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Abstract Öz 

Purpose: Cisplatin (CP) is an antineoplastic agent widely 
used in the treatment of various tumors. Retinoic acid has 
potent antioxidant effects. In this study, it is aimed to 
reveal the effects of all-trans retinoic acid (ATRA) on CP 
induced cardiotoxicity. 
Materials and Methods: In the study, wistar albino rats 
were used. Control group received single daily doses of 1 
ml/kg saline and ATRA group received single daily doses 
of ATRA(7,5mg/kg/day) intraperitoneally (i.p.) for 10 
days. ATRA+CP group received a single dose of 
CP(7mg/kg) i.p. on the fourth day of the 10 days of ATRA 
(7,5mg/kg/day) i.p. treatment. The rats in the CP group 
received only a single dose of cisplatin(7mg/kg) i.p. given 
on the 4th of 10 days of treatment. After treatment, the 
groups were compared based on cardiac histopathology 
findings. 
Results: Necrosis, cytoplasmic vacuolization, congestion, 
hemorrhage and edema were more common in the CP 
group than the control group). Necrosis and cytoplasmic 
vacuolization in the all-trans retinoic acid + cisplatin group 
was observed statistically significantly less frequently than 
the CP group.  
Conclusion: This study confirmed that cisplatin therapy 
had destructive effects on heart tissue, and showed that all-
trans retinoic acid treatment could histopathologically 
prevent cisplatin-induced cardiotoxicity. 

Amaç: Cisplatin, pek çok farklı tümör tedavisinde 
kullanılan etkili bir antineoplastik ajandır. Retinoik asit 
güçlü antioksidan etkilere sahiptir. Bu çalışmanın amacı, 
all-trans retinoik asidin (ATRA) cisplatin kaynaklı 
kardiyotoksisite üzerine etkilerini araştırmaktır. 
Gereç ve Yöntem: Çalışmada wistar albino ratlar 
kullanıldı. Kontrol grubundaki ratlara 10 gün boyunca 
günlük 1 ml/kg salin intraperitoneal (i.p.) olarak verildi ve 
ATRA grubundaki ratlara 10 gün boyunca tek doz (7,5 
mg/kg/gün) ATRA i.p. verildi. ATRA + CP grubundaki 
ratlara 10 gün boyunca tek doz (7,5 mg/kg/gün) ATRA 
i.p. ve tedavinin dördüncü gününde tek doz CP (7mg/kg) 
i.p. verildi. CP grubundaki ratlara ise 10 günlük tedavinin 
dördüncü gününde tek doz CP (7mg/kg) i.p. verildi. 
Tedaviden sonra gruplar kardiyak histopatoloji bulgularına 
göre karşılaştırıldı. 
Bulgular: Nekroz, sitoplazmik vakuolizasyon, konjesyon, 
kanama ve ödem cisplatin grubunda kontrol grubuna göre 
daha yaygındı. All-trans retinoik asid + cisplatin grubunda 
nekroz ve sitoplazmik vakuolizasyon, CP grubundan 
istatistiksel olarak anlamlı olarak daha az gözlendi.  
Sonuç: Bu çalışma cisplatin tedavisinin kalp dokusu 
üzerinde yıkıcı etkileri olduğunu doğruladı ve all-trans 
retinoik asid tedavisinin histopatolojik olarak cisplatine 
bağlı kardiyotoksisiteyi önleyebildiğini gösterdi. 

Keywords:. Cisplatin, cardiotoxicity, retinoic acid, all-trans 
retinoic acid 
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INTRODUCTION 

Cisplatin [cis-diamminedichloroplatin (II)] (CP), is a 
DNA alkylating chemotherapeutic agent containing 
platinum and it is widely used in the treatment of 
various types of tumors involving head and neck, 
lung, bladder, testicle, cervix, and also lymphomas 
and childhood solid tumors1-3. It can cause serious 
side effects such as nephrotoxicity, ototoxicity and 
cardiovascular complications2-4. 

There are limitations to the use of CP due to its acute 
and cumulative cardiotoxic effects2. The most 
common side effects include pericarditis, 
myocarditis, arrhythmia, hypertension, heart failure 
and rarely ones include coronary ischemia, heart 
tamponade and endomyocardial fibrosis1-2. It has 
been reported that natural antioxidants can protect 
cells against oxidative damage4. Among these, all-
trans retinoic acid (ATRA) is a physiological 
metabolite of vitamin A and is the most common 
form of retinoid in nature5. ATRA can capture free 
radicals, prevent free radical formation and have 
cellular antioxidant effects without interfering with 
biological targets4. Since one of the mechanisms of 
cardiotoxic effect caused by CP is associated with 
oxidant injury, we propose that ATRA may reduce 
the cardiotoxicity of CP via it’s antioxidant 
properties. Therefore, this study is aimed to show the 
histopathological findings of cardiotoxicity caused by 
the use of CP and to reveal the preventive effect of 
ATRA treatment against CP-induced cardiotoxic 
damage. 

Since CP induced cardiotoxicity is the main problem 
restricting the usage, there are plenty of published 
and continuing studies based on the toxic properties 
and the agents which may prevent the injury or 
reduce the damage in effected tissues.  The presented 
study is one of few studies which is conducted on CP 
induced cardiotoxicity and the preventive effects of 
ATRA in an experimental rat model considering the 
detailed histopathology. 

MATERIALS AND METHODS 

Study design 

The study is conducted after the ethical approval of 
Dokuz Eylul University (Ethical approval number: 
DEU/ HADYEK (Dokuz Eylül Üniversitesi Hayvan 
Deneyleri Yerel Etik Kurulu):47/2017) and all animal 
procedures were conducted in accordance with The 

Guide for The Care and Use of Laboratory Animals 
of the Research Council. 270-320 g weighted Wistar 
albino rats were purchased from the animal 
laboratory of Dokuz Eylul University and they were 
kept in quarantine for 7 days before the study in the 
same conditions as study. During the study rats were 
kept in a room at 23–24 °C temperature and 50–55% 
humidity in 12-h dark and 12-h light cycles. The 
animals were fed with 8 mm sized pellet food and 
daily fresh tap water ad libitum. Twenty-eight rats 
were randomly divided into four groups as given 
below and the administrations were made in 
accordance with previous studies 6-7. 

1. Control group: Only a single daily dose of 1 
ml/kg saline injection intraperitoneally (IP) for 
10 days.  

2. ATRA group: Only a single daily dose of (7,5 
mg/kg IP) ATRA (Roche Diagnostics, Istanbul, 
Turkey) injection for 10 days.  

3. ATRA+CP group: Combined ATRA+CP 
injection with a single dose of CP (7 mg/kg IP) 
on the fourth day of 10-day ATRA treatment 
(7,5 mg/kg IP).  

4. CP group: Only CP (Kocak Pharma, Istanbul, 
Turkey) injection with a single dose of CP (7 
mg/kg IP) on the fourth day of 10 days. 

Histopathology 

All animals were sacrificed using a high dose of ether 
on the 11th day after completing 10 days of the study 
period. The thoracic cavity of the rats was opened 
and their hearts were removed. Tissues were fixed in 
10% buffered formalin and embedded in paraffin. 
Sections of four μm thickness of the cardiac tissue 
samples were stained with hematoxylin&eosin 
(H&E), and examined under light microscope 
(Olympus CX31, Tokyo, Japan). All samples were 
evaluated by 2 pathologists as for histopathological 
findings of cardiotoxicity. The histopathological 
findings such as congestion, hemorrhage, necrosis, 
presence of polymorphonuclear leukocytes (PNL), 
cytoplasmic vacuolization, edema were investigated. 
Congestion, hemorrhage and edema were divided 
into 3 subgroups as mild, moderate, and severe. 
Other parameters were grouped as present and 
absent. 

Statistical analysis 

The data analysis was performed using the Statistical 
Package for the Social Science (SPSS Inc., Chicago, 
Illinois, USA) version 24.0. The variables including 
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congestion, hemorrhage and edema were analyzed by 
Kruskal Wallis test while differences between dual 
groups were assessed by Mann-Whitney U test. The 
statistical relation for categorical variables like 
necrosis, vacuolization and PNL was evaluated by 
performing Pearson chi-square test. 

RESULTS 

Histopathologically, necrosis; while it was seen in rats 
receiving CP, it was not observed in the control and 
ATRA groups. There was a statistically significant 
difference between the control group and ATRA + 
CP (p=0.023) and CP groups in terms of necrosis 
(p<0.001). Necrosis was observed less frequently in 
the ATRA+CP group rather than in the CP group, 
with a statistically significant intergroup difference 
(p=0.06). The difference between ATRA and 
ATRA+CP and CP groups was also statistically 
significant (p=0.023 and p=0.001). 

Cytoplasmic vacuolization was observed in the entire 
CP group, but not in the ATRA group. It was 
observed in only one rat in both the control and 
ATRA + CP groups. There was not any statistically 
significant difference between the control, ATRA, 
and ATRA + CP groups in terms of cytoplasmic 
vacuolization (p=0.900, p=1.000), while a statistically 
significant difference existed between the control and 
CP groups (p=0.006). A statistically significant 
difference was also observed between ATRA + CP 
and CP groups in terms of cytoplasmic vacuolization 
(p=0.006). It was observed that congestion increased 
significantly in the CP group compared to the control 

and ATRA groups. In the ATRA + CP group, 
severity of congestion decreased. In terms of 
congestion, the difference between the control and 
the CP groups (p=0.006), also between the ATRA 
and the CP groups (p=0.002) and the ATRA + CP 
group (p=0.020) was statistically significant. 

Hemorrhage was observed significantly more 
frequently in the CP group compared to the control 
and ATRA groups. There was a statistically 
significant difference in the severity of hemorrhage 
between the control and the CP groups (p=0.002), 
between the ATRA group and the CP (p=0.010) and 
the ATRA + CP groups (p=0.040). 

While edema was not observed in the control and 
ATRA groups, edema was observed in all tissues in 
the CP and ATRA + CP groups. Edema was more 
severe in the CP group than the ATRA + CP group. 
In terms of edema, the difference between the 
control and the ATRA + CP groups (p=0.006), 
between the ATRA and the CP groups (p=0.000) was 
statistically significant. The difference between the 
control and the CP groups in terms of edema was not 
statistically significant (p=0.070). 
Histopathologically, polymorphonuclear leukocytes 
were seen in only one rat in the CP group. 

When all groups were compared with each other, a 
significant relationship was detected between groups. 
Necrosis (p <0.001), vacuolization (p <0.001), 
congestion (p=0.001), hemorrhage (p=0.001), edema 
(p=0.001) were statistically significant (Figure 1), 
while the presence of PNL was statistically 
insignificant (p = 0.540) (Table 1, 2).  

Table 1. Results of comparing congestion, hemorrhage and edema between four groups 

 Congestion Hemorrhage Edema 

 n Mean Rank p Mean Rank p 
Mean 
Rank 

p 

Control 7 9.93 

0.001 

9.93 

0.001 

9.29 

0.001 
ATRA 7 7.36 8.00 7.50 

CP 7 22.07 22.43 21.21 

CP+ATRA 7 18.64 17.64 20.00 
Kruskal-Wallis test. ATRA: All-Trans Retinoic Acid, CP: Cisplatin 

Table 2. Results of comparing necrosis, vacuolization and PNL between four groups 

 Necrosis Vacuolization PNL 

 n % p n % p n % p 

Control 0 0 

<0.001 

1 14.3 

<0.001 

1 14.3 

0.54 
ATRA 0 0 0 0 0 0 

CP 7 100 7 100 1 14.3 

ATRA+CP 4 57.1 1 14.3 0 0 
Pearson Chi-Square test. PNL: polimorfonuclear leukocytes, ATRA: All-Trans Retinoic Acid, CP: Cisplatin 
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Figure 1. Control group with normal cardiac 
histology (H&E, X200) (A),ATRA group showing 
mild edema (H&E, X200) (B) CP group with 
extensive necrosis (arrow) and mild vacuolisation 
(H&E, X200) (C), ATRA+CP group with mild 
vacuolisation and edema (arrow) (H&E, X200) (D). 

DISCUSSION 

Although cardiotoxicity continues to be an important 
problem in anticancer treatment processes, 
cardioprotective strategies have been implemented 
against this problem. However, little success has been 
achieved in clinical approaches to improving cardiac 
toxicity caused by CP; hence, it is necessary to 
develop a treatment to limit the side effects caused by 
CP8. 

The clinical benefit of CP is particularly restricted due 
to its nephrotoxic and cardiotoxic negative effects, 
and mitigating such toxic effects by developing new 
agents remains the main goal. In the current study, 
the effects of cisplatin on cardiac tissue and potential 
amelioration of these effects with ATRA have been 
foreseen. CP treatment in rats leads to decreased 
glutathione levels and antioxidant enzyme activities in 
liver, heart, kidney, plasma9-13.  On the other hand, 
cisplatin is reported to induce cardiac toxicity by 
increasing the production of reactive oxygen species 
(ROS)11. 

 Treatment with CP disrupts the oxidant-antioxidant 
balance by leading an increase ROS production and 
suppressing the antioxidant enzyme activities. 
Cardiac tissue is extensively injured by these ROS. In 
addition, ROS production caused by CP, induces 
release of cytochrome from mitochondria into 
cytoplasm and initiates the mitochondria- dependent 
pathway that causes apoptosis. It has been reported 

that lactate dehydrogenase leakage occurring after 
myocardial injury caused by production of ROS, 
increases cellular membrane permeability14. These 
changes reveals the critical role of oxidative injury in 
the formation of cardiotoxicity.  

As a result of the complex events described above, 
myocardial damage occurs and manifests with 
different histopathological findings. Mitochondrial 
dysfunction, nuclear damage, activation of apoptotic 
pathways, and inflammation in the cardiac tissues is 
seen in CP associated cardiotoxicity10.  In the 
literature, it has been reported that CP therapy causes 
varying degrees of degenerative changes in the form 
of disruption in muscle fibers in carsiad tissue, loss of 
cross stripes, distortion, absence of intercalated discs, 
apoptosis or necrosis of myocytes, and picnosis of 
nuclei. In addition to these findings, vacuolization 
and vascular enlargement have been described in the 
cytoplasms of muscle cells. Topal et al.15 showed that 
cisplatin caused hemorrhage, PNL infiltration, 
pycnotic nuclei, necrosis, edema and congestion. In 
accordance with these studies, we observed that 
necrosis, hemorrhage, congestion and vacuolization 
increased significantly in the cardiac tissues of rats 
that we applied CP. 

In the previous studies, PNL cell infiltration has been 
shown to produce free radicals, which leads to lipid 
peroxidation followed by cellular necrosis16. It is also 
reported that oxidative stress caused PNL infiltration 
and edema in the heart tissue17. In our study, we 
observed PNL infiltration in one of the rats receiving 
CP and edema in all rats in the CP and CP + ATRA 
groups. 

It has been reported that NO production in 
myocardial tissue increases in CP treatment and also 
it also enhances thrombogenesis by stimulating 
platelet accumulation and thromboxane formation12. 
During chemotherapy, CP-induced acute 
cardiovascular toxicity is thought to be caused by 
direct injury to the endothelial cells. Increased 
secretion of Von Willebrand factor by endothelium 
during chemotherapy has been described18. In one 
study histopathological examination of the heart 
tissues showed focal bleeding in the degenerated 
muscle bundles in the CP-treated group and severe 
obstruction in the vascular structures19.  In our study, 
it was observed that vascular changes characterized 
with congestion and hemorrhage increased 
significantly in the group receiving cisplatin 



Ekmekci et al. Cukurova Medical Journal 
 

 1234 

compared to the control and ATRA groups, with a 
statistically significant intergroup difference.  

Till nowadays, various natural agents have been used 
in clinical studies and experimental models to assess 
whether they reduced CP-induced cardiotoxicity2. 
The use of natural antioxidants is a promising 
approach in this regard19.  It is reported that natural 
antioxidants can protect cells against oxidative 
damage20. 

Retinoids are molecules that are structurally related to 
retinol (vitamin A). They are involved in important 
physiological events such as cellular proliferation, 
differentiation, apoptosis, homeostasis, reproduction 
and fetal development5-21-22, 23.  Retinol is absorbed 
from the diet and stored in the liver as retinyl 
palmitate5.  All-trans-retinoic acid (ATRA, tretinoin), 
9-cis-RA, 13-cis-RA, isotretinoin) and retinal are 
physiological or synthetic derivatives of retinol8. 
Beta-carotene is used in the prevention and treatment 
of many diseases related with oxidative injury 
including cancer and cardiovascular diseases due to 
its free radical scavengering features. On the other 
hand, depending on the physiological environment, it 
can also act as a pro-oxidant that damages the tissue. 
In vitro studies have shown strong antioxidant 
activity of beta-carotene. Therefore, it is reported that 
it protects the biological systems against damage 
caused by CP. 

In a study performed with cardiac tissue samples of 
mice, ATRA treatment was reported to be able to 
have a cardioprotective effect by preventing 
apoptosis and collagen accumulation in the presence 
of obesity and insulin resistance24.  The results of the 
studies by Lou et al.21 have shown that ATRA 
protects the heart from NiCl2-induced cell apoptosis 
and tissue injury by reducing reactive oxygen species 
formation. In our study, in the ATRA + CP group, 
necrosis, which is the end point and irreversible step 
of cell damage, was seen statistically significantly less 
frequently than the CP group. Cytoplasmic 
vacuolization, which is an indicator of reversible 
damage and degeneration in the cell, was observed 
statistically significantly less frequently in the ATRA 
+ CP group compared to the CP group. It is 
noteworthy that in the CP + ATRA group, cellular 
edema is less severe than that observed in the CP 
group. These results suggest that administration of 
ATRA to cisplatin- treated rats improves 
histopathological parameters associated with cardiac 
damage.   

There are some other therapeutic agents which have 
documented cardioprotective effects on cisplatin 
induced cardiotoxicity such as N-acetyl cysteine, 
taurine, coenzyme Q, trimetazidine and rutin13-17-18-25. 
Gunturk et al.25 investigated the effects of N-
acetylcysteine (NAC), which is an antioxidant, on 
cisplatin induced cardiotoxicity in a rat model and 
they showed that in the CP+NAC group, interstitial 
edemaand vacuolization was at a significantly lower 
level than seen in the cisplatin group and hemorrhage 
was improved in the CP+NAC group compared to 
the cisplatin only group, but was still high. While in 
the present study, edema was also more severe in the 
CP group than the ATRA + CP group but there was 
a statistically significant difference in the severity of 
hemorrhage between the ATRA group and the CP 
and the ATRA + CP groups. Topal et al.15 

demonstrated the effect of rutin on CP induced 
cardiotoxicity in rats. In their study concucted in rats, 
continuous dilated congested vascular structures was 
found in the cardiac tissue in the 50 mg/kg rutin+5-
mg/kg CP group and almost normal findings was 
observed in in the 100-mg/kg rutin+5-mg/kg CP 
group. In the present study congestion increased 
significantly in the CP group compared to the control 
and ATRA groups and also in the ATRA + CP group, 
the severity of congestion decreased. So vascular 
changes characterized with congestion and 
hemorrhage showed more evident improvement with 
ATRA when compared with other agents. 

The presented study revealed the beneficial effects of 
ATRA histopathologically on CP induced 
cardiotoxicity however there are still limitations of 
the study. Biochemical enzymatic and ultrastructural 
analysis and small size of experimental and control 
groups are among the important limitations. The fact 
that the histomorphological results supported with 
both early and late period biochemical and enzymatic 
findings in cardiac damage, and also with changes in 
organelles as revealed by electron microscopic 
examinations at the ultrastructural level will provide 
better evaluation of the results. 

Our study demonstrates the presence of 
histopathological findings associated with cardiac 
damage in rats receiving CP. In rats treated with 
ATRA, statistically significant results, suggesting 
improvements in histopathological findings seen in 
cardiac injury have been obtained. It will be 
appropriate to carry out controlled clinical studies 
where side effects of ATRA treatment such as 
frequently seen fever, headache, dry skin, bone pain 
and nausea-vomiting will be also considered. 
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