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Melatonin is a pleotropic molecule with numerous biological activities. Epidemiological and experimental studies have

documented that melatonin could inhibit different types of cancer in vitro and in vivo.
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1. Melatonin Biosynthesis and Metabolism in Human Body

Melatonin was isolated in 1958, by the dermatologist Aaron Lerner, from bovine pineal gland. Although it is mainly

secreted from the pineal gland, there are many other secondary sources including; retina, gut, skin, platelets and bone

marrow, and probably other structures, but their systemic contribution is insignificant .

The starting material of melatonin biosynthesis in humans is tryptophan, an essential amino acid. Through the action of

tryptophan hydroxylase (TP5H) and aromatic acid decarboxylase (AADC), enzymes tryptophan is converted to the

neurotransmitter, serotonin. In the subsequent step, serotonin is converted into melatonin through the influence of

arylalkylamine N-acetyltransferase (AANAT) and hydroxyindole-O-methyltransferase (HIOMT) enzymes  (Figure 1).

Figure 1. Melatonin biosynthesis in human.

Melatonin is not stored inside the pineal gland and it is released as it is synthetized, so the plasma hormone profile

faithfully reflects the pineal activity . Moreover, amphiphilic nature and the small size of melatonin facilitates its passage

across cell membranes and its access to various fluids, tissues, and cellular compartments as saliva, urine, cerebrospinal

fluid, preovulatory follicle, semen, amniotic fluid, and milk .

Melatonin is metabolized mainly by cytochrome P450 in the liver. It has been demonstrated that melatonin was

metabolized to 6-hydroxymelatonin and N-acetylserotonin by CYP1A1 and CYP 2C19, respectively, at Phase I

metabolism, and most of them were subsequently converted to sulfate conjugates by sulfotransferases in human liver and

excreted in the urine . A small portion of melatonin is degraded by other tissues including skin and brain by either

CYPA2B or 2,3-indolamine dioxygenase to form 6-hydroxymelatonin or N -acetyl-N -formyl-5-methoxykynurenine

(AFMK). The urinary excretion probably is not the major metabolic route of AFMK judging from its water solubility .

Melatonin has specific receptors to regulate many physiological functions namely; MT1 and MT2, both are members of

the seven transmembrane G-protein coupled receptor family . Human MT1 and MT2 receptors are 350 and 362 amino

acids long, respectively, with molecular weights of 39–40 kDa and 55% amino acid homology overall . Both MT1 and

MT2 affect protein kinase activity through inhibition of adenylyl (cAMP) and guanylyl (cGMP) cyclase, respectively.

Furthermore, activation of the phospholipase C pathway that leads to increase in inositol triphosphate (IP3) and 1, 2-

diacylglycerol (DAG) levels has been proved for both MT1 and MT2 receptors .
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2. Biological Activities of Melatonin

Melatonin is widespread in nature, and it plays a vital role in different biological activities . A study has been carried out

in aged animals that showed melatonin’s effect on body temperature and energy balance . Several studies have shed

light on the melatonin immunomodulatory effect. It was reported that melatonin may regulate the activation of T/B cells in

pinealectomy mice in a dose-dependent manner . Besides, it shows immunomodulation and neuroprotective potential

in a pharmacological Alzheimer’s disease mouse model . Moreover, melatonin was known to be associated with bone

homeostasis. Administration of melatonin exhibited a promising strategy to manage postmenopausal patients via restoring

the osteoporosis-impaired osteogenic potential of bone marrow mesenchymal stem cells . It also maintains bone

balance; increases the osteogenic differentiation of bone marrow mesenchymal stem cells, and suppresses

osteoclastogenesis . A recent clinical trial has investigated the effect of melatonin consumption on controlling arterial

pressure and anthropometric indices in type 2 diabetes mellitus patients. It reduced significantly the mean level of systolic

pressure, mean arterial pressure, pulse pressure, and conicity index in the intervention group . In addition, the

chronobiotic properties of melatonin have been evaluated. It revealed that the administration of melatonin may regulate

sleep disorders related to abnormal timing of the circadian system: jetlag, shift work, delayed sleep phase syndrome, and

some elderly sleep difficulties . Additionally, melatonin was able to inhibit neuroinflammation and relieve depression by

autophagy modulation through FOXO3a signaling . Recently, melatonin has been investigated as a candidate drug for

the management of corona virus infection. It docks with novel coronavirus proteins and exhibits a variety of interactions

with an interesting docking score that leads to prevent the virus proteins, which lead to demolish the virus as well .

 

3. The Use of Melatonin in Cancer Treatment

Plethora of clinical research have reported the oncostatic role of melatonin against various types of cancer such as

Gastric cancer , breast cancer , oral cancer , prostate cancer , and other more types.

3.1. Gastric Cancer

Gastric cancer (stomach cancer) is one of the most common cancers worldwide. According to GLOBOCAN 2018 data,

gastric cancer is the 3rd most deadly cancer . Melatonin has been reported with distinguished anticancer activity

against gastric cancer. The anti-gastric cancer mechanisms of melatonin are still not fully understood, however, various

studies suggested several mechanisms for anticancer activity of melatonin including stimulation of immunity, cell

proliferation inhibiting, and apoptosis induction . Zhang et al. have investigated the impact of melatonin on the

functions of gastric adenocarcinoma cell line, SGC7901, including apoptosis, cell proliferation, cell migration, and colony

formation. They demonstrated that melatonin could inhibit colony formation, cell proliferation, cell migration, and enhanced

apoptosis . In another study on SCG7901 human gastric cells, Wang et al. have illustrated the association of melatonin

with RZR/RORγ pathway under hypoxia. Their results showed suppression in the activity of RZR/RORγ, in addition to

suppression in SUMO-specific protease 1 (SENP1) signaling pathway, which is crucial for stabilizing the hypoxia inducible

factor-1α (HIF 1α) during hypoxia in response to melatonin. Moreover, melatonin was able to reduce the vascular

endothelial growth factor (VEGF) expression and suppress metastasis . In agreement with this, Wang et al. followed up

with another study to evaluate the anticancer activity of melatonin on the growth and angiogenesis of SGC7901cells,

revealing the inhibitory effect of melatonin on the growth of SGC7901cells. The low concentration of melatonin (0.01, 0.1,

and 1 mM) had no clear impact on VEGF secretions, however, higher concentration (3 mM) had clearly suppressed VEGF

secretions. Besides, the expression of melatonin nuclear receptor RZR/RORγ, HIF-1α, SUMO-specific protease 1, and

VEGF had been reduced within SGC7901 during tumorigenesis in response to treatment with melatonin . In addition,

Song et al. have investigated the effect of melatonin on SGC7901 cells in term of protein production using protein chip

technology. Melatonin was found to induce cell cycle arrest. Furthermore, melatonin induced changes in proteins that are

related to cell proliferation and apoptosis represented in downregulation of phospho-CDC25A, CDC25A, p21, phosphor-

p21, and Bcl-xl, upregulation of Bax, an activation of caspase-3 and an increase in the level of cleaved caspase-9, which

ensured the implication of mitochondria in melatonin-induced .

3.2. Glioblastoma

Glioblastoma is the most common and aggressive primary brain tumor in adults. The incidence rate of glioblastoma is 5–8

per 100,000, representing around 54% of diagnosed gliomas cases. Glioblastoma has short life expectancy, less than one

year since diagnosis in average, which is owed to the tumor recurrences high rate . Glioblastoma was reported with

higher frequency and 1.6 higher incidences in males as compared to females . Glioma stem-like cells are

subpopulation in glioblastoma, they play a crucial role in the tumor growth maintenance and recurrence , and
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promote self-renewing capacity and tumor propagation . Melatonin showed an anticancer effect against

glioblastoma, and it was also reported to overcome the multi-drug resistance in glioblastoma treatment . Sung et

al. recently have investigated the impact of combination of melatonin with vorinostat on the expression of transcription

factor EB and apoptosis in glioblastoma cells and glioma cancer stem cells. The expression of transcription factor EB,

which needs oligomerization to regulate transcription, was reported to be increased in glioblastoma. The combination of

vorinostat and melatonin induce a downregulation of the transcription factor EB and oligomerization, which increased

apoptosis related gens, hence, cells apoptosis was activated . In another study, Chen et al. have studied the roles of

melatonin and the associated mechanisms against glioblastoma stem-like cells. Their results demonstrated that melatonin

altered the glioblastoma stem-like cells biology and inhibited glioblastoma stem-like cells proliferation. Moreover,

melatonin showed to alter the transcription factors profile inhibiting the initiation and propagation of tumor. In addition to

the impairment of EZH2–STAT3 interaction and EZH2 S21 phosphorylation, melatonin has multiple roles in attenuating

several key signals related to survival and self-renewal in glioblastoma stem-like cells . Lai et al. have studied the

microenvironment of glioma investigating the correlation of melatonin treatment and molecular markers in glioblastoma

multiform including SIRT1, CCL2, ICAM-1, and VCAM-1. Their results showed melatonin administration increased the

expression of SIRT1, which inhibit the growth and proliferation of glioma cells . In another recent study, Fernandez-Gil

et al. have explored whether treatment with melatonin can restore the oxidative phosphorylation after metabolic switch to

glycolysis in glioblastoma cells. The results showed that melatonin significantly decreased the viability and inhibited the

proliferation of glioblastoma cells. Besides, it modulates a metabolic shift from glycolysis to oxidative phosphorylation,

which lead to a reduction in the malignant properties of glioblastoma cells . Additionally, it was reported that the

melatonin antitumor effect can be through suppression of the EZH2-NOTCH1 signaling axis in glioblastoma stem-like cells

. Moreover, several studies have shown the melatonin impact on glioblastoma cells via enhancing apoptosis and

inhibiting cell migration and invasion .

3.3. Prostate Cancer

Prostate cancer (PC) is the most common cancer in males. It is the fifth leading cause of death in men cancer cases

worldwide . Prostates represent a target for melatonin which has been proven with its inhibitory effect on the cell

growth of prostate cancer . Wang et al. have investigated the effect of melatonin on prostate cancer cells. Their

results showed that melatonin downregulated the expression of matrix metallopeptidase 13 (MMP-13) and inhibited the

invasive and migratory capacities in prostate cancer cells via the phospholipase C, p38, and c-Jun signaling cascades

and MT  receptor. MMP-13 have been reported to be highly expressed in prostate cancer patients as compared to healthy

individuals. Moreover, melatonine suppressed the growth rate and metastasis in prostate cancer cells in both in vivo and

in vitro models . In a retrospective study, Zharinov et al. have evaluated the use of melatonin in prostate cancer

patients with different risk groups showing that there is no significant difference between the melatonin-treated and not

treated in the favorable and intermediate prognoses groups. However, an increase in the survival rate in poor prognosis

group has been demonstrated in melatonin-treated patients as compared to untreated patients . Liu et al. investigated

the melatonin activity in 22Rv1 and LNCaP prostate cancer cells. They showed that these cells overexpress androgen

receptor splice variant-7 (AR-V7) and activate nuclear factor-kappa B (NF-κB) that results in upregulation of the

expression of IL-6. Melatonin showed inhibitory effect on expression of AR-V7 and its induced activation of NF-κB and IL-

6 gene transcription . Besides, Guilherme et al. have evaluated the activity of melatonin alone or combined with

docosahexaenoic acid on PNT1A prostate cancer cells in regard to proliferation relevant pathways, ROS production, and

mitochondria bioenergetics. Melatonin upon coincubation with docosahexaenoic acid improved the oxidative

phosphorylation and restored mitochondrial bioenergetic reserve capacity. These melatonin induced alterations were

related to AKT/mTOR dephosphorylation, and modulation of ERK1/2 expression . An in vivo study has demonstrated

the antitumor effect of melaonin on prostate cancer . Moreover, melatonin inhibited angiogenesis in prostate cancer

cells via amplifying the miRNA3195 and miRNA374b expression . It also inhibited cell growth in LNCap and PC-3 cell

line .

3.4. Lung Cancer

In cancer related-deaths globally, lung cancer is one of the most common type that is well known with its strong

metastasis . It is the second most common cancer in males and females according to the American Cancer Society

(ACS) . Melatonin has shown its effectiveness against lung cancer . Recently, Ma et al. have studied the effect

of melatonin on non-small cell lung cancer. Melatonin administration remarkably enhanced apoptosis, in addition to

inhibition of proliferation, invasion, and metastasis in NSCLC. In addition, melatonin reduced the level of HDAC9 in

NSCLC . In another study, Yun et al. have investigated the effect of administration of melatonin in combination with

gefitinib in H1975 NSCLC and HCC827 lung tumor cell line. The results showed that co-administration of melatonin with

gefitinib reduced the viability of H1975 cells with harbored T790M somatic mutation, as compared to HCC827 cells with
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an active epidermal growth factor receptor (EGFR) mutation. This decreased viability and cell death lead to reduced

phosphorylation of EGFR and Akt, in turn, decreasing the expression of several survival proteins; such as Bcl-xL, Bcl-2,

and surviving, and activating caspase 3 in H1975 cells. Additionally, it was found that co-administration induced apoptosis

and downregulated EGFR phosphorylation in H1975 as compared to administration of melatonin or gefitinib alone,

suggesting that melatonin acts by increase the sensitivity of H1975 cells to gefitinib . Furthermore, Plaimee et al. have

evaluated the anticancer effect of melatonin in combination with cisplastin in SK-LU-1, human lung adenocarcinoma

cisplatin-sensitive cell line. The results showed that co-administration of melatonin decreased the IC50 of cisplatin and

enhanced apoptosis of SK-LU-1 cells via increasing the membrane polarization of mitochondria, activating caspases-3/7,

and promoting cell cycle arrest, as compared to using cisplatin alone . Besides, Zhou et al. have explored the

anticancer effect of melatonin and its mechanism on A549 cells, human lung adenocarcinoma cell line. Treatment with

melatonin decreased the viability and inhibited migration of A549 cells. Moreover, downregulation of the expression of

MLCK and OPN have been observed, in addition to a reduction in phosphorylation of MLC of A549 cells. However, an

elevation in the occludin expression involving JNK/MAPK pathway have been demonstrated suggesting that these effects

mediate inhibition of the migration of A549 .

3.5. Ovarian Cancer

Ovarian cancer is the main cause of death worldwide among the gynecological malignancies . Melatonin has been

reported with its efficiency against ovarian cancer . Chuffa et al. have studied the anti-inflammatory activity of

melatonin in modulation of toll-like receptors (TLR) which expressed on the surface of ovarian cancer. The results showed

that there is no decrease in the level of TLR2 in response to melatonin. However, the ovarian cancer-associated increase

in several proteins was suppressed by melatonin. Moreover, melatonin decrease the expression of IRF-3, IkBα, TRIF, p65,

and NF-kB, which are involved in TLR4 mediated signaling pathway, suggesting the role of melatonin in attenuating the

TLR4-mediated TRIF- and MyD88-dependent signaling pathways in ovarian cancer in ethanol-consuming rats .

Akbarzadeh et al. also explored the cytotoxic activity of melatonin alone or in combination with photodynamic irradiation

on HUVEC umbilical cells and SKOV3 ovarian cancer cell line. A remarkable increase in the levels of reactive oxygen

species generation, apoptosis–necrosis rate, and heat shock protein 70 expression was reported in both cell lines in

response to the combination of melatonin and photodynamic therapy. This can highlight the melatonin as an enhancing

agent for the apoptosis and efficacy of laser therapy in ovarian cancer cells . In another recent study, ZemŁA et al. have

explored the effectiveness of using melatonin with the anticancer drug, cisplatin on SK-OV-3, IOSE 364, and OVCAR-3

ovarian cancer cell lines. This study demonstrated that melatonin at certain concentration showed synergistic effect with

cisplatin. Moreover, this synergism found to be independent of membrane melatonin receptor MTI . Ataei et al. have

explored the activity of melatonin as inhibitor for the Cadmium-induced proliferation in SK-OV-3 and OVCAR-3 cell lines.

While cadmium showed proliferation enhancement, melatonin showed inhibition of this cadmium-induced proliferation.

Furthermore, melatonin inhibited the cadmium-induced effect on estrogen receptor α expression in SK-OV-3 and OVCAR-

3 cells . A study has demonstrated the effect of melatonin in ovarian cancer cells (OVCAR-429 and PA-1). It repressed

cell growth and downregulated CDK2 and 4 . Interestingly, using long-term treatment of melatonin in an in vivo model

of ovarian carcinoma (OC), exhibited high potency of melatonin in regulating different signaling pathways associated with

OC .

3.6. Colorectal Cancer

Colorectal cancer is a challenging cancer, with a high expected incidence in elderly people. Its signs and symptoms

depend on the anatomical location, tumor progression, and cancer stage  However, 60% of cases can be

monitored with therapies . Melatonin has been used as an anticancer therapy in colorectal cancer . Wang et al.

have investigated the effect of combining melatonin with ionizing radiation on HCT 116 human colorectal cancer cell line

in vitro and in vivo Melatonin inhibited proliferation, cell migration, and colony formation in HCT 116 following ionizing

radiation. This increase in radiosensitivity of the cells was in association with cell cycle arrest in the phase G2/M,

activation of caspas-related apoptosis, and decrease in the expression of proteins involved in break repair. In vivo, cell

growth of the xenografted tumor was significantly inhibited after treatment with melatonin and ionizing radiation as

compared to each agent alone, hence, higher tumor suppression rate suggesting melatonin sensitizing the colorectal

cancer cells in cancer radiotherapy . In an attempt to explore apoptosis activity of melatonin, Wei et al. have

investigated the mechanism of melatonin-induced apoptosis in LoVo colorectal cancer cell line. It was found that

melatonin inhibited proliferation and promoted apoptosis in LoVo cells. It was observed that the melatonin induced

apoptosis via nuclear import and dephosphorylation of histone deacetylase 4 (HDAC4), as well as reduced the expression

of Bcl-2 . In another study, Yun et al. have explored the apoptic and the pro-oxidant effect of melatonin in wild type

human colorectal cancer cell line (SNU-C5/WT). It was found that melatonin increased the production of superoxide via

decreasing the levels of PTEN-induced kinase 1 (PINK1) and cellular prion protein (PrP ). This induces endoplasmic
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reticulum stress and apoptosis. The results of this study have shed the light on a promising targeting strategy in colorectal

cancer . In the same line, Lee et al. have investigated the PrP  level in oxaliplatin-resistant colorectal cancer (SNU-

C5/Oxal-R). Significantly increased levels of PrP  was found in SNU-C5/Oxal-R as compared with SNU-C5/WT colorectal

cancer. Interestingly, co-administration of melatonin with oxaliplatin downregulated the PrP  expression and increased the

superoxide production. Moreover, apoptosis and endoplasmic reticulum stress were remarkably increased in SNU-

C5/Oxal-R following co-administration of melatonin with oxaliplatin suggesting the role of as a key protein in resistance to

oxaliplatin in SNU-C5/Oxal-R . Antitumor activity of melatonin was also reported in human colorectal cancer cells

(HCT116). Melatonin amplified apoptosis action, autophagy, and senescence in cancer cells . Besides, it was able to

prevent cell migration in RKO colon cancer cells via suppression of ROCK expression .

3.7. Oral Cancer

Oral cancer is a highly aggressive cancer with a high mortality rate worldwide . Chemotherapy showed beneficial

activity for survival in local oral cancer . Liu et al. have investigated the effect of melatonin on SCC9, SCC25, Cal27,

Tca8113, FaDu, and hNOKs oral cancer cells. It was found that the apoptosis resistance and proliferation were impaired

upon treatment with melatonin. This effect was due to inactivation of ROS-dependent Akt signaling, downregulation of Bcl-

2, PCNA, and cyclin D1. Melatonin also decreased invasion and migration of oral cancer cells . Yeh et al. have

explored the antimetastatic activity of melatonin in OECM-1 and HSC-3 oral cancer cell lines. Their results demonstrated

that melatonin hampered the migration of OECM-1 and HSC-3 cells; in addition, it decreased the activity of MMP-9

enzyme, as well as its expression of mRNA and protein. Moreover melatonin showed a suppression effect on the

phosphorylation of the ERK1/2 signaling pathway that decreased the gene transcription of MMP-9 . Additionally, Yang

et al. have evaluated the action of melatonin on oral cancer patient-derived tumor xenograft as a model and in oral

squamous cell carcinoma. They examined the effect of overexpressing of histone lysine-specific demethylase (LSD1).

Melatonin significantly suppressed the cell proliferation of oral squamous cell carcinoma in a time- and dose-dependent

manner. The results suggested that proliferation suppression was associated with melatonin-induced inhibition of histone

lysine-specific demethylase in oral cancer in vitro and in vivo . In a recent study, Hunsaker et al. have evaluated the

effect of melatonin on the microRNA content in the extracellular vesicles in different oral cancer cell lines including CAL27,

SCC25, and SCC9. The results showed differential effect of melatonin on specific microRNAs in the three oral cancer cell

lines highlighting the importance of evaluation of microRNA when studying the anti-oral cancer activity of melatonin .

Another study has shown the effect of melatonin on suppressing molecular proteins associated with angiogenesis and

metastasis in oral carcinoma cells . Besides, antiapoptotic activity of melatonin was reported in VCR-resistant oral

cancer cells .

3.8. Liver Cancer

Liver cancer is the fourth leading cause of cancer death globally in 2018 . Several studies have reported the efficiency

of melatonin against hepatocarcinoma cells . Ordoñez et al. have evaluated the role of melatonin in ceramides

metabolism and autophagy in HepG2 cells, human liver cancer cell line. Melatonin promoted autophagy in HepG2 cells

via JNK phosphorylation which is characterized by an increase in p62 degradation, Beclin-1 expression, and

colocalization of LAMP-2 and LC3II that lead to decreased cell viability. Furthermore, melatonin increased the ceramides

levels through acid sphingomyelinase (ASMase) stimulation and de novo synthesis indicating. Given the crucial role of

ceramides in regulating the autophagy, it is indicated the effect of melatonin on autophagy and apoptosis through affecting

the ceramides metabolism . Carbajo-Pescador et al. have investigated the anti-angiogenic activity of melatonin in

HepG2. It was found that melatonin decreased the levels of VEGF, the expression of HIF-1α protein under hypoxic

conditions. Furthermore, melatonin inhibited the hypoxia-induced increase in phospho-STAT3, CBP/p300, and HIF-1α and

inhibited their physical interaction, suggesting that melatonin exhibited its anti-angiogenic effect by interfering with VEGF

transcriptional activation through HIF-1α and STAT3 . Cheng et al. have evaluated the effect of melatonin on the

exosome derived from hepatocarcinoma cells and the expression of inflammatory factors. Melatonin reduced the

expression of programmed death ligand 1 on macrophages. Furthermore, melatonin inhibited the high expression of the

inflammatory cytokines; TNFα, IL-10, IL-6, and IL-1β in macrophages. It was found that exosomes derived from melatonin

treated hepatocarcinoma cells can change the immunosuppression state via STAT3 axis in macrophages, suggesting the

role of melatonin in manipulating the immunosuppressive state in hepatocarcinoma cells . Besides, melatonin has

reduced the expression of HIF-1α, VEGF, and suppressed cell proliferation in hepatocarcinoma cells . In addition,

Human hepatoma cell apoptosis has been induced by melatonin via downregulation of COX-2 .

3.9. Renal Cancer

Several studies have focused on the role of melatonin as an anticancer in renal cancer . Abraham et al. have

explored whether melatonin can prevent Methotrexate-induced renal damage in rats. The results revealed that the rats
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which were treated with melatonin prior to methotrexate treatment showed a reduction in methotrexate-induced renal

damage biochemically and histologically. Moreover, pretreatment of melatonin showed a reduction in Methotrexte-induced

oxidative stress and perturbation in the antioxidant enzymes, indicating the beneficial role of melatonin in decreasing the

Methotrexate-induced side effects in renal cancer cells and tissues . Park et al. have investigated the mechanism

underpinning melatonin effect on renal cancer Caki cells. It was shown that melatonin promoted apoptosis; it elevated the

proapoptic protein Bcl-2-interacting mediator of cell death (Bim). Melatonin increased the mRNA expression of Bim

through increasing the expression and transcriptional activity of E2F1 and Sp1, suggesting that melatonin promotes

apoptosis in renal cancer Caki cells via increasing Bim expression . Recently, Lin et al. have studied the impact of

melatonin on the migration and invasion of Caki-1 and Achn renal cancer cell lines. Melatonin inhibited migration and

invasion of these cells. Furthermore, melatonin decreased MMP-9 by decreasing p52- and p65-DNA-binding activities. In

addition, ERK1/2 and JNK1/2 signaling pathways were implicated in the melatonin regulatory effect on cell motility and

MMP-9 transactivation, indicating the impact of melatonin on motility and metastasis of renal cancer cells . Table 2

summarizes the anticancer effect of melatonin on different cancer types with the mechanisms of action.

Table 2. Anticancer activities of melatonin against different cancer types.

Cancer Type Study Model Dose of
Melatonin Main Effects of Melatonin and Outcomes Reference

Gastric
cancer

AGS and SGC-7901 cell
lines
mice

1 mΜ, 2 mΜ, 3
mΜ melatonin

50 mg/kg
melatonin

inhibited cell proliferation via the activation of the
IRE/JNK/Beclin1 signaling

induced the expression of apoptotic and
autophagy-related proteins

SGC7901 cell line 10  M
melatonin

affected the expression of differentiation relevant
factors; the gene expression of endocan was

significantly increased and the activity of lactate
dehydrogenase and phosphatase was

downregulated

SGC7901 and BGC823
cell lines

10  M
melatonin

decreased the motility and migration distance,
remodeled cells tight junctions, and increased

cells adhesion

AGS and MGC803 human
gastric cell lines

3 mM
melatonin

induced apoptosis by upregulating the apoptosis
related proteins; Caspase 3, Caspase 9, and

downregulating the phosphorylation and
expression of upstream regulators MDM2 and

AKT

SGC7901 gastric cancer
cells

2 mM
melatonin

inhibited migration, reduced viability, and
induced apoptosis

upregulated the expression of phosphorylated (p)
p38 and c Jun N terminal kinase (p JNK) protein,
and downregulated the expression of nucleic p65

Mice
Murine foregastric

carcinoma (MFC) cells

0, 25, 50 and
100 mg/kg
melatonin
0, 2, 4, 6, 8
and 10 mM
melatonin

inhibited cells proliferation and decreased the
tumor volume increased IL-2, IL-10, and IFN-γ

expression
decreased IL-6 level
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Cancer Type Study Model Dose of
Melatonin Main Effects of Melatonin and Outcomes Reference

Glioblastoma

Glioblastoma cell lines
(U251 and T98G)

0.1–1000 μM
melatonin

Reduced cell viability and self-renewal of
glioblastoma cells through blocking EZH2-

NOTCH1 signaling axis.

U87 MG and A172 cell
lines

1 mM
melatonin

induced autophagy
increased the levels of LC3 II, and Beclin 1
upregulation of Bcl-2, the key initiator of

autophagy
enhanced the apoptosis in glioblastoma cells

U251 and U87
glioblastoma cells

1 nM, 1 mM
melatonin

blocked the expression of HIF-1α protein and
inhibited the expression of vascular endothelial

growth factor and matrix metalloproteinase 2
(MMP-2) under hypoxia

Human normal neural
stem cells hNSC.100

1 μM, 100 μM,
1 mM

melatonin

inhibited the proliferation of glioblastoma
initiating cells, decreased the clonogenic and

self-renewal ability, and downregulated stem cell
markers including the transcription factors sox2

oct3/4, nanog, and the transmembrane
glycoprotein CD133

decreases the expression levels of de mRNA of
these markers

Prostate
cancer

Xenografted LNCaP in
mice

1 mg/Kg
melatonin

density reduction in the xenograft micro-vessels
(lower angiogenesis), and decreased the growth

rate
downregulated the Ki67 expression, increased

the HIF-1α expression, and enhanced
phosphorylation of Akt

Prostate cancer cell line
PC-3 cells

1 mM
melatonin

upregulated miRNA3195 and miRNA 374b under
hypoxia decreased the mRNA expression of

angiogenesis related genes including HIF-1α, HIF-
2α and VEGF at mRNA level under hypoxia

LNCaP and PC-3 prostate
cancer cell lines

1 mM
melatonin

increased cell toxicity caused by hrTNF-alpha
and NF-related apoptosis-inducing ligand (TRAIL)

without affecting the action of docetaxel,
doxorubicin, or etoposide induced phenotypic
changes, and neuroendocrine differentiation

Lung cancer

CL1-5 and A549cell lines 0.1, 0.3, and 1
mM melatonin

reduced the expression of CD133 in lung cancer
cells

inhibited PLC, β-catenin, ERK/p38, and Twist
signaling pathways to suppress lung cancer

stemness

CL1-0, CL1-5 and A549
cell lines

male SCID mice

0.1, 0.3, or 1
mM melatonin

reduced the lung cancer metastasis reversed the
phenotype of epithelial–mesenchymal through

twist
inhibited Twist/Twist1 expression via MT1

receptor, p38/ERK PLC, and β-catenin signaling
cascades

SK-LU-1 cell line with
PBMC

1 nm, 1 μm
and 1 mM
melatonin

increased apoptosis and oxidative stress via
reduction in GSH, and increased cell cycle arrest
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Cancer Type Study Model Dose of
Melatonin Main Effects of Melatonin and Outcomes Reference

Ovarian
cancer

SKOV3 ovarian cancer
cells

3.4 mM
melatonin

inhibited proliferation
decreased the expression of the proliferation

marker Ki67
reduced the ZEB1, ZEB2, vimentin, and snail

expression
increased E-cadherin

decreased the expression of matrix
metalloproteinase 9 (MMP9)

OVCAR-429 and PA-1 cell
lines

0.4, 0.6, and
0.8 mM

melatonin

downregulated CDK 2 and 4 which lead to
accumulation of OVCAR-429 and PA-1 cells the

G1 phase

Rats 200 μg/100 g
bw/day

decreased the expression levels of proteins
involved in important metabolic processes which

are associated with energy generation,
mitochondrial processes, antigen presenting and

processing, hypoxia, endoplasmic reticulum
stress, and cancer-associated proteoglycans

overexpression of fatty acids binding proteins,
ATP synthase subunit β, and heat shock protein

Colorectal
cancer

HCT116 cell line (p53 wild
type)

1, 10, 100 μM
melatonin

decreased plasma MT1, and increased the
nuclear receptor, RORα

induced apoptosis and autophagic process
decreased cells population in S-phase
decreased Trichostatin A-associated

cardiotoxicity via inhibition of A- and E-type
cyclins, and upregulation of p16 and p-p21

expression
promoted G1 phase arrest

RKO cell line 1, 2, and 3
mM melatonin

downregulated the levels of Rho-associated
protein kinase 2 (ROCK2), p-myosin light chains
(p-MLC), and phospho (p)-myosin phosphatase

targeting subunit 1 (p-MYPT1) expression
increased occluding and ZO-1 expression

decreased the levels of p38 phosphorylation
supp-ressed the migration of RKO cells

Oral cancer

SCC9 and SCC25 cells 1 mM
melatonin

decreased cell viability in both cell lines
inhibited the expression of the genes VEGF and
HIF-1α under hypoxia and the expression of the

gene ROCK-1 in SCC9 cells

SAS and SCC9 oral
cancer cell lines

Vincristine (VCR)-
resistant oral cancer

cells; SASV32, SASV16,
SCC9V16, and SCC9V32.

0.5–2 mM
melatonin.

promoted the autophagy and the apoptosis of
VCR-resistant oral cancer cells via p38, AKT, and

c-Jun N-terminal kinase (JNK)
inhibited ATP-binding cassette B1 and 4

induced apoptosis and decreased the drug
resistance in VCR-resistant oral cancer cells via

increasing the expression of microRNAs

Liver cancer

HepG2 hepatocarcinoma
cell line

1 mM
melatonin

decreased the cell viability and downregulated
the expression of proangiogenic proteins VEGF
and HIF-1α under hypoxia and in normal state

reduced the cell migration and invasion

HepG2 hepatocarcinoma
cell line

10 , 10 ,
10  and 10

mol/L
melatonin

enhanced apoptosis in HepG2 under ER stress
via selective blocking of activating transcription

factor 6 (ATF-6)
inhibition of cyclooxygenase-2 (COX-2)

expression, and decreasing Bcl-2/Bax ratio

Renal cancer
A498, 786-O, Achn, Caki-

1, and Caki-2 cells.
Mice

0.5, 1, and 2
mM melatonin

200 mg/kg
melatonin

modulated ADAMTS1 independently of the MT1
receptor, affecting invasion and growth ability
induced microRNA -181d and microRNA -let-7f

targeting the non-3′-UTR and 3’-UTR of ADAMTS1
to inhibit its expression and reduce the invasive

in renal cancer cells
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