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Abstract: In chemotherapy practice the dexamethasone is used as concomitant agent to mitigate the side effects 

of antitumor drug cisplatin. However, it is known, that both cisplatin and dexamethasone are capable to 

stimulate the production of reactive oxygen spacies, which targets various biomolecules, including lipids. This 

work is devoted to the study of quantitative changes in products of lipid peroxidation in the nuclei of cells of 

some tissues of rats after separate and combined use of cisplatin and dexamethasone. The amount of lipid 

peroxidation products was determined by spectrophotometric method after its extraction by heptan-

isopropanol mixture. When used separately, cisplatin and dexamethasone enhance the formation of lipid 

peroxidation products in the studied tissues of rats to various degrees. As a result of these alterations, the 

values of the oxidation index in the studied nuclear preparations also changed accordingly. During the 

combined use of cisplatin and dexamethasone there is some antagonism in the action of these drugs. Instead 

of the supposed summation of the effects of enhancing lipid peroxidation processes, “masking” of the effect of 

cisplatin with dexamethasone is observed. Thus, it has been assumed that exactly such antagonism revealed 

during combined action helps mitigate the side effects of cisplatin with dexamethasone. 

Keywords: cisplatin; dexamethasone; lipid peroxidation; unsaturated fatty acids; diene conjugates; triene 

conjugates; oxidative index 

 

1. Introduction 

Cisplatin (cis-diaminedichloroplatinum [II]) is an antineoplastic drug widely used in 

chemotherapy practice for the treatment of various human cancers [1–4]. However, its usage has been 

limited due to cisplatin-caused various side effects, especially different toxicities [3–6]. It has been 

shown, that these toxicoses are the result of the accumulation of reactive oxygen species (ROS) [1–

3,6,7]. Cisplatin induces the formation of ROS, which in turn can interact with DNA, lipids, proteins, 

leading to lipids peroxidation and DNA damage [8–10]. The induction of oxidative stress and ROS 

formation is considered another mechanism of cisplatin action [1,2,7,9]. Cisplatin increases the 

production of free oxygen radicals and decreases the antioxidants, thus resulting in the disturbance 

of the oxidant/antioxidant balance [10,20]. It is well known, that in normal physiological conditions 

the presence of ROS is vital for normal function of cells. In order to promote normal cellular 

physiological function and survival, redox homeostasis regulation is maintained in the cell [11]. High 

amount of ROS mostly accumulated due to imbalance in the ROS production and its elimination 

process. This imbalance is formed due to either increased production of oxidants or decreased levels 

of antioxidants or both [9,11]. Cisplatin disrupts the oxidant/antioxidant balance by inducing the 

formation of ROS and by decreasing of antioxidants. Disturbed redox homeostasis leads to oxidative 

damage to biomolecules, such as proteins, lipids, and nucleic acids [9,11]. These damages resulting 

harmful effects on cells. In contrast, ROS level modulation contributes to the regulation of cell 

survival, death, differentiation and proliferation [12]. 

The main targets of ROS are lipids, which are oxidized when interacting with oxidants. These 

process is known as lipid peroxidation, which leads to the formation of lipoperoxyl radicals and lipid 

hydro peroxides [12–14]. As highly reactive compounds, lipid peroxides are also able to propagate 
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further generation of ROS, or degrade into reactive compounds capable of cross linking DNA and 

proteins. Lipid hydro peroxides have been recognized as key mediators of cellular disease and death 

[12,13]. Lipid peroxidation products are involved in the intracellular signaling mechanisms that 

determine the cell’s final fate [8]. ROS generated by cisplatin could also increase lipid peroxidation, 

which alters enzymes and structural proteins, and direct the cell to an apoptotic pathway [12–14]. 

As already noted, the cause of side effects of cisplatin is oxidative stress. To mitigate the side 

effects of antitumor drug cisplatin, dexamethasone is used as concomitant agent in chemotherapy 

practice [15–17]. Dexamethasone is synthetic glucocorticoid hormone. It is known that 

glucocorticoids, including dexamethasone acts as an anti-inflammatory and immunosuppressant 

agent [15–17]. Dexamethasone induced alterations in lipid peroxidation products and antioxidants 

content in wistar albino rats [16–18]. 

Thus, it turns out that both the antitumor drug cisplatin and dexamethasone, which is used as a 

concomitant agent, stimulate the formation of reactive oxygen species and increase the degree of lipid 

peroxidation [4,7,14–18]. From this point of view, the study of lipid peroxidation processes with 

separate and combined use of cisplatin and dexamethasone is of particular interest. This work is 

devoted to the study of quantitative changes of lipid peroxidation products in the nuclei of cells of 

some tissues of rats after the separate and combined use of cisplatin and dexamethasone. 

2. Materials and methods 

Experiments were conducted according to the “International Recommendations on Carrying out 

of Biomedical Researches with use of Animals” (CIOMS, 1985; 2016), to the “Human Rights and 

Biomedicine the Oviedo Convention” (CE, 1997), to the European Convention for the Protection of 

Vertebral Animals Used for Experimental and Other Scientific Purposes (CE, 2005) and approved by 

the National Center of Bioethics (Armenia). 

The investigation was performed on adult albino rats (120-150 g weight, 16 rats). The animals 

were divided into 4 groups. The group 1 was a control group of animals without treatment. Animals 

of group 2 and group 4 received a single dose of cisplatin (8 mg/kg). Cisplatin was injected peritoneal. 

Exposition time for cisplatin was 24 hour. The group 3 was treated with dexamethasone (4 mg/kg, 

injected peritoneal). Exposition time for dexamethasone was 4 hours. Animals from the group 4 were 

received the same single dose of dexamethasone within 20 hours after the cisplatin injection (4 hours 

before decapitation). All animals were killed by decapitation through appropriate time after the 

inhalation anesthesia with chloroform. Then, animals were sacrificed, and the brain and kidney 

tissues were extracted from each group of animals and used for isolation of nuclei by the method of 

Blobel and Potter [19].   

The nuclear fraction of brain and kidney tissues of rats has been used for estimation the quantity 

of lipid peroxidation primary products. The primary products of lipid peroxidation are lipid hydro 

peroxides, which form conjugate double bonds in the fatty acid molecule - diene conjugates and 

triene conjugates. The primary products of lipids peroxidation were estimated by the method of 

Volchegorsky [20]. 

The principle of the method is based on the determination of the content of lipid peroxidation 

products in biological material by absorption of monochromatic light flux in the ultraviolet spectrum 

after its extraction by heptane-isopropyl alcohol mixture. This mixture of heptane-isopropyl alcohol 

is extracted lipids of nuclei from brain and kidney tissues. Heptane extracts mainly neutral lipids and 

isopropanol extracts phospholipids. In this way, it is possible to identify lipoperoxidation products 

(diene and triene conjugates) in extracts of different lipid classes. In the lipid extracts of each phase, 

measurements are made at 220 nm (absorption of double bonds in unsaturated fatty acids), 232 nm 

(absorption reflects the content of diene conjugates) and 278 nm (absorption depends on the content 

of ketodienes and conjugated trienes) [20]. 

After the estimation of optical density at appropriate wavelengths, it is possible to calculate the 

oxidation index. The oxidation index is equal to the ratio of optical densities determined at different 

wavelengths (232nm, 278nm) and absorption of unsaturated fatty acids (220 nm), i.e., 232/220; 278/220 

[20]. 
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2.1. Statistical analysis 

All results were expressed as Median±SE from 4 independent experiments. Statistical analysis 

was performed using paired Student’s t-test for grouped data. Statistically significance is reported at 

P < 0.05 (*). 

3. Results and discussion 

The process of lipid peroxidation begins with the attack of free radicals on polyunsaturated fatty 

acids. As a result, lipid radicals are formed, which in turn can initiate new radicals, starting a chain 

reaction [12–14]. Since unsaturated fatty acids are the raw material for lipid peroxidation, our 

research has been started by their quantitative evaluation in heptane and isopropanol phases, 

extracted from nuclei of brain and kidney tissues of rats included in four experimental groups. As it 

has already been mentioned, հeptane dissolves neutral lipids, and isopropyl alcohol dissolves mainly 

phospholipids [20]. 

The obtained data are presented in table 1 (Table 1). The data received indicate that there are no 

changes in the amount of unsaturated fatty acids in the heptane phase from rat brain nuclei after 

separate use of cisplatin and dexamethasone, as well as with their combined action (Table 1). 

Table 1. The amount of unsaturated fatty acids in heptane and isopropanol phases, extracted from 

the nuclear fractions of brain and kidney tissues of rats at baseline and after the cisplatin and 

dexamethasone separate and combined action. (*-P<0.05). 

 

 

Tissues 

Unsaturated  fatty acids  in heptane phase  

Baseline without  

treatment 
After cisplatin action 

After dexamethasone 

action 

After cisplatin and 

dexamethasone 

combined action 

Brain 28.00±0.36 29.00±0.92 27.80±1.25 25.50±0.86 

Kidney 9.00±0.08 10.00±0.02* 9.90±0.46* 8.73±0.42 

 Unsaturated  fatty acids  in isopropanol phase  

Brain 15.30±0.85 20.00±0.9* 18.30±0.50* 25.00±0.6* 

Kidney 4.34±0.15 5.47±0.22* 5.87±0.28* 7.26±0.09* 

Only an 11% and 10% increase of unsaturated fatty acids quantity is recorded in heptane phase 

from rat kidney nuclei after the cisplatin and dexamethasone separate action respectively (Table 1 

and Figure 1). In the same time the quantity of unsaturated fatty acids were increased in isopropanol 

phase from nuclear fraction of investigated tissues both with the separate action of cisplatin and 

dexamethasone and with their combined action (Table 1). 
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Figure 1. Quantitative alterations of unsaturated fatty acids in heptane and isopropanol phases 

extracted from nuclear fraction of rat brain and kidney tissues in baseline (1); after separate action of 

cisplatin (2); after separate action of dexamethasone (3); and after the cisplatin and dexamethasone 

combined action (4). (*-P<0,05). 

In comparison to the baseline group, the changes in the amount of unsaturated fatty acids in the 

isopropanol phase from rat brain nuclei are 31%, 20% and 63%, respectively after separate action of 

of cisplatin and dexamethasone and in case of its combined injection (Figure 1). In the isopropanol 

phase from rat kidney nuclei, the changes in the amount of unsaturated fatty acids are 26%, 35% and 

67%, respectively after separate action of of cisplatin and dexamethasone and in case of its combined 

injection (Figure 1). 

It is known that cisplatin, like other anticancer drugs, is capable of suppressing and blocking all 

processes that support cell growth. Cisplatin suppresses all cell metabolic processes, including lipid 

metabolism [21]. The increase in the amount of unsaturated fatty acids in the isopropanol phase is 

probably a result of suppression of lipid metabolism, cleavage of various lipids [21]. 

The results of quantitative evaluation of diene conjugates are given in table 2 (Table 2). The data 

obtained indicate significant changes in the amount of diene conjugates in both the heptane and 

isopropanol phases of investigated nuclear fractions in comparison to the baseline group (Table 2). 

Table 2. The amount of diene conjugates in heptane and isopropanol phases extracted from 

the nuclear fraction of brain and kidney tissues of rats at baseline and after the cisplatin and 

dexamethasone separate and combined exposure (*-P<0.05). 

 

 

Tissues 

Diene  conjugates in heptane phase 

Baseline without  

treatment 
After cisplatin action 

After dexamethasone 

action 

After cisplatin and 

dexamethasone 

combined action 

Brain 4.00±0.07 12.00±0.37* 4.45±0.12* 4.40±0.11* 

Kidney 1.12±0.10 4.81±0.24* 2.38±0.11* 1.46±0.07* 

 Diene  conjugates in isopropanol phase 

Brain 3.00±0.27 7.10±0.32* 6.70±0.30* 11.4±0.12* 

Kidney 1.52 ±0.05 2.80±0.10* 2.33±0.03* 3.30±0.08* 
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Figure 2. Quantitative alterations of diene conjugates in heptane and isopropanol phases extracted 

from nuclear fraction of rat brain and kidney tissues in baseline (1); after separate action of cisplatin 

(2); after separate action of dexamethasone (3); and after the cisplatin and dexamethasone combined 

action (4). (*-P<0,05). 

These quantitative changes expressed as percentages are shown in Figure 2. The amount of diene 

conjugates in the heptane phase both extracted from the nuclear fractions of brain and kidney tissues 

of rats increases by 200% and 330 % after the separate injection of cisplatin, while dexamethasone 

increases the quantity of dien conjugates by only 11% in the nuclei of the brain tissue. In the nuclear 

fraction of kidney tissue dexamethasone increases the quantity of diene conjugates by 113% (Table 2 

and Figure2). In case of cisplatin and dexamethasone combined use the quantity of diene conjugates 

in the heptane phase of brain nuclei increased by only 10% and in the kidney nuclei by 30% in 

comparison to the baseline group (Figure 2). In fact, the stimulatory effect of cisplatin is completely 

suppressed in the presence of dexamethason. (Figure 2). 

The stimulating effect of cisplatin and dexamethasone is also observed in the isopropanol phase 

from the nuclei of the brain and kidney tissues. When used separately, cisplatin increases quantity of 

diene conjugates by 137% and 84% respectively in the brain and kidney nuclear fractions (Figure 2). 

Unlike the heptane phase, in the phospholipid content isopropanol phase the stimulating effects of 

cisplatin and dexamethasone seem to be summed up in case of combined use of these drugs. In this 

case, the amount of diene conjugates increases by 280% and 117%, respectively, in the nuclei of the 

brain and kidney tissues of rats (Figure 2). 

Quantitative analysis data for triene conjugates extracted from the nuclear fractions of brain and 

kidney tissues of rats are presented in the table 3 (Table 3). The obtained data indicate that, the 

quantity of triene conjugates in heptane phases of both nuclear fractions of brain and kidney tissues 

are growing significantly in all investigating experimental groups (Table 3). 

Table 3. The amount of triene conjugates in heptane and isopropanol phases extracted from the 

nuclear fraction of brain and kidney tissues of rats at baseline and after the cisplatin and 

dexamethasone separate and combined exposure (*-P<0.05). 

 

Triene conjugates  in heptane phase  

Baseline without  

treatment 
After cisplatin action 

After dexamethasone 

action 

After cisplatin and 

dexamethasone 

combined action 

Brain 1.83±0.08 4.63±0.21* 2.22±0.10* 2.61±0.12* 
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Kidney 0.56±0.03 1.73±0.04* 1.32±0.06* 1.10±0.04* 

 Triene  conjugates in isopropanol phase 

Brain 2.15±0.10 5.08±0.24* 4.00±0.18* 6.50±0.30* 

Kidney   1.40±±0.07 2.10±0.10* 1.78±0.08* 2.90±0.03* 

Thus, after exposure to cisplatin in nuclear fractions of rat brain and kidney tissues the quantity 

of triene conjugates are increased by 153% and 209%, respectively, compared to baseline (Figure 3). 

After the separate action of dexamethasone the alterations are relatively small and amount to 21% 

and 136% respectively in nuclear fractions of rat brain and kidney tissues (Figure 3). 

 

Figure 3. Quantitative alterations of triene conjugates in heptane and isopropanol phases extracted 

from nuclear fraction of rat brain and kidney tissues in baseline (1); after separate action of cisplatin 

(2); after separate action of dexamethasone (3); and after the cisplatin and dexamethasone combined 

action (4). (*-P<0,05). 

After the separate action of dexamethasone in the nuclear fraction of the rat brain, the change in 

the amount of triene conjugates is only 21%, while in kidney tissue it is 136% (Figure 3). In case of 

combined use of cisplatin and dexamethasone the quantitative change of triene conjugates in heptane 

phase from brain nuclei (43%) is lower than in the case of cisplatin separate injection, but are higher 

than the dexamethasone effect (21%) (Figure 3). In heptane phase from nuclear fraction of kidney 

cells the quantity of triene conjugates increases by 96% in comparission to baseline after the cisplatin 

and dexamethasone combined action. Significant changes are also registered in the isopropanol phase 

(Figure 3). 

Thus, cisplatin increases the amount of triene conjugates in the brain nuclei by 136%, and in the 

kidney by 50% (Figure 3). Dexamethasone separate injection increases the amount of triene 

conjugates in the nuclear fraction of brain by 86% and in the kidney nuclei by 28%. The joint injection 

of these drugs increases the amount of triene conjugates of the isopropanol phase of brain nuclei by 

202% and kidney nuclei by 107%. In this case, the additive effect of cisplatin and dexamethasone is 

recorded (Figure 3). 

Based on the results of quantitative assessment of lipid peroxidation products in investigated 

experimental groups the oxidation index for diene and triene conjugates both from heptane and 

isopropanol phases were calculated (Table 4). Oxidation index is the ratio of optical densities 

recorded at wavelengths of 232 nm and 278 nm and optical absorption values at 220 nm (unsaturated 

fatty acids) [20]. The results are shown in Table 4 (Table 4). Accepting the values recorded in the 
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control versions as 100%, the changes in the oxidative index values expressed in % after exposure to 

cisplatin and dexamethasone separate and combined action were calculated. 

Table 4. Oxidation index calculated for diene and triene conjugates in the heptane and 

isopropanol phases extracted from nuclei of rat brain and kidney cells in baseline, after 

separate and combined action of cisplatin (CP) and dexamethasone (DEX). 

 

 

Experimenta

l  

groups 

Heptane phase 

Brain nuclei Kidney nuclei 

232/220 278/220 232/220 278/220 

Value of 

oxidation 

index 

% 

Value of 

oxidation  

index 

% 

Value of 

oxidation  

index 

% 

Value of 

oxidation  

index 

% 

Baseline 0.143 100 0.065 100 0.124 100 0.062 100 

CP 0.414 290 0.160 246 0.410 331 0.173 279 

DEX 0.160 112 0.080 123 0.240 194 0.133 215 

CP+DEX 0.172 120 0.102 157 0.167 135 0.126 203 

 
                                                                         Isopropanol 

phase 

Baseline 0.196 100 0.140 100 0.350 100 0.322 100 

CP 0.355 181 0.254 181 0.512 146 0.384 119 

DEX 0.366 187 0.219 156 0.397 113 0.303 94 

CP+DEX 0.456 233 0.260 185 0.455 130 0.400 124 

Thus, oxidative index values calculated for diene and triene conjugates increased to a different 

extent as a result of both cisplatin and dexamethasone separate and combined exposure (Table 4). 

The exception is the values of oxidative indexes, calculated for triene conjugates of isopropanol phase 

from kidney nuclei after the dexamethasone separate action. In this case no change was registered 

(Table 4). For diene and triene conjugates, rather high percentage changes of the oxidation index are 

registered, especially in the heptane phase obtained from brain and kidney nuclei after separate 

exposure to cisplatin (Table 4). The calculated values for the isopropanol phase after single exposure 

to cisplatin is relatively low (Table 4). 

In the case of separate injection of dexamethasone, the changes in the oxidation index calculated 

for diene and triene in the investigated phases are smaller than the changes caused by cisplatin (Table 

4). An interesting pattern is observed in the heptane phase after combined exposure to cisplatin and 

dexamethasone. In this case, the obtained values take an average position from the values recorded 

as a result of separate use of these drugs (Table 4). In the isopropanol (containing phospholipids) 

phase this pattern is maintained only for renal diene conjugates (Table 4). 

4. Conclusions 

Thus, summarizing the results of the research, it should be noted that both exposure to the 

cisplatin and dexametasone separate and combined use causes profound changes in the content of 

lipid peroxidation products (diene and triene conjugates) of rat brain and kidney nuclear fractions in 

all investigated experimental groups. The obtained quantitative changes of diene and triene 

conjugates and its oxidation indexes indicate the activation of the lipid peroxidation process with 

separate and combined use of cisplatin and dexamethasone. Other researchers also testify to similar 

effects of cisplatin and dexamethasone when used separately. Both cisplatin and dexamethasone 

induce the formation of oxidative stress. As a result, lipid peroxidation is activated to varying degrees 

[1–3,15–17]. Dexamethasone induced alterations in lipid peroxidation products, antioxidants content 

in wistar albino rats [15–18]. 

It should be noted that the enhancing effect of cisplatin is much greater than the effect of 

dexamethasone. As a result of these alterations, the values of the oxidation index in the studied 

nuclear preparations change accordingly. With the combined use of cisplatin and dexamethasone 

there is some antagonism in the action of these drugs. Instead of the supposed summation of the 
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effects of enhancing lipid peroxidation processes, “masking” of the effect of cisplatin with 

dexamethasone is observed. Thus, it was assumed that exactly such antagonism revealed during 

combined action helps mitigate the side effects of cisplatin with dexamethasone. 
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