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Abstract. The aim of this in vivo study was to explore the 
protective properties of melatonin against Adriamycin‑induced 
myocardial toxicity. A rat model of breast cancer was estab-
lished and the rats were randomly divided into the blank 
group (Blank), the solvent group [Diss; dehydrated alcohol: 
physiological saline (1:9)], the Adriamycin group (ADM), 
the melatonin group (MLT) and the melatonin + Adriamycin 
group (M+A). The concentrations of lipid peroxide (LPO), 
superoxide dismutase (SOD) and glutathione peroxidase 
(GSH-Px) in myocardial tissues were detected, the changes in 
myocardial tissues were observed using light microscopy and 
electron microscopy, and the 1-month survival rates of each 
group of rats were compared. Breast cancer was established 
in 116  rats. In the ADM group, the concentration of LPO 
was higher and the concentrations of SOD and GSH-Px were 
significantly lower than those in the blank group. In the M+A 
group, compared with the ADM group, the concentration of 
LPO was lower (P<0.05) and the concentrations of SOD and 
GSH-Px were higher (P<0.05). It was observed using light 
and electron microscopy that the myocardial injuries to the 
M+A group were significantly alleviated in comparison with 
those in the ADM group; the 1-month survival rate in the M+A 
group was higher than that in the ADM group. Melatonin 
may have a protective role in the myocardium by reducing 
Adriamycin‑induced myocardial oxidative damage.

Introduction

Breast cancer is a malignant tumor with a high incidence in 
females from more developed western countries. Although 
historically the incidence of breast cancer in women in China 
was low, it has been on the increase in the past 20 years. In 

large cities, such as Beijing and Shanghai, breast cancer is the 
most common type of malignant tumor diagnosed in women. 
As the country with the highest population in the world, there 
are a large total number of cases annually. Anthracycline 
chemotherapeutic agents, including Adriamycin, are among 
the main agents used for breast cancer chemotherapy. 
Adriamycin has been essential in breast cancer therapy, 
particularly in prolonging the survival of patients with 
advanced and metastatic breast cancer. However, due to the 
dose-limiting cardiotoxicity of Adriamycin, it is not suitable 
for use in patients with cardiac disorders. The administration 
of Adriamycin may cause varying degrees of myocardial 
toxicity, seriously affecting the patients' quality of life, and in 
certain cases has caused toxicity-related mortality (1-3). 

In recent years, studies of myocardial toxicity have been 
reported, but no drug has been satisfactorily applied in a 
clinical environment (4-6). With developments in the treat-
ment of malignant tumors, tumor reduction and disease 
relief in the short term are no longer sufficient and steps to 
improve quality of life and prolong the survival of patients are 
drawing an increasing amount of attention. There has been a 
strong clinical demand for cardioprotective drugs for use in 
tumor patients (7). There is a need for a drug that is not only 
helpful in the treatment of breast cancer, but also alleviates 
Adriamycin-induced cardiotoxicity.

Melatonin is an endocrine hormone naturally present 
in the human body, which has a complicated and important 
physiological role. Studies have confirmed that melatonin 
has an inhibitory effect on multiple malignant tumors; 
the antitumor effects in patients with ER+ breast cancer 
have been reported (8-11). The inhibitory effect on breast 
cancer cells was confirmed again at the cellular level in our 
previous research  (12,13). Notably, the resistance reversal 
effect and sensitizing mechanism of Adriamycin have been 
observed. Additionally, melatonin, currently the strongest 
known antioxidant  (14-17), has been confirmed to have 
a significant multi-organ protective effect via a complex 
mechanism (18-22). 

It would be of interest to determine whether melatonin has 
a cardioprotective effect that would aid the anticarcinogenic 
effect of Adriamycin and, if so, to understand the mechanism. 
Melatonin, therefore, may be an excellent adjuvant drug in 
breast cancer chemotherapy, which would be worthy of further 
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study. A rat model of ER+ breast cancer was established in order 
to investigate melatonin's effects. The condition of the human 
body was simulated as closely as possible in order to observe 
the cardiotoxicity and the quality of life in rats concurrently 
treated with melatonin and Adriamycin.

Materials and methods

Animals. In this study, 140 healthy female Sprague-Dawley 
(SD) rats, weighing ~200-250 g, were purchased from the 
Animal Center of Hebei Medical University. The rats were 
maintained in light-dark (LD) conditions. LD involved 
12  h of light (from 6:00 to 18:00) and 12  h of darkness 
(from 18:00 to 6:00). The rats had free access to water and 
food, and were maintained in a room with a temperature of 
25±2˚C and humidity of 45-50%. The rats entered the trial 
after 3 weeks of synchronization. This study was carried 
out in strict accordance with the recommendations in the 
Guide for the Care and Use of Laboratory Animals of the 
National Institutes of Health. The protocol for animal use 
was reviewed and approved by the Institutional Animal 
Care and Use Committee (IACUC) of the First Hospital of 
Shijiazhuang, Hebei.

Establishment of the rat model of breast cancer. According 
to the Russo method (23), of the 140 female SD rats, 130 were 
injected with N-nitroso-N-methylurea (MNU; Sigma‑Aldrich, 
St Louis, MO, USA) to induce and establish the breast cancer 
models, and the remaining 10 rats underwent an intraperito-
neal injection with a solvent which is used to dissolve MNU.

According to the Dagar method (24), the rats were weighed 
and numbered. The rats were intraperitoneally injected with a 
50 mg/kg dose of MNU. After being weighed 2 weeks later, 
they were injected again with the same dosage of MNU. The 
tumor growth in the rat breast was observed on a weekly basis 
for the timely evaluation of successful cases.

Animal groups. The rats were divided into the blank control 
group (Blank); the solvent control group [Diss; dehydrated 
alcohol: physiological saline (1:9)]; the melatonin group (MLT) 
who were injected with a 10 mg/kg dose of melatonin (Sigma-
Aldrich) once a day for a total of 15 times; the Adriamycin 
group (ADM) who were injected with a 2.5 mg/ml dose of 
Adriamycin every other day for a total of 7 times; and the 
melatonin + Adriamycin (M+A) group. From the first day in 
the M+A group the rats were treated with a 10 mg/kg dose of 
MLT once a day for 15 days, and from the third day the rats 
were also treated with a 2.5 mg/ml dose of ADM every other 
day. MLT was injected intraperitoneally prior to ADM. On the 
18th day, a number of each group of rats were sacrificed and 
taken for analysis; the remaining rats continued to be observed 
to ascertain the survival rates.

Detection of oxidative indices. Each group of rats underwent 
an intraperitoneal injection of 30 mg/kg pentobarbital sodium 
as an anesthetic, prior to opening the chest and the quick 
removal of the heart, which was flushed with physiological 
saline three times and dried with filter paper. After being 
weighed, the heart was prepared as a 10% homogenate with a 
0.2 M/l phosphate buffer solution (pH 8.6) in an ice water bath 

to determine the concentration of lipid peroxide (LPO) and 
the activities of superoxide dismutase (SOD) and glutathione 
peroxidase (GSH-Px) in the myocardial tissue.

Preparation of myocardial tissue samples for light micros-
copy. The rats underwent anesthesia as described above, 
followed by the removal of the heart. The interventricular 
septum was dissected and the myocardial tissues were 
removed from the left ventricle. The myocardial tissues were 
cut into 8-10 blocks of 1 mm3 along with the striation of 
muscle fiber and fixed in 10% paraformaldehyde phosphate 
buffer solution for pathological sectioning and hematoxylin 
and eosin (H&E) staining. The tissues were observed and 
photographic images captured under a light microscope using 
low and high magnification.

Preparation of samples for electron microscopy. The steps for 
processing the myocardial tissue samples for electron micros-
copy included: sampling, pre-fixation, washing, post-fixation, 
washing, dehydration, saturation, embedding, polymerization, 
ultrathin sectioning, observation and photographic image 
capture.

Statistical analysis. The data were analyzed with the statis-
tical software SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). The 
oxidative indices were compared using t-tests and the 1-month 
survival rate was compared with the Chi-square test. P<0.05 
was considered to indicate a statistically significant difference

Results 

Tumors and groups. In total, 140 female SD rats were used 
in this study. Of the 10 rats in the MNU Diss group, there 
appeared to be one death without an identifiable cause and the 
other rats were in a good condition, without the generation of 
any tumors. Among the 130 rats who underwent MNU injec-
tion, four rats died during the injection and three rats who had 
generated tumors died before they were placed into groups. 
In total, seven rats did not generate tumors and 116 rats did 
generate tumors and were randomly placed into groups. The 
tumor initiation rate was 91.5% (119/130). In each group, 
eight rats were randomly selected and dissected to remove the 
tumors and hearts and then sacrificed, and the remaining rats 
(24 rats in the blank group, 24 in the solvent group, 22 in the 
MLT group, 24 in the ADM group, 22 in the M+A group) were 
observed for six months in order to determine mortality rates.

Oxidative indices. The oxidative indices included LPO, SOD 
and GSH-Px concentrations in the myocardial tissues. There 
were no marked differences in each index among the Blank, 
Diss and MLT groups. The concentration of LPO in the 
myocardial tissues in the ADM group was significantly higher 
when compared with that in the M+A group (P<0.05). The 
concentrations of SOD and GSH-Px in the ADM group were 
significantly lower when compared with those in the M+A 
group (P<0.05, Table I).

General characteristics of the hearts. The shapes, sizes and 
weight of the hearts in the MLT, Blank and Diss groups 
were close to normal. The hearts of the rats in the ADM 
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group appeared to be markedly congested and swollen, with 
increased volumes and visible petechiae on the pericardium. 
The hearts in the M+A group were essentially normal in 
shape, with mild congestion, but without visible petechiae on 
the pericardium.

Appearance of hearts under light and electron microscopy. 
There were no marked anomalies in the Blank, Diss and MLT 
groups, either under a light microscope with low magnification 
or under an electron microscope for H&E-stained myocardial 
sections.

In the ADM group, under a light microscope with a low 
magnification, a large number of cardiac muscle bundle 
fractures were observed, with mucus visible between the 
muscle bundles (Fig. 1A). Under a light microscope with a 
high magnification, it was observed that the cardiac muscles 
appeared to be disordered with severe mucinous degenera-

tion (Fig. 1B). Under an electron microscope, it was observed 
that the matrix in the nuclear side appeared to have a marked 
edema, where the majority of the ridges and a few of the 
mitochondrial membranes appeared to be fused, indistinct or 
missing, some of the chromosomes appeared to have under-
gone the cavitation phenomenon, glycogen granules were 
significantly reduced under an electron microscope and parts 
of the coxae were either arranged in an unorganized manner 
or missing (Fig. 1C).

Under a light microscope with a low magnification, it was 
observed that the cardiac muscle bundles were essentially 
normal in the M+A group, but mild bundle fractures were 
present in a few areas (Fig. 1D). Mild granular degeneration 
was observed under a light microscope with high magnifica-
tion (Fig. 1E). Under an electron microscope it was observed 
that a few sections of the mitochondrial ridges appeared to be 
fused and indistinct and the glycogen granules were reduced, 

Table I. Comparison of LPO, SOD and GSH-Px concentrations in the various groups.

Groups	 LPO (nmol/mgPr)	 SOD (µg/mgPr)	 GSH-Px (µ/mgPr)

Blank	 6.68±0.91	 26.67±2.13	 17.33±2.17
Diss	 7.15±0.44	 25.33±4.49	 16.54±1.91
MLT	 5.59±1.77	 26.55±2.07	 18.02±0.75
ADM	 9.88±1.50	 10.19±0.78	 8.97±0.57
M+A	 6.79±0.48a	 19.99±1.91b	 13.81±1.52c

at=5.557, P= 0.025 vs. ADM group; bt=-13.99, P=0.029 vs. ADM group; ct=-8.462, P=0.014 vs. ADM group. Blank, no intervention; Diss, 
solvent intervention; MLT, melatonin intervention; ADM, Adriamycin intervention; M+A, melatonin + Adriamycin intervention; LPO, lipid 
peroxide; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase.

Figure 1. (A) Adriamycin-induced myocardial injuries and muscle bundle fractures were visible under a light microscope with low magnification in the ADM 
group (magnification, x100); (B) Adriamycin-induced myocardial mucinous degeneration was visible under a light microscope with high magnification in the 
ADM group (magnification, x400); (C) Adriamycin-induced organelle injuries in myocardial cells and serious mitochondrial cavitation were visible under 
a light microscope with high magnification in the ADM group (magnification, x20.0KX); (D) Essentially normal cardiac muscles were visible under a light 
microscope with low magnification in the M+A group (magnification, x100); (E) Only mild granular changes were visible under a light microscope with high 
magnification in the M+A group (magnification, 400x); (F) Adriamycin-induced organelle injuries in myocardial cells and serious mitochondrial cavitation 
were visible under an electron microscope with high magnification in the M+A group (magnification, x20,000). Blank, no intervention; Diss, solvent interven-
tion; MLT, melatonin intervention; ADM, Adriamycin intervention; M+A, melatonin + Adriamycin intervention.

  A   B   C

  D   E   F
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but no cavitation phenomenon was observed in the chromo-
somes (Fig. 1F).

Survival rates after 1-month. The 1-month survival rates 
of the remaining rats in each group were analyzed and are 
shown in Table II. The 1-month survival rates were 4/16 in the 
Blank group and 6/16 in the Diss group, without a statistically 
significant difference (P=0.35), 14/14 in the MLT group, with 
a total survival rate significantly higher than in the previous 
two groups (P=0.000), 5/16 in the ADM group and 11/14 in the 
M+A group, with the latter higher than the former (P=0.012), 
without a statistically significant difference between the MLT 
group and the M+A group (P=0.11).

Discussion 

Melatonin is an endocrine substance naturally present in vivo 
that is secreted by the pinealocyte. It is widely distributed 
in various organs of the human body and plays an impor-
tant and complicated biological function in vivo. Studies 
have confirmed that melatonin has a multi-organ protec-
tive effect, which indicates that melatonin may also play a 
role in myocardial protection by promoting the anti-tumor 
effect of Adriamycin  (21,25-28). In this study, rat models 
of ER+ breast cancer were established in order to compare 
the cardiotoxicity in the ADM group, with exposure to 
Adriamycin, and the M+A group, with concurrent exposure 
to melatonin and Adriamycin. It was observed in the general 
samples that the volumes of the hearts of the rats in the ADM 
group were larger, with marked congestion and swelling, 
and varying severities of petechiae on the pericardium. By 
contrast, the hearts in the M+A group were almost normal in 
shape and color, with visible congestion in severe cases, but 
without visible petechiae on the pericardium. Under a light 
microscope with a low magnification, it was observed that 
the myocardial tissues of the ADM rats appeared to have a 
large number of cardiac muscle bundle fractures, with mucus 
between the cardiac muscles (Fig. 1A). It was observed, under 
a light microscope with high magnification, that the cardiac 
muscles were arranged in a disorderly manner and appeared 
to have severe mucinous degeneration (Fig. 1B). It was also 

observed, under a light microscope with low magnification, 
that the cardiac muscle bundles were essentially normal in 
the M+T group, with no marked bundle fractures (Fig. 1D); 
mild granular degeneration was visible under a light micro-
scope with high magnification (Fig. 1E). Thereafter, changes 
in organelle levels were observed using electron microscopy 
and it was demonstrated that the organelles in the myocar-
dial cells were badly damaged in the ADM group and the 
majority of the mitochondria appeared to undergo the cavita-
tion phenomenon (Fig. 1C). There were only mild injuries to 
the mitochondria in the M+A group (Fig. 1F). From different 
levels of morphology, it was demonstrated that the myocardial 
injuries in the M+A group, with intervention of melatonin, 
were alleviated compared with those in the ADM group with 
a single application of Adriamycin, which was consistent with 
our expectations, indicating that melatonin has a protective 
effect against Adriamycin-induced myocardial toxicity.

Some hypotheses concerning the mechanism of anthra-
cycline-induced myocardial injuries are as follows: i)  the 
oxidative stress effects produce a large number of free radicals, 
causing myocardial injuries via oxidation; ii) calcium overload 
and energy metabolism disorder may cause lipid peroxidation 
in myocardial cells; iii) the tyrosine residing in myocardial 
cells became nitrated by Adriamycin; iv) the myocardial cells 
appeared to undergo direct apoptosis. Free radical damage and 
lipid peroxidation in myocardial cells represented significant 
anthracycline‑induced myocardial injuries. Therefore, the scav-
enging of free radicals is an important measure for preventing 
myocardial injuries (29).

Superoxide dismutase (SOD) scavenges free radicals in vivo. 
It catalyzes the conversion of superoxide radicals into hydrogen 
peroxide and oxygen molecules and is key in resisting cell 
damage caused by oxygen free radicals. Glutathione peroxidase 
(GSH‑Px) is an important peroxide-decomposing enzyme 
widely found in vivo and is a detoxification enzyme that scav-
enges hydrogen peroxide and other organic peroxides. It protects 
the structure and the function of the cell membrane from 
peroxide interference and damage through action as an antioxi-
dant. LPO is produced by the polyunsaturated fatty acids in the 
cell membrane structure in vivo with the influence of oxygen 
free radicals. The peroxidation of lipid membranes may damage 
the membrane structure and cell function, causing a variety 
of diseases. Floyd et al (30) suggested that SOD, GSH-Px and 
LPO may be important indicators in pharmacodynamic studies 
of Adriamycin-induced cardiotoxicity with drug intervention, 
as they are closely related to the degree of myocardial injury. In 
the current study, SOD and GSH-Px were observed to be nega-
tively correlated with Adriamycin‑induced myocardial injuries, 
while LPO was positively correlated (Table I), indicating that 
these three indicators may be considered to be main outcome 
measures in the evaluation of Adriamycin-induced cardiotox-
icity. It was also demonstrated that melatonin is significant for 
protecting against oxidation and lipid peroxidation, which is 
consistent with the results of previous studies. This may be one 
of the mechanisms by which melatonin reduced Adriamycin-
induced myocardial injury. This is also consistent with the 
organ protective mechanism of melatonin through antioxidation 
observed in previous studies (21,21,25,31,32).

In the current study, it was observed that all rats treated 
with melatonin had a better overall quality of life. The tumors 

Table II. Comparison of 1-month survival rate among groups.

Groups	 n	 One month survival (n)

Blank	 16	 4
Diss	 16	 6
MLT	 14	 14
ADM	 16	 5
M+A	 14	 11

Blank and Diss: χ2=1.45, P=0.35; Blank and MLT: χ2=17.5, P=0.000; 
Blank and ADM: χ2=0.00, P=1.00; Blank and M+A: χ2=8.57, P=0.005; 
MLT and M+A: χ2=3.36, P=0.1; ADM and M+A: χ2=6.71, P=0.012. 
Blank, no intervention; Diss, solvent intervention; MLT, melatonin 
intervention; ADM, Adriamycin intervention; M+A, melatonin + 
Adriamycin intervention.
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shrank in the ADT group, but the rats in this group had the 
worst quality of life and the shortest survival period (Table II). 
The tumors shrank slightly in the M+A group compared with 
that in the ADM group for application of melatonin, but the 
quality of life and survival period of the rats in the M+A 
group were improved compared with those in the ADM group. 
The treatment concept for advanced malignant tumors has 
changed. Compared with the previous focus simply on tumor 
shrinkage, at present, improvements to the quality of life and 
extension of the survival period are considered to be more 
important. It has been demonstrated in previous studies that 
melatonin relieves toxicity and enhances the curative effect 
in addition to improving the quality of life in the treatment 
of a variety of tumors (33-35), which was confirmed again 
by the current study, indicating that as an adjuvant drug of 
Adriamycin or other chemotherapy drugs, melatonin may 
have a function concordant with the current concept of tumor 
therapy. However, the mechanism of melatonin is very compli-
cated. Further studies into possible mechanisms are required 
in order to make developments that are of clinical value.
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