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Özet 

Sisplatin yaygın kullanılan ancak yaşam kalitesini düşüren etkileri olan bir antineoplastiktir. Özellikle nörotoksik etkileri, hastaların 

%70’inde tedavi esnasında veya sonrasında bilişsel bozulmalara yol açmaktadır. Bu çalışmada melatoninin siplatin toksistesini azaltıcı 

etkinliği araştırıldı. Denek olarak 24 yetişkin erkek Wistar Albino ırkı sıçan kullanılarak 4 grup oluşturuldu. Sıçanlara 1. 5. 9. ve 13. 

günlerde ve 4 mg/kg dozunda intraperitoneal (ip) sisplatin verilerek nörotoksisite oluşturuldu. Tedavi grubuna ise 13 gün 10 mg/kg/gün 

dozunda ip melatonin uygulanarak gruplar karşılaştırıldı. 14. günde yapılan sakrifikasyon sonrası hipokampus dokuları alındı. Piknozis 

ve ödem skorları hesaplanarak sisplatin toksisitesi ve melatoninin etkinliği analiz edildi. Sham grubu ile Mel ve Cisp+Mel grupları 

arasında piknosis açısından anlamlı fark olmadığı ancak sisplatin verilen grupta belirgin düzeyde piknotik nöron artışı olduğu görüldü 

(p<0.01). Sisplatin verilen ratlarda hipokampus dokusundaki ödemin belirgin düzeyde arttığı buna karşın melatonin verildiğinde ödem 

skorlarının istatistiksel olarak anlamlı seviyede düştüğü izlendi (p<0.01). Sisplatin ve melatonin benzer oksidatif ve apoptotik süreçleri 

zıt yönlerde etkilemektedir. Biz de çalışmamızda melatoninin sisplatin toksisitesi üzerine olan etkilerini inceledik ve melatoninin 

sisplatinin nörotoksik etkilerine karşı koruyucu etki gösterdiği sonucuna ulaştık. Ulaştığımız bu sonuç yaygın kullanılan bir 

kemoteropatik olan sisplatin, melatonin ile kombine edilerek kullanıldığında kanser hastalarının daha az nörotoksik yan etkilere maruz 

kalmasını sağlayacaktır. 

Anahtar kelimeler: Sisplatin, melatonin, nörotoksisite, hipokampüs. 

Abstract 

Cisplatin is a widely used antineoplastic agent, but it has side effects that decrease quality of life. Its neurotoxic effects lead to cognitive 

disorders during or after treatment in 70% of the patients. In this study, the efficiency of melatonin to reduce cisplatin-induced toxicity 

was investigated. Four subject groups were established using 24 adult male Wistar Albino rats. Neurotoxicity was produced by 
administering intraperitoneal (ip) cisplatin on the 1st, 5th, 9th and 13th day at a dose of 4 mg/kg. Intraperitoneal melatonin was applied 

to the treatment group for 13 days at a dose of 10 mg/kg/day and the groups were compared.  Following sacrification on the 14th day, 

hippocampal tissues were excised. Cisplatin toxicity and melatonin efficiency were analyzed by calculating pyknosis and edema scores. 

It was observed that there was no significant difference between the Sham, Mel and Cisp+Mel groups in terms of pyknosis, but a marked 

increase in pyknotic neurons occurred in the group which was given cisplatin (p<0.01). It was found that edema in the hippocampal 

tissue increased markedly in the rats which were given cisplatin, but edema scores statistically significantly decreased when melatonin 

was given (p<0.01). Cisplatin and melatonin influence the same oxidative and apoptotic processes in opposite directions. In our study, 

we examined the effects of melatonin on cisplatin-induced toxicity and concluded that melatonin showed protective action against 

cisplatin-induced neurotoxic effects. Our conclusion indicated that cancer patients would be exposed to fewer neurotoxic side effects 

when cisplatin, a widely used chemotherapeutic drug, is used in combination with melatonin. 

Keywords: Cisplatin, melatonin, neurotoxicity, hippocampus. 
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Cisplatin (Cis-diammine-dichloro-platinum) is an antineoplastic agent that is used 

commonly in treatment of cancer. Cisplatin has many side effects. One of its side effects, that 

reduce quality of life, is the toxicity it causes in neural tissues.  This neurotoxic effect is 

manifested by cognitive disorders that are observed during or after chemotherapy in 70% of the 

patients (Zandbergen N et al., 2019 p.790). Cisplatin irreversibly reduces protein 95 (PSD95) 

found in the postsynaptic region and the intensity of dendrite extensions with an increasing 

action depending on the dose and time period of drug exposure (Lomeli N et al., 2017 p.274). 

In addition, cisplatin was also shown to reduce the levels of the Brain-Derived Neurotrophic 

Factor (BDNF) which is a basic neuropeptide providing intracellular signaling related to 

neurogenesis, neuronal survival and synaptic plasticity in the brain (Amidi A et al., 2015 p.1). 

This injury developing in the neurons explains the cognitive disorders that develop following 

the use of cisplatin. 

It is thought that use of cisplatin could become safer if reduction in the level of BDNF, 

which has an important role in the mechanism of neurotoxicity, can be prevented. It is known 

that melatonin (N-acetyl-5-methoxytriptamine) leads to an increase in BDNF levels (Luo Y et 

al.,  2017 p.5951). Melatonin is known to have anti-inflammatory, antioxidative and 

antiapoptotic effects (Fernandez A et al., 2015 p.292). Melatonin was observed to have healing 

effects in many brain injuries including subarachnoid hemorrhage and Parkinson’s disease (Ali 

T et al., 2015 p47, Dong Y et al., 2016 p.253). Based on this information, it was hypothesized 

that melatonin, which has neuroprotective effects, could reduce brain injury. In this study, we 

investigated the effects of melatonin on toxic injury in the hippocampi of rats which were given 

cisplatin. 

Ethics committee approval for this study was obtained from Çanakkale Onsekiz Mart 
University Animal Studies Local Ethics Committee with the decision numbered 2021/03-13. 

The National Institute of Health, Guide for the Care and Use of Laboratory Animals protocols 

were applied in the procedures performed on the subjects. Twenty-four adult male Wistar 

Albino rats with a weight of 275-325 g, which were obtained from Çanakkale Onsekiz Mart 
University Animal Production Unit, were used as experimental subjects. The study was planned 

to be conducted with rats using a randomized-controlled design. The subjects were kept in a 

setting with a temperature of 22±2°C, a relative humidity of 70±4 % and a 12-hour light-dark 

cycle for one week so that they could comply with the study. During this period, they were fed 

ad libitum with standard food and tap water. The subjects were randomly divided into four 

groups each including four rats. 

The groups were named as sham, cisplatin, melatonin and cisplatin+melatonin. The 

sham group (n=6) was fed with normal diet for thirteen days. One ml of 1% ethanol solution, 

which was used while dissolving melatonin, was given by the intraperitoneal (i.p.) route once 

a day regularly. In addition, 1 ml of isotonic saline solution, which was used while dissolving 

cisplatin, was administered by the i.p. route on the 1st, 5th, 9th and 13th days. In the cisplatin 

group (Cisp, n=6), cisplatin was administered intraperitoneally at a dose of 4mg/kg on the 1st, 

5th, 9th and 13th days. In the melatonin group (Mel, n=6), melatonin, prepared daily by 

1. INTRODUCTION 

 

2. MATERIAL AND METHODS 
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dissolving in 1% ethanol, was administered intraperitoneally at a dose of 10 mg/kg/day. In the 

Cisplatin+Melatonin group (Cisp+Mel, n=6), cisplatin was given on the 1st, 5th, 9th and 13th 

days (i.p., 4 mg/kg) and melatonin was given additionally for 13 days (i.p., 10 mg/kg/day). 

Deep ketamine anesthesia (60 mg/kg) was applied before sacrification on the 14th day in all 

groups. The entire brain was removed following decapitation and placed in 10% formalin 

solution for histopathological examination. 

2.1. Histopathological examination 

In preparing of brain tissue samples for microscopic examination, 10% neutral buffered 

formaldehyde solution was used. Tissue monitoring was performed in accordance with the 

procedure, and the tissues were embedded in paraffin. A 4-micron section thickness was 

preferred and the sections were dyed with Hematoxylin&Eosin (H&E). Olympus CX43 (Japan) 

microscope and computer-aided Leica Q Vin 3 program (imaging system) were used for 

examination of the tissues. In histopathological assessment, karyopyknosis in the neurons in 

the hippocampus and changes related to edema in the tissue were scored. This scoring was as 

follows: no visible change = 1 point, presence of minimal or small change =2 points; presence 

of moderate change = 3 points and presence of serious change = 4 points. The sections evaluated 

were scored as described previously in the literature (Cankara FN et al., 2021 p.339). 

2.2. Statistical analysis  

The data were analyzed using SPSS Package Program version 20.0 (SPSS Inc, Chicago, 

IL, USA). Descriptive statistical tests were applied. Mean and standard deviation values were 

used for presentation. Compatibility of the variables with the normal distribution was evaluated 

using the Shapiro Wilk Test. As it was observed that the data were not distributed normally, the 

Kruskal Wallis test was used for in-group comparison. A value of p<0,05 was considered 

statistically significant. 

In our study, we histopathologically found that cisplatin-induced hippocampal 

neurotoxicity was reduced by giving melatonin. It was observed that there was no significant 

difference between the Sham group and Mel and Cisp+Mel groups in terms of pyknosis 

(p>0.05). However, a statistically significant difference was found between the Cisp group and 

the Sham, Mel and Cisp+Mel groups (p<0,01). The mean score was found to be 3,50±0.55 in 

the Cisp group and 1,50±0.55 in the Cisp+Mel group. In conclusion, it was observed that 

cisplatin-induced pyknotic changes developing in the hippocampal neurons were significantly 

reduced when melatonin was given (Fig. 1, Table 1). 

It was observed that there was no significant difference between the Sham group and 

the Mel and Cisp+Mel groups in terms of edema scores (p>0.05). In addition, there was also no 

significant difference between the Mel and Cisp+Mel groups. However, the difference between 

the Cisp group and the Sham, Mel and Cisp+Mel groups was statistically significant (p<0,01). 

The mean score was found to be 3,83±0.41 in the Cisp group and 1,67±0.82 in the Cisp+Mel 

group. In conclusion, it was observed that cisplatin-related edema in the hippocampal tissue 

was reduced following administration of melatonin (Fig. 1, Table 1). 

 

 

 

3. RESULTS 
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Table 1. Histopathologic scoring of the hippocampus in brain.  
Sham Cisplatin Melatonin Cisplatin+Melatonin *p 

Pyknosis 1.33±0.5 3.50±0.5 1.67±0.5 1.50±0.5 <0.01 

Edema 1.17±0.4 3.83±0.4 1.67±0.8 1.67±0.8 <0.01 

Histopathologic score values of the hippocampus are expressed as mean ± standard deviation. 
*Comparison of the Cisplatin and Cisplatin+Melatonin groups. p<0.05 was considered significant. 

 

 

 
Figure 1: Light microscope images of the hippocampal region belonging to the experiment 

groups. A-the Sham group, B-the Melatonin group, C-the Cisplatin group, D-the 

Cisplatin+Melatonin group. Pyknotic cells are indicated by black arrows and edema regions are 

indicated by red arrows on the pictures (Magnification x100). 

In our study, it was observed that edema and pyknotic neurons increased in the 

hippocampal tissues of the rats which were given cisplatin. When melatonin was given to the 

rats, to which cisplatin was administered, hippocampal edema and the number of pyknotic 

neurons were observed to reduce markedly. In conclusion, the finding that cisplatin-induced 

neurotoxic effects in the brain could be reduced by melatonin, was demonstrated for the first 

time with this study.  

It is known that neurotoxic side effects, which increase depending on the dose and time 

period of treatment, occur in cancer patients treated with cisplatin (Amidi A et al., 2017 p.1). 

Memory and behavioral disorders may also be mentioned in addition to cognitive defects 

among cisplatin-induced neurological side effects in clinical practice (Troy L et al., 2000 p.29). 

In addition, cisplatin histopathologically inhibits neurogenesis in hippocampus, disrupts 

neurotransmitter production, and leads to damage in the neurons and glial cells (Liu Y et al., 

2003 p.97). Neurons are more susceptible to stress-causing conditions compared to other cells 

because of their high lipid content and weak antioxidant defence systems (Krarup-Hansen A et 

al., 2007 p.1076). In the same study, it was also shown that cisplatin had an affinity for neurons 

and neuronal supportive tissues. In another study, it was shown that a marked decrease occurred 

in expression of proapoptotic and antiapoptotic genes in the hippocampi of rats 48 hours after 

4. DISCUSSION 
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administration of cisplatin (Manohar S et al., 2014 p.369). The aforementioned injury 

mechanisms play important roles in the neurotoxic effect of cisplatin. 

Studies on combined use of cisplatin and neuroprotective compounds to decrease the 

injury caused by neurotoxic effects have been conducted in recent years. Melatonin is known 

to have antiapoptotic and neuroprotective effects on oxidative neuronal injury (Pazar A et al., 

2016 p.74). Melatonin, which has antioxidant and positive effects in brain metabolism against 

stress, is an appropriate candidate molecule for this combination (Fernandez A et al., 2015 

p.292, Dong Y et al., 2016 p.253). It is known that melatonin increases neuronal regeneration 

as well as having antiapoptotic efficiency (Luo Y et al., 2017 p.5951, Ali T et al., 2015 p.47).  

In our study, the protective effects of melatonin on hippocampal injury developing after 

treatment with cisplatin were investigated. On histopathological evaluation we focused on the 

hippocampal region of the brain. The results we obtained showed that melatonin treatment 

reduced cisplatin-induced neurotoxicity and slowed pyknotic process in the hippocampal cells. 

Our results were also compatible with the neuroprotective effects obtained in studies in which 

melatonin was given to cases of subarachnoid hemorrhage and ototoxic injuries (Dong Y et al., 

2016 p.253, Lopez-Gonzalez MA et al., 2000 p.73). Thus, melatonin, which is known to have 

neuroprotective effect, can be used to solve neurotoxic problems occurring in patients treated 

with cisplatin. 

Studies have shown that edema in the brain and the blood-brain barrier permeability 

increase when cisplatin toxicity develops (Namikawa K et al., 2000 p.223, Kazak F et al., 2021 

p.1). In our study, it was also observed that edema increased in the hippocampal tissues of the 

subjects, who were given cisplatin, in accordance with previous studies. In the literature, there 

are studies showing that edema decreases with administration of melatonin in injuries leading 

to neurotoxicity (Feng D et al., 2017 p.1, Dong Y et al., 2016 p.253). It was reported that 

melatonin showed this effect by reducing stress at the level of endoplasmic reticulum and by 

inhibiting autophagy (Ding K et al., 2014 p.1, Luo Y et al., 2017 p.5951, Dong Y et al., 2016 

p.253, Fernandez A et al., 2015 p.292). As a result of the analysis of the data obtained by 

evaluation of edema in the hippocampal tissue in our study, we concluded that edema increased 

when cisplatin was given, and less edema occurred when cisplatin and melatonin were given in 

combination. 

In the literature, studies on different issues related to cisplatin and melatonin have shown 

that they influence the same oxidative and apoptotic processes in opposite directions. However, 

we could not find any study demonstrating if melatonin reduces cisplatin toxicity in the brain 

tissue and especially in the hippocampus. In our study, we examined the effects of melatonin 

on cisplatin toxicity and concluded that melatonin showed protective action against cisplatin-

induced neurotoxic effects. Our results indicated that combined use of cisplatin, a widely used 

chemotherapeutic drug, with melatonin would help cancer patients to be exposed to fewer 

neurotoxic side effects. In addition, it would also be possible to increase quality of life as well 

as preserving cognitive levels with addition of melatonin to treatment protocols in cancer 

patients who have to be treated with cisplatin. This synergy will also provide safety for cisplatin 

treatment and an increase in drug exposure time. Our results should be supported by future 

5. CONCLUSION 
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studies, and transition processes for clinical application should be completed for melatonin to 

be included in the treatment protocol. 
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