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Abstract 

Boron and boron compounds have benefical effects on health of human and animals.This study was designed to 

determine the protective effect of borax (BX) in doxorubicin (DXR) induced cardiotoxicity in rats. In this study, 

20 Wistar-Albino male rats* were used. The rats were divided into four groups including 5 rats in each one; control 

group (standard pellet food + water + normal saline), doxorubicin (3.75 mg/kg/ip, single dose in a week), 

doxorubicin + borax (3,75 mg/kg/ip + 25 mg/kg/oral/ respectively), and borax (25 mg/kg/oral, single dose in a 

week). At the end of the experiment, to evaluate antioxidant activity MDA, GSH, CAT, SOD levels determined in 

blood samples of rats. Besides, CK levels were investigated to determine the effect of doxorubucine on heart tissue. 

According to the results, MDA levels increased significantly in doxorubucin induced group (p<0.05). After borax 

treatment MDA status decreased under the control values (p<0.05). GSH status decreased in all groups. While 
CAT level decreased in DXR induced group in a statistically important rate (p<0.05), it was observed near control 

values in BX and BX+DXR induced groups. SOD status indicated increase in BX and DXR groups. In addition, 

CK levels increased in all groups compared to the control. In the increases only in DXR induced group, 

significance was determined as p<0.05. As a result, these data indicated that borax may use to prevent cardiotoxic 

effect of doxorubicin.  
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Ratlarda Doksorubusin ile Teşvik edilmiş Kardiyotoksisite Üzerine 

Boraks’ın Koruyucu Etkileri 
 

 

Öz 

Doksorubusin (DXR) önemli bir antikanser ilaçtır ve oksidatif stres yoluyla kardiyotoksisiteye neden olur. Bor 

bileşiklerinin antioksidan özelliğe sahip olduğu literatürde bildirilmiştir. Bu çalışma, boraksın (BX) sıçanlarda 

DXR ile indüklenen kardiyotoksisitede koruyucu etkisini ilk kez belirlemek için tasarlanmıştır. Bu çalışmada, 20 
adet Wistar-Albino erkek sıçan kullanıldı. Sıçanlar, her biri 5 sıçan olmak üzere dört gruba ayrıldı; kontrol grubu 

(standart pelet yem + su + serum fizyolojik), doksorubisin (3,75 mg / kg / ip, haftada tek doz), DXR + BX (3,75 

mg / kg / ip + 25 mg / kg / oral / sırasıyla ) ve BX (25 mg / kg / oral, haftada tek doz). Çalışma sonunda antioksidan 

aktiviteyi değerlendirmek için MDA, GSH, CAT, SOD seviyeleri belirlendi. Ayrıca DXR'nin kalp dokusu 

üzerindeki etkisini belirlemek için kreatin kinaz (CK) seviyeleri araştırıldı. Elde edilen sonuçlara göre, MDA 

düzeyleri doksorubusin uygulanan grupta anlamlı olarak arttı (p <0.05). Boraks tedavisi sonrası MDA durumu 

kontrol değerlerinin altına düştü (p <0.05). CAT düzeyi DXR uygulanan grupta istatistiksel olarak önemli oranda 

düşerken (p <0.05), BX ve BX + DXR uygulanan gruplarda kontrol değerlerine yakın gözlendi. SOD düzeyleri, 

BX ve DXR gruplarında artış gösterdi. Sonuç olarak, bu veriler BX'in DXR'nin kardiyotoksik etkisini önlemek 

için kullanabileceğini gösterdi. 
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1. Introduction 

 

Doxorubicin (DXR) is an anthracycline derivative drug which is extracted from culture of Streptomyces 
peucetius variete caesiu [1]. DXR is clinically used in treatments of leukemia, lymphoma, soft tissue 

and bone sarcomas, Wilms tumor, neuroblastoma, and hepatoblastoma [2,3].  However, cardiotoxicity 

is the most important toxic effect stated and is the most critical factor which commonly restricts the use 
of the drug. The mechanism of cardiotoxicity developing based on the use of DXR has not been 

understood yet and several theories have been suggested on this issue [4]. The mechanism, which seems 

to be the most significant and possible one, is established on stimulation of apoptosis in cardiomyocytes 

and inducing oxidative stress in heart muscle via DXR [5]. Because antioxidant capacity of cardiac 
myocytes is inadequate to be protected against reactive oxygen species leading to mitochondrial damage 

and lipid peroxidation [6]. 
Oxidative stress (OS) is originate from imbalance between production and accumulation of 

reactive oxygen species in cells and tissues [7]. OS damages cell membranes, lipoproteins, DNA, 

promote apoptosis resulting in aging, cancer, cardiovascular diseases and other diseases [8-10]. On the 

other hand, many studies stated that natural products rich in antioxidants have an important role in the 
protection of cardiotoxicity of DXR [11]. The protective mechanism of natural products against DXR 

induced cardiotoxicity is uncertain. However, reports have exhibited that the mechanism may be releated 

with inhibition of harmful cardivascular effects of the metabolic syndrome or inhibition of reactive 

oxygen species generation [12-14].  Antioxidants have attracted great attention as they play a protective 
role in different complications along with oxidative stress. The beneficial effects of antioxidants on 

DXR-induced cardiotoxicity have been demonstrated in previous studies. Therefore,  it has been 

reported that combinatorial treatment with DXR and antioxidants recommended to suppress the 
cardiotoxicity [15-17].  

Boron is a natural element commonly found on earth and combines with oxygen to form borates 

[18,19]. Borax (BX), is an important commercial boron compound and there are a lot of report 

suggesting biological effects and benefical therapeutic properties of BX including antioxidative [20], 
antimutagenic [21], and anti-inflammatory [22]. As far as we know, there is no study about the protective 

affects of BX on DXR induced cardiotoxicity. The goal of this work is to determine the affects of BX 

on oxidative stress and levels of creatin kinase (CK) in DXR induced rats. 
 

2. Material and Methods 

 
In this work, 20 Wistar Albino male rats, having a live weight of 180-200 g and being eight weeks old, 

were used. The rats were supplied from Van Yüzüncü Yıl University (YYU) rat production unit and 

kept waiting for 7 days to ensure adaptation to environment before the experiment. The rats were fed 

with pellet food and water ad libitum during adaptation period. Experimental protocol of the study was 
approved by the Committee on the Ethics of Animal Experiments at YYU (26.03.2014  Desicion no: 

2014/04). 

The rats to be included in the experiment were divided into 4 groups, including 5 rats in each 
one. 

Group 1: Control group (standard pellet food + water+ physiological saline solution), 

administered for 4 weeks. 
Group 2: Doxorubicin (3.75 mg/kg/ip, once a week, administered for 4 weeks at total dose of 

15 mg/kg) [23]. 

Group 3: Doxorubicin + Borax (3,75 mg/kg/ip,  once a week, administered for 4 weeks at total 

dose of 15 mg/kg; Borax of 25 mg/ kg/week dose was administered via oral route for 4 weeks at total 
dose of 100 mg/ kg). 

Group 4: Borax of 25 mg/ kg/week dose was administered via oral route for 4 weeks at total 

dose of 100 mg/ kg [24] 
Blood was drawn from the heart of all of the animals in the study by anaesthetizing them with 

ketamine and then they were sacrificed. MDA, GSH, SOD, CAT, and CK levels in blood samples were 

studied by using the following methods. 
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2.1. Reduced Glutathione (GSH) Assay 

 

Blood samples containing EDTA were mixed with distilled water. All proteins without sulfhydryl (SH) 
were precipitated by using precipitation solution. Glutathione level in the samples was measured by 

reading the absorbances at 412 nm wavelength in Perkin Elmer UV/Vis Spectrophotometer within 24 

hours [25,26]. Distilled water of 1.8 ml was added into 200 µl of blood samples (with EDTA) to induce 
hemolysis. Precipitation reagent of 3 ml was added into hemolysate. After waiting for 5 minutes, the 

mixture was infiltrated using filter paper and 2 ml of the resultant supernatant was transferred into 

different test tubes. 8 ml phosphate solution and 1 ml of DTNB solution were added. For the blank 

solution, 2 ml precipitation solution (3 volumes of precipitation reagent + 2 volumes of distilled water), 
8 ml phosphate solution, and 1 ml of DTNB solution were used. As the standard, 40 mg of GSH standard 

was prepared with distilled water.  Absorbances of standard samples versus blank were identified at 412 

nm (Perkin Elmer UV/Vis) and the results were calculated in mg/dl whole blood. 
 

2.2. Malondialdehyde (MDA) Assay  
 
Malondialdehyde, an important product of lipid peroxidation, is measured spectrophotometrically based 

on the formation of colored products by TBA [27,28]. 800 l of phosphate buffer and 25 l of BHT 

solution, and 500 l of 30% TCA were added into test tube containing 200 l of the whole blood. Tubes 
were mixed at 2000 rpm and cooled in ice at -20 Co for 2 hours. After centrifuging the samples at 2000 

rpm for 15 minutes, 1 ml of supernatants was transferred into different tubes and 75 l of EDTA and 

250 l of TBA solution were added. Tubes were mixed and were kept in hot water bath (at 90 Co) for 
15 minutes. At room temperature, absorbances were read at 532 and 600 nm (Perkin Elmer UV/Vis). 

MDA levels of hemoglobin were calculated by subtracting optical densities at 600 nm from one read at 

532 nm in examination on erythrocytes.  

 

2.3. CAT Assay 

 

CAT assay was performed via Cayman Catalase Assay Kit (Item No: 707002). Briefly, diluted assay 
buffer (100 µl), methanol (30 µl) and sample (20 µl) were put into two tubes. Diluted H2O2  (20 µl) put 

into all the tubes to start reactions and incubated via a shaker for 20 minutes at room temperature. Then, 

catalase purphald (chromagen) (30 µl) and  diluted KOH (30 µl) were added into each tube to end the 

reaction. It was incubated via a shaker at room temperature for 10 minutes again. At the end of the 
experiment, catalase potassium periodate (10 µl) was added into each well and incubated for five 

minutes in a shaker at room temperature. The absorbance was detected at 540 nm via the plate reader 

(Bio-Tek, USA). In the experiment, positive control was prepared by adding diluted assay buffer (100 
µl), methanol (30 µl), and catalase (control/20 µl) in two tubes.  

 

2.4. SOD Assay 
 

SOD status were eveluated by using Cayman SOD Assay Kit (Serial No: 706002). Briefly, the diluted 

radical detector (200 µl) and SOD standard (10 µl) were added on the plate for standard tubes. For 

sample tubes, diluted radical detector (200 µl) and sample (10 µl) were added. Diluted xanthine oxidase 
(20 µl) was added into all the tubes to initiate the reactions and shaken for several minutes. After this 

step, the plate was incubated for 30 minutes in the shaker at room temperature. At the end of the 

experiment, absorbances were read at 440-460 nm via plate reader (Bio-Tek, USA).    
 

2.5. CK Assay 

 
CK analysis was performed using an autoanalyzer and a commercial kit. (Mindray BS- 800 M, 

Shenzhen, China).  
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2.6. Statistical Analysis   

 

Statistical analysis of this work was carried out with ANOVA test via IBM SPSS Statistics Version 20 
packaged software. 

 

3. Results and Discussion 
 

DXR, an anthracycline derivative drug, is a commonly used anticancer agent [29]. DXR, which is used 

in chemotherapy and a free radical producer, may also lead to chromosomal injuries by elevating lipid 

peroxidation (LPO) [30]. In the literature, there are numerous studies investigating protective effects of 
antioxidants against anticancer drugs such as DXR yielding oxidative product [31,32]. 

Furthermore, boron and boron compounds are reported to support antioxidant defense system 

of tissues in animal organisms by affecting oxidative metabolism via a mechanism which has not known 
yet [33-36]. In a study, zinc borate was stated to support antioxidant capacity and not to cause oxidative 

stress [37]. In another study, it was reported that antioxidant defense system was strengthened in rats 

administered with BX via oral route [38]. 
As is known, elevated reactive oxygen species leads to increase of LPO and thus increase of 

MDA levels. Free radicals influence the important cellular structures such as lipid, protein, carbohydrate 

in the cell structure. Lipid peroxides form reactive carbon compounds by degrading rapidly. One of the 

important resultant structures is MDA and the increase of MDA is accepted to be a physiologically 
crucial indicator of oxidative stress [39-40]. 

In a study, it was determined that MDA levels of rats administered with 100 mg /kg borax 

showed a statistically important decrease according to the control [24]. Another study revealed that in 
rats administered with different levels of boric acid, MDA levels of the group fed with diet containing 

40 mg boric acid decreased compared to control group [41]. Recently, it was reported that MDA status 

indicated a statistically important decrease (p< 0.05) in lithium metaborate dihydrate induced group 

according to the control [42]. An in vitro study, it was determined that MDA levels of human blood 
cultures which were administered with 15 µmol ulexite decreased according to the control, but decline 

was not statistically important [43]. When the data obtained from the present study were evaluated, it 

was found that MDA levels showed a statistically significant increase in the DXR-administered group 
compared to control group (p<0.05) as shown in Figure 1. In BX group, MDA level was determined to 

show a statistically important decrease (p<0.05). In addition, MDA levels of DXR+BX group were 

found to be lower than DXR group and this was in parallel with the previous studies. 
 

 
Figure 1. MDA levels of control, BX, DXR, and DXR+BX groups (** p<0.05). 

 

GSH is a cellular tripeptide playing a vital role in protecting oxidant/antioxidant balance of 
tissues and is essential for normal cellular activities. This tripeptide eliminates the effects of peroxides 

and hydroperoxides resulting from oxidative stress [38]. It was identified in a previous study that GSH-

Px levels of rats administered with 40, 80, and 160 mg/L of boric acid showed decrease at rates of 12%, 
13.3%, and 16.4%, respectively [41]. In another study, it was determined that 50 and 500 mg/L doses 

of borax, boric acid, and ulexite significantly decreased GSH-Px levels of human blood cultures, 
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decreases occurring in total GSH level were statistically significant at 500 mg/L of dose, and was not 

statistically significant at 50 mg/L of dose [43]. Recently, it was stated that GSH status indicated a 

statistically important decrease (p< 0.05)  in lithium metaborate dihydrate induced group according to 
the control [42]. As the results obtained from the present study were examined; GSH levels of all groups 

showed a statistically significant decrease compared to control group (Figure 2).  Decreases recorded 

were not statistically significant. The obtained data were convenient with the previous studies. On the 
other hand, differently from the results obtained from the present study, GSH levels in erythrocytes of 

rats administered with boric acid and borax elevated compared to control group in another study [24]. 

The reason of this difference may have been associated with the fact that the breeds of experimental 

animals and methods of measurements used were different.  
 

 
Figure 2. GSH levels of control, control, BX, DXR, and DXR+BX groups 

 

Because oxidative stress occurs due decreased antioxidant levels [44], cellular levels of 
antioxidant enzymes (SOD, CAT, GSH-Px, GST, GR, and G-6-PDH) are reported to be crucial in 

cellular defense system [45]. SOD from these enzymes is noted to play the major role in defense against 

oxidative stress and to catalyze the reaction that transforms superoxide radical into hydrogen peroxide 

and oxygen [46]. Studies stated that antioxidant enzymes have an important role in preventing the 
damage led by reactive oxygen species and these enzymes were induced or inhibited in blood cells 

exposed to various toxic factors [47,48]. In a previous study, appropriate amount of boron intake 

inhibited ROS formation in leucocytes of lungs and 2'-deoxyribonucleoside cyanoboron which is a 
synthetic boron compound was reported to inhibit 5'-lipoxygenase activity in leucocyte and occurrence 

of free radical formation in fenton reaction [49]. Recently, it was determined that SOD levels increased 

in rats administered with different levels of boric acid (40, 160, 320, and 640 mg/L) [41]. Another study 
revealed that SOD levels elevated in erythrocytes of rats administered with 100 mg/kg of boron as the 

protector against LPO induced by arsenic treatment compared to control group [50]. SOD levels of 

groups administered with BX and DXR alone in the present study were determined to increase according 

to control group (Figure 3). These increases were not statistically important.  In the group administered 
with DXR + BX, SOD levels were lower only than the DXR group. The results obtained from the present 

study were determined to be in parallel with the previous studies and it was stated that BX supported 

antioxidant activity based on increased SOD activity. Despite biochemical function of boron has not 
been known completely yet, it was reported to be capable of acting as an indirect proton donor causing 

a specific effect on membrane structure and function [51]. Accordingly, it was reported that boron 

compounds (boric acid and borax) were likely to influence oxidative phosphoylation metabolism in 

mitochondria by increasing cAMP levels and to inhibit hydrolytic enzyme activities [52]. Besides, 
increased cAMP levels were stated to elevate antioxidant enzyme activities [53]. In the present study, 

borax may increase SOD activity by supporting accumulation of cAMP. On the other hand, differently 

from the results obtained, SOD activities were reported to show statistically insignificant decreases in 
rats administered with borax and boric acid compared to control group [24]. This difference may have 

been associated with the fact that the methods used for identifying SOD levels were different as well as 

different breeds of experimental animals. 



B. Çelikezen, S. Tanyıldızı, G. Oto / BEÜ Fen Bilimleri Dergisi 10 (3), 692-702, 2021 

697 

 

 
Figure 3. SOD levels of control, control, BX, DXR, and DXR+BX groups 

 
Catalase (CAT) is an enzyme localized in peroxisomes [54]. CAT is an important 

oxidoreductase which converts H2O2 molecules into water and oxygen [55,56]. Mammalian catalases 

are homotetramers typically bonding 4 Fe-protoporphyrin IX (heme) or 4 NADPH molecule [57]. A 
previous study indicated that CAT levels in liver, kidney, and heart tissues and erythrocytes of rats 

administered with 100 mg of borax declined compared to control group [24]. On the other hand, the 

effects of boric acid added into diet on CAT activity varied based on tissues of animals. CAT activity in 
erythrocytes of rats and rabbits decreased [58,59] but elevated in their livers [38]. In another study, doses 

of 100 mg/L of boric acid and 80 mg/L of borax were reported to have a negative effect on CAT levels 

(P<0.1) (60). In the present study, CAT levels were identified to decrease in the groups administered 

with BX and DXR alone, compared to control group as shown in Figure 4. While the decreases in BX 
group were not statistically significant, the decreases in the DXR group were statistically important (p< 

0.05). CAT levels increased in DXR + BX group according to the control, however this increase not 

statistically important, and the results were compatible with the previous studies.  
 

 
Figure 4. CAT levels of control, control, BX, DXR, and DXR+BX groups (** p<0.05). 

 

On the other hand, it is reported that selenium, copper, and zinc are the cofactors of antioxidant 
enzymes and increasing concentrations of these elements may cause inhibition of CAT, SOD, and GSH-

Px activities in cells [51,61]. Boron can interact with these elements as well as trace elements [62]. In 

this sense, decreased CAT and GSH levels might be associated with the interactions occurring between 
boron compound and cofactors of the mentioned enzymes. On the other hand, differently from the results 

obtained, 5, 10 and 20 mg/kg doses of boron were administered respectively as protector to rats treated 

with cyclophosphamide which leads to formation of free oxygen radicals and is used for chemotherapy 

in a recent study conducted on rats and it was determined that CAT activities of erythrocytes increased 
at all doses compared to control group [63]. The reason of this difference might be resulted from the use 

of elemental boron in the study and lower doses administered.  

Creatine kinase (CK) is an important intracellular enzyme found in muscle cells (especially in 
skeletal muscle and myocardium) [64]. Generally, CK is the biomarker of acute myocardial infarction 
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and CK activity or concentration is also used for verification of some other diseases in the modern clinic 

diagnoses. CK level rapidly elevates in the blood immediately after acute myocardial infarction and may 

be found at abnormal levels within 4-6 hours. The maximum CK level in humans is observed 18-24 
hours after acute myocardial infarction [65]. In a study conducted on broilers, 500-750-1000 mg/kg 

doses of boric acid were added into their daily diets and CK levels increased at all doses compared to 

control group [66]. In a rat study, 1500 µg/ml of sodium borate was administered intravenously and CK 
levels increased [67]. When the results of the present study were examined; it was found that CK levels 

increased in all groups compared to control group as shown in Figure 5. and the results were in parallel 

with the previous studies. Even though the increases in DXR group were statistically significant 

(p<0.05), the increase in DXR + BX group was lower compared to the DXR group. 
 

 
Figure 5. CK levels of control, BX, DXR, and DXR+BX groups (** p<0.05). 

 
Consequently, administered dose of BX (100 mg/kg) was determined to increase antioxidant 

capacity by elevating SOD level and decreasing MDA levels in DXR induced cardiotoxicity. Besides, 

while CAT levels decreased and CK levels increased in all groups.  Based on the results, it was 

concluded that BX may be beneficial for preventing cardiotoxicity which develops as the adverse effect 
of DXR. 
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