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ABSTRACT

Background: Melatonin is a natural antioxidant that is produced by the pineal
gland. In this study was evaluated antioxidant and possible protective effects
of melatonin on frequency of micronucleus (MN) formation in human cell
lines exposed to y-radiation. Materials and Methods: To achieve the best
concentration for antioxidant activity of melatonin DPPH (1,1-diphenyl-2-
picrylhydrazyl) assay was used. Hela and MRC5 cells were cultured and
treated with optimum concentration of melatonin (1200ug/ml). After 2h, cells
were exposed to 2Gy-gamma ray. For each cell group, one flask was
considered as control. Immediately after irradiation, cells were exposed to
cytochalasin B to arrest cells at cytokinesis. Then the frequency of MN
induced by radiation alone or in the presence of melatonin was evaluated.
Results: By DPPH assay, the optimum concentration of melatonin for its
antioxidant activity was determined 1200ug/ml. Our results showed that the
frequency of micronuclei increased in irradiated cells compared to the control
groups (p<0.05). Conversely, pre-treatment of cells with melatonin
significantly reduced the number of MN produced both in MRC5 and Hela
cells (p<0.05). Conclusion: Results indicated that y-radiation induced MN in
the cells. The protective effect was achieved when melatonin was present in
the cellular environment pre-irradiation. Indeed, melatonin with scavenging
and antioxidant ability neutralizes toxic reactants and stimulates DNA repair
pathways. Moreover, the results indicate that protective effect of melatonin
is higher in MRC5 cells than in Hela cells. Therefore, it can be concluded that
other mechanisms such as induction of cell cycle arrest by melatonin might be
exist only in MRC5 cells. However, the radio-protective mechanism of
melatonin is not clearly known.

Keywords: Radioprotection, melatonin, CBMN, y- radiation, micronucleus, DPPH
assay.

INTRODUCTION

There are various treatment options for
cancer. Chemotherapy and radiotherapy are two
common treatments for cancer which increases
the chance of treatment. But these methods are
not completely successful, and can induce de
novo genetic damages or severe side effects that
may lead to new cancers (1.2),

Approximately 50% of all cancer patients

receive radiotherapy during the course of
treatment 4. The goal of radiation therapy is to
create damage to the genetic material and
blocking the ability to divide cancer cells (.
Radiotherapy uses ionizing radiation for
cancer treatment. lonizing radiation damage
DNA directly or indirectly via free radical
formation. This effect is not limited to cancer
cells, but it can effect on normal cells. The degree
of damage is dependent on the volume and type
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of tissue irradiated and radiation dose (6. 7).

Recently, to increase the efficiency of
radiotherapy and reduce its side effects on
normal cells use of radioprotective compounds
is suggested (8.

Since ionizing radiations led to the
production of free radicals in the cell and these
radicals mediate DNA damages to the cells,
molecules with radical scavenging properties
are considered as radioprotectors (9-11),

Melatonin (N-acetyl-5-methoxytryptamine) is
a potentially radioprotector. It is a natural
antioxidant that mainly produced by the pineal
gland (12-14), This hormone discovered by Lerner
in 1958 (15), Except the pineal gland, melatonin is
synthesized in several organs, like the retina,
gastrointestinal tract, skin, bone marrow, and
lymphocytes (16). Melatonin is a darkness
hormone and light reduces melatonin levels in
the body (7).

Chemically, melatonin with a formula of
C13H16N202, is highly lipophilic and somewhat
soluble in water (18). By this way, it can be well
dispersed in the cells and with its antioxidant
properties reduce the amount of damages of free
radicals (19. The ability of melatonin to free
radical scavenging is directly mediated through
electron donation (20-22), This hormone acts as an
antioxidant indirectly by stimulating antioxidant
enzyme activity and inhibiting the activity of pro
-oxidative enzymes (23.24),

A study in 2018 demonstrated melatonin can
inhibit the cell growth in colorectal cancer,
which are resistant to 5-FU (23). In other studies
on melatonin was revealed the use of melatonin
alone or in combination with other therapies can
increase apoptosis, mitophagy, inhibit cell
migration and cell invasion (26.27),

With respect to previous studies on
melatonin and its roles as cancer inhibitor, but
few studies have been done on the effects of
combination of melatonin and y- radiation on
the DNA of the cells. So in the present study, we
used melatonin as an antioxidant compound and
assessed gamma radiation genotoxic effects
alone and combined with melatonin in MRC5
and Hela cells by using the cytokinesis- block
micronucleus (CBMN) assay.

Indeed, CBMN assay is a cytogenetic assay to
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evaluate the amount of DNA damages. In this
assay, cells are treated with cytochalasin-B
(Cyt-B) and thereby prevented cytokinesis. As a
final result of this effect, after one nuclear
division in each cell appears a binucleated form.
The appearance of micronuclei (MN), the small
nucleus, in binucleated cells is related to
chromosome breakage or whole chromosome
loss. Thus, frequency of micronuclei (MN) can be
used as an index of genotoxic effects (28-30),

MATERIALS AND METHODS

DPPH assay

Before anything, to get the best concentration
for antioxidant activity of melatonin we used
DPPH (1, 1- diphenyl-2-picrylhydrazyl) assay.
DPPH assay was conducted based on
Brand-Williams methods G, Different
concentration of melatonin (200, 800, and
1200ug/ml) reacted with a stable DPPH radical
solution. Each reaction included; 0.5 ml of
melatonin solution, 3 ml of absolute ethanol and
0.3 ml of DPPH radical solution (0.5 mM in
ethanol). When DPPH reacts with an antioxidant
compound, it decreases. This reaction leads to a
change in color (from deep violet to light yellow)
that was read at 520 nm by UV-Vis
spectrophotometer (ELX 800) after 60 min. The
control solution was prepared by adding 3.5 ml
of ethanol and 0.3 ml of DPPH radical solution.
For each concentration of melatonin, DPPH
assay was done in triplicate.

The inhibition percentage was determined
according to the equation 1 (32):

% Inhibition = (Control OD - Sample OD) /
Control ODx100 (D

Cell lines and cell culture

Hela cell (as a cancer cell line) and MRC5 (as
a normal cell line) were obtained from the Cell
Bank of Pasteur Institute of Iran (Tehran, Iran).
Cells were cultured with RPMI-1640 medium
(Bio idea), 10% fetal bovine serum (Bio idea)
and antibiotics (100pg /ml penicillin and
100pg /ml streptomycin, Sigma). Cells were
placed at 37°C and 5% COZ2 and were passaged
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every 3-4 days after trypsinization with trypsin/
EDTA. For each cell group, three cellular flasks
were prepared. We used from these cells for
CBMN assay, When 80% of flasks were covered
by cells.

RPMI-1640 medium stored at 4°C, FBS and
antibiotic solution stored at -20°C before use.

Cell radiation

After cell culture and insure about cell
adhesion, one cellular flask in each group was
treated with the best concentration of melatonin
(1200pg/ml) and incubated for 2h at 37°C. after
spending this time, two cellular flasks in each
group (melatonin treatment, Non- melatonin
treatment) were irradiated with dose of 2Gy of y
- radiation with a cobalt source (¢°Co therapeutic
machine; Theratone 780 ACEL, Canada) at a
dose rate of 0.85cGy/min at room temperature
and a source to sample distance (SSD) of 80 cm.
For each cell group, one flask was considered as
a control (No- radiation, No- melatonin
treatment) and kept in the same condition.

CBMN assay

In order to study the antioxidant effects of
melatonin on DNA damages induced by
y- radiation cytokinesis block micronucleus
assay (CBMN) was used. This assay was
performed according to standard protocol that is
explained by Fenech and Moley 33). Immediately
after radiation, the cells were blocked in
cytokinesis by adding 100pl of cytochalasin B to
each cellular flask (Sigma, St. Louis, MO; final
concentration 4 pg/mL) and were incubated for
48 h at 37°C. After the end of the incubation
period, the cells were treated with a chilled

hypotonic solution of potassium chloride (0.4%).
Then instantly cells were centrifuged and fixed
in 3:1 methanol/acetic acid. Fixation step was
repeated twice. After that, cell samples were
dropped onto clean microscope slides. Slides
were dried at room temperature and stained
with Giemsa solution (10%) for 10 min. then the
slides were washed with distilled water, dried
and analyzed with the microscopic.

The frequency of MN in each sample was
evaluated by counting at least 1000 binucleated
cells using a light microscope at x400
magnification. The scoring criterion was
performed based on Fenech et al. outline 34). To
calculate nuclear division index (NDI) for each
sample, the frequencies of mono-bi-tri and tetra
nucleate cells was evaluated for each cell group.
A typical photomicrograph of binuclei with and
without micronuclei is shown in figure 1.

Nuclear division index (NDI) was calculated
by using equation 2 (Eastmond and Tucker’s
proposed formula) G5):

NDI=[(1xM1)+(2xM2)+(3xM3)+(4xM4)]/N (2)

In equation 2, M1 to M4 represent the
number of cells with one, two, three and four
nuclei, respectively, and N is the total number of
viable cells.

Statistical analysis

The results were expressed as mean and
standard deviation (SD).The data were analyzed
using SPSS software, version 16. Statistical
analysis was performed by t-test. The significant
statistical level was expressed at p<0.05.

A

Figure 1. A) a binucleated cell with one micronuclei. B) a binucleated cell without micronuclei. stained in Giemsa.
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RESULTS

DPPH assay

At the first step, according to the previous
studies we selected different concentrations of
melatonin (200, 800, and 1200pg/ml). And
using DPPH assay was found the best
concentration for the antioxidant activity of
melatonin. Finally, among various
concentrations of melatonin, the concentration
of 1200pg/ml was determined as the best of
concentration for antioxidant activity of
melatonin [figure 2]. So, the other experiments
were conducted using this concentration of
melatonin.

Evaluation of effects of y- radiation alone and
in combination with melatonin on Hela and
MRCS5 cells by the CBMN assay

The results of the CBMN assay are
summarized in table 1 and shown in figure3. As
shown in figure 3 and table 1, there is a
significant increase in the number of
micronuclei in irradiated cells compared to the
control group (without irradiation) (p<0.05;
t-test). As shown in table 1, for control groups,
the mean of MN per 1000 binnucleated cells
were 34.5 in MRC5 cells and 25.5 in Hela cells.
When these cells were exposed to y- radiation,
the mean of MN increased significantly (117.5
for MRC5 cells and 211 for Hela cells).In
contrast, cell treatment with melatonin before
irradiation = decreases the amount of
radiation-induced MN in both cell groups (MRC5
and Hela cells) (p<0.05; t-test).

The difference between total numbers of MN
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in different conditions is recorded in table 1. As
seen, treatment of cells before radiation with
melatonin decreases the number of MN
produced 47% in MRC5 cells and 17 % in Hela
cells compared to only radiation. According to
our studies, it was found that melatonin has pro-
tective effects against gamma radiation for Hela
and MRC5 cells.

To evaluate cell proliferation capacity under
different conditions (presence and absence; mel-
atonin and y-radiation) Nuclear Division Index
(NDI) was calculated. Table 1 shows, the values
of NDI in MRC5 and Hela cells at different condi-
tions.

No significant difference in the NDI was
observed between cells treated with y-radiation
alone compared to cells treated with radiation
and melatonin in both cell groups (Hela and
MRC5) (p>0.05; t-test). This means that cell
treatment with melatonin before radiation
couldn’t induce nuclear cell arrest and also
couldn’t reduce cell division compared to
radiation alone.

Among different cellular conditions, only
Nuclear Division Index of MRC5 cells treated
with radiation and melatonin was statically
lower than MRC5 cells without any treatment
(p<0.05; t-test).

According this experiment was found a
significant reduction in the number of
radiation-induced MN in the presence of
melatonin compared to radiation alone (P<0.05;
t-test). Therefore, it can be seen the protective
effect of melatonin against y-radiation in
melatonin-treated cells.
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Figure 2. Free radical scavenging activity of melatonin in different concentrations. This activity was measured using scavenging of
DPPH radicals. Results are expressed as the mean * SD.
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Table 1. Results of CBMN assay of MRC5 and Hela cells at different conditions.

Mean of Binuclear cells |Mean of MN per Mean of cells with MN
. Mean of NDI
Without MN | with MN | 1000 Bi cells M1 M2 M3 | M4
Control | 459.5+4.5 311 34.5+ 0.5 483+1 490.5#3.5 |25+2| O 1.541+0.01
MRC5| 2Gy 409+1 91.5+ 1.5 117.5¢5.5 480.5+ 4.5 | 500.5+0.5 | 17 0 1.535+0.01
2Gy+M | 386.5%6.5 514 62+1" 555.5+ 19.5 | 437.5+£ 10.5 | 613 0 1.451+0.01
Control 588 +2 20.5£3.5 25.5+5.5 337+ 4 608.5+ 5.5 | 25+2 | 3+1 | 1.720+0.01
Hela 2Gy 539+1 160+ 2 2114 295 699+1 5t1 | 1+1 | 1.717 +0.01
Control 569+ 2 13044 175+ 32" 291.5+8.5 699+ 2 9+t2 | O 1.711+0.01

Bi cells (binucleated cells); MN (micronucleus); control (without radiation and melatonin treatment). M1 to M4 represent number of cells with one
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to four nuclei.*significant when compared with y- radiation alone (p<0.05; t- test).
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Figure 3. The average precentages +SD of micronuclei of MRC5 and Hela cells at different conditions. C (control); without
radiation and melatonin treatment, R; treated only with 2Gy of y- radiation, M+R; treated with melatonin and 2Gy of y
radiation. *significant when compared with y- radiation alone.

DISCUSSION

Melatonin as a hormone produced in the
central nervous system has many various
functions. Its functional range including from the
regulation of the circadian rhythm () to act as
an antioxidant 7-39). The antioxidant activity of
melatonin is higher than many other
antioxidants like vitamin E (40.41). Also because,
melatonin is a natural compound in the body, so
use it in usual does has no significant side
effects. This is a melatonin advantage compared
to other radio-protective. Several studies have
demonstrated the antioxidant property and free
radical scavenger of melatonin (“243), However,
further in vitro and in vivo experiments are
needed to clarify its mechanisms of action.

In this study, we focused on the antioxidant
properties of melatonin and its ability to control
the total number of MN produced by y- radiation
on cells. Because 2Gy of y- radiation is part of

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020

radiation therapy for cancer patients, we
examined its effects on the production of MN in
different conditions (y- radiation alone,
Y- radiation in combination with melatonin),
using CBMN assay.

At the first step, using the DPPH assay,
different concentrations of melatonin (200, 800,
and 1200pg/ml) were examined and finally, the
best concentration for the antioxidant activity of
melatonin was determined 1200pg/ml. DPPH
(1,1-diphenyl-2-picryl-hydrazyl) is a free stable
radical at room temperature and is decreased in
the presence of an antioxidant compound “4),
DPPH assay is an easy, rapid and sensitive way
to evaluate the antioxidant activity (45 46),

Using CBMN assay was evaluated genetic
instability in different conditions (y- radiation
alone and in combination with melatonin).
CBMN assay is a preferred method for detecting
chromosome damages (47). In this test, the
number of micronuclei in binucleated cells was
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counted. Change in the frequency of micronuclei
can be related to changes in the frequency of
chromosomal damage.

As seen in table 1 and figure 3, gamma
radiation alone increases the production of the
MN in the cells. As demonstrated by the results
of this study, the number of MN produced in
Hela cells (as cancer cells) after irradiation alone
is higher than MRC5 cells (as normal cells),
which is related to the greater sensitivity of the
cancer cells to radiation. These results are
similar to the previous studies (4849). Reported
previously in other invitro and in vivo studies
showed that, the cancer cells have various types
of mutations and aberrant expression in genes
involved in DNA repair pathways. Inability to
DNA repair increases radiosensitivity in these
cells (50),

In contrast, our data (table 1 and figure 3)
suggest that cell treatment with melatonin
before irradiation led to a considerable
reduction in the frequency of MN produced in
the cells compared to the radiation alone, but
this reduction is slightly higher in MRC5 cells,
due to the efficient induction of DNA repair
pathways.

According this study and previous studies, it
was found that gamma radiation alone increases
the production of the MN in cells and the use of
antioxidant agents before irradiation could
reduce DNA damages via their radical
scavenging property (61-53),

Here, we showed that melatonin, as an
antioxidant and free radical scavenger could
reduce the frequency of radiation induced MN in
MRC5 and Hela cells. These results are
consistent with previous studies about
antioxidant and radio-protective effects of
melatonin (54 55),

Vijayalaxmi and colleagues for the first time
was confirmed the radio-protective effect of
melatonin in 199566).Subsequently, several
studies demonstrated scavenging ability of
melatonin. It could scavenges various spices of
reactive nitrogen and oxygen (57). Monobe and
colleagues in 2005, reported giving melatonin to
the mice before irradiation have protective
effects against intestinal damage (8). Other
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studies demonstrated that melatonin with
amphipathic property can enter the cells and
exert its antitumor effects9).Cascade reactions
created by the second and third metabolites of
melatonin increases the efficacy of melatonin at
free radical scavenger and reducing oxidative
stress (3536), Moreover, it was found melatonin
through directly and indirectly manner can
neutralize a number of toxic reactions and
induce DNA repair system (59). However, all of its
radioprotective mechanisms have not been fully
elucidated.

On the other hand, in the present study, we
evaluated the Nuclear Division Index (NDI) to
evaluate the effect of different treatments on cell
proliferation. As shown in table 1, no significant
difference was found in NDI between cell treated
with radiation only and cell treated with
radiation and melatonin. Only NDI of MRC5 cells
treated with radiation and melatonin was
statically lower than MRC5 cells without any
treatment (p<0.05). This means that melatonin
with in selective manner, only could induce
nuclear division arrest in MRC5 cells. Such
delays could increase the time of DNA repair and
prevent them from converted to irreversible
mutations (60).

In conclusion, our study showed that cell
treatment with the optimum concentration of
melatonin (1200pg/ml) significantly reduces the
frequency of MN. According to the results, by
using of CBMN assay, it can be confirmed the
radioprotective effects of melatonin on
y- irradiated MRC5 and Hela cells. In the other
words; melatonin protects DNA against ionizing
radiation with its radioprotective and
antioxidant effects without affecting the cell
division rate (compared to radiation alone).

ACKNOWLEDGMENTS

The authors sincerely thanks Mr. Hassan
Nosrati for irradiation of samples, Miss Sahar
Mozdarani for technical assistance and other
technical staff of the Cytogenome Medical
Genetics Lab for their help. HM is supported by a
grant number 940078 from INSF.

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020


http://dx.doi.org/10.18869/acadpub.ijrr.18.1.57
https://ijrr.com/article-1-2776-en.html

[ Downloaded from ijrr.com on 2025-12-22 ]

[ DOI: 10.18869/acadpub.ijrr.18.1.57 ]

Ghorbanian et al. / Effects of melatonin on radiation induced micronuclei

Conflicts of interest: Declared none.

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Premkumar K, Thirunavukkarasu C, Abraham SK, Santhiya
ST, Ramesh A (2006) Protective effect of saffron (Crocus
sativus L.) aqueous extract against genetic damage in-
duced by anti-tumor agents in mice. Hum Exp Toxicol, 25
(2): 79-84.

Zhou H, Zou P, Chen ZC, You Y (2007) A novel vicious cycle
cascade in tumor chemotherapy. Medical hypotheses, 69
(6): 1230-1233.

Delaney G, Jacob S, Featherstone C, Barton M (2005) The
role of radiotherapy in cancer treatment: estimating opti-
mal utilization from a review of evidence-based clinical
guidelines. Cancer, 104(6): 1129-1137.

Begg AC, Stewart FA, Vens C (2011) Strategies to improve
radiotherapy with targeted drugs. Nat Rev Cancer, 11(4):
239.

Jackson SP and Bartek J (2009) The DNA-damage response
in human biology and disease. Nature, 461(7267): 1071.
Harrison L and Malyarchuk S (2002) Can DNA repair cause
enhanced cell killing following treatment with ionizing
radiation? Pathophysiology, 8(3): 149-159.

Brizel DM, Wasserman TH, Henke M, Strnad V, Rudat V,
Monnier A, Eschwege F, Zhang J, Russell L, Oster W, Sauer
R (2000) Phase Il randomized trial of amifostine as a
radioprotector in head and neck cancer. J Clin Oncol, 18
(19): 3339-3345.

Brenner B, Wasserman L, Beery E, Nordenberg J, Schecht-
er J, Gutman H, Fenig E (2003) Variable cytotoxicity of
amifostine in malignant and non-malignant cell lines. On-
cology reports, 10(5): 1609-1613.

Karbownik M and Reiter RJ (2000) Antioxidative effects of
melatonin in protection against cellular damage caused by
ionizing radiation. Proc Soc Exp Biol Med, 225(1): 9-22.
Reiter RJ, Tan DX, Herman TS (2004) Thomas Jr CR. Mela-
tonin as a radioprotective agent: a review. Int J Radiat
Oncol Biol Phys, 59(3): 639-653.

Mozdarani H (1996) Can cimetidine be used as a radiopro-
tector. Razi Journal of Medical Sciences, 3(1): 188.
Hardeland R and Pandi Perumal S (2005) Melatonin, a
potent agent in antioxidative defense: actions as a natural
food constituent, gastrointestinal factor, drug and pro-
drug. Nutrition & metabolism, 2(1): 22.

Sharma S, Haldar C, Chaube SK (2008) Effect of exogenous
melatonin on X-ray induced cellular toxicity in lymphatic
tissue of Indian tropical male squirrel, Funambulus pen-
nanti. International journal of radiation biology, 84(5): 363
-374.

Shirazi A, Ghobadi G, Ghazi Khansari M (2007) A radiobio-
logical review on melatonin: a novel radioprotector. J
Radiat Res, 48(4): 263-72.

Lerner AB, Case JD, Takahashi Y, Lee TH, Mori W (1958)
Isolation of melatonin, the pineal gland factor that lightens
melanocyteS1. Journal of the American Chemical Society,
80(10): 2587-2587.

Acuiia Castroviejo D, Escames G, Venegas C, Diaz Casado

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ME, Lima Cabello E, Lépez LC, Rosales Corral S, Tan DX,
Reiter RJ (2014) Extrapineal melatonin: sources, regula-
tion, and potential functions. Cell Mol Life Sci, 71(16):
2997-3025.

Gooley JJ, Chamberlain K, Smith KA, Khalsa SB, Rajaratnam
SM, Van Reen E, Zeitzer JM, Czeisler CA, Lockley SW
(2011). Exposure to room light before bedtime suppresses
melatonin onset and shortens melatonin duration in hu-
mans. J Clin Endocrinol Metab, 96(3): E463-E472.

Pieri C, Marra M, Moroni F, Recchioni R, Marcheselli F
(1994) Melatonin: a peroxyl radical scavenger more effec-
tive than vitamin E. Life Sci, 55(15): PL271- PL276.
Rondanelli M, Faliva MA, Perna S, Antoniello N (2013)
Update on the role of melatonin in the prevention of can-
cer tumorigenesis and in the management of cancer corre-
lates, such as sleep-wake and mood disturbances: review
and remarks. Aging Clin Exp Res, 25(5): 499-510.

Badr FM, El Habit OH, Harraz MM (1999) Radioprotective
effect of melatonin assessed by measuring chromosomal
damage in mitotic and meiotic cells. Mutation Research/
Genetic Toxicology and Environmental Mutagenesis, 444
(2): 367-372.

Reiter RJ (2000) Melatonin: lowering the high price of free
radicals. News Physiol Sci, 15(5): 246-250.

Tan DX, Reiter RJ, Chen LD, Poeggeler B, Manchester LC,
Barlow-Walden LR (1994) Both physiological and pharma-
cological levels of melatonin reduce DNA adduct for-
mation induced by the carcinogen safrole. Carcinogenesis,
15(2): 215-218.

Rodriguez C, Mayo JC, Sainz RM, Antolin |, Herrera F, Mar-
tin V, Reiter RJ (2004) Regulation of antioxidant enzymes:
a significant role for melatonin. J Pineal Res, 36(1): 1-9.
Shirazi A, Mihandoost E, Mohseni M, Ghazi Khansari M,
Mahdavi SR (2013) Radio-protective effects of melatonin
against irradiation-induced oxidative damage in rat periph-
eral blood. Phys Med, 29(1): 65-74.

Sakatani A, Sonohara F, Goel A (2018) Melatonin-
mediated downregulation of thymidylate synthase as a
novel mechanism for overcoming 5-fluorouracil associated
chemoresistance in colorectal cancer cells. Carcinogenesis,
Pages?.

Shen YQ, Guerra Librero A, Fernandez Gil BI, Florido J,
Garcia Lopez S, Martinez Ruiz L, Mendivil Perez M, Soto
Mercado V, Acufia Castroviejo D, Ortega Arellano H, Carri-
el V (2018) Combination of melatonin and rapamycin for
head and neck cancer therapy: Suppression of AKT/mTOR
pathway activation, and activation of mitophagy and
apoptosis via mitochondrial function regulation. J Pineal
Res, 64(3): e12461.

Lu KH, Su SC, Lin CW, Hsieh YH, Lin YC, Chien MH, Reiter
RJ, Yang SF (2018) Melatonin attenuates osteosarcoma cell
invasion by suppression of C-C motif chemokine ligand 24
through inhibition of the c-Jun N-terminal kinase pathway.
J Pineal Res, 65(3):e12507.

Fenech M (2007) Cytokinesis-block micronucleus cytome
assay. Nature protocols, 2(5): 1084.

Scarfi MR (2004) The cytokinesis-block micronucleus as-
say: experimental procedure and application in  bioelec-
tromagnetics research. Electromagnetics Sensing of Envi-
ronment, 27: 460-466.

63


http://dx.doi.org/10.18869/acadpub.ijrr.18.1.57
https://ijrr.com/article-1-2776-en.html

[ Downloaded from ijrr.com on 2025-12-22 ]

[ DOI: 10.18869/acadpub.ijrr.18.1.57 ]

Ghorbanian et al. / Effects of melatonin on radiation induced micronuclei

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Salimi M and Mozdarani H (2015) Different aspects of
cytochalasin B Blocked micronucleus cytome (CBMN cyt)
assay as a comprehensive measurement tool for radiobio-
logical studies, biological dosimetry and genome instabil-
ity. Int J Radiat Res, 13(2): 100-126.

Brand-Williams W, Cuvelier ME, Berset CL (1995) Use of a
free radical method to evaluate antioxidant activity. LWT-
Food Science and Technology, 28(1): 25-30.

Blois MS (1958) Antioxidant determinations by the use of
a stable free radical. Nature, 181(4617): 1199.

Fenech M, Morley AA (1985) Measurement of micronuclei
in lymphocytes. Mutat Res, 147(1-2): 29-36.

Fenech M, Chang WP, Kirsch-Volders M, Holland N, Bonas-
si S, Zeiger E (2003) HUMN project: detailed description of
the scoring criteria for the cytokinesis-block micronucleus
assay using isolated human lymphocyte cultures. Mutat
Res, 534(1-2): 65-75.

Eastmond DA, Tucker JD (1989) Identification of aneu-
ploidy-inducing agents using cytokinesis-blocked human
lymphocytes and an antikinetochore antibody. Environ
Mol Mutagen, 13(1): 34-43.

YuY, LvY,ShiY, Li T, ChenY, Zhao D, Zhao Z (2018) The
Role of Phyto-Melatonin and Related Metabolitesin Re-
sponse to Stress. Molecules, 23(8): 1887.

Cajochen C, Krauchi K, Wirz-Justice A (2003) Role of mela-
tonin in the regulation of human circadian rhythms and
sleep. J Neuroendocrinol, 15(4): 432-437.

Tan DX, Reiter RJ, Manchester LC, Yan MT, El-Sawi M,
Sainz RM, Mayo JC, Kohen R, Allegra MC, Hardeland R
(2002) Chemical and physical properties and potential
mechanisms: melatonin as a broad spectrum antioxidant
and free radical scavenger. Current Topics in Medicinal
Chemistry, 2(2): 181-197.

Chakravarty S and Rizvi Sl (2012) Circadian modulation of
human erythrocyte plasma membrane redox system by
melatonin. Neuroscience Letters, 518(1): 32-35.

Reiter RJ (1998) Oxidative damage in the central nervous
system: protection by melatonin. Prog Neurobiol, 56(3):
359-384.

Brennan R, Jan JE, Lyons CJ (2007) Light, dark, and melato-
nin: emerging evidence for the importance of melatonin
in ocular physiology. Eye (Lond), 21(7): 901.

Chen W, lJia Z, Zhu H, Zhou K, Li Y, Misra HP (2010) Ethyl
pyruvate inhibits peroxynitrite-induced DNA damage and
hydroxyl radical generation: implications for neuroprotec-
tion. Neurochemical Research, 35(2): 336-342.

Gulcin I, Buyukokuroglu ME, Oktay M, Kufrevioglu Ol
(2002) On the in vitro antioxidative properties of melato-
nin. J Pineal Res, 33(3): 167-171.

Gulcin i, Buyukokuroglu ME, Kufrevioglu Ol (2003) Metal
chelating and hydrogen peroxide scavenging effects of
melatonin. J Pineal Res, 34(4): 278-281.

Tepe B, Degerli S, Arslan S, Malatyali E, Sarikurkcu C (2011)
Determination of chemical profile, antioxidant, DNA dam-
age protection and antiamoebic activities of Teucrium
polium and Stachys iberica. Fitoterapia, 82(2): 237-246.
Huang D, Ou B, Prior RL (2005) The chemistry behind anti-
oxidant capacity assays. J Agric Food Chem, 53(6): 1841-

64

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

1856.

Fenech M (2000) The in vitro micronucleus technique.
Mutation Research/Fundamental and Molecular Mecha-
nisms of Mutagenesis, 455(1-2): 81-95.

Hosseinimehr SJ, Mahmoudzadeh A, Ahmadi A, Mohama-
difar S, Akhlaghpoor S (2009) Radioprotective effects of
hesperidin against genotoxicity induced by y-irradiation in
human lymphocytes. Mutagenesis, 24(3): 233-235.

Rao BN, Archana PR, Aithal BK, Rao BSS (2011) Protective
effect of zingerone, a dietary compound against radiation
induced genetic damage and apoptosis in human lympho-
cytes. European Journal of Pharmacology, 657(1-3): 59-66.
Kirchgessner CU, Patil CK, Evans JW, Cuomo CA, Fried LM,
Carter T, Oettinger MA, Brown JM (1995) DNA-dependent
kinase (p350) as a candidate gene for the murine SCID
defect. Science, 267(5201): 1178-1183.

Mozdarani H and Gharbali A (1993) Radioprotective
effects of cimetidine in mouse bone marrow cells exposed
to y-rays as assayed by the micronucleus test. Internation-
al Journal of Radiation Biology, 64(2): 189-194.

Ghorbani M and Mozdarani H (2003) In vitro radioprotec-
tive effects of histamine H2 receptor antagonists against
gamma-rays induced chromosomal aberrations in human
lymphocytes. Iran J Radiat Res, 1(2): 99-104.

Mozdarani H and Khoshbin-Khoshnazar AR (1998) In vivo
protection by cimetidine against fast neutron-induced
micronuclei in mouse bone marrow cells. Cancer Letters,
124(1):65-71.

Reiter RJ, Mayo JC, Tan DX, Sainz RM, Alatorre-Jimenez M,
Qin L (2016) Melatonin as an antioxidant: under promises
but over delivers. Journal of Pineal Research, 61(3): 253-
278.

Gitto E, Aversa S, Reiter RJ, Barberi I, Pellegrino S (2011)
Update on the use of melatonin in pediatrics. Journal of
Pineal Research, 50(1): 21-28.

Vijayalaxmi, Reiter RJ, Sewerynek E, Poeggeler B, Leal BZ,
Meltz ML (1995) Marked reduction of radiation-induced
micronuclei in human blood lymphocytes pretreated with
melatonin. Radiation Research, 143(1): 102-106.

Tan D, Reiter RJ, Manchester LC, Yan M, El Sawi M, Sainz
RM, Mayo JC, Kohen R, Allegra M, Hardeland R (2002)
Chemical and physical properties and potential mecha-
nisms: melatonin as a broad spectrum antioxidant and
free radical scavenger. Current Topics in Medicinal Chem-
istry, 2(2): 181-197.

Monobe M, Hino M, Sumi M, Uzawa A, Hirayama R, Ando
K, Kojima S (2005) Protective effects of melatonin on y-ray
induced intestinal damage. International Journal of Radia-
tion Biology, 81(11): 855-860.

Hardeland R and Pandi Perumal S (2005) Melatonin, a
potent agent in antioxidative defense: actions as a natural
food constituent, gastrointestinal factor, drug and pro-
drug. Nutrition & Metabolism, 2(1): 22.

Clark LS, Albertini RJ, A-Nicklas J (1996) Hprt mutations in
human T-lymphocytes reflect radioprotective effects of
the aminothiol, WR-1065. Carcinogenesis, 17(12): 2647-
2653.

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020


https://www.ncbi.nlm.nih.gov/pubmed/9770244
http://dx.doi.org/10.18869/acadpub.ijrr.18.1.57
https://ijrr.com/article-1-2776-en.html
http://www.tcpdf.org

