. The 42 rats used in the present study were divided into 6 

groups with 7 in each group. Group 1 used as control. Group 2 

were administered a single dose of 150 mg/kg/b.w. CPx while 

Group 3 was given 5 mg/kg/b.w. kefir, Group 4 was given 5 

mg/kg/b.w. kefir+150 mg/kg/b.w. CPx, Group 5 was given l0 

mg/kg/b.w. kefir and Group 6 was given l0 mg/kg/b.w. 

kefir+150 mg/kg/b.w. CPx (Table 1). Kefir was administered to 

the groups for 12 days using the gavage method. CPx was 

administered as single-dose and intraperitoneal (i.p.) at the 12th 

and final day of the experiment. 
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Table 1: Experimental groups, kefir and injection protocol. 

Groups Treatment The 

number 

of rats  

Control 0.5 ml SF     7 

Cyclophosphamide (CPx) 150 mg/kg /b.w CPx     7 

Kefir 5 and 10 mg/kg/b.w kefir     7 

Kefir +CPx 5 and 10 mg/kg b.w kefir + 

150 mg/kg/b.w CPx 

    7 

 

Peripheral blood and bone marrow nucleated cell 

count 

Following the conclusion of the experiment, all of the 

rats were dissected under ketamine/xylazine anesthesia on the 

13th day. Approximately 5 ml of blood was taken intracardially 

into tubes containing 3.8% sodium citrate (1:9, sodium citrate: 

blood). The blood taken from the rats in each experimental group 

was immediately counted in the rat calibration of the Hemavet 

850 hematology analyzer. Afterwards, the statistical analyzes of 

the leukocyte, thrombocyte, erythrocyte, hemoglobin and 

hematocrit values obtained were performed using the SPSS 22.0 

statistical package program. Following this process, a femur of 

the euthanized animals was exposed by thoroughly scraping off 

the muscles. The bone marrow was cut at both ends, held with 

pliers and placed entirely into the tube. To ensure the 

homogeneous distribution of the cells in the graduated tube 

containing 5 ml of physiological saline solution and bone 

marrow, the cellular fluid in the tube was drawn and emptied 

several times using the same injector. During this process, it was 

ensured that the fluid did not boil over. The tubes containing 

bone marrow were centrifuged at 3000 rpm for 5 minutes and the 

supernatant was drawn using the injector. The mixture was 

homogenized, and a bone marrow count was performed using the 

hematology analyzer. 

 

Statistical analysis 

The analysis of the present study was performed in a 

computer environment using the SPSS 11.0 statistical program. 

In the analysis, the One-Way ANOVA test was used to 

determine the importance of intergroup differentiation and the 

arithmetic mean ± standard deviation of the measurement data. If 

significant differentiation was detected in the analysis of 

variance, paired comparisons were performed using the Post Hoc 

Tukey test. The significance level was regarded as p<0.001. 

Differences between the means obtained from DPPH, acidity and 

pH analyzes were analyzed by Duncan Multiple Comparison 

Test (p<0.05).. 

 

Results 

The kefir samples, which were fermented for 24, 36 and 

48 hours, were quantitatively tested for free radical scavenging 

activity using a DPPH. The samples were also tested for the pH 

and acidity. Our results showed that kefir that had been stored for 

24, 36, and 48 h had strong antioxidant activity compared to 

milk. However, there was not found any significant difference 

between the 24, 36 and 48 h. While the acidity gradually 

increased on the 24, 36 and 48 h kefir, the pH gradually 

decreased (Table 2). 

In the present study, the changes in blood and bone 

marrow nucleated cell levels were analyzed to determine the 

toxic effect of CPx and the changes that occur based on the 

antioxidant feature of kefir. In the group that was administered 

CPx, the bone marrow nucleated cell level demonstrated a 

statistically significant decrease compared to the control values 

(p<0.001). In comparison with the group that was administered 

only CPx, the bone marrow nucleated cell level of Groups 4 and 

6, which were administered kefir in combination with CPx, 

demonstrated a statistically significant increase (particularly 

Group 6) and this level drew even closer to the control value 

with the increase in Group 6 (p<0.001). In Groups 3 and 5, 

which were administered 5 and 10 mg/kg kefir, the bone marrow 

nucleated cell level was found to be higher than the control 

value, albeit not statistically significant (Table 3, Figure 1). 

Compared to the control value, the leukocyte level demonstrated 

a statistically significant decrease in the group that was 

administered CPx (p<0.001). When Group 2, which was 

administered CPx, was compared to Groups 4 and 6, which were 

administered CPx+kefir, a statistically significant increase was 

observed in the leukocyte level (p<0.001). In Groups 3 and 5, 

which were administered 5 and 10 mg/kg kefir, the leukocyte 

level was found to be higher than the control value, albeit not 

statistically significant (Table 3, Figure 2). Regarding the 

thrombocyte level, there was a statistically significant decrease 

in the CPx group compared to the control value (p<0.001). In 

Groups 4 and 6, which were administered kefir in combination 

with CPx, this level increased significantly and drew near the 

control value (p<0.001). In Groups 3 and 5, which were 

administered 5 and 10 mg/kg kefir, the thrombocyte level was 

found to be higher than the control value, and this is statistically 

significant (p <0.001) (Table 3, Figure 3). In the CPx group, the 

erythrocyte level demonstrated a statistically significant decrease 

compared to the control value (p<0.001). In the groups that were 

administered kefir in combination with CPx, a significant 

increase was observed in the erythrocyte level (particularly in 

Group 6) (p<0.001). In Groups 3 and 5, which were administered 

5 and 10 mg/kg kefir, this value was higher than the control 

value, and this is statistically significant (p <0.001) (Table 3, 

Figure 4). In Group 2, which was administered CPx, the 

hemoglobin level demonstrated a significant decrease compared 

to the control value (p<0.001). In Groups 4 and 6, which were 

administered CPx+kefir, a statistically significant increase was 

observed in the hemoglobin level and with this increase, the 

hemoglobin level drew near the control value particularly in 

Group 6 (p<0.001). In Groups 3 and 5, which were administered 

5 and 10 mg/kg kefir, the hemoglobin level was found to be 

higher than the control value (particularly in Group 5) (Table 3, 

Figure 5). In Group 2, which was administered only CPx, the 

hematocrit value demonstrated a significant decrease compared 

to the control value (p<0.001). In Groups 4 and 6, which were 

administered kefir in combination with CPx, this level increased 

significantly and drew close to the control value to a large extent 

(p<0.001). This value was also high in Groups 3 and 5, which 

were administered 5 and 10 mg/kg kefir, albeit not statistically 

significant (Table 2, Figure 6).  

 

 
Table 2: Antioxidant (inhibition of DPPH free radical), acidity and pH  

of 24, 36, 48 hours kefir groups  and milk (used as control) stored at 

4°C. 

Samples Antioxidant 

(%Inhibition of 

DPPH free radical) 

Acidity (%) pH 

Milk *15.93±0.9a** 0.09±0.003a 6.91±0.01a 

Kefir – 24 h 30.01±0.06b 0.36±0.005b 5.81±0.02b 

Kefir – 36 h 30.18±0.10b 0.930±0.009c 4.34±0.01c 

Kefir – 48 h 30.29±0.05b 1.340±0.009d 4.28±0.0d 
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Figure 1: The effects of 5 and 10 mg/kg kefir on bone marrow nucleated 

cells under 150 mg/kg CPx toxicity. 

 

 

 
Figure 2: The effects of 5 and 10 mg/kg kefir on leukocyte count under 

150 mg/kg CPx toxicity. 

 

  
  

  

Figure 3: The effects of 5 and 10 mg/kg kefir on thrombocyte count 

under 150 mg/kg CPx toxicity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: The effects of 5 and 10 mg/kg kefir on erythrocyte count under 

150 mg/kg CPx toxicity. 

 

 
Figure 5: The effects of 5 and 10 mg/kg kefir on hemoglobin count 

under 150 mg/kg CPx toxicity. 

  

 
Figure 6: The protective effects of 5 and 10 mg/kg kefir on hematocrit 

count under 150 mg/kg CPx toxicity. 

 

Discussion 

 The chemical compound of kefir may differ based on 

the properties of the milk used, production method, microbial 

flora of the kefir culture used, conditions of fermentation and the 
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Table 3. The impact of 5 and 10 mg/kg kefir on bone marrow nucleated cell, erythrocyte, leukocyte, thrombocyte, hemoglobin and hematocrit 

count against 150 mg/kg CPx toxicity. 

Groups Bone marrow 

nucleated cells 

(x103/ml) 

Leucocytes 

(103/ml) 

Thrombocytes 

(103/ml) 

Erythrocytes 

(103/ml) 

Hemoglobin Hematocrit 

1- Control 

2- CPx (150 mg/kg) 

3- 5mg/kg Kefir 

4- 5+150 mg/kg Kefir+CPx               

5- 10mg/kg Kefir 

6- 10+150 mg/kg Kefir+CPx  

3536.00±61.11a 

617.71±21.52b 

3615.00±88.83a 

1347.71±75.01c 

3727.86±60.49a 

2673.86±56.96d 

**825.67±40.41a* 

198.86±11.19b 

879.33±29.63a 

440.00±17.55c 

843.57±62.07a 

673.57±47.15d 

725.50±36.64a 

574.14±24.97b 

694.33±22.78c 

629.71±35.54c 

703.71±21.68c 

697.71±9.34c 

9.70±0,42a 

8.21±0.45b 

9.81±0.46c 

8.36±0.46d 

9.88±0.60c 

10.08±0.62c 

16.18±0.93a 

14.37±0.56b 

16.17±0.68a 

14.40±0.77b 

15.80±1.04b 

16.17±0.76a 

46.90±1.50a 

44.17±0.364b46.5 

0±0.81c 

45.33±0.794a46.0 

7±1.33c 

46.76±1.10a 

*Values reported are means±standard deviation; means followed by different letters in same columns are significantly different (p<0.001: 

statistically significant differences). **Means are the averages of 3 replicates. 
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conditions and time of storage. The reason why cow's milk was 

used in the present study is that most of the kefir sold in shops 

was fermented with cow's milk. 

In a study conducted by Kubo et al. [29], it was stated 

that kefir, applied for 10 days, showed antitumor effect. In our 

study, we determined the duration of treatment with kefir as 12 

days, as it was in the study of Matsuu et al. [30]. Due to the 

selenium, Vitamin E, catalase and superoxide dismutase 

enzymes in its content, kefir demonstrates an antioxidative effect 

and becomes an anticarcinogenic factor [31]. 24, 36, and 48 

hours of kefir we used in our study showed strong antioxidant 

activity when compared to milk (p <0.05). However, there was 

not found any significant difference between the 24, 36, and 48 

hours (Table 2). The microbiota in kefir grains may differ, which 

may cause significant changes in the taste and nutritional 

properties of kefir [32]. Our results showed that there was a 

significant difference in acidity and pH of 24, 36 and 48 hours 

stored kefir (p<0.05) (Table 2). In many previous studies, it was 

reported that the pH value of kefir decreased in contrast with 

fermentation time [33-35]. 

 

The anticarcinogenic effects of kefir have been a point 

of emphasis for researchers in recent years [8,36,37]. Kefir 

demonstrates anticarcinogenic activity by decelerating the 

growth of cancer cells and accelerating apoptosis [38]. This 

anticarcinogenic effect is mostly attributed to amino acid groups 

that contain sulfur in their structure [39]. Although many studies 

were conducted on kefir and CPx, no study on the combination 

of CPx and kefir was found in the literature. In the present 

experimental study, the effects of kefir, which demonstrated 

antioxidant activity, on blood and bone marrow in CPx-induced 

hemotoxicity and myelotoxicity in rats were examined. 

Chemotherapy is effective in active and rapidly growing 

cancer cells. Therefore, it also affects active and rapidly growing 

blood cells that are healthy. Myelosuppression is an unwanted 

side-effect of CPx chemotherapy. In the present study, the bone 

marrow nucleated cell level demonstrated a statistically 

significant decrease in the group that was administered CPx 

compared to the control value. In a similar study, it was reported 

that CPx reduced bone marrow nucleated cell levels and caused 

myelotoxicity [26,40]. It was reported in a previous studies that 

CPx-induced myelosuppression / immunotoxicity limited the use 

of CPx [41,42]. In the present study, when Groups 4 and 6 

(which were administered kefir in combination with CPx) were 

compared with the groups that were administered only CPx, the 

bone marrow nucleated cell level demonstrated a statistically 

significant increase particularly in Group 6, where the levels 

drew near the control value (p<0.001) (Table 3, Figure 1). In 

parallel with this finding, it was reported in previous studies that 

regular kefir consumption had antioxidant, anticarcinogenic and 

immunoregulatory effects [7, 8, 35, 43]. 

It was observed that in Group 2, which was 

administered CPx, the leukocyte count decreased in comparison 

with the control value. In Groups 4 and 6, which were 

administered kefir in combination with CPx, a significant 

increase was observed in leukocyte count. Based on this finding, 

it can be said that kefir demonstrates a protective effect against 

CPx toxicity in leukocyte cells (Table 3, Figure 2). In the CPx 

group, it was observed that the thrombocyte level decreased 

compared to the control value. In Groups 4 and 6, which were 

administered CPx+kefir, it was observed that this value increased 

to a large extent and drew near the control value (Table 3, Figure 

3). Based on this, it can be said that kefir protects thrombocytes 

in CPx-induced toxicity, and that an increase in thrombocyte 

count would serve as a precaution against potential bleeding. In 

the CPx group, it was observed that the erythrocyte level 

demonstrated a statistically significant decrease in comparison 

with the control value. In the groups that were administered 

CPx+kefir (particularly Group 6), it was determined that the 

erythrocyte level increased significantly (Table 3, Figure 4). As 

can be inferred from the results of the present study, CPx has 

considerable toxic side-effects on proliferating healthy cells such 

as bone marrow and blood. In many previous studies, it was 

reported that bone marrow was damaged, and that the damaged 

or dead bone marrow stem cells were unable to produce new 

blood cells, causing thrombocytopenia and leukopenia 

[26,44,45]. In another study, it was reported that CPx treatment 

significantly reduced erythrocyte, leukocyte, thrombocyte and 

bone marrow nucleated cell levels [46]. In a similar experimental 

study, it was reported that there was a decrease in the number of 

bone marrow nucleated cells and the erythrocytes and leukocytes 

produced in the bone marrow in rats treated with CPx [47]. In a 

research it is reported that CP is toxic to bone marrow,  

leukocytes and platelets parallel to the dose increase [48,49]. In 

the present study, CPx caused leukopenia, thrombocytopenia and 

erythrocytopenia while it was observed that this situation 

improved in the groups that kefir was administered (Table 3, 

Figures 2-4). 

In the group that was administered CPx, it was observed 

that the hemoglobin level decreased significantly in comparison 

with the control value. In the groups that were administered kefir 

in combination with CPx (particularly Group 6), a significant 

increase was observed in the hemoglobin level compared to the 

group that was only administered CPx (Table 3, Figure 5). In 2 

groups that were administered CPx, the hematocrit level 

demonstrated a significant decrease compared to the control 

value. In Groups 4 and 6, which were administered CPx+kefir, 

the hematocrit level demonstrated a significant increase and drew 

near the control value to a large extent (Table 3, Figure 6). 

 

In conclusion, although CPx is commonly used as a 

chemotherapeutic agent, its high-dose use is limited by the toxic 

side-effects it possesses. For this reason, new effective agents are 

needed to protect normal tissue from toxicity associated with 

chemotherapy without preserving tumor and tumor growth 

stimulation properties. Therefore, combining treatment regimens 

with antioxidant and cytoprotective properties may be beneficial 

in protecting healthy cells and tissue against CPx-induced 

oxidative damage. As a result of the gravitation of consumer 

preferences towards natural probiotic/prebiotic food products in 

recent years, it was observed that fermented milk drinks had 

acquired a different position as products that were consumed in 

large quantities with an emphasis on human health and nutrition. 

For this purpose, in the present study, it was aimed to eliminate 

CPx-induced toxicity on blood and bone marrow using kefir, a 

highly valuable fermented milk product. As a result of the 

present study, it was observed that kefir was able to protect blood 

and bone marrow cells from the toxic effects of CPx to a 

significant extent. The findings of the present study reinforce the 

idea that kefir may serve as a potentially effective component in 

the prevention and treatment of CPx-induced damage. 
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