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Abstract
Free radical involvement in initiation, promotion and progression of carcinogenesis, implicates that scavengers of free radi-
cals may act as inhibitors in the carcinogenic process. Melatonin, an antioxidant was used in the present study to evaluate its 
effectiveness on skin carcinogenesis induced by DMBA both with and without chronic restraint stress (CRS). Fifty Swiss 
albino young male rats were divided into five groups of 10 rats each as controls, topical DMB alone, Pre CRS-DMBA, mela-
tonin DMBA and Pre-CRS-DMBA-melatonin treated groups. After 18 weeks blood was collected along with liver and skin 
samples. These were used for antioxidant enzyme assay, DNA damage and fluorescent spectra analysis. Melatonin showed 
antioxidant potential in combatting DMBA induced skin carcinogenesis measured by free radical scavenging enzymes and 
in vivo antioxidant status, DNA damage. Sensitive detection of the DMBA induced micro biochemical changes was possible 
by fluorescent spectroscopy from the transformed ratio of fluorescent intensity (F1 530 nm/630 nm) otherwise found constant 
for normal tissues. By melatonin treatment this ratio was similar to control values. The decreased antioxidant biochemical 
parameters depicting oxidative stress were comparable to comet assay and fluorescent studies, endorsing the chemo-preven-
tive efficacy of melatonin against skin carcinogenesis caused by DMBA. CRS pre-exposure diminished the chemo-preventive/
antioxidant ability of melatonin and the results were same as DMBA alone treatment, showing stress affected both cancer 
development and chemoprevention. CRS decreased the antioxidant potential of melatonin. Hence, managing stress could be 
perceived in cancer chemoprevention. Further studies focusing on stress reduction are needed.
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Introduction

Cancer is only next to cardiovascular diseases causing 
mortality in the developed world [1]. The influence of oxi-
dative stress during the induction, and progression of can-
cer; as well as its involvement in its molecular mechanisms 
is evident from earlier researches [2, 3]. Therefore greater 
emphasis has been laid down on cancer chemoprevention 
by antioxidants and free radical scavengers. Recent studies 
focusing on the anti-cancer properties of the pineal indole 
hormone melatonin (N-acetyl-5-methoxytryptamine) are 
being done, which is found to be a more potent and effec-
tive scavenger of free radicals as compared to other known 
antioxidants [4, 5]. Melatonin as an antioxidant can pro-
tect cells directly [6] and also indirectly through activation 
of antioxidant enzymes which is receptor mediated [4]. 
Though melatonin has been found to inhibit spontaneous 
and chemically induced carcinogenesis [6], the person’s 
response to chemotherapy decides the preventative action.

Stressful events alter the in vivo antioxidant status in 
particular and melatonin is effective as a potent antioxi-
dant both in vitro, and in vivo [7]. Past researches advocate 
that stress is crucial and the ability to manage it plays a 
significant part in the progression of tumors [8–11]. Also 
psychological stress intensifies the initiation and the pro-
gression of cancer in humans as well as animals [12, 13]. 
It has been noted that stress appears to not only promote 
the progression of tumors induced chemically [14–17] but 
causes a reduction in the efficacy of cyclophosphamide, 
a cytotoxic antitumor drug [18]. Also, rotational stress 
reduced the efficacy of antitumor drugs which is seen by 
extent of metastasis, the tumor burden, and survival period 
in animal studies [19, 20].

We have previously shown that pre-exposure to restraint 
stress markedly increased DMBA induced oxidative stress 
along with DNA damage in experimental animals [21, 22]. 
Melatonin has been shown to modulate the clastogenicity 
of DMBA in mammary tumors and other carcinogens by 
defending cells from DNA damage induced by them [4]. 
Present study was carried out to see whether: 1. Mela-
tonin is therapeutically effective on topically applied 
DMBA, and 2. Restraint stress alters the chemoprevention 
of DMBA induced carcinogenesis by melatonin in terms 
of antioxidant parameters The parameters considered 
were superoxide dismutase (SOD) enzyme activity, cata-
lase (CAT) enzyme activity, glutathione reductase (GR) 
enzyme activity, Glutathione-S-transferase (GST) enzyme 
activity; malondialdehyde (MDA) and reduced glutathione 
(GSH) levels. Comet assay was used to determine damage 
of DNA, and fluorescent spectroscopy sensitively detected 
any alteration in biochemical status as normal and cancer-
ous tissues fluoresce at different wavelengths [23].

Materials and methods

Animals

Fifty Swiss albino young male rats, weight approximately 
40 ± 5 g were taken for the study and fed a commercial diet 
procured from Ashirwaad industries, Chandigarh, India. 
Standard conditions of the temperature, humidity and hous-
ing the animals were followed with water given ad libitum. 
A 12 h light/dark cycle was maintained. The experimental 
design was found appropriate by the Animal Ethical Com-
mittee of the university (AEC/LFS/2719). The procedures 
set by national CPCSEA (Committee for the Purpose of 
Control and Supervision of Experiments on Animals) were 
promptly followed.

Treatment of animals

After acclimatizing the animals for a week, they were seg-
regated into five sets, with each set consisting of 10 rats. 
Animals from group I served as control and was not given 
any treatment. Animals in group II (DMBA treated) with 
their backs shaved off two days prior to the commencement 
of experiment, were treated with 0.5% DMBA topically, dis-
solved in sesame oil, two times a week for a total period of 
18 weeks. Group III rats were treated with chronic restraint 
stress (CRS) for the first ten days for a period of three hours 
each day. This was followed by treatment with DMBA simi-
lar to group II. Restraint stress was accomplished by restrict-
ing their movements by keeping the animals singly in small 
body sized cages made of wire attached to wooden boards. 
Group IV (melatonin DMBA ‘Mlt-DMBA’ treated) animals 
were treated as group II except that they were treated with 
melatonin (200 µl of the solution in acetone with 0.05 µg/
ml concentration) thirty minutes before applying DMBA. 
At the start group V animals (Pre-stress DMBA melatonin 
treated) were treated with chronic restraint stress very much 
like the group III animals, then subjected to the same treat-
ment as given to Group IV. The timings of the experiment 
were designed so that melatonin was given no later than 
three hours before lights were switched off.

After 18 weeks all the animals were sacrificed blood col-
lection was done along with the samples of liver and skin. 
These were used for further biochemical analysis.

Processing of cells for comet assay

Separation of lymphocyte/plasma

As soon as the animals were sacrificed, the collected hep-
arinized blood was diluted in  Ca++ and  Mg++ free PBS 
solution. Histopaque 1077 was used for the isolation of 
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lymphocytes. Cells were suspended in RPMI 1640 and 
their viability assessed using the trypan blue exclusion test 
[24]. Heparinized blood was centrifuged (3000 rpm for five 
minutes) for separation of plasma used for emission and bio-
chemical studies.

Isolation of cells from liver and skin

A piece of liver lobe was cut and minced thoroughly using 
a sterilized blade. The minced tissue was later mixed in a 
solution of HBSS (ice-cold). This was later centrifuged and 
the cells suspended in RPMI 1640. The same procedure was 
used for cells isolation of skin tissue.

Analysis of biochemical parameters

The antioxidant enzyme activity of SOD was estimated by 
Markland and Marklund method [25]. One enzyme unit of 
SOD activity was calculated as the amount of protein that 
caused 50% inhibition of pyrogallol autoxidation. The SOD 
activity is expressed as U/mg protein. For CAT [26] one 
enzyme unit is the amount of enzyme decomposing 1 μmole 
of  H2O2 dissipated  min−1 mg  protein−1 at 25 °C. GR enzyme 
activity was calculated using a molar extinction coefficient 
of 6.22 × 103 M/cm and expressed as µmol NADPH oxi-
dized/min/mg protein [27]. GST [28] activity was calculated 
in the plasma by using molar extinction coefficient value 
of 9.6 × 103  M−1  cm−1, using 1-chloro-2, 4-dinitroben-
zene (CDNB) as substrate, and the result was expressed as 
µmoles CDNB conjugate formed/minute/mg protein. GSH, 
the non-enzymatic antioxidant was estimated by reaction of 
GSH with thiol reagent 5,5′-dithiobis-2-nitrobenzoic acid 
(DTNB)). The yellow color developed was read at 412 nm 
[29] and expressed as μmol GSH/mg of protein. The lipid 
peroxidation was estimated by detecting the pink chromogen 
formed by MDA-TBA complex at 535 nm [30]. The result 
was presented as nmoles MDA/mg protein using an extinc-
tion coefficient of 1.56 × 105 M−1 cm−1. Protein content was 
analyzed by the method of Lowry et al. [31].

Fluorescent analysis

Fluorescent spectral analysis was performed as per 
Kartheyan et al. [32]. Plasma was collected from heparin-
ized blood by centrifuging at 3000 rpm for 5 min. The pel-
lets were rinsed with 0.9% saline thrice, and then centri-
fuged at 3000 rpm to collect the erythrocytes. Erythrocytes 
were centrifuged at 15,000 rpm for 20 min and then lysed 
at 0 °C for an hour with ice-cold distilled water to collect 
the erythrocyte membrane in the form of a pastel-yellow 
pellet. Acetone (Analytical grade − 2 ml) was added to a 
fixed amount of plasma, erythrocyte and erythrocyte mem-
brane. After vortexing it was centrifuged at 5000 rpm for ten 

minutes to obtain a clear supernatant, which was utilized for 
fluorescent spectral analysis using a spectro-fluorometer by 
exciting at 400 nm. The emission spectra were noted from 
430 to 700 nm. The procedure was conducted in triplicates 
and the data thus obtained were analyzed statistically.

Analysis of DNA damage

The procedure of Singh et al. [33] was followed for Comet 
assay under alkaline conditions which is described by us in 
details previously [34].

Data analysis

Data was presented as means ± SEM and student’s t test was 
employed to analyze the significance. One way ANOVA was 
used to analyze the variance and p values of < 0.05 were 
set as statistically significant. The statistical analyses were 
performed using GraphPad Prism software.

Results

Biochemical parameters

Melatonin showed preventive effect towards DMBA induced 
modifications of circulatory antioxidant enzymes or bio-
chemical parameters. As depicted in Table 1, p values for 
all enzymes (SOD, GST, CAT, GR) showed significant 
changes. The combined melatonin and DMBA treatment, 
however, caused an insignificant diminution in the antioxi-
dant enzymes, while prior exposure to stress eliminated the 
defensive effect of melatonin as represented by p values of 
the antioxidant enzymes in comparison to the control group. 
The same outcome was seen on TBARS levels in the blood 
of treated and control animals which accompanied decreased 
plasma GSH content (Table 2).

Spectroscopy

Fluorescent spectra of the control, as well as treated animals 
are depicted in Figs. 1, 2 and 3 and the emission data in 
Table 3.

Plasma

The plasma of controls showed a prominent maximum at 
430 nm after excitation at 400 nm, which then diminished 
at higher wavelengths as shown in Fig. 1. The plasma of 
DMBA given group, showed a primary peak at 430 nm, and 
a secondary peak at 630 nm with a significantly reduced FI 
530 nm/630 nm. The secondary peak intensity was enhanced 
in prior stress DMBA treated group and FI 530 nm/630 nm 



 Medical Oncology (2020) 37:96

1 3

96 Page 4 of 9

decreased further in comparison to control or DMBA alone 
treated group. While the DMBA-melatonin treated group 
showed the secondary peak significantly decreased and 

FI nearly approached the untreated control group values. 
But, prior restraint stress exposure of animals and then 
DMBA-Melatonin treatment depicted that the intensity of 

Table 1  Circulatory activities of enzymatic antioxidants SOD, Glutathione-S-transferase (GST), CAT and GR after treatment with DMBA 
alone, DMBA-melatonin, and pre-stress DMBA and prestress DMBA melatonin treatment

Data represents mean ± S.E.M. of 10 animals in each group
*p < 0.01 significant when compared to control group
# p < 0.05 significant, when compared to DMBA alone group
**p < 0.05 significant when compared to DMBA-Mlt group. SOD values are expressed as Units/mg protein. One unit of enzyme was defined as 
the amount of enzyme that caused 50% inhibition of pyrogallol autoxidation

Groups SOD
(Units/mg protein)

GST
(µmoles CDNB conjugate 
formed/ minute /mg protein)

CAT 
(mole of  H2O2 consumed/
min/mg protein)

GR
(µmol NADPH 
oxidized/min/mg 
protein)

Untreated Control 5.21 ± 0.06 2.53 ± 0.03 29.89 ± 0.46 20.09 ± 0.37
DMBA alone 1.52 ± 0.02* 1.08 ± 0.02* 19.18 ± 0.54* 8.40 ± 0.26*
Pre-stress-DMBA 0.50 ± 0.01*# 0.32 ± 0.01*# 9.45 ± 0.53**# 4.78 ± 0.34**#
DMBA-Melatonin 4.05 ± 0.03# 1.82 ± 0.01# 25.76 ± 0.64# 15.96 ± 0.51#
Prestress-DMBA Melatonin 2.80 ± 0.02** 1.25 ± 0.01** 14.17 ± 0.25** 9.87 ± 0.35**

Table 2  Plasma levels of 
reduced glutathione (GSH) 
and malondialdehyde (MDA) 
after treatment with melatonin 
in DMBA alone and pre-stress 
DMBA treated animals

Data represents mean ± S.E.M. of 10 animals in each group
*p < 0.01, significant when compared to control
# p < 0.05, significant when compared to DMBA alone group
**p < 0.05, significant when compared to DMBA-Mlt group

Groups Reduced glutathione (µmol GSH/
mg protein)

Lipid peroxidation (nmoles 
MDA formed/mg protein)

Untreated control 5.21 ± 0.06 2.53 ± 0.03
DMBA alone 1.52 ± 0.02* 1.08 ± 0.02*
Prestress-DMBA 0.50 ± 0.01*# 0.32 ± 0.01*#
DMBA-Melatonin 4.05 ± 0.03# 1.82 ± 0.01#
Prestress-DMBA Melatonin 2.80 ± 0.02** 1.25 ± 0.01**

Fig. 1  Emission spectra of plasma of control, DMBA alone, pre-
stress-DMBA, DMBA-melatonin and pre-stress-DMBA melatonin 
treated samples on excitation at 400 nm

Fig. 2  The emission spectra of erythrocyte samples obtained from 
control, DMBA alone, pre-stress-DMBA, DMBA-melatonin and pre-
stress-DMBA melatonin treatments after excitation at 400 nm
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secondary peak and FI530nm/630 nm ratio increased further 
and was not significantly different or similar to only DMBA 
treatment.

Erythrocytes

Fluorescent spectra of the red blood cells samples of control 
and treated animals are shown in Fig. 2. This was found to be 
comparable to the spectra using plasma samples. However, 
these erythrocyte samples exhibited more fluorescence when 
compared to plasma in terms of the intensity, as observed in 
Table 3 (FI 530 nm/630 nm).

Erythrocyte membrane

Maximum intensity of the erythrocyte membrane of both 
control as well as treated groups was observed at 440 nm 
followed by another at 630  nm (Fig.  3). A secondary 
peak was also observed at 540 nm by the treated groups 

as observed in Fig. 3c. The treated groups exhibited a 
higher FI as compared to controls, unlike its reduction in 
the plasma and erythrocytes. The pre-stress DMBA group 
exhibited maximum rise as compared to all remaining 
groups. As compared to the controls, FI of DMBA-mela-
tonin was increased insignificantly, but that of pre-stress 
DMBA-melatonin was increased significantly as compared 
to control, but insignificantly in comparison to DMBA 
alone.

Comet assay

Determined as increased tail movement, DNA damage 
was significant in the lymphocytes, liver and skin cells 
of the DMBA treated animals in comparison to controls 
(Fig 4a–c respectively and comet tail length in skin cells 
Fig. 5). The Pre-stress DMBA group indicated a further 
enhancement in tail length meaning more DNA damage or 
maximum, in comparison to rest of the groups (p < 0.001).

The treatment with melatonin and DMBA (group 
IV), resulted in significant (p < 0.05) increase in the tail 
length from control group, though was reduced signifi-
cantly (p < 0.01) as compared to DMBA alone treated 
animals, showing a protective influence of melatonin 
against DMBA induced DNA damage. Though, exposure 
to restraint stress before treatment with DMBA-Melatonin, 
increased the DNA damage further significantly (p < 0.01) 
in comparison to Mlt + DMBA treated group, but was not 
significantly different from only DMBA treatment.

The highest level of DNA damage was seen in the skin 
cells as depicted by tail lengths for DMBA alone or pre-
stress DMBA treatment followed by liver and peripheral 
lymphocytes (Fig. 4a–c and comet tail length in skin cells 
Fig. 5). The DNA damage results from highest to lowest as 
per the tissue studied can be summarized as below:

Skin cells > liver cells > peripheral lymphocytes.

Fig. 3  Erythrocyte membrane emission spectra of control, DMBA 
alone, pre-stress-DMBA-melatonin and pre-stress-DMBA melatonin 
treated samples on excitation at 400 nm

Table 3  Emission 
characteristics of Plasma, 
erythrocyte and erythrocyte 
membrane of control and 
experimental groups of rats 
during fluorescent spectral 
analysis excited at 400 nm

Data represents mean ± S.E.M. of 10 animals in each group
* p < 0.01, significant when compared to control
# p < 0.05, significant when compared to DMBA alone group
**p < 0.05, significant when compared to DMBA-Mlt group
## p < 0.05, significant when compared to DMBA-Res group

Groups (FI 530/630)
Plasma

(FI 530/630)
Erythrocyte

(FI 530/630)
Erythrocyte membrane

Untreated Control 2.02 ± 0.14 2.61 ± 0.21 1.20 ± 0.16
DMBA alone 0.70 ± 0.07* 0.24 ± 0.06* 1.51 ± 0.008*
Prestress-DMBA 0.51 ± 0.03*# 0.19 ± 0.07*# 1.82 ± 0.05*#
DMBA-Melatonin 1.76 ± 0.04# 1.75 ± 0.12# 1.30 ± 0.10#
Prestress DMBA-Melatonin 0.92 ± 0.012** 0.5 ± 0.05** 1.42 ± 0.03**
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Fig. 4  a–c DNA damaging effect of DMBA alone, pre-stress-DMBA, 
DMBA-melatonin and pre-stress-DMBA melatonin exposure, on the 
peripheral lymphocytes (a), liver (b) and skin cells (c) of rats. The 
rats were exposed to chronic restraint stress (3 h/day) for 10 days, or 
topically treated with 0.5% DMBA in sesame oil (twice a week) for 

18  days either alone or after exposure to stress, DMBA-melatonin 
and pre-CRS-DMBA-melatonin as described in Sect.  2. Untreated 
controls were also run simultaneously. Values reported are as 
mean ± S.E.M. of ten animals in each group

Fig. 5  Single cell gel elec-
trophoresis of rat skin cells 
showing Comets (100x) after 
treatments with 0.5% DMBA, 
pre-stress and melatonin treat-
ments as described in Sect. 2; 
a Untreated control, b DMBA 
treated, c Pre-stress DMBA, d 
DMBA-melatonin, e pre-stress 
DMBA melatonin
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Discussion

For the past few years the part played by the pineal gland 
through melatonin in the development and progression of 
tumor has been under extensive investigation. In cancer 
patients the pineal function is found decreased along with 
alteration in the morphological signs with a decrease and 
disturbance in the secretion pattern of melatonin [21]. Fur-
ther, in pinealectomized animals the growth of a variety 
of tumors is accelerated. The protective influence of mela-
tonin is well-known in relation to DMBA promoted mam-
mary cancers [35–38] and skin carcinogenesis induced 
by either DMBA or other carcinogens [39]. The present 
study evaluated both the efficacy of melatonin on DMBA 
induced carcinogenesis and its modulation by restraint 
stress. DMBA causes DNAdestruction in mammalian 
cells through free radical generation and activation of lipid 
peroxidation [40]. Our previous studies have shown that 
restraint stress per se was not effective in causing any sub-
stantial DNAdamage but it increased the DNAdestructive 
potential of DMBA [22] as is shown in the present study 
too from compounded DNAdamage observed in group III 
animals as compared to all other groups. This is because 
CRS exacerbated oxidative stress and peroxidation of lipid 
in these animals [21, 22].

The peroxyl radicals generated during lipid peroxida-
tion were found very efficiently neutralized by melatonin 
[41] it could reduce the damaging potential of DMBA in 
all the three experimental cells studied in group IV ani-
mals (DMBA-Mlt). Because of its dual lipophilic and 
hydrophilic properties, melatonin acts in all cells and sub-
cellular compartments too. It neutralizes the free radicals 
directly, and also stimulates the activity of GPx enzyme, 
thus diminishing the oxidative damage [41, 42]. Through 
its anti-oxidative role melatonin protects the macromol-
ecules DNA, protein and lipids from oxidative destruc-
tion due to carcinogen insult. However, pre-exposure to 
restraint stress decreased the efficacy of melatonin as 
depicted by increased DNA damage in these animals when 
compared to group IV (Mlt-DMBA) animals. This may 
be due to the fact that melatonin when applied prior to 
DMBA in group IV animals was capable of countering 
any damage induced by DMBA, but it failed to protect 
cells due to already existing oxidative burden induced by 
restraint stress (group V). Therefore, the anti-oxidative 
properties of melatonin were effective in protecting cells 
against DMBA induced damage but were found to be less 
effective under increased oxidative burden due to restraint 
stress and DMBA in combination.

Under pathological conditions the biochemical changes 
are different from the normal tissues in terms of the native 
chromophores/fluorophores. Thus any change in the 

pathological status can be effectively depicted with the 
help of sensitive fluorescent spectroscopy [43]. During 
the proliferation tumor angiogenesis takes place which 
is well-known [44] thus the transference of these fluoro-
phores is possible which can be sensed in the red blood 
cells. The local environment can be characterized by the 
production of natural intrinsic fluorophores namely por-
phyrins NAD (P)H and flavins which exhibit a character-
istic spectra at 470, 520 and 630 nm respectively [34]. 
The intensity ratio of fluorescence at 530 nm and 630 nm 
(FI530nm/630 nm), seems specific for a certain tissue but 
any variation in the fluorophores ratio, portrays an altered 
local as well as native environment. A prominent peak 
at 630 nm (Figs. 1 and 2) was shown by the plasma and 
erythrocytes of DMBA treated animals, while the eryth-
rocyte membrane revealed a peak at 540 nm (Fig. 3) this 
could be explained as to either an alteration in the local 
environment or to the creation of new fluorophores as a 
result of the carcinogen. In the plasma and erythrocyte of 
pre-exposed restraint stress a significant increase in the 
FI at 630 nm and 520 nm and lessened FI530 nm/630 nm 
ratio was observed, while there was an increase in the 
erythrocyte membrane fluorescent intensity in compari-
son to DMBA alone treated group. The enhanced oxidative 
stress in pre-exposed CRS-DMBA group may be the cause 
of amplified increase of fluorophores through an unknown 
mechanism. The topical melatonin treatment decreased the 
peaks at 630 nm and 540 nm with a significant alteration 
of the FI530 nm/630 nm in comparison to DMBA alone 
group comparable to that of control group. Melatonin 
might have directly interacted with the activation process 
metabolically, or subdued the cytochrome P450 reliant 
monooxygenase enzyme system, or may be via its indirect 
action on the stimulation of glutathione and glutathione 
peroxidase enzyme [6], thus causing a reduction in the 
oxidative damage induced by the carcinogen. Effective-
ness of melatonin is reduced on DMBA induced damage in 
the group of animals which were pre-exposed to restraint 
stress. Thus possibly melatonin through its indirect action 
is involved in combatting restraint stress induced oxidative 
stress and enhanced the DMBA induced in vivo oxida-
tive status [22]. Based on melatonin’s high safety profile, 
permeability through vessels, anxiety reduction and as a 
sedative improving the sleep quality, which otherwise is 
lacking in cancer patients due to the stress of the disease 
itself, can be suggested as a therapeutic drug. Moreover, 
because of its anti-inflammatory and anti-oxidative proper-
ties, melatonin is recently suggested as an adjuvant thera-
peutic agent in Covid-19 [45].

The results of both the fluorescence spectroscopy and of 
Comet assay are found highly comparable. Thus, it can be 
concluded that melatonin acting directly as an antioxidant, 
and indirectly via receptor mediated increase of antioxidant 
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enzyme activities is highly effective against DMBA induced 
damage and chronic restraint stress, with enhanced DMBA 
engendered destruction, restraint stress reversed or repressed 
the chemo-preventive efficacy of melatonin. Thus, stress 
control should be deliberated as a serious factor during 
cancer chemo-preventive/therapy trials and further stud-
ies should be aimed to see effect of stress reduction during 
chemotherapy.

Conclusion

The chemo-preventive studies with the antioxidants mela-
tonin were found effective against DMBA induced carcino-
genesis as depicted by alterations in the antioxidant status, 
DNA damage and fluorescent studies. Nevertheless, prior 
CRS exposure decreased the chemo-preventive/antioxidant 
ability of melatonin, thereby playing a crucial role in cancer 
development and chemoprevention in cancer. Thus, stress 
should be managed during cancer chemo-preventive/thera-
peutic interventions in sleep deprived cancer patients with 
reduced production of melatonin and diminished oxidative 
status.
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