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Research article
Ερευνητικό άρθρο

ABSTRACT: Doxorubicin (DOX), which is used in cancer treatment, is an effective chemotherapy agent with many 
side effects. Cardiotoxicity, on the other hand, is the most important side effect, and it has pushed us to work with 
kumiss, an alcoholic beverage made from mare’s milk, rich in fermentates, trace elements, antibiotics, vitamins, ethyl 
alcohol, lactic acid and carbonic acid. 

The aim of this study was to investigate the effect of kumiss on cardiotoxicity caused by DOX. Twenty-eight Wis-
tar-Albino male rats were divided into 4 groups: There was no intervention in the first group (control). The second 
group received 2 ml/kg/day of kumiss by gavage needle for 7 days, a single dose of 20 mg/kg, intraperitoneal DOX 
to the third group, and kumiss+DOX to the fourth group. Kumiss application was started 7 days before DOX admin-
istration and continued for 7 days. On the 7th day of kumiss application, DOX was administered intraperitoneally. The 
malondialdehyde (MDA), reduced glutathione (GSH) levels and antioxidant enzymes such as catalase (CAT), gluta-
thione peroxidase (GSH-Px), superoxide dismutase (SOD), glucose-6-phosphate dehydrogenase (G6PD) and gluta-
thione-S-transferase (GST) activities were determined in order to determine their effectiveness in the pathogenesis of 
cardiotoxicity in cardiac and blood tissues. 

When the DOX group was compared with the control group, an increase in MDA (p<0.001, p<0.001) and GSH 
(p<0.001, p=0.002) levels and a decrease in CAT (p=0.001, p<0.001), GSH-Px (p<0.001, p<0.001), G6PD (p<0.001, 
p=0.001) and GST (p=0.003) activities were found, and no statistically significant difference was found in SOD ac-
tivity. Histopathologically, degeneration, necrosis, hemorrhage and oedema were observed in the DOX administered 
group. When compared with the group treated with DOX, it was observed that MDA, GSH levels and antioxidant 
enzyme activities reached the control group values in the group administered kumiss with DOX. 

In conclusion, it was determined that an increase in lipid peroxidation products and a decrease in antioxidant enzymes 
may play a role in the pathogenesis of DOX-induced cardiotoxicity, a potent chemotherapeutic drug, and it has been 
shown that protects against DOX-induced oxidative damage.
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ABBREVIATIONS LIST
1-chlorine-2,4-dinitrobenzene : CDNB
2,2-Diphenyl-1-picrylhydrazyl radical : DPPH
5,5’dithiobis 2-nitrobenzoic acid : DTNB
Catalase : CAT
Doxorubicin : DOX 
Glucose-6-phosphate dehydrogenase : G6PD
Glutathione peroxidase : GSH-Px 
Glutathione reductase : GR
Glutathione-S-transferase :GST
Hemoglobin : Hb
Hydrogen peroxide : H2O2
Malondialdehyde : MDA 
Nicotinamide adenine dinucleotide phosphate :NADP
Nitroblue tetrazolium : NBT
Oxidized glutathione : GSSG
Reactive oxygen species : ROS
Reduced glutathione : GSH 
Superoxide anion : O2

.-

Superoxide dismutase:  : SOD
Thiobarbituric acid : TBA

INTRODUCTION

Doxorubicin (DOX), which is a broad-spectrum 
anti-tumor anthracycline, is most common-

ly used as an effective chemotherapeutic drug for a 
wide range of cancers, such as leukemia, solid tu-
mors, soft-tissue sarcomas, and breast cancer (Song-
bo et al., 2019). DOX used in cancer therapy is an 
effective chemotherapeutic agent with many side ef-
fects. The most important side effect of the drug that 
restricts its use is cardiac toxicity (Narin et al., 2005). 
Free radicals, membrane lipid peroxidation, and mi-
tochondrial damage are held responsible for DOX-in-
duced cardiotoxicity (Yagmurca et al., 2007; Zare et 
al., 2019). The chemical structure of DOX increases 
oxidative stress, and causes a disequilibrium between 
free oxygen radicals and antioxidants, consequently 
leading to cellular damage (Narin et al., 2005). This 
disequilibrium in oxidant-antioxidant systems results 
in tissue damage, which manifests with lipid peroxi-
dation in the tissue (Kimura et al., 2000). DOX is the 
active agent in the formation of free oxygen radicals, 
and one DOX molecule may generate many reactive 
free oxygen radicals (Gutteridge, 1993). There are 
two postulated theories of the formation of cardio-
toxicity. The first theory is the enzymatic reduction 
of the quinone ring (Jungsuwadee 2016). In the in-
vestigation of cardiotoxic effects, the focus was on 
quinone and hydroquinone chromophore groups in 
the tetracyclic ring structure of DOX (Sahna et al., 
2003). The quinone ring in its structure is reduced to 
the semiquinone radical by cytochrome P450 reduc-

tase and xanthine oxidase enzymes (Morishima et al., 
1999). These radicals cause the formation of superox-
ide anion radical (O2

.-) and hydrogen peroxide (H2O2) 
by reducing the oxygen molecule. It increases oxida-
tive stress and causes lipid peroxidation by causing 
a decrease in antioxidant enzyme levels such as en-
dogenous catalase (CAT) and glutathione peroxidase 
(GSH-Px), which scavenges H2O2 and O2

.- free radi-
cal (Reiter, 1992). Molecular oxygen is reduced, and 
semiquinone, hydroquinone, and free oxygen radicals 
are generated. The substances generated inhibit mi-
tochondrial and microsomal enzymes, lead to lipid 
peroxidation, and disrupt the electron transport chain 
(Abd Elbaky et al., 2010; Jungsuwadee, 2016; Arslan 
et al., 2021). The second theory is the formation of 
the DOX-metal complex and causes the generation 
of strong oxidants with the redox cycle (Corna et al., 
2004). The organism has the ability to eliminate free 
oxygen radicals but since the antioxidant enzymes 
are less abundant in the heart, it cannot protect itself 
against free oxygen radicals damages. This explains 
the mechanism of cardiac damage caused by DOX 
administration. 

In recent studies, it was shown that DOX caused 
an increase in lipid peroxidation products such as 
malondialdehyde (MDA) and free radical formation, 
as well as leading to cardiotoxicity by reducing an-
tioxidant enzymes (CAT, GSH-Px, superoxide dis-
mutase (SOD), glutathione reductase (GR), gluta-
thione-S-transferase (GST)) (Elberry et al., 2010; 
Kwatra et al., 2016). 

In the experimental studies of DOX, it was shown 
that the survival rate was higher in those receiving 
antioxidants together with cytostatic agents such as 
DOX than those receiving chemotherapy alone (Na-
rin et al., 2005). 

Kumiss is a traditional drink obtained by the fer-
mentation of mare milk. Kumiss, an alcoholic drink 
made of fermented mare milk, is rich in fermentates, 
trace elements, antibiotics, vitamins (A, B1, B2, B12, 
D, E, C), ethyl alcohol, lactic acid, and carbonic acid 
(Solaroli et al., 1993; Abdel-Salam et al., 2010). Ap-
proximately 50% of the mare milk protein is casein, 
and the other half contains lactate and lactoglobulin 
(Gulmez and Atakisi, 2020). The high amount of lac-
toglobulin and lactalbumin in total protein gives the 
milk easy digestibility, liquid quality, and high nutri-
tional value (Danova et al., 2005). While the amount 
of fat, protein, and inorganic salts in mare milk is low-
er than cow’s milk, its lactose content is higher than 
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that of cow’s milk and closer to that of human breast 
milk (Pieszka et al., 2016). Moreover, it also con-
tains high-molecular-weight unsaturated fatty acids, 
including linolenic acid, rich in high physiological 
values (Osorio et al., 2011). Many researchers have 
reported that kumiss provided positive outcomes in 
the treatment of diseases of endocrine glands, uri-
nary, circulatory, nervous, and gastrointestinal sys-
tems, respiratory tract, tuberculosis, dysentery, ty-
phoid fever, paratyphoid fever, ulcer, and hepatitis, 
and strengthens the immune system (Kurmann et al., 
1992). Moreover, since kumiss is rich in amino acids 
that prevent atherosclerosis such as lysine, tyrosine, 
tryptophan, and glutamic acid, and contains the ap-
propriate amounts and ratios of these, it can be used 
as a drug in the treatment of this disease (Kurmann et 
al., 1992; Danova et al., 2005; Tegin and Gönülalan, 
2014; Rajoka et al., 2020; Yigit, 2020).

Although there are some studies in the literature on 
the chemical structure, properties, and health effects 
of kumiss, there is a very limited number of studies on 
its antioxidant effects (Abdel-Salam et al., 2010). Due 
to the lack of numerous studies on the antioxidant ac-
tivities of kumiss, investigating whether kumiss has a 
protective effect on cardiac damage caused by DOX 
used in chemotherapy was considered a useful ap-
proach in terms of scientific resources.

MATERIALS AND METHODS
This study was performed with the approval of the 

Firat University Animal Experiments Local Ethics 
Committee (Protocol No: 2012/03-43). In the study, 
3-month-old male Wistar-Albino rats weighing 250-
300 g, obtained from the Firat University Laboratory 
Animals Breeding Unit, were used. The rats were kept 
in air-conditioned rooms with a fixed temperature of 
25±2⁰C and 60-65% humidity, with a 12/12h light/
dark cycle, under standard conditions, and were fed 
on standard rat food (pellet) and tap water ad libitum 
throughout the experimental practices (Yamauchi et 
al., 1981). Experimental practices on rats were per-
formed in the Firat University Experimental Research 
Center.

In the study, rats were divided into 4 groups with 7 
rats in each group: 1st group: control group, 2nd group: 
the group that received 2 ml/kg/day kumiss (It was 
brought from Kyrgyzstan without breaking the cold 
chain and applied while fresh) by gavage for 7 days, 
3rd group: the group that received single dose 20 mg/
kg body weight DOX (Fresenius Kabi Oncology Ltd. 

19 Industrial Area, Baddi, Distt. Solan-India) intraper-
itoneally, and 4th group: the group that received ku-
miss (2 ml/kg/day by gavage, 7 days) + DOX (20 mg/
kg body weight, intraperitoneal single dose). Kumiss 
was administered 7 days before DOX administration 
and continued for 7 days. On the 7th day of kumiss ad-
ministration, DOX was administered intraperitoneally. 
The amount of DOX used in the study was determined 
based on the previous studies (Iqbal et al., 2008; Kaya 
and Yılmaz, 2019). Kumiss was administered via a 
2 ml gavage tube. Rats were sacrificed by decapita-
tion method 3 days after DOX administration in DOX 
treated group, rats in the control and kumiss groups 7 
days after the start of the experiment were sacrificed, 
in the kumiss+DOX group, kumiss pre-treatment was 
performed for 4 days, then DOX administrated, were 
sacrificed by decapitation method 3 days after DOX 
administration.The levels of MDA, GSH, and the ac-
tivities of antioxidant enzymes such as CAT, GSH-Px, 
SOD, GST, and glucose-6-phosphate dehydrogenase 
(G6PD) in the cardiac tissue were determined spec-
trophotometrically (Thermo Scientific, Genesys 10S 
UV-VIS Spectrophotometer, USA). 

Cardiac tissue samples were stored at -80 °C un-
til biochemical analysis. Cardiac tissue samples were 
washed with physiological saline solution and then 
diluted with distilled water at a ratio of 1:10 (weight/
volume) and homogenized using Potter-elvehjem 
homogenizer (CAT R50D, Germany). Homogenates 
were centrifuged (NUVE NF800R, Turkey) at +4 °C 
for 15 minutes at 3500 rpm for MDA, GSH, CAT, 
SOD, GST, and G6PD analysis, and for 55 minutes 
at 13500 rpm for GSH-Px analysis (Kaya and Yılmaz, 
2019). 

To blood samples in EDTA tubes (BD Vacutainer, 
K2E 5.4 mg, BD-Plymouth, PL67BP, UK) were centri-
fuged at 3000 rpm for 15 minutes and plasma was ob-
tained. After centrifugation, the plasma accumulated 
in the upper part of the tube was carefully taken with 
the help of a pipette and transferred to clean eppendorf 
tubes (Kaya and Yılmaz, 2019). Plasma was used to 
measure MDA level as a marker of lipid peroxidation. 
Whole blood was used for GSH and GSH-Px determi-
nation. Plasma separated EDTA blood samples were 
washed 3 times with saline (0,9% NaCl). After that, 
CAT, SOD and G6PD activities and hemoglobin (Hb) 
levels were determined in erythrocytes.

The changes in MDA levels in tissue samples were 
measured spectrophotometrically using the meth-
od modified from Placer et al. (1966). This method 
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is based on the reaction between MDA, one of the 
products of lipid peroxidation, and thiobarbituric acid 
(TBA). The GSH level was determined by the method 
reported by Ellman et al. (1961). This method is based 
on spectrophotometric measurement of the yellow 
color formed when 5,5’dithiobis 2-nitrobenzoic acid 
(DTNB) is added to sulfhydryl groups. CAT activity 
was determined by the method of Aebi (1974). The 
rate of hydrogen peroxide (H2O2) degradation by CAT 
enzyme was determined spectrophotometrically using 
the H2O2’s ability to absorb light at 240 nm. GSH-Px 
and G6PD activities were determined by the Beutler 
method (1984). GSH-Px catalyzes the oxidation of 
GSH to oxidized glutathione (GSSG) using H2O2. The 
rate of GSSG formation is measured using GR reac-
tion. SOD activity was determined according to the 
method modified by Sun et al. (1988). SOD activity is 
measured using the method based on the measurement 
of color development upon the reduction of nitroblue 
tetrazolium (NBT) by the superoxide anion (O2

.-) pro-
duced by the xanthine-xanthine oxidase system. GST 
activity was determined by the spectrophotometric 
measurement of the product (1-(S-glutathionyl)-2,4 
dinitrobenzene) formed when GSH was combined 
with 1-chlorine-2,4-dinitrobenzene (CDNB) com-
pound at 340 nm (Habig et. al. 1974). G6PD activity 
was measured by the Beutler method (1984). Hemo-
globin concentrations were determined according to 
the method developed with Drabkin’ ssolution (Fran-
kel et al., 1970). Protein levels in tissue homogenate 
were determined according to the method of Lowry 
et al. (1951).

Histopathological examination
At the end of the experiment, necropsy of the rats 

was performed and myocardial tissue samples were 
fixed in 10% neutral buffered formalin. Paraffin em-
bedded blocks were routinely processed and 5 µm 
thick sections were stained with haematoxylin-eosin 
and examined under a microscope and randomly 10 
microscopic fields were examined in X40 magnifica-
tion. The histopathological findings in sections were 
graded as 0 (none), 1 (mild), 2 (moderate), 3 (severe) 
(Luna, 1968). 

STATISTICAL ANALYSIS
All statistical analyses were performed using SPSS 

statistical software (SPSS for Windows, version 22) 
and R 3.6.2 (https://www.r-project.org/). Continuous 
variables were presented in mean (±) standard error 
(S.E.) and also medians and interquartile range (IQR). 

The variables were investigated using Kolmogor-
ov-Smirnov/ Shapiro-Wilk’s test to determine wheth-
er or not they are normal distributions. Differences 
in measured parameters among the four groups were 
analyzed with a nonparametric test (Kruskal-Wallis 
test). The Mann-Whitney U test was performed to test 
the significance of pairwise differences using Bon-
ferroni correction to adjust for multiple comparisons. 
The correlation coefficients and their significance 
were calculated using the Spearman test for investi-
gating the associations between non-normally distrib-
uted variables. Ap <0.05 was considered statistically 
significant for all analyses.

RESULTS
Table 1 shows the MDA and GSH levels in the car-

diac and blood tissue of rats in the control and experi-
mental groups. Table 2 shows the CAT, GSH-Px, SOD, 
GST, and G6PD enzyme activities. In the group re-
ceiving DOX, an increase in MDA (p<0.001, p<0.001) 
and GSH (P<0.001, p=0.002) levels, and a statistically 
significant decrease in CAT (p=0.001, p<0.001), GSH-
Px (p˂0.001, p<0.001), G6PD (p˂0.001, p=0.001), 
and GST (p=0.003) activities were detected compared 
with the control group. When compared with the con-
trol group receiving kumiss alone, no statistically sig-
nificant difference could be detected. No statistically 
significant difference was detected in SOD activity in 
the group receiving DOX. When compared with the 
group receiving DOX, it was found that MDA and 
GSH levels and CAT, GSH-Px, G6PD, and GST ac-
tivities in the group receiving kumiss and DOX were 
closer to those of the control group.

Figures 2-5 show the relationship between MDA 
levels and antioxidant activities in the groups receiv-
ing DOX, kumiss and DOX in the cardiac and blood 
tissue. There was a negative correlation between 
MDA levels, an indicator of oxidative stress, and an-
tioxidant activities in the group receiving DOX in the 
cardiac and blood tissues. As MDA levels increase, 
antioxidant activities decrease.There was a negative 
correlation between MDA levels and antioxidants ac-
tivities in the group receiving kumiss and DOX in the 
cardiac and blood tissues. As MDA levels decrease, 
antioxidant activities increase. Antioxidants have a 
positive correlation among themselves. As the activity 
of one antioxidant increases, the other also increases 
in the group receiving kumiss and DOX in the cardiac 
and blood tissues. No correlation was found between 
SOD activities and CAT and GSH-Px activities in the 
group receiving kumiss and DOX in the blood tissue.
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Figure 1. Possible underlying mechanism of DOX-induced cardiotoxicity

Table 1. Effects of kumiss on the levels of MDA and GSH in heart and blood tissues of DOX treated rats
Control Kumiss DOX Kumiss+DOX p

H
ea

rt

MDA 
(nmol/g tissue) 0,30±0,01a 0,24±0,0 a 0,52±0,02b 0,37±0,0 a p˂0,001

GSH 
(µmol/ml) 0,25±0,0 a 0,33±0,0 a 0,86±0,13b 0,31±0,01a p˂0,001

B
lo

od

MDA 
(nmol/ml) 8,56±0,96a 10,77±1,51a 16,10±0,75b 11,76±1,30a p˂0,001

GSH 
(µmol/ml) 73,13±2,93a 82,15±3,47a 58,23±3,18b 72,55±2,10a p=0,002

Data are expressed as mean ± SEM. Different superscript letters (a, b) show significant differences between the groups

Table 2. Effects of kumiss on the activities of CAT, GSH-Px, SOD, G6PD and GST in heart and blood tissues of DOX treated rats
Control Kumiss DOX Kumiss+DOX p

H
ea

rt

CAT
(k/g Prot.) 23,21±1,22 a 21,20±1,53 a 16,12±0,87 b 22,29±1,21 a p=0,001

GSH-Px
(U/g Prot.) 10,70±0,53 ab 11,21±0,32 a 5,59±0,46 c 9,28±0,12 b p˂0,001

SOD
(U/mg Prot.) 2,05±0,17 2,58±0,13 2,19±0,14 2,67±0,19 p˃0,05

G6PD 
(U/g Prot.) 44,76±2,17 a 41,68±0,80 a 30,60±1,11 b 39,59±2,84 a p˂0,001

GST
(U/mg Prot.) 3,51±0,29 a 3,79±0,25 a 2,08±0,18 b 3,40±0,48 a p=0,003

B
lo

od

CAT
(k/g Hb) 71,06±5,21 a 62,32±3,69 a 42,27±2,38 b 63,47±3,52 a p˂0,001

GSH-Px
(U/g Hb) 3,67±0,24 ab 4,25±0,34 a 1,49±0,09 c 3,20±0,18 b p˂0,001

SOD
(U/g Hb) 10,69±2,25 14,41±1,20 9,14±1,87 15,69±1,79 p˃0,05

G6PD 
(U/g Hb) 1,39±0,11 ab 1,86±0,22 a 0,69±0,04 c 1,29±0,15 b p=0,001

Data are expressed as mean ± SEM. Different superscript letters (a, b, c) show significant differences between the groups
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***Correlation is significant at the 0.001 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). *Correlation is 
significant at the 0.05 level (2-tailed).

Figure 2. Relationship between MDA levels and antioxidant activities in the group receiving DOX in the cardiac tissue

***Correlation is significant at the 0.001 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). *Correlation is 
significant at the 0.05 level (2-tailed).

Figure 3. Relationship between MDA levels and antioxidant activities in the group receiving kumiss and DOX in the cardiac tissue
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***Correlation is significant at the 0.001 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). *Correlation is 
significant at the 0.05 level (2-tailed).

Figure 4. Relationship between MDA levels and antioxidant activities in the group receiving DOX in the blood tissue.  

***Correlation is significant at the 0.001 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). *Correlation is 
significant at the 0.05 level (2-tailed).

Figure 5. Relationship between MDA levels and antioxidant activities in the group receiving kumiss and DOX in the blood tissue
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Figure 6. Control group: Normal histological structure (A). Kumiss applied group: Normal histological structure (B). DOX applied 
group: Inflammatory cell infiltrates (large arrow) and edematous appearance with hemorrhagic areas (small arrow) (C). Kumiss+DOX 
applied group: Inflammatory cell infiltrations (large arrow) and milder hemorrhagic areas (small arrow) (D)

After the experiments, no pathological signs were 
detected in the cardiac samples of the rats in the con-
trol and kumiss groups and were found to have a 
normal histological structure. (Figure 6 and Table 3). 
When DOX and kumiss + DOX groups were exam-
ined in terms of degeneration and necrosis, hemor-
rhage, oedema, and inflammatory cell infiltration, sta-
tistically significant differences were detected. It was 
found that the histopathological signs such as degen-
eration and necrosis (p<0.01), hemorrhage (p<0.05), 
oedema (p<0.05), and inflammatory cell filtration was 
observed in the DOX group was severer compared 
with the kumiss+ DOX group (Table 3). It was found 
that the histopathological signs observed in a severe 
form in the DOX group decreased in the group receiv-
ing kumiss and DOX (Figure 6).

DISCUSSION
DOX is an antitumor agent and has widespread 

use in the treatment of many cancer types in both hu-
man and veterinary medicine, but its toxic side effects 
restrict its therapeutic use (Barton 2001; Hohenhaus 
et al., 2002; Alshabanah et al., 2010). Dose-dependent 
and long-term use of DOX has toxic effects on the liv-
er, kidney, and cardiac tissue and disrupt basal metab-
olism (Kalender et al., 2005; Rawat et al., 2021). It has 
been proposed that the main reason behind DOX-in-
duced toxicities is oxidative stress (Chen et al., 2007). 
It has been stated that reactive oxygen species (ROS) 
that are generated after DOX use, such as O2

.-, hy-
droxyl radicals, and H2O2 may cause organ damage 
(Karim et al., 2001; Yarmohmmadi et al., 2017).
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Table 3. Effects of kumiss on the some pathological change in heart tissue of DOX treated rats
Control Kumiss DOX Kumiss+DOX p

Degeneration and 
necrosis 0.00±0.00a 0.00±0.00a 1.42±0.29b      0.42±0.20a        p˂0.01

Inflamatory cell 
infiltration 0.00±0.00a     0.00±0.00a     0.71±0.28b       0.42±0.20a        p˂0.05

Hemorragie 0.00±0.00a     0.00±0.00a     1.57±0.36b 0.57±0.20a p˂0.05
Oedema 0.00±0.00a     0.00±0.00a     1.14±0.34c     0.28±0.18b p˂0.05

Data are expressed as mean ± SEM. Different superscript letters (a, b, c) show significant differences between the groups

Restricted use of the antitumor effect of DOX, an 
effective antitumor agent, due to its cardiotoxic side 
effect, brings the studies on the prevention of its car-
diotoxicity to the fore (Narin et al., 2005). It has been 
thought that free radical formation, increase in lipid 
peroxidation, and decrease in antioxidant enzymes 
play a role in the development of DOX-induced 
cardiotoxicity (Kalender et al., 2005; Chen et al., 
2007; Karim et al., 2001). In the study by Fadillioǧ-
lu et al., (2003) DOX-induced cardiac tissue damage 
was considered biochemical, and it was attributed to 
DOX-induced protein oxidation and lipid peroxida-
tion. The most critical region for free radical damage 
is the plasma membrane. Free radicals generated in 
the extracellular compartments have to pass through 
the plasma membrane in order to react with intracel-
lular compartments. Thus, free radicals initiate their 
harmful effects firstly in the membranes (Tanriverdi, 
2005). Unsaturated bonds of the cholesterol and fat-
ty acids at the cell membrane easily react with free 
radicals and generate peroxidation products. This 
oxidative degradation of polyunsaturated fatty acids 
is referred to as lipid peroxidation (Cheeseman and 
Slater, 1993; Tanriverdi, 2005). MDA is an import-
ant oxidation product of polyunsaturated fatty acids, 
and increased MDA content is an important indicator 
of lipid peroxidation. Almost all biomolecules can 
be sequestered by free radicals. But it is the lipids 
that are most exposed. Cell membranes are rich in 
unsaturated fatty acids, which are easily trapped by 
oxidizing radicals. Lipid peroxidation, the oxidative 
breakdown of unsaturated fatty acids, is damaging. 
Because self-propagating chain reactions continue. 
MDA, one of the lipid peroxidation products, causes 
cross-linking and polymerization in membrane com-
ponents and has carcinogenic properties by reacting 
with the nitrogen bases of DNA (Cheeseman and 
Slater, 1993; Acaroz et al., 2018). MDA is not a one-
to-one indicator of fatty acid oxidation, but shows a 
good correlation with the degree of lipid peroxida-

tion. For this reason, the measurement of MDA lev-
els is a frequently used method to measure the level 
of lipid peroxidation formed in the organism (Uysal, 
1998; Sheibani et al., 2020).There are many studies 
in which elevated cardiac tissue MDA levels are held 
responsible for the pathophysiology of DOX-induced 
cardiotoxicity (Shaker et al., 2018; Kaya and Yılmaz, 
2019). Luo et al.(1997) showed that MDA levels in-
creased in the cardiac tissue of rats that received sin-
gle-dose 10 mg/kg DOX, stating that DOX induced 
the release of MDA or other similar cytotoxic com-
pounds and initiated cardiotoxicity. Again, in a study 
by Sacco et al., (2001) lipid peroxidation and protein 
oxidation were listed as the two important outcomes 
of oxidative damage in the cellular structure, and it 
was stated that increased free oxygen radicals and 
O2

.-in DOX-induced cardiotoxicity may lead to cellu-
lar damage. Iliskovic et al. (1999) reported that they 
detected a significant increase in MDA levels and a 
significant decrease in GSH-Px activity in cardiac 
tissue after DOX administration. Alyane et al. (2008) 
observed that, 24 hours after 20 mg/kg DOX admin-
istration, MDA and O2

.-  levels in the cardiac tissue of 
rats were high. In our study, a significant increase in 
MDA levels was observed in the group that received 
DOX compared with the control group. 

The effects of oxidative stress can be evidenced by 
cellular accumulation of lipid peroxides. Cardiomy-
ocytes are rich in mitochondria, a major subcellular 
target of DOX. Compared with the number in other 
tissues, the number of mitochondria in cardiomyo-
cytes was increased by 35-40%, which may be one of 
the reasons why the cardiac cell is prone to injury. In 
the course of DOX treatment, a large amount of ROS 
are produced by reduction of the redox cycle at com-
plex I of the electron transport chain, leading to the 
disruption in ATP synthesis (Alexieva et al., 2014). In 
our study, a significant increase in MDA levels was 
observed in the group that received DOX compared 
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with the control group. The increase in lipid peroxida-
tion might be attributed to free radicals formed either 
by the reaction of drug toxic radicals with oxygen or 
by the interaction of O2

.- with H2O2 seemed to initiate 
lipid peroxidation suggesting that increased lipid per-
oxidation might be associated with cellular damage. 
The increase in MDA levels especially due to DOX’s 
reaction with polyunsaturated fatty acids at the cell 
membrane corroborates the view that the increase in 
lipid peroxidation products also plays a role in the 
pathogenesis of DOX-induced cardiotoxicity. Kumiss 
was found to decrease cardiac tissue MDA levels. 
This result suggests that kumiss exerts its antioxidant 
effect by preventing lipid peroxidation.

It was shown that DOX led to toxicity by causing 
free radical formation as well as reducing the activi-
ties of antioxidant enzymes such as GSH, GSH-Px, 
and CAT. In general, antioxidant storage in cardiac 
tissue is lower compared with the other organs in the 
body, which makes the heart more sensitive to the 
damage caused by DOX-induced free radicals (Kaya 
and Yılmaz, 2019).

The role of these antioxidants is to prevent the lip-
ids in membrane structure from peroxidation by pre-
venting peroxidation chain reactions and collecting 
ROS (Sangomla et al., 2018; Kaya and Yılmaz, 2019). 
The main antioxidant enzyme that protects against 
free oxygen radicals is GSH-Px (Yilmaz and Yilmaz, 
2006). In our study, GSH-Px activity was found to de-
crease in the group that received DOX alone, this find-
ing corroborated the view that the decrease in GSH-
Px plays the primary role in the pathogenesis of DOX 
cardiotoxicity. Li and Singal (2000) reported that they 
detected a decrease in GSH-Px enzyme activity from 
the second hour after the last dose of DOX in rats that 
received DOX up to a cumulative dose of 15 mg/kg, 
whereas Yin et al. (1998) reported that GSH-Px ac-
tivity did not change when DOX was administered as 
a single dose of 15 mg/kg. In the study by Yağmurca 
et al. (2007) a decrease was detected in the activity 
of antioxidant enzymes such as CAT and SOD. In 
the kidney damage model generated with DOX used 
by Malarkodi et al., (2003) it was shown that the en-
zymes such as CAT, GSH, and GST decreased signifi-
cantly compared with the control group. In the study 
by Chopra et al. (1995) in which the effects of prop-
olis administration on cardiotoxicity caused by DOX 
administration (10 mg/kg) in rats, it was reported that 
blood and tissue GSH levels increased after DOX ad-
ministration. In their biochemical study in rat cardiac 

cell culture model, Chularojmontri et al. (2005) inves-
tigated the antioxidant capacity of cells in the damage 
caused by DOX and how this changed with vitamin C 
and Vitamin E, and found that CAT and SOD activity 
and GSH level were lower in the DOX group com-
pared with the control group, and higher in vitamin C 
and vitamin E groups. Bolaman et al. (2005) investi-
gated the protective effect of amifostine in rats with 
acute cardiotoxicity generated by single-dose 10 mg/
kg DOX administration, and found that MDA levels 
in cardiac tissue increased after DOX administration, 
and the levels of other antioxidant enzymes decreased 
significantly, concluding that amifostine can decrease 
the cardiotoxicity of DOX.

Antioxidant enzymes, i.e. SOD, GSH, GSH-Px, 
GST, GR, G6PD provides defense against oxidative 
stress mediated tissue injury. In the study, MDA and 
GSH levels increased significantly in the cardiac tis-
sue of rats that received DOX, whereas CAT, GSH-
Px, and G6PD enzyme activities decreased, which 
corroborated the hypothesis that free radicals play a 
major role in DOX cardiotoxicity. The findings in the 
study suggest that DOX may cause the formation of 
active free radicals due to the increase in oxidative 
stress it induces. Based on the results of the study, 
the increase observed in GSH levels after DOX ad-
ministration was considered a reaction of tissues 
against oxidative stress. Moreover, the increase in 
GSH levels can be interpreted as the decrease in the 
activity of GSH-Px, which is an antioxidant enzyme 
that catalyzes the transformation of GSH to GSSG, 
might have prevented the transformation of GSH into 
GSSG. GSH is the major cellular -SH compound that 
acts as a nucleophile and potent reducing agent by in-
teracting with numerous electrophilic and oxidizing 
compounds. It can act as a non-enzymatic antioxidant 
via the direct interaction of the -SH group with free 
oxygen radicals, or it can take part in the enzymat-
ic detoxification reaction for free oxygen radicals as 
a coenzyme (Yilmaz et al., 2006). While GST caus-
es the elimination of many toxic materials from the 
body, it also facilitates the transport of nonsubstrate 
ligands such as isomerization of prostaglandins, bile 
salts, heme, bilirubin, and fatty acids by binding them 
to GSH. At the same time, it can prevent the reac-
tive electrophilic compounds from causing harm to 
the organism by covalently binding the same type of 
compounds to one another (Harmankaya and Özcan 
2017). The decrease in GST activity can be interpret-
ed as a response to the increase in toxic substances 
transported in the cell by being bound to GSH in order 
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to fight the generation of ROS during DOX metabo-
lism. 

G6PD catalyzes the initial reaction in the Pentose 
Phosphate Pathway where nicotinamide adenine di-
nucleotide phosphate (NADP) is reduced to NADPH. 
The Pentose Phosphate pathway is the only source 
of NADPH in erythrocytes. NADPH has a vital im-
portance in protecting the cell from oxidative stress 
caused by free radicals on many molecules such as 
nucleic acids, proteins and membrane lipids.

GSH, which is involved in the reduction of free 
radicals, is itself oxidized and GSSG is formed, which 
must be reduced by NADPH in order to take part in 
the reduction of oxidized glutathione and again in an-
tioxidant reactions. Production of NADPH is essential 
for the protection of erythrocytes against peroxides. 
In addition to the G6PD enzyme in the elimination of 
ROS, reduction of oxidized glutathione and NADP+; 
SOD, CAT, GSH-Px, GR enzymes are also involved. 
If the production of free radicals in the cell exceeds 
the elimination ability of these enzymes, the antioxi-
dant defense system is impaired and oxidative stress 
occurs (Matés et al., 1999).

In a study where they investigated the effect of 
kumiss on mercury toxicity in rats, Abdel-Salam et 
al. (2010) added 6% soluble fiber and Streptococcus 
thermophilus, Lactobacillus acidophilus, and Bifido-
bacterium bifidum probiotic bacteria to the kumiss 
they obtained by fermenting mare milk, and measured 
this mixture’s capacity to reduce 2,2-Diphenyl-1-pic-
rylhydrazyl radical (DPPH) and compared the anti-
oxidant activities. Although the compositions were 
similar, kumiss containing a high amount of fiber and 
probiotics showed a higher antioxidant activity than 
kumiss and mare milk. The antioxidant activity of 
fresh mare milk was measured as 14.97, kumiss as 
16.93, and the kumiss containing fiber + probiotics as 
28.43 (µmol Trolox/100 g. dry matter). Statistically 
significant correlations were detected between all an-
tioxidant activities of kumiss and their soluble protein 
contents, and total phenolic matter, reducing power, 
H2O2 elimination, and DPPH radical reduction anti-
oxidant activities of all kumiss were determined. In 
a study in which the effects of kumiss, a drink made 
of fermented mare milk, on sirtuin deacetylases in 
the oxidative stress induced by 1,2-dimethyl hydra-
zine (DMH), male mice received kumiss (2 × 108 cfu 
/ mL), DMH (20 mg / kg), and kumiss + DMH (2 × 
108 cfu / mL + 20 mg / kg), and sirtuin (SIRT)2, SIRT3 
protein expressions, immunolocalization and inhibitor 

antioxidant activity analysis were performed in liv-
er, colon, and kidney tissues. It was found that DMH 
administration reduced SIRT2 and SIRT3 protein 
expression levels and disrupted the antioxidant sys-
tem, concluding that this can increase DNA damage 
and oxidative stress and trigger tumor formation. The 
ability of kumiss to significantly eradicate the effects 
of oxidative stress is a result of multidirectional ef-
fects of sirtuin proteins on antioxidant system. It can 
be thought that kumiss exerts this effect that increas-
es or induces SIRT3 expression by regulating ROS 
levels or protecting the cell from oxidative stress via 
transcription factors. According to these findings, oral 
intake of kumiss protects the antioxidant system, as 
well as reducing oxidative stress (Gulmez and Atakisi, 
2020). In our study, in the group that received kumiss 
together with DOX, cardiac tissue CAT, GSH-Px, and 
GST activities were maintained. Kumiss was thought 
to be an effective agent in reducing lipid peroxidation 
and increasing the activities of decreased antioxidant 
enzymes in cardiotoxicity induced by DOX.

Animal studies revealed that apoptotic cell death 
occurred in vivo after DOX exposure. Cell culture 
studies also showed apoptotic and necrotic cell death 
induced by DOX. In the endomyocardial biopsies of 
patients treated with DOX, evidence of mitochondrial 
damage and apoptosis was found (Khan et al., 2005; 
Deman et al., 2001; Su et al., 2015).   

They reported kidneys in toxic group revealed 
reduction in glomerular space, vacuolation in few 
glomeruli with disruption and degeneration of tu-
bules. Severe haemorrhages in interstitial spaces and 
mild infiltration of mononuclear cells were observed. 
Renal tubular disruption and focal areas of tubular at-
rophy were observed. The kidneys in the DOX group 
observed in degeneration, necrosis, hemorrhagia, oe-
dema and inflammatory cell infiltration. The present 
findings were might be due to DOX induced renal 
tubular necrosis (Zordoky et al., 2011). In ameliora-
tive groups moderate range of degeneration and dis-
ruption of cardiac muscle fibers was observed due to 
their antioxidant properties.

CONCLUSIONS
In conclusion, it was found that kumiss enhanced 

the antioxidant defense system by restricting DOX-in-
duced free radical production, and it alleviates 
DOX-induced cardiotoxicity albeit not being able to 
prevent it. It was concluded that new studies on the 
efficacy of kumiss in the prevention of DOX-induced 



J HELLENIC VET MED SOC 2022, 73 (3)
ΠΕΚΕ 2022, 73 (3)

4556 S. YILMAZ, E. KAYA, H. YONAR, A.S. MENDIL

REFERENCES

Abd Elbaky NA, Ali AA, Ahmed RA. (2010). Cardioprotective effect of 
simvastatin on doxorubicininduced oxidative cardiotoxicity in rats. J 
Basic App Sci, 6(1), 29-38.

Abdel-Salam AM, Al-Dekheil A, Babkr A, Farahna M, Mousa HM. 
(2010). High fiber probiotic fermented mare’s milk reduces the toxic 
effects of mercury in rats. North Am Journal Med Sci, 2(12): 569.

Acaroz U, Ince S, Arslan-Acaroz D, Gurler Z, Kucukkurt I, Demirel HH, 
... & Zhu K. (2018). The ameliorative effects of boron against acryl-
amide-induced oxidative stress, inflammatory response, and metabol-
ic changes in rats. Food Chem Toxicol, 118, 745-752.

Aebi H. Catalase. In: Bergmeyer HU (Editor). Methods of Enzymatic 
Analysis. 2nd Edition, Weinheim: Verlag Chemie, 1974: 673-678.

Alexieva B, Sainova I, Pavlova V, Markova T, Valkova I, Nikolova E. 
(2014). Insights into mechanisms of doxorubicin cardiotoxicity. J 
Phys Pharm Adv, 4(3): 342-348.

Alshabanah OA, Hafe MM, Al-Harbi MM, Hassan ZK, Al Rejaie SS, Asi-
ri YA, Sayed-Ahmed MM. (2010). Doxorubicin toxicity can be ame-
liorated during antioxidant L-carnitine supplementation. Oxid Med 
Cell Long, 3(6): 428-433.

Alyane M, Kebsa LBW, Boussenane HN, Rouibah H, Lahouel M. (2008). 
Cardioprotective effects and mechanism of action of polyphenols ex-
tracted from propolis against doxorubicin toxicity. Pakistan J Pharm 
Sci, 21(3).

Arslan HO, Keles E, Siuda M, Rostami B, & Bollwein H. (2021). Effects 
of the addition of different concentrations of catalase and sodium py-
ruvate to TRIS egg yolk extender before freezing on quality of fro-
zen-thawed bull sperm. Reprod Domes Anım, 56: 18-18. 

Barton CL, 2001. Chemotherapy, in: Small Animal Clinical Pharmacol-
ogy and Therapeutics, Ed: Boothe DM, WB Sa- unders Company, 
USA, pp:330-348.

Beutler E. Red Cell Metabolism. A Manual of Biochemical Methods, 3rd 

Edition, Orlando: Grune & Stratton, 1984.
Cheeseman KH, Slater TF (1993). An introduction free radical biochem-

istry. Br Med Bull, 49(3): 481-93.
Chen Y, Jungsuwadee P, Vore M, Butterfield DA, St Clair DK. (2007). 

Collateral damage in cancer chemotherapy: oxidative stress in non-
targeted tissues. Mol Int, 7(3): 147.

Chopra S, Pillai KK, Husain SZ, Girl DK. (1995). Propolis protects 
against doxorubicin-induced myocardiopathy in rats. Exp Mol 
Path, 62(3): 190-198.

Chularojmontri L, Wattanapitayakul SK, Herunsalee A, Charuchong-
kolwongse S, Niumsakul S, Srichairat S. (2005). Antioxidative and 
cardioprotective effects of Phyllanthus urinaria L. on doxorubicin-in-
duced cardiotoxicity. Biol Pharm Bull, 28(7): 1165-1171.

Corna G, Santambrogio P, Minotti G, Cairo G. (2004). Doxorubicin par-
adoxically protects cardiomyocytes against iron-mediated toxicity: 
role of reactive oxygen species and ferritin. J Biol Chem, 279(14): 
13738-13745.

Danova S, Petrov K, Pavlov P, Petrova P. (2005). Isolation and character-
ization of Lactobacillus strains involved in koumiss fermentation. Int 
J Dairy Tech, 58(2): 100-105.

Deman A, Ceyssens B, Pauwels M, Zhang J, Houte KV, Verbeelen D, Van 
den Branden C. (2001). Altered antioxidant defence in a mouse adria-
mycin model of glomerulosclerosis. Neph Dialysis Transplant, 16(1): 
147-150.

Elberry AA, Abdel-Naim AB, Abdel-Sattar EA, Nagy AA, Mosli HA, 
Mohamadin AM, Ashour OM. (2010). Cranberry (Vaccinium mac-
rocarpon) protects against doxorubicin-induced cardiotoxicity in 
rats. Food Chem Toxicol, 48(5), 1178-1184.

Ellman GL, Courtney KD, Andres Jr V, Featherstone RM. (1961). A new 
and rapid colorimetric determination of acetylcholinesterase activi-
ty. Biochem Pharmacol, 7(2): 88-95.

cardiotoxicity should be carried out.

CONFLICT OF INTEREST 
The authors declare no conflict of interest.

ACKNOWLDEGMENT
The authors would like to thank the Firat Universi-

ty and Firat University Experimental Research Center 
for this study. 



J HELLENIC VET MED SOC 2022, 73 (3)
ΠΕΚΕ 2022, 73 (3)

4557S. YILMAZ, E. KAYA, H. YONAR, A.S. MENDIL

Fadillioǧlu E, Erdoǧan H, Söǧüt S, Kuku I. (2003). Protective effects of 
erdosteine against doxorubicin‐induced cardiomyopathy in rats. J 
AppToxicol: An Int J, 23(1): 71-74.

Frankel S, Reitman S, Sonnen AC. (1970). A textbook on laboratory pro-
cedure and their interpretation. Ch. 10. Grand-Wohl’s Clinical Labo-
ratory Methods and Diagnosis. London. The CV Mosby Co, 403-404.

Gulmez C, Atakisi O. (2020). Kumiss supplementation reduces oxidative 
stress and activates sirtuin deacetylases by regulating antioxidant sys-
tem. Nutr And Cancer, 72(3): 495-503.

Gutteridge JM. (1993). Anthracycline toxicity, iron and oxygen radicals, 
and chelation therapy.  J Lab Clin Med, 122(3): 228-229.

Habig WH, Pabst MJ, Jakoby WB. (1974). Glutathione S-transferas-
es: the first enzymatic step in mercapturic acid formation. J Biol 
Chem, 249(22): 7130-7139.

Hamed MA, El-Rigal NS, Ali SA. (2013). Effects of black seed oil on res-
olution of hepato-renal toxicity induced by bromobenzene in rats. Eur 
Rev Med Pharmacol Sci, 17(5): 569-81.

Harmankaya A, Özcan, A. (2017). Effect of different doses of mistletoe 
lectin-I on the levels of tumor necrosis factor-α, nitric oxide, total 
antioxidant and oxidant capacity in rabbits. Van Vet J, 28(1): 41-45.

Hohenhaus AE, Peaston A, Maddison JE, 2002. Cancer che- motherapy, 
in: Small Animal Clinical Pharmacology, Eds: Maddison JE, Page 
SW, Church D, WB Saunders, NY, USA, pp:293-326.

Iliskovic N, Hasinoff BB, Malisza KL, Li T, Danelisen I, Singal PK. 
(1999). Mechanisms of beneficial effects of probucol in adriamy-
cin cardiomyopathy. In Stress Adaptation, Prophylaxis and Treat-
ment (pp. 43-49). Springer, Boston, MA.

Iqbal M, Dubey K, Anwer T, Ashish A, Pillai KK. (2008). Protective ef-
fects of telmisartan against acute doxorubicin-induced cardiotoxicity 
in rats. Pharmacol Rep, 60(3): 382.

Jungsuwadee P. (2016). Doxorubicin-induced cardiomyopathy: an update 
beyond oxidative stress and myocardial cell death. Cardiovascular re-
generative medicine, 3, 1-8.

Kalender Y, Yel M, Kalender S. (2005). Doxorubicin hepatotoxicity and 
hepatic free radical metabolism in rats: the effects of vitamin E and 
catechin. Toxicology, 209(1): 39-45.

Karim S, Bhandari U, Kumar H, Salam A, Siddiqui MAA, Pillai KK. 
(2001). Doxorubicin induced cardiotoxicity and its modulation by 
drugs. Indian J Pharmacol, 33(3), 203-207.

Kaya E, Yılmaz S. (2019). Determination of effects of nigella sativa oil 
on doxorubicin-ınduced cardiotoxicity in rats. Fırat Üni Sağ Bil Vet 
Derg, 33(1):, 31-36.

Khan M, Shobha JC, Mohan IK, Naidu MUR, Sundaram C, Singh S, ... 
& Kutala VK. (2005). Protective effect of Spirulina against doxorubi-
cin‐induced cardiotoxicity. Phytotherapy Research: An International 
Journal Devoted to Pharmacological and Toxicological Evaluation of 
Natural Product Derivatives, 19(12): 1030-1037.

Kimura T, Fujita I, Itoh N, Muto N, Nakanishi T, Takahashi K, ... & Tana-
ka K. (2000). Metallothionein acts as a cytoprotectant against doxoru-
bicin toxicity. J Pharmacol Exp Therapeutics, 292(1): 299-302.

Kurmann JA, Rasic JL, Kroger M. (1992). Encyclopedia of fermented 
fresh milk products: an international inventory of fermented milk, 
cream, buttermilk, whey, and related products. Springer Science & 
Business Media.

Kwatra M, Kumar V, Jangra A, et al. (2016). Ameliorative effect of 
naringin against doxorubicin-induced acute cardiac toxicity in 
rats. Pharm Biol, 54(4), 637-647.

Li T, Singal PK. (2000). Adriamycin-induced early changes in myocar-
dial antioxidant enzymes and their modulation by probucol. Circula-
tion, 102(17): 2105-2110.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. (1951). Protein mea-
surement with the Folin phenol reagent. J Biol Chem, 193: 265-275.

Luna LG (1968). Manual of histologic staining methods of the Armed 
Forces Institute of Pathology. McGraw-Hill, New York, 1968

Luo X, Evrovsky Y, Cole D, Trines J, Benson LN, Lehotay DC. (1997). 
Doxorubicin-induced acute changes in cytotoxic aldehydes, an-
tioxidant status and cardiac function in the rat.  BBA-Mol Basis 
Dis, 1360(1): 45-52.

Malarkodi KP, Balachandar AV, Varalakshmi P. (2003). Protective effect 
of lipoic acid on adriamycin induced lipid peroxidation in rat kid-
ney. Mol Cell Biochem, 247(1): 9-13.

Matés JM, Pérez-Gómez C, De Castro IN. (1999). Antioxidant enzymes 
and human diseases. Clin Biochem, 32(8): 595-603.

Morishima I, Okumura K, Matsui H, Kaneko S, Numaguchi Y, Kawakami 
K, ... & Hayakawa T. (1999). Zinc accumulation in adriamycin‐in-
duced cardiomyopathy in rats: Effects of melatonin, a cardioprotec-
tive antioxidant. J Pineal Res, 26(4), 204-210.

Narin F, Demir F, Akgün H, Baykan A, Koçer D, Üzüm K. (2005). Doxo-
rubicin-induced experimental cardiotoxicity and effect of l-trypto-
phan on cardiotoxicity. Erciyes Tıp Dergisi, 27(1): 7-16.

Osorio JA, Ramirez C, Novo, CF, Gutıérrez, LF. (2011). Conjugated 
linoleic acid, fatty acid profile and process properties in kumis-fer-
mented milk consumed in Colombia. Vitae, 18(2), 144-152.

Pieszka M, Łuszczyński J, Zamachowska M, Augustyn R, Długosz B, 
Hędrzak M. (2016). Is mare milk an appropriate food for people?-a 
review. Annals of Animal Science, 16(1), 33-51.

Placer ZA, Cushman LL, Johnson BC. (1966). Estimation of product of 
lipid peroxidation (malonyl dialdehyde) in biochemical systems. Anal 
Biochem, 16(2): 359-364.

Rajoka MSR, Mehwish HM, Zhang H, Ashraf M, Fan H, Zeng X, ... He 
Z. (2020). Antibacterial and antioxidant activity of exopolysaccha-
ride mediated silver nanoparticle synthesized by Lactobacillus brevis 
isolated from Chinese koumiss. Colloids and Surfaces B: Biointer-
faces, 186: 110734.

Rawat PS, Jaiswal A, Khurana A, Bhatti JS, & Navik U. (2021). Doxoru-
bicin-induced cardiotoxicity: An update on the molecular mechanism 
and novel therapeutic strategies for effective management. Biomed 
Pharm, 139, 111708.

Reiter RJ. (1992). The aging pineal and its physiological consequences. 
Bio Essay, 14: 169- 175.

Sacco G, Bigioni M, Evangelista S, Goso C, Manzini S, Maggi CA. 
(2001). Cardioprotective effects of zofenopril, a new angioten-
sin-converting enzyme inhibitor, on doxorubicin-induced cardiotox-
icity in the rat. Euro J Pharmacol, 414(1): 71-78.

Sahna E, Parlakpinar H, Ozturk F, Ozer MK, Ozugurlu F, Acet A. (2003). 
Melatonin protects against myocardial doxorubicin toxicity in rats: 
Role of physiological concentrations. J Pineal Res,35: 257-261.

Sangomla S, Saifi MA, Khurana A, & Godugu C. (2018). Nanoceria ame-
liorates doxorubicin induced cardiotoxicity: possible mitigation via 
reduction of oxidative stress and inflammation. J Trace Elements Med 
Biol, 47, 53-62.

Shaker RA, Abboud SH, Assad HC, Hadi N. (2018). Enoxaparin atten-
uates doxorubicin induced cardiotoxicity in rats via interfering with 
oxidative stress, inflammation and apoptosis. BMC Pharmacol Tox-
icol, 19(1): 1-10.

Sheibani M, Nezamoleslami S, Faghir-Ghanesefat H, hossein Emami A, 
& Dehpour AR. (2020). Cardioprotective effects of dapsone against 
doxorubicin-induced cardiotoxicity in rats. Cancer Chemother Phar-
macol, 85(3), 563-571.

Solaroli G, Pagliarini E, Peri C. (1993). Compositional and nutritional 
quality of mare’s milk. Italian Food Sci,  5: 3-10.

Songbo M, Lang H, Xinyong C, Bin X, Ping Z, Liang S. (2019). Oxidative 
stress injury in doxorubicin-induced cardiotoxicity. Toxicol Lett, 307, 
41-48.

Su Z, Ye J, Qin Z, Ding X. (2015). Protective effects of madecassoside 
against Doxorubicin induced nephrotoxicity in vivo and in vitro. Sci-
entific Rep, 5(1): 1-14.

Sun YI, Oberley LW, Li Y. (1988). A simple method for clinical assay of 
superoxide dismutase. Clin Chem, 34(3): 497-500.

Tanriverdi G. (2005) Light and electron microscopic examination of the 
protective effect of nicotinamide at different doses in liver damage 
induced by carbon tetrachloride (CCL4). (Master Thesis). Istanbul 
University, Cerrahpasa Faculty of Medicine, Department of Histolo-
gy and Embryology; 2005.

Tegin RAA, Gönülalan, Z. (2014). All Aspects Of Koumiss, The Natural 
Fermented Product. MANAS J Eng, 2(1): 23-34.

Uysal M (1998). Conditions affecting free radicals, lipid peroxides and 
prooxidant balance in the organism. Clinical Development, 11: 336-
341.

Yagmurca M, Bas O, Mollaoglu H, Sahin O, Nacar A, Karaman O, Songur 
A. (2007). Protective effects of erdosteine on doxorubicin-induced 
hepatotoxicity in rats. Arch Med Res, 38(4): 380-385.



J HELLENIC VET MED SOC 2022, 73 (3)
ΠΕΚΕ 2022, 73 (3)

4558 S. YILMAZ, E. KAYA, H. YONAR, A.S. MENDIL

Yamauchi C, Fujita S, Obara T, Ueda T. (1981). Effects of room tempera-
ture on reproduction, body and organ weights, food and water intake, 
and hematology in rats. Lab Anim Sci, 31(3), 251-258.

Yarmohmmadi F, Rahimi N, Faghir-Ghanesefat H, Javadian N, Abdollahi 
A, Pasalar P, ... & Dehpour AR. (2017). Protective effects of agmatine 
on doxorubicin-induced chronic cardiotoxicity in rat. Eur J Pharma-
col, 796, 39-44.

Yigit AA. (2020). Animal and plant-based milk and their antioxidant prop-
erties. Vet J Mehmet Akif Ersoy Uni, 4(2): 113-122.

Yilmaz S, Atessahin A, Sahna E, Karahan I, Ozer S. (2006). Protective 
effect of lycopene on adriamycin-induced cardiotoxicity and nephro-
toxicity. Toxicology: 218(2-3), 164-171.

Yilmaz S, Yilmaz E. (2006). Effects of melatonin and vitamin E on ox-

idative-antioxidative status in rats exposed to irradiation. Toxicolo-
gy, 222(1-2): 1-7.

Yin X, Wu H, Chen Y, Kang YJ. (1998). Induction of antioxidants by 
adriamycin in mouse heart. Biochemical pharmacology, 56(1): 87-93.

Zare MFR, Rakhsha K, Aboutaleb N, Nikbakht F, Naderi N, Bakhshesh 
M, Azizi Y. (2019). Apigenin attenuates doxorubicin induced cardio-
toxicity via reducing oxidative stress and apoptosis in male rats. Life 
Sci, 232: 116623.

Zordoky BN, Anwar-Mohamed A, Aboutabl ME, El-Kadi AO. (2011). 
Acute doxorubicin toxicity differentially alters cytochrome P450 
expression and arachidonic acid metabolism in rat kidney and liv-
er. Drug Met Dis, 39(8): 1440-1450.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

