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1Dziuba V.O., 1,2Kuchmenko O.B., 1Yakoviichuk O.V. 
Effects of various cumulative doses of doxorubicin on components of 

antioxidant and energy systems in kidney 
1Melitopol State Pedagogical University named after Bogdan 

Khmelnitsky, Ukraine 
2Nizhyn State Gogol University, Ukraine 

 
In current study was observed that doxorubicin can adversely affecting the 

work of antioxidant system and lead to an intensification of the lipid peroxidation 
processes. Probably, this has a negative effect on cellular metabolism, since the 
activity of energy enzymes in nephrocytes has also decreased. Thus, we conclude 
that doxorubicin has a dose-dependent nephrotoxicity.  

Keywords: doxorubicin, nephrotoxicity, TBA-active products, catalase, 
superoxide dismutase, Krebs cycle, aspartate aminotransferase. 

 
У даній роботі показано, що доксорубіцин здатен подавляти роботу 

антиоксидантної системи та інтенсифікувати процеси ліпідної пероксидації. 
Це, скоріш за все, й призвело до зниження активності енергетичних ферментів 
у нефроцитах. На основі результатів дослідження було зроблено висновок, що 
доксорубіцин проявляє дозозалежну нефротоксичність.  

Ключові слова: доксорубіцин, нефротоксичність, ТБК-активні продукти, 
каталаза, супероксиддисмутаза, цикл Кребса, аспартатамінотрансфераза. 

 
Doxorubicin is a powerful anthracycline antibiotic of first-line therapy, 

used to treat many human neoplasms. The chemotherapeutic antitumor effect 
of doxorubicin is mediated by intercalating the anthracycline ring into a 
double-stranded DNA helix to prevent accurate reading, thus blocking the 
division of rapidly proliferating tumor cells [8]. But doxorubicin may also cause 
nephrotoxicity when used for a prolonged period of time, thereby limiting its 
clinical use [1]. The main effect of doxorubicin-induced cytotoxicity is damage 
to mitochondria and generation of a large number of reactive oxygen species 
(ROS) [13]. The production of ROS leads to the intensification of processes of 
lipids, proteins and nucleic acids oxidation in the body cells. Amplification of 
lipoperoxidation processes causes a disruption of the structural and functional 
state of mitochondria membranes, changing its redox status. This leads to 
oxidation of sulfhydryl groups of the mitochondrial permeability transition 
pore, output of proapoptotic factors from the intermembrane space to the 
cytosol, and launch the cell death program. In addition, the accumulation of 
primary products of lipid peroxidation can lead to a disruption of the ion 
permeability of mitochondrial membranes. Equilibrium in prooxidant-
antioxidant dynamic system is disturbed not only due to the excessive 
generation of ROS, but also due to deep dysfunction of antioxidant enzymatic 
cascade. These processes form a closed circle: the hyperproduction of 
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reactive oxygen species causes oxidative damage to macromolecules, 
resulting in autocatalytically increasing the generation of ROS [11, 12]. In 
addition, electron-depleted doxorubicin atoms are actively reacted with thiols 
such as glutathione, further suppressing the cellular pool of antioxidants and 
causing further tissue damage [15]. Also doxorubicin can cause damage to 
energy metabolism: loss of basal level of high energy phosphates, reduction 
of the oxidizing capacity of mitochondria, changes in the profile of the used 
substrate (decrease in the oxidation of fatty acids), disturbance of energy 
transfer between production sites and energy consumption, and defects in 
AMPK signaling pathway [10]. 

The purpose of this work was to study the effect of various cumulative 
doses of doxorubicin on the processes of lipid peroxidation, aspartate 
aminotransferase activity, activity of antioxidant and Krebs cycle enzymes in 
kidney. 

The experiment was take placed on 15 white non-breeding male rats 
with weight 220-260 g. Rats were kept on a standard vivarium diet. 
Doxorubicin (doxorubicin, doxorubicin hydrochloride, Sindan Pharma SRL, 
Romania) was injected intramuscularly at a dose of 5 mg / kg body weight 
once a week. Animals were divided into 3 groups: 1st group rats received 
doxorubicin for 3 weeks; 2nd group rats received doxorubicin for 5 weeks; 
rats from the control group did not receive drugs. The animals were 
decapitated a week after the last injection. Manipulations with Animals were 
carried out  with considering the rules of the "European Convention for the 
Protection of Vertebrate Animals Used for Experimental and Other Scientific 
Purposes". The activity of succinate dehydrogenase (SDH, EC 1.3.5.1) was 
determined according to the method of  Eshhenko and Vol'skij [2]; the activity 
of α-ketoglutarate dehydrogenase (a-KGDH, EC 1.2.4.2 was determined 
according to the method of Gupta and Dekker [9]. The activity of catalase 
(CAT, EC 1.11.1.6) was determined by the ability of hydrogen peroxide to 
form a stable colored complex with molybdenum salts [4]. The method for 
determining the activity of superoxide dismutase (SOD, EC 1.15.1.1) is based 
on the ability of enzyme to inhibit the autoxidation of adrenaline hydrotartrate 
in an alkaline environments [6]. The intensity of the peroxide processes was 
evaluated by the content of the final lipid oxidation products (TBARS), by the 
content of the final lipid oxidation products at the Fe2+ initiation of  lipid 
oxidation (TBARSi) and by content of lipid hydroperoxides (LHP). To 
determine TBARS, TBARSi and LHP were used  techniques from the manual 
Ionov et al. [3]. Determination of aspartate aminotransferase activity (AST, 
EC 2.6.1.1) was performed using standard laboratory test kits (PJSC 
"Reagent", Dnipro, Ukraine) using Reitman and Frankel [14] methods in 
accordance with the protocol of the manufacturer's company. The protein 
content for enzymes activity conversion was determined using the Coomassie 
Brilliant Blue dye, which forms a colored blue complex with proteins [7]. 
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Statistical processing of results was performed using MS Office Excel-
2010. Student’s t-criterion was used to test the statistical hypotheses.  

After three weeks of doxorubicin administration, TBARS concentration in 
kidney tissues increased by 17%, TBARSi concentration increased on 4,6% 
compared to the control group. A five-week administration of the drug 
resulted to increase concentration of TBARS on 65% (Р ≤ 0,01) and TBARSi 
on 39,4% (P ≤ 0.001). In addition, the administration of doxorubicin caused 
an increase in the number of hydroperoxides in the kidneys. The three- and 
five-weekly therapy have led to increase  concentration of hydroperoxides by 
24,5% (Р ≤ 0,05) and 73,3% (Р ≤ 0,001), respectively (relative to the control 
group).  

Doxorubicin treatment led to a significant decrease in the activity of 
antioxidant enzymes. Thus, compared with the control, after 3 and 5 weeks of 
injections, the CAT activity decreased by 28,5% (P ≤ 0,01) and 55% (P ≤ 
0,001), while the SOD activity decreased by 30,2 % (P ≤ 0,001) and 22,5% (P 
≤ 0,01) respectively. 

Doxorubicin administration caused a decrease of energetic enzymes 
activity in kidney tissues. Thus, 3 and 5 weeks of treatment resulted to 
decrease SDH activity by 23,6% (P ≤ 0,01) and 27,2% (P ≤ 0,001) 
respectively, and activity of a-KGDH was decreased by 29,8 % and 21,2% 
respectively (comparatively to control). Three-week therapy led to decrease 
AST activity by 36,2% (P < 0,001). Further administration of the drug caused 
an increase in enzyme activity, resulting in the AST activity at the end of 
experiment was only on 28,7% (P < 0,001) lower than control. 

As we can see, the use of doxorubicin has led to increase concentration 
products of lipid peroxidation and decrease activity of antioxidant and 
energetic enzymes. It is considered that such changes indicate an 
intensification of the injurious oxidative processes and kidney damaging 
against the background of the use of cytostatics [5]. Perhaps the 
intensification of lipid peroxidation  caused a slowdown in the work of the 
citric acid cycle, which ultimately led to a decrease activity of the energy 
enzymes. 

Based on this, it can be concluded that the cumulative dose of 
doxorubicin directly correlates with nephrotoxicity. Long-term administration of 
drug contributed to the intensification of lipid peroxidation, suppression of 
cellular energy systems and unstable work of the antioxidant system. 
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