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ABSTRACT

Th e aim of this study was to evaluate the potential ben-
efi cial eff ect of N-acetylcysteine (NAC) on cisplatin-induced 
alterations in anxiety levels in rats, by means of parameters 
of the exploratory activity obtained in the elevated plus 
maze (EPM) test. Animals were divided into four groups: 
control group, cisplatin group (7.5 mg/kg/weekly of cispla-
tin), N-acetylcysteine group (500 mg/kg/weekly of NAC), and 
cisplatin plus N-acetylcysteine group (7.5 mg/kg/weekly of 
cisplatin, and 500 mg/kg/weekly of NAC). After two weeks 
of treatment, exploratory activity (estimated by means of the 
number of rearings, head-dippings and the number of total 
exploratory activity episodes) was signifi cantly reduced in 
cisplatin group comparing to control values. Although NAC 
induced no alterations in exploratory activity when applied 
alone, simultaneous administration with cisplatin resulted 
in signifi cant attenuation of cisplatin-induced decline in 
exploratory activity. Th e exploratory activity gradually de-
creased in time-dependent manner during fi ve minutes of 
EPM test in all groups. Th e results of this study confi rmed 
clear benefi cial eff ect of NAC supplementation against cispl-
atin-induced neurotoxicity in rats. Antioxidative properties 
of NAC were manifested through restoration of exploratory 
activity, confi rming that NAC administration can attenu-
ate anxiogenic eff ect of cisplatin therapy. Th ose results could 
recommend NAC supplementation as a potential protection 
against cisplatin-induced neurotoxicity.
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SAŽETAK

Cilj ovog istraživanja je bio ispitivanje potencijalno ko-
risnog efekta N-acetilcisteina (NAC) na promene nivoa 
anksioznosti izazvane primenom cisplatine kod pacova, kroz 
parametre eksplorativne aktivnosti u uzdignutom krstastom 
lavirintu. Životinje su bile podeljene u četiri grupe: kontrolna 
grupa, cisplatina grupa (7.5 mg/kg/nedeljno cisplatine), N-
acetilcistein grupa (500 mg/kg/ nedeljno NAC-a) i kombinova-
na grupa (7.5 mg/kg/nedeljno of cisplatin i 500 mg/kg/ ne-
deljno NAC-a). Nakon dvonedeljnog tretmana, eksplorativna 
aktivnost (ispitivana kroz broj uspravljanja, naginjanja i broj 
epizoda ukupne eksplorativne aktivnosti) u cisplatina grupi je 
bila značajno smanjena u poređenju sa kontrolnim vrednosti-
ma. Iako samostalna primena NAC-a nije izazvala promene 
eksplorativne aktivnosti, simultana primena sa cisplatinom 
je uzrokovala značajno ublažavanje smanjenja eksplorativne 
aktivnosti izazvanog cisplatinom. Eksplorativna aktivnost se 
postepeno smanjivala u funkciji vremena u svim grupama to-
kom petominutnog izvođenja testa uzdignutog krstastog lavir-
inta. Rezultati ove studiji jasno potvrđuju da suplementacija 
NAC-om može biti korisna kod neurotoksičnosti  izazvane 
cisplatinom kod pacova. Antioksidantna svojstva NAC-a su 
se ispoljavala kao poboljšanje eksplorativne aktivnosti, što je 
potvrdilo da primena NAC-a može umanjiti anksiogeni efekat 
terapije cisplatinom. Ovi rezultati ukazuju da suplementacija 
NAC-om može biti potencijalna zaštita od neurotoksičnosti 
izazvane cisplatinom.

Ključne reči: ekplorativna aktivnost, cisplatina, N-ace-

tilcistein, neurotoksičnost, pacov

ABBREVIATIONS

NAC - N-acetylcysteine

EPM - elevated plus maze 

TEA - total exploratory activity

ROS - reactive oxygen species

UDK: 615.277.065; 547.466
Ser J Exp Clin Res 2019; 20 1: 6572
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INTRODUCTION

Cisplatin is anticancer drug which is widely used in 

the therapy of various types of malignancies. More than 

40 years used as primary drug in the treatment of ovarian 

and testicular cancer, cisplatin also has been shown very 

effective in the treatment of other tumors, such as sarco-
ma, microcellular lung cancer, lymphoma, urinary blad-
der cancer, and cervical cancer. Great antitumor potential 

of cisplatin is based on its ability to form complexes with 

water molecules, replacing chlorine with water (aqua 

complexes), incorporating in DNA molecule and activat-

ing apoptosis (1).
Although it is considered as highly effective in treating 

tumors, cisplatin therapy is usually associated with various 

adverse effects such as: nephrotoxicity (2), hepatotoxicity 

(3), cardiotoxicity (4), hematotoxicity (5), nausea and vom-

iting (6), as well as neurotoxicity (7). In humans, neurotox-

icity is usually manifested by peripheral nerves dysfunction 

and sensory disorders, seizures, reduced cognitive abilities 
and various mood disorders (8, 9). Studies performed on 

animal experimental models confirmed cisplatin-induced 

neurotoxicity by means of motor impairment (10), decline 
of cognitive functions (11), mood disorders (12) and altera-

tions in nociception (13). 
Adverse effects of cisplatin therapy are confirmed to 

be associated with increased oxidative damage (14). It has 

been reported that cisplatin treatment leads to enhanced 
free radicals production (15), reduced activity of antioxi-

dant enzymes (16) and declined concentration of tissue 

glutathione (17) in various tissues. Since many adverse 

effects of cisplatin therapy seem to be accompanied with 

alterations in redox status, numerous antioxidants have 
been applied as supplementation during cisplatin therapy 

in order to diminish its toxicities. Among others, it has 

been reported that administration of vitamin C (18), vita-
min E (19), selenium (20), ginger (21), and/or ellagic acid 

(22) can decrease the severity of cisplatin adverse effects. 

Although neurotoxicity is not considered as one of the 

most frequent side effect of cisplatin, antioxidant supple-
mentation showed beneficial effects by means of reduc-

tion in severity of cisplatin-induced neuronal damage. It 

has been reported that cisplatin-induced neurotoxicity 

may be attenuated by numerous antioxidants, such as: 

ethoxyguin (23), Echinophora cinerea (24), and flavag-
lines (25).

Numerous papers reported increased anxiety lev-

els obtained in an adequate behavioral tests in various 
species following cisplatin treatment (26, 27). Since ex-

ploratory activity is considered as reliable indicator for 

evaluation of the anxiogenic action (28), the aim of this 

study was to evaluate the potential beneficial effect of N-

acetylcysteine (NAC, sulfur containing amino acid with 
antioxidant properties) on cisplatin-induced alterations 

in anxiety levels in rats, by means of parameters of the 

exploratory activity obtained in the elevated plus maze 
(EPM) test. 

MATERIAL AND METHODS

Three months old male Wistar albino rats (weighting 
between 250-300 g, n=32) were used in this study. Animals 

were housed in groups of 3-4 per (polycarbonate) cage, un-
der controlled environmental conditions of temperature 

(23±1 C̊) and light (12/12h light/dark cycle). Rats had ad li-
bitum access to food and water. Animals were divided into 

four groups (8 animals in each group): control group, cispla-

tin group, N-acetylcysteine (NAC) group, cisplatin plus N-

acetylcysteine group (cisplatin+NAC, i.e. combined group).

Cisplatin group received cisplatin (Bristol-Myers 

Squibb Co., USA, 7.5 mg/kg/weekly, intraperitoneally), 

while the rats from NAC group received NAC (Sigma–

Aldrich, Germany, 500 mg/kg/weekly, intraperitoneally). 

Combined group was administered with cisplatin (7.5 mg/
kg/weekly, intraperitoneally) and NAC (500 mg/kg/weekly, 

intraperitoneally). Control group received saline (intraper-

itoneally, approximately in the same volume as experimen-

tal groups). All protocols lasted for two weeks.
Two days after the protocols were finished, the rats 

were placed in a testing room for 1-2 h to accommodate 
before behavioral testing in EPM. During the behavioral 

testing, the maze was cleaned following the trial for each 

animal in order to remove possible interfering scents.

Apparatus used for testing was made of black wood, 

and consisted of two opposite open (50 x 20 cm) and two 

opposite enclosed arms (50 x 20 x 30 cm), extended hori-
zontally at 90° from the central area (20 x 20 cm). EPM was 

elevated 100 cm from the floor. Each animal was placed 
in the centre of the EPM facing one of the open arms. 

The tests lasted five minutes. The testing was recorded by 

digital video camera, placed approximately 2.5 m above 

the elevated plus maze. Video files were analyzed and the 

following parameters were estimated: the number of rear-

ings, the number of head-dippings and then the total ex-
ploratory activity (TEA) was calculated according to pre-

viously described procedure (29). Also, we evaluated the 

exploratory activity in EPM test in time–dependent man-

ner i.e. by analyzing the parameters mentioned above in 

successive periods during the whole test (5 minute), and 

expressed the values for applied parameters in each con-

secutive (one minute) sequences.

Statistical analysis

The data were expressed as the means ± S.E.M. Pa-
rameters obtained in EPM test were initially submitted 

to Levene’s test for homogeneity of variance and to Shap-

iro-Wilk test of normality. Comparisons between groups 

were performed using One-way ANOVA, followed by 

Fisher’s least significant difference (LSD) multiple com-

parisons test. Comparisons within the groups (for TEA) 

were performed using unpaired Student t-test. Signifi-

cance was determined at p<0.05. Statistically analysis 

was performed with SPSS version 20.0 statistical package 
(IBM SPSS Statistics 20).
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All research procedures were carried out in accordance 

with European Directive for welfare of laboratory animals 

N° 86/609/EEC and principles of Good Laboratory Prac-

tice (GLP), approved by Ethical Committee of the Faculty 

of Medical Sciences, University of Kragujevac, Serbia.

RESULTS

As shown in Figure 1, applied protocols significantly al-

tered the number of rearings in EPM test (df=3, F=4.135, 

6.936, 16.880, 4.143 and 0.768 for five consecutive min-

utes, respectively). Cisplatin administration significantly 

decreased the number of rearings compared to the control 

group (statistically significant during the first four minutes 
of the test, p<0.01). Independent application of NAC did 

not alter the number of rearings comparing to the control 

group maintaining the values significantly above cisplatin 

treated animals (also, statistically significant  during the 
first four minutes of the test, p<0.01). On the other hand, 

simultaneous administration of NAC during cisplatin 

treatment resulted in increased number of rearings com-
paring to cisplatin group (statistically significant in the 2nd 

and 3rd minutes, p<0.05). 

  

  

 
Figure 1. Th e number of rearings (Mean ± SEM, *denotes a 

signifi cant diff erence p<0.05, **denotes a signifi cant diff erence 

p<0.01). A - 1st, B - 2nd, C - 3rd, D - 4th, E - 5th minute.
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Analyzing the exploratory activity in open arms of EPM, 

significant alterations in the number of head-dippings was 

induced by different protocols (df=3, F=8.066, 7.711, 2.488, 

2.422 and 2.618 for five consecutive minutes, respectively). 

It was noticed that cisplatin treatment resulted in signifi-
cant decrease in the number of head-dippings (statistically 

significant in the 1st and 2nd minute, as well as in the 4th min-
ute, p<0.01 and p<0.05, respectively). As for the number 

of rearings, when applied alone, NAC treatment did not 

affected the number of head-dippings compared to control 

group, and the values were also significantly higher when 

compared to cisplatin group for the whole duration of the 

test (first two minutes, p<0.01, 3rd to 5th minute p<0.05). 
The number of head-dippings observed in the combined 

group (Figure 2) was higher comparing to the cisplatin 
group (significantly only for the 1st minute, p<0.05), main-
taining lower values when compared to control group (sig-

nificantly only for the 2nd minute, p<0.05). 
Applied protocols significantly altered TEA observed 

in EPM test (df=3, F=17.495, 21.608, 9.399, 8.675 and 1.829 
for five consecutive minutes, respectively). As shown in 

Figure 3, the total exploratory activity was diminished in 

cisplatin group (statistically significant during the first four 

minutes of the test, p<0.01) comparing to control. When 

applied alone, NAC did not produce significant alterations 

in TEA comparing to the control group, and the values 

were also above the observed in cisplatin group (statisti-

cally significant in 1st, 2nd and 4th  minute, p<0.01). Simul-

  

   

Figure 2. Th e number of head-dippings (Mean ± SEM, *denotes 

a signifi cant diff erence p<0.05, **denotes a signifi cant diff erence 

p<0.01). A - 1st, B - 2nd, C - 3rd, D - 4th, E - 5th minute
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taneous administration NAC and cisplatin resulted in sig-

nificant increase in TEA when compared to cisplatin group 

(statistically significant in 1st, 2nd and 4th  minute, p<0.01), 
but the values remained significantly lower comparing to 

the control (statistically significant during the first four 

minutes of the test, p<0.01).
Analyzing the time distribution of exploratory activity 

observed in EPM test (Figure 4), it is obvious that TEA pro-
gressively decline during the test. The stepwise attenuation 

of exploratory activity was observed in all tested groups. 

Since TEA gradually decreased, significant decline between 

two consecutive minutes was rarely observed: between 2nd 

and 3rd minute in control group (p<0.01), between 4th and 

5th minute in NAC group (p<0.05), as well between 1st and 

2nd (p<0.01), and 2nd and 3rd minute in combined group 
(p<0.05). Although TEA also progressively decreased fol-

lowing cisplatin administration, there was no significant 

decrease in time-dependent manner in cisplatin group. 

DISCUSSION

Rising incidence of malignant diseases resulted in in-

creased use of chemotherapeutic drugs, including cisplatin. 

Such therapeutic approach to malignancies often interferes 

with the course of treatment, so it is important to evaluate 
adverse effects of chemotherapy. Neurotoxicity is one of the 

many adverse effects of cisplatin therapy. In order to reduce 

  

  

 
Figure 3. Th e number of TEA episodes (Mean ± SEM, *denotes 

a signifi cant diff erence p<0.05, **denotes a signifi cant diff erence 

p<0.01). A - 1st, B - 2nd, C - 3rd, D - 4th, E - 5th minute
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the effects of cisplatin-induced neurotoxicity, it seems rea-

sonable to investigate the possible underlying mechanisms 
of that specific side effect of cisplatin. It is well known that 

numerous metals of high atomic number (30), including 
platinum (31), lead to increased oxidative damage in various 

organic systems (32). Therefore, potential attenuation of ox-

idative damage that can improve clinical appearance during 

cisplatin treatment may be of substantial clinical relevance. 

According to the literature data, the dose of cisplatin applied 

in this study was sufficient to increase the platinum levels in 
serum and various tissues in clinical trials, as well as in ani-

mal experimental models. Consequently, this dose may also 

be considered as an adequate for investigation of cisplatin-
induced neurotoxicity (33). 

Exploratory activity has been reported as a good param-

eter for evaluation of anxiety state level, in such a manner that 

decreased exploratory activity may be considered as indicator 
of increased anxiety (34). Cisplatin treatment resulted in sig-

nificant reduction in exploratory activity in the EPM test by 

means of all estimated parameters. This finding is consistent 

with the results of another study (35) which also observed the 

development of anxiety-like behavior in cisplatin-treated rats 

in the EPM test. The results of our study (as shown in Figure 

4) also showed that under control conditions animals demon-
strate the highest level of exploratory activity at the very be-

ginning of the test. The exploratory activity decreases during 

the testing, but without statistical significance. The observed 

reduction in exploratory activity may be explained by the fact 

that the animals adapt to the new environment over time. 
Such regularity was observed in all groups of animals. Gradu-

al decline in exploratory activity was observed throughout the 

whole test, except for cisplatin group, by the end of the test (4th 
and 5th minute). Although NAC, as shown in the Figure1-3, 

did not lead to changes in exploratory activity compared to 

the control group when applied alone, combined application 

of NAC and cisplatin resulted in significant mitigation of cis-
platin-induced reduction in exploratory activity. The results 

of this study showed the beneficial effect of NAC by means 

of reduced oxidative damage that consequently attenuated 

anxiogenic effect of cisplatin and restored exploratory activity 

almost to control values. Observed neuroprotective effect of 
NAC may be achieved as the result of reduced free radicals 

production (36), increased activity of antioxidant enzymes 

(37) and/or tissue glutathione (38). A similar beneficial ef-
fect of an antioxidant supplementation on cisplatin-induced 

neurotoxicity (manifested by means of behavioral manifeste-
tions) was observed for various nutritiens, such as walnuts. 

Walnuts contain potentially neuroprotective substances with 

anti-inflammatory and antioxidant properties (vitamin E, 

folate, melatonin, flavonoids and numerous polyphenolics) 

that were able to diminish cisplatin-induced neurotoxicity in 
rats (39). It is worth to notice that NAC administration also 

showed the beneficial effects by means of amelioration of cis-

platin-induced cardiotoxicity in rats (33). The observed car-

dioprotective effect of NAC supplementation during cisplatin 
administration was accompanied with attenuation of oxida-

tive damage induced by cisplatin administration. Antioxidant 
role of NAC in cisplatin-induced cardiotoxicity was achieved 

by means of decreased ROS production, with no alterations 

in tissue glutathione levels (33). 
In conclusion, the results of this study confirmed clear 

beneficial effect of NAC supplementation against cisplat-

in-induced neurotoxicity in rats. Antioxidative properties 

of NAC were manifested through restoration of explorato-

ry activity, confirming that NAC administration can atten-

uate anxiogenic effect of cisplatin therapy. Those results 
could recommend NAC supplementation as a potential 

protection against cisplatin-induced neurotoxicity.
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