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Abstract
Background: To our knowledge, data on the effects of melatonin supplementation on biomarkers of in�ammation and oxidative
stress in subjects with breast cancer are scarce. This research was done to assess the effects of melatonin supplementation on
biomarkers of in�ammation and oxidative stress in subjects with breast cancer.

Methods: This randomized double-blind, placebo-controlled trial was conducted on 40 subjects diagnosed with breast cancer
aged >25 years old. Subjects were randomly assigned into two groups to take either melatonin (n=20) or placebo (n=20) for 24
weeks. In�ammation and oxidative stress biomarkers were quanti�ed at baseline and after the 24-week intervention.

Results: After the 24-week intervention, compared with the placebo, melatonin supplementation signi�cantly increased plasma
total antioxidant capacity (TAC) (+21.3±26.2 vs. -6.3±34.5 mmol/L, P=0.007), and decreased plasma malondialdehyde (MDA)
concentrations (-0.2±0.3 vs. +0.1±0.2 µmol/L, P=0.002). We did not observe any signi�cant effect of melatonin supplementation
on other biomarkers of oxidative stress.

Conclusions: Overall, melatonin intake for 24 weeks in patients with breast cancer had bene�cial effects on TAC and MDA levels,
but did not affect other biomarkers of oxidative stress.

Background
Breast cancer is the most prevalent malignancy in females across the world; it approximately accounts for twenty �ve percent of
all women cancers and its prevalence is greater in developed countries (1). In addition, this cancer is the second leading cause of
malignancy‐related death among females worldwide (1, 2). Current breast cancer therapies, including radiotherapy, chemotherapy,
and surgery may lack e�ciency due to a high relapse risk, drug resistance emergence and poor patient response (3). Therefore,
exploring better and more effective therapeutics for breast cancer patients is an essential issue.

Melatonin, a natural neurohormone predominantly synthesized by the pineal gland, play an important role in both the
synchronization and regulation of the sleep-wake cycle as well as circadian rhythms (4). In addition to its chronobiotic roles,
melatonin possesses complex and different immunomodulatory and oncostatic abilities (5-7). Moreover, changed circadian levels
of melatonin, especially a decrease in peak endogenous production, have been shown in relation to diverse cancers (8-10),
cognitive impairment and healthy ageing (11, 12). Notably, the role of in�ammation and oxidative stress in the pathogenesis of
breast cancer, and regulatory effects of melatonin have recently been indicated in vivo and in vitro (13). In this study, we aimed to
evaluate clinical effects of melatonin in breast cancer patients, focusing on oxidative stress and in�ammation biomarkers, and
pathological �ndings of the tumor.

Methods
Trial design and participants 

The current study was a randomized double-blind placebo-controlled clinical trial, registered in the Iranian registry of clinical trials
(http://www.irct.ir: IRCT20171105037262N5), performed at Shahid-Beheshti hospital a�liated to Kashan University of Medical
Sciences (KAUMS), Kashan, Iran, among 40 subjects with breast cancer at any stage undergoing neoadjuvant chemotherapy aged
>25 years old between January 2020 and June 2021. Exclusion criteria were as follows: having renal and liver failure abnormal
blood test.

Study design

Firstly, all subjects randomly divided into two groups to receive either melatonin supplements (n=20) or placebo (n=20) for 24
weeks. Every night one hour prior to sleep, patients will orally receive two 5 mg capsules of melatonin for 24 weeks. The
appearance of the placebo was indistinguishable in color, shape, size, and packaging, smell and taste from the melatonin
capsule. All capsules were produced by Zahravi Pharmaceutical Company (Tabriz, Iran). Subjects were requested not to change
their ordinary physical activity and not to take any nutritional supplements during the 24-week trial. 
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Treatment Adherence

To evaluate the compliance, the remaining supplements were counted and subtracted from the amount of supplements provided
to the subjects. To increase compliance, all subjects received short messages on their cell phones every day to remind them about
taking the capsules.

Biochemical assessment

Ten milliliters fasting blood samples were collected at baseline and after the 24-week intervention at Kashan reference laboratory
in a fasting status. Then, the samples were stored at -80°C before analysis. Serum C-reactive protein (CRP) values were assessed
by commercial ELISA kit (LDN, Nordhorn, Germany) with inter- and intra-assay CVs of 4.5 to 6.4%, respectively. The plasma NO
using Griess method (14), TAC by the use of ferric reducing antioxidant power developed by Benzie and Strain (15), GSH using the
method of Beutler et al. (16) and MDA concentrations by the thiobarbituric acid reactive substances spectrophotometric test (17)
were determined. All inter- and intra-assay CVs for NO, TAC, GSH and MDA values were less than 4%. 

Sample size

Using a formula suggested for clinical trials, having 25 subjects in each group were adequate while considering a type one error
(α) of 0.05 and type two error (β) of 0.20 (power=80%), 283.7 ng/mL as SD and 290.0 ng/mL as the mean distinction (d) of hs-
CRP as the key variable (18). Assuming 5 dropouts in each group, the �nal sample size was determined to be 20 subjects in each
group.

Randomization

Randomization and allocation were conducted as blindness using computer-generated random numbers.

Statistical methods

To evaluate whether the study variables were normally distributed or not, we used the Kolmogrov-Smirnov test. To assess the
effects of melatonin supplementation on biomarkers of in�ammation and oxidative stress, we used one-way repeated measures
analysis of variance. The P-value of <0.05 were considered statistically signi�cant. All statistical analyses used the Statistical
Package for Social Science version 18 (SPSS Inc., Chicago, Illinois, USA).

Results
In the current study, all 33 subjects with breast cancer [melatonin (n=17) and placebo (n=16)] completed the trial (Fig. 1). On
average, the rate of compliance in the present study was high, such that higher than 90% of capsules were taken throughout the
study in both groups. No side effects were reported following consumption of melatonin supplements in subjects with breast
cancer throughout the study.

After the 24-week intervention, compared with the placebo, melatonin supplementation signi�cantly increased plasma TAC
(+21.3±26.2 vs. -6.3±34.5 mmol/L, P=0.007), and decreased plasma MDA concentrations (-0.2±0.3 vs. +0.1±0.2 µmol/L, P=0.002)
(Table 1). We did not observe any signi�cant effect of melatonin supplementation on other biomarkers of oxidative stress. 

Discussion
In the present study, melatonin intake for 24 weeks in patients with breast cancer had bene�cial effects on TAC and MDA levels,
but did not affect other biomarkers of oxidative stress. In animal models, melatonin, especially in combination with metformin,
suppressed DMBA-mediated mammary tumor growth through apoptosis stimulation in cancer cells (19). Pioglitazone and
melatonin combination did not considerably change the basic tumor growth parameters; however, histopathological �ndings
revealed a reduction in the high-grade tumors proportion in vivo (20).
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In order to examine the clinical potential of melatonin against breast cancer, some studies have been conducted. In 1995, Lissoni
et al. evaluated the e�cacy of concomitant melatonin (20 mg/d) treatment in metastatic breast cancer patients progressed in
response to tamoxifen alone. The treatment was well tolerated and lead to a partial response in 28.5% of the subjects. In addition,
no melatonin-mediated enhancement of tamoxifen toxicity was observed (21). Lissoni and colleagues conducted another study in
14 metastatic breast cancer patients treated by epirubicin (25 mg/m2 i.v. at weekly intervals) and oral intake of melatonin (20
mg/d; starting 7 days before chemotherapy). The induction phase with melatonin mediated a platelet number normalization in 9
of 12 evaluable patients, and no further platelet decrease happened in chemotherapy. Of note, objective tumor regression was
achieved in 5 of 12 cases, suggesting melatonin effectiveness in the cancer-associated thrombocytopenia treatment and to
prevent chemotherapy-mediated platelet decline (22).

In another clinical study on breast cancer patients, melatonin (3 mg; daily) was shown well tolerated in a four-month course
without any toxicity, but it did not affect circulating estradiol, IGFBP-3, or IGF-1 levels in postmenopausal females with breast
cancer (23). In 2020, neuroprotective effect of melatonin on the chemotherapy-induced adverse events in breast cancer patients
was evaluated. In this study, melatonin ameliorated executive function on trial making test (TMT) scores, increased episodic
memory (delayed and immediate) and recognition on Rey Auditory-Verbal Learning Test (RAVLT), and enhanced verbal �uency in
the orthographic Controlled Oral Word Association Test (COWAT). At the end of treatment, changes in brain-derived neurotrophic
factor (BDNF) and TrkB were inversely correlated with sleep quality and depressive symptoms, but not with the TMT scores (24). 

Conclusions
Today, the treatment of human cancers, especially breast cancer, is a global concern and much attention has been attracted to
this issue. Melatonin, a neurohormone with multiple properties in various pathologies, has been well-established as an anticancer
agent in many preclinical investigations; however, there is little data on its e�cacy in the treatment of breast cancer patients in
clinical practice. Therefore, we aimed to design the present trial to investigate melatonin effects on biomarkers of in�ammation
and oxidative stress. We showed that melatonin intake for 24 weeks in patients with breast cancer had bene�cial effects on TAC
and MDA levels, but did not affect other biomarkers of oxidative stress. Overall, more clinical and preclinical trials are needed for
better evaluation on melatonin effects based on underlying mechanisms
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Tables
Table 1. Biomarkers of in�ammation and oxidative stress at baseline and after the 24-week intervention in subjects with breast
cancer

  Placebo group (n=20)   Melatonin group (n=20)    

P1  Baseline End-of-trial Change   Baseline End-of-trial Change  

CRP (mg/L) 4.7±1.1 5.0±1.2 0.3±0.4   5.1±1.0 5.2±0.9 0.1±0.4   0.10  

NO  (μmol/L) 64.9±4.3 65.0±4.1 0.1±2.7   65.3±7.0 65.8±8.0 0.5±5.1   0.78  

TAC (mmol/L) 659.8±158.0 653.5±155.7 -6.3±34.5   694.8±131.8 716.1±136.3 21.3±26.2   0.007  

GSH (µmol/L) 582.6±119.9 577.9±125.4 -4.7±31.9   605.3±154.8 599.0±151.4 -6.3±21.0   0.85  

MDA (µmol/L) 3.9±1.0 4.0±1.1 0.1±0.2   3.6±0.9 3.3±0.7 -0.2±0.3   0.002  

All values are means± SDs. 

1 P values represent the time × group interaction (computed by analysis of the one-way repeated measures ANOVA).

GSH, total glutathione; hs-CRP, C-reactive protein; MDA, malondialdehyde; NO, nitric oxide; TAC, total antioxidant capacity.

Figures



Page 7/7

Figure 1

Summary of patient �ow diagram.


