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Abstract: The aim of this study was to investigate the protective effect of melatonin (2.5 mg/kg b.
wt./day) as well as selenium (4.10 mg /kg b.wt./day) against damage in bone-marrow chromosomes
induced by a single dose of paraquat (10 mg/kg b.wt.). Forty male albino rats were divided into eight
equal groups of 5 rats each. Chromosomal aberrations and micronucleated polychromatic erythrocytes
were investigated as an indicator for anticlastogenic activity. Sister chromatid exchange technique was
employed to measure primary DNA damage and /or antimutagenic activity. Paraquat induced
significant elevations in polychromatic erythrocytes containing micronuclei in their cytoplasm, and
caused a significant decrease in the mitotic index of bone-marrow cells. In addition, there was a
significant increase in the frequency of aberrant bone-marrow cells and in the different types of
structural chromosomal aberrations. Melatonin and selenium given prior to paraquat significantly
reduced frequencies of micronucleated polychromatic erythrocytes, as well as the incidence of
structural chromosomal aberrations in bone-marrow cells; it also caused a highly significant elevation
in the value of the mitotic index of bone marrow cells. Melatonin and selenium were proven to play
a role as anticlastogenic as well as antimutagenic agent. This investigation clarifies the protective
and/or ameliorative role played by melatonin and selenium against macro as well as micro genetic
lesion induced by of paraquat.
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INTRODUCTION

Numerous environmental and industrial chemicals are capable of causing cytogenetics damage in
experimental animals and humans as well. These effects are important because of the potential genetic disorders
may develop. Paraquat (1,1ó dimethyl 4,4ó - bipyridinium,) has been used as a herbicide since 1963. It has been
shown to be toxic in a number of animals. In humans, paraquat toxicity is characterized by circulatory collapse
and acute alveolar injury to the lungs, acute tubular necrosis or diffuse cortical necrosis of the kidney and
adrenal cortical necrosis. Also, the liver exhibits fatty metamorphosis and centro lobular necrosis after paraquat
exposure. Paraquat arrests the cell cycle in the S phase. The herbicide induces DNA damage in the same dose
range that causes cell death. The molecular mechanisms of DNA damage by paraquat are currently being
studied (Ortiz et al., 2000).

Melatonin (MLT) is a natural oncostatic factor of the human body as well as an antioxidant, thus protects
the nuclear DNA from oxidative damage. It also has the ability to reduce the side effects of various drugs
when used as a combination therapy (Lialiaris et al., 2008). Sliwinski et al. (2007) reported that melatonin
possesses anti-cancer and oncostatic properties and the mechanism underlying these features seems to involve
several processes, including inhibition of fatty acid growth- factor uptake by tumors, inhibition of telomerase
activity in cancer and possibly a reduction of endothelin-1 synthesis in tumors. Because DNA damage and
repair play pivotal roles in cancer cell transformation and progression, the anti- cancer action of melatonin may
be, directly or indirectly, linked to these processes. Melatonin is also a well- known antioxidant and this feature
can contribute to its anti-cancer action. Since many mutations involved in cell transformation may arise as a
result of damage by reactive oxygen species, which produce DNA - base modifications. These modifications
are removed via the base- excision repair (BER) pathway, which substantially contributes to the stability and
integrity of the genome. The BER reaction is carried out by DNA glycosylases, which remove modified DNA
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bases by cleaving of the N- glycosidic bond between the base and the pentose sugar. This creates an a-basic
(a- purinic or a- pyrimidinic) site (AP site), which can be further transformed into a DNA strand break by
either an endonucleolytic activity of the same glycosylase or an AP-endonuclease. The one- nucleotide gap is
filled by a DNA polymerase and sealed by a DNA ligase.

Several studies established melatonin as a highly efficient free radical scavenger and a general antioxidant.
Melatonin was found also to scavenge the peroxyl radical which is generated during perioxidation. This implies
that melatonin, which is both lipophilic and hydrophilic, has effects not only in every cell but also within every
subcellular compartment. However there is no report on the cytogenetic effect of melatonin and / or on its
protective effect as far as DNA damage is concerned. The frequency of chromosomal aberrations (CAs) in
spermatogonia, spermatocytes, and micronuclei (MN) in bone marrow cells was used to assess the effects of
melatonin (Badr et al., 1999).

Selenium (Se) compounds are considered as “Janus compounds” i.e. products with a double face, due to
their contrasting behavior, which depends on the concentration used. Se in low concentrations may have
anticarcinogenic effect, where as in high concentrations it can be a genotoxic and carcinogenic agent. Selenium
is an essential trace element that plays an important role in number of biological processes. It has been
suggested that it can protect against a number of diseases and cancer (Biswas et al., 1999). Selenium was
reported to induce antimutagenic activity in a variety of experimental systems. It is required for sperm
maturation and sperm motility and it reduced sperm abnormalities induced by chemicals (Fahmy et al., 2008). 
The present work aims at disclosing the capability of paraquat in inducing genotoxic effect in rat genome and
the role of melatonin and selenium as anticlastogenic and / or antimutagenic agent against the DNA damage
induced by paraquat. To achieve such a purpose, cell proliferation; chromosomal aberrations; micronucleated
polychromatic erythrocytes; and in vivo induction of sister chromatid exchanges were investigated.

MATERIALS AND METHODS

Chemicals:

Paraquat (purity = 98%) was purchased from Chem. Service Inc. (West Chester, PA) and all other
chemicals were purchased from Sigma Chemical Company (Saint Louis, USA). 

Animals:

Forty male rats (Rattus norvegicus 2n=42) with an average body weight of 100-120 gm were obtained
from NAMRU-3, Cairo, Egypt and acclimatized for 2 weeks prior to the experiment. They were divided into
eight groups and housed in universal galvanized wire cages at room temperature (22-25 ºC) and in a
photoperiod of 14h light/10 h dark per day. Animals received standard laboratory food and water ad libitum.
Use of paraquat was approved by the Animal Care Committee and met all guidelines for its use. 

Experimental Design:

The animals were housed in 8 groups of 5 rats each. The first group served as control and injected with
saline, group 2 was injected with a single dose of paraquat (10 mg/kg, i.p.) for 24 h prior to decapitation (PQ),
group 3 was administered orally with melatonin (2.5 mg/kg) five times a week (MLT), group 4 was
administered orally with selenium  (4.1 mg/kg) five times a week (Se); group 5 received MLT+Se  groups 6,
7 and 8 were administrated with PQ+MLT, PQ+Se and PQ+MLT+Se, respectively. Treatment period extend
for 4 weeks.

Cytogenetic Investigation:

1-analysis of Mitotic Activity, MI (Cell Cycle):

Cytological effect of the tested chemicals upon cell proliferation was carried out. However, colchicine
treatment was omitted. A thousand cells were counted and the mitotic activity (MI) was estimated according
to the following formula: 

            No dividing cell   
MI =    ))))))))))))))))  X 100
      Total No. Cells examined

2- Analysis of Metaphase Index (MTI):

Three hours prior to killing, the animals were injected with 0.6 mg/kg of colchicine. The animals were
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killed by decapitation 24 hrs after the last dose. For each treatment, five animals were used. After killing, the
adhering soft tissue and epiphyses of both tibiae were removed. The marrow was aspirated from the bone,
transferred to phosphate buffered saline, centrifuged at 1000 rpm for 5 minutes and the pellet resuspended in
0.075 M KCl. Centrifugation was repeated and the pellet was resuspended in fixative solution (methanol: acetic
acid, 3:1). The fixative solution was changed after 2 hours and the cell suspension was left overnight at 4 C.o

- Slide preparation and staining: Cells in fixative solution were dropped onto very clean glass slides and air-
dried. Spreads were stained with 10 % Giemsa at PH 6.8 for 5 min.

- Screening for aberrations: Slides were coded and scored for chromosomal aberrations e.g., gaps and
deletion, fragment, break, stickiness and polyploidy. A metaphase index based on at least 1000 counted cells
was recorded metaphase index (MTI) and MTI was calculated according to the following formula.

            No. of metaphases 
MTI =   )))))))))))))))))   X 100
         Total No. examined cells

3-Micronucleus Assay:

The frequency of micronucleated polychromatic erythrocytes (MNPCE) in femoral bone-marrow
preparations were scored and evaluated according to the method described by Schmid, 1975; Gollapudi and
Kamara, 1979 with certain recommended modifications (Hayashi, et al., 1994).

4-sister Chromatid Exchange Technique:

Five animals per treatment were used and proper selected doses were administrated. and analysis of at least
25 cells per animal was carried out.

Bromodeoxyuridine Tablet Preparation:

Bromodeoxyuridine (BrdU) tablets were prepared as described by Allen et al. (1978), Allen (1982) and
Seehy et al. (1983) as follow: bromodexyuridine tablets were prepared by using pellet press (Parr Instrument
Co, Moline, III, USA) equipped with a 0.178 in diameter punch and die. Approximately, 200 mg of pure
bromodeoxyuridine powder were weight, placed in the die, and pressed. In order to maintain consistent
compaction hardness (and thus the dissolution rate) among tablets, utilization of the same personal and die
adjustment when pressing the powder was conducted. BrdU tablets were protected from light and stored in a
freezer until usage.

BrdU Treatment:

The animals were lightly anesthetized by placing it in a closed container with ether unit immobile (about
2 min). After removal from the container, each animal was restrained on its back. A small vial of anesthesia
was placed near its nose for use in prolonging the inactive state. The lower lateral region was swabbed with
alcohol in order to mat the fur down. Clean scissor or a scalpel was used to make a small (approx. 1 cm)
subcutaneous incision. In order to spread open a deeper subcutaneous pocket, forceps were used, and the tablet
was inserted. The wound was then closed with 2 - 3 outclip sutures taking full care not to break the tablet
and the animal was received the proper doses of test chemicals 8 hr after BrdU treatment. Each animal was
injected intravenously with 20 μg colcemid/ (0.1 m1) animal, in tail vain at 19 hr. Control marrow cells
harvested 2 hr later revealed high fraction of metaphases of optimal sister chromatid differentiation after
staining.

Marrow Cells Harvest and Slide Preparation:

The animal was killed by cervical dislocation. Both femurs were immediately removed, and cleaned of
extraneous tissues. Bone tips cut away so that a small syringe needle (i.e. 26 gauge) can be inserted and
femoral contents were flushed with phosphate buffered saline into a small common tube (total cell solution
volume of about 8 ml). Cell suspension was centrifuged at 1000 rpm for 5 min. the supernatant was discarded
and cell pellet disrupted by flicking the base of the tube. A hypotonic solution of potassium chloride (0.075
M kcl) was added to give a light cloudy solution (about 8 ml), and let stand for 12 min.  The cell suspension
was centrifuged, and the supernatant was discarded, cell pellets were fixed in a fixative solution (3 parts
methanol: 1 part glacial acetic acid) for 10 min. then centrifuged and the supernatant was discarded. Fixation
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was repeated for 10 min, followed by centrifugation and the supernatant was discarded. Final fixation
performed in 4-5 mL fresh fixative. The slides were prepared as follow: 3 drops of freshly fixed cells were
added to clean dry side, dropping the cells from about 1-2 ft distances. Cell density was checked through the
microscope more drops were added if needed. The slides were then stored protected from light.

Slide staining: Staining was performed by the method of Goto et al. (1978). 
The slides were stained with 50u /ml of Hoechest 33258 dye in distilled water, PH 7.0 for 10 min

(protected from light). The slides were rinsed in water, and covered by a layer of Mc llvaines buffer (add 18
ml OF Solution A (1.92% citric acid) to 82 ml of solution B (2% disodium phosphate) and adjust the PH of
7.0 or 7.5 with further mixing), mounted by cover slip and subjected to light with intensity <= 400 nm, at a
distance of about 2 inches for 20 min. During this time, slides were placed on a wormer tray at 50 C. the
slides were then rinsed in distilled water and immersed in 10% Giemsa stain, rinsed in water and allowed to
dry for subsequent light microscope analysis. 

Screening of Slides and Analysis: 

Scanning slides for mitotic spreads was conveniently accomplished with a 25 x magnification objective,
and analysis was with a 100 x objective. For control of bias, all prepared slides were coded prior to scoring.
There are two ways for counting sister chromatid exchange frequencies i.e., (1) from the microscope images
of second division cells, (2) the cells may be photographed and SCE frequencies counted from the microscope
images. An interstitial exchanged segment was counted to be 2 SCEs.

Statistical Analysis:

Data were expressed as means, F-test was used for analysis of variance, the least significance difference
test (LSD) was calculated. Data were subjected to Chi-square test for the analysis of chromosomal
abnormalities and sister chromatid exchanges as well (Snedecor and Cochran, 1967).

RESULTS AND DISCUSSION

Rodent animal bioassays are valuable tools for investigating the pharmacokinetics, mechanisms of action,
and differential toxicity of various chemicals (Roldan-Arjona et al., 1991) and DNA is a target for mutagens
and carcinogens, which induce changes in DNA structure of giving rise to mutations and/or cell death (Scott
et al., 1991). Free radical generated following pesticide exposure may lead to extensive DNA damage. The
aim of the present study was to investigate the extent to which the natural pineal mediator melatonin and
selenium are able to control the damaging effect of paraquat on cell division and chromosomes. Genotoxic
damage was investigated by a variety of genotoxic bioassays.

Cell Proliferation:

Mitotic index: Table (1) shows mitotic activity (estimated as mitotic index). It ranged from 4 % to 21.6
% giving evidence that paraquat reduced MI, while selenium enhanced the mitotic activity. 

Statistical analysis (Table 1) indicated that melatonin induced MI similar to that of the negative control.
It was proven to be capable to induce MI with paraquat treatment (11.6 %) similar to that of the negative
control. Selenium proved to increase MI (21.6 %) and this effect was found to similar with the treatment of
Se+MLT, giving a strong evidence that melatonin was not effective in decreasing MI induced by selenium
(21.6 & 18.6). A combination of PQ+Se+MLT gave a mitotic index of 8 %, giving an evidence that Se+MLT
play a positive role in decreasing the toxic effect of paraquat. Such a conclusion is in agreement with that
obtained from the analysis of chromosomal aberrations.

Metaphase index: was estimated as the second index for cell proliferation. As shown in Table (2) metaphase
index ranged from 17.7 % after treatment with PQ+Se+MLT to 62 % after treatment with PQ+se, respectively.
From this result, one can conclude that paraquat with selenium was proven to be powerful inducer in arresting
cells at metaphase stage. However, paraqat was found to interfere with spindle fiber (51 %). Such effect was
increased to be 53 % when treatment was carried out by PQ+ML treatment. Selenium was shown to increase
metaphase index from 43.7 % to 62 % in conjugation with the tested paraquat (Table 2). As shown in Table
(2) selenium + melatonin were proven to be capable in decreasing the metaphase index to be 17.7 %, giving
evidence that the cytogenetic damage of paraquat (delaying metaphase stage) was protected by Se+MLT.
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Analysis of variance (Table 2) shows that there were significant differences between treatments. As shown
in Table (2) paraquat induced an average of metaphase of 51. This value is not significantly different from
that obtained after PQ+MLT treatment, giving an evidence that paraquat arrested cells at metaphase stage and
melatonin was shown to be not capable to alter this value, giving an evidence that melatonin proved to be not
capable to arrest dividing cells at metaphase. Contrary to this observation, selenium was found to arrest
dividing cells as metaphase (43.7; 51; and 62 for PQ+Se). A combination of PQ+Se+MLT gave 17.7
metaphase index. Such a result revealed that Se+MLT decreased the effect of paraquat to be under the negative
control.    

Table (3) shows the data obtained from the analysis of chromosomal aberrations in rat bone marrow after
treatment with the tested chemicals. Total aberrant metaphases ranged from 2.5 % to 34 % for the negative
control and rats treated with paraquat, respectively. Such a result presented strong evidence that paraquat is
a positive clastogen. Addition of melatonin reveled that percentage of aberrant metaphase decreased to be 21%.
However, selenium at the level of this work decreased aberrant metaphases to be 16 %. This result, however,
revealed that melatonin or selenium has anticlastogenic activity. When melatonin and selenium were added to
paraquat treatment, total aberrant metaphases were proven to be 6.5 %.

Regarding the induced CA after treatment with the tested chemicals (Table, 3), the results showed that
paraquat induced 34 % of aberrant metaphase. It decreased to be 21% when melatonin was added and to be
16 % when selenium was added. A combination of PQ+Se+MLT gave a percent of 6.5 %, giving strong
evidence that melatonin and selenium together was found to play as anticlastogen.     

Table (4) shows the analysis of micronucleated polychromatic erythrocytes in rat bone marrow after
treatment with the tested chemicals. The results clearly show that melatonin or selenium were capable to reduce
the induction of micronuclei. However, a combination of PQ+Se+MLT was proven to be positive
anticlastogenic agent, since they reduce MN to be 39 in number and to be 0.08 as percentage.

Sister Chromatid Exchange Assay:

A large number of studies have indicated that the measurement of SCE frequencies is an accurate measure
of cellular exposure to chemical mutagens (Brusick, 1986). Not only does sister chromatid exchange induction
appear to be highly correlated with mutagenesis, but it also appears to be more sensitive than other cytological
methods for measuring DNA damage (Goto et al. 1978). However, it is recommended to include in a battery
of true mutagenecity test also in vivo SCE.

With respect to primary DNA damage assayed by SCEs test, table (5) shows that paraquat is a positive
mutagen and a combination of PQ+Se+MLT was found to be in normal range of the negative control group.
This result, however, presented evidence that a combination of Se+MLT has antimutagenic activity.

The induction of DNA lesions by chemical mutagens leads to the formation of sister chromatid exchanges
(SCEs), which may be related to a recombinational or postreplecative repair of DNA damage (Seehy et al.,
1983 and Seehy, 2007).

Table 1: M itotic index after treatment of rat bone marrow with melatonin, selenium and paraquat.
Doses Replicates Total
C 12 14 10 36 12 B

M LT 10 11 12 33 11  BC

Se 19 22 24 65 21.6A

PQ 6 4 2 12 4E

PQ+M LT 12 13 10 35 11.6B

PQ+Se 7 9 6 22 7.3ED

Se+M LT 18 22 24 56 18.6A

PQ+Se+M LT 6 10 8 24 8CD

C: Control , M LT: M elatonin, Se: Selenium and PQ: Paraquat
LSD = 1.0091

Table 2: M etaphase index after treatment of rat with melatonin, selenium and paraquat.
Doses Replicates Total
C 24 25 30 79 26.3E

M LT 18 20 23 61 20.3F

Se 48 40 43 131 43.7C

PQ 50 50 53 153 51B

PQ+M LT 53 55 51 159 53B

PQ+Se 59 64 63 186 62A

Se+M LT 34 30 32 96 32D

PQ+Se+M LT 18 15 20 53 17.7F

C: Control, M LT M elatonin, Se: Selenium and PQ: Paraquat; LSD = 1.581.
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Table 3: Chromosomal aberrations in rat bone marrow after treatment with the tested chemicals.
Doses Type of Aberration

-----------------------------------------------------------------------------------------------------------------------------------------------------
Gap End to end Centric fusion Stickiness Fragment Deletion Total Aberrant Percent of Aberrant

M etaphase M etaphase
C - 1 - 3 1 - 5 2.5%
M LT - 1 - 5 1 1 8 4%
Se - - 2 6 1 1 10 5%
PQ 3 3 3 35 10 14 68 34%
PQ+M LT 1 1 2 26 4 8 42 21%
PQ+Se 1 1 1 21 2 6 32 16%
Se+M LT 2 1 - 11 2 1 17 8.5%
PQ+Se+M LT 2 - 1 4 4 2 13 6.5%
* 200 metaphase cells were counted

Chi-square test
obs Exp X  Value2

C 5 25.125 16.12
M LT 8 25.125 11.67
Se 10 25.125 9.10
PQ 68 25.125 73.16
PQ+M LT 42 25.125 11.33
PQ+Se 38 25.125 6.59
Se+M LT 17 25.125 2.62
PQ+Se+M LT 13 25.125 5.85
total 201 136.47 calculated significant

14.07 tabulated
M icronucleus Test: 

Table 4: *M icronucleated polychromatic erythrocytes in rat bone marrow after treatment with different substances.   
Doses Replicates Total X )
C 54 50 52 156 52 1.3c

M LT 40 38 43 121 40.3 1d

Se 50 43 39 132 44 1.1d

PQ 114 99 123 336 112 2.8a

PQ+M LT 80 75 78 233 77.6 1.9b

PQ+Se 79 68 67 213 71 1.7 b

Se+M LT 75 69 71 215 71.6 1.7b

PQ+Se+M LT 39 40 38 117 39 0.09d

* 4000 cells were counted; LSD = 0.4825.

Table 5: Sister chromatid exchange frequencies after treatment with tested chemicals.
Doses X                              )) Range
C 2.5 1 - 4
M LT 2.8 1 - 5
Se 3.4 2 - 6
PQ 12.8 4 - 18 
PQ+M LT 11.2 3 - 14
PQ+Se 8.1 2 - 12
Se+M LT 2.6 1 - 3
PQ+Se+M LT 2.8 1 - 4

Chi-square test
obs exp X  Value2

C 2.5 5.775 1.85
M LT 2.8 5.775 1.53
Se 3.4 5.775 0.97
PQ 12.8 5.775 8.54
PQ+M LT 11.2 5.775 5.09
PQ+Se 8.1 5.775 0.93
Se+M LT 2.6 5.775 1.74
PQ+Se+M LT 2.8 5.775 1.53
Total 46.2 22.22 Calculated significant

15.51 tabulated

DNA damage and oxidative stress have been proposed as mechanisms that could explain these effects.
Pesticides can induce oxidative stress via a multi-step pathway, resulting in an imbalance between pro-oxidant
and antioxidant defense mechanisms in different tissues, including alterations in antioxidant enzymes. Studies
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in experimental animals and tissue culture studies show that pesticides, especially organophosphate pesticides,
induce oxidative stress. Moreover, it has been shown that herbicides can affect catalase and superoxide
dismutase activities (Mena et al., 2009).

Paraquat has been demonstrated to be a highly toxic compound for humans and animals. Treatment of
paraquat poisoning has remained mostly supportive and management of paraquat poisoning has been directed
towards the modification of the toxicokinetics of the poison. In the past few years, innovations in the
management of paraquat poisoning have also been directed toward the use of antioxidants, since paraquat
induces its toxic effect via oxidative stress-mediated mechanisms. Most of the antioxidants used in treating
paraquat-exposed humans have failed to modify of the herbicide and this treatment effect has been largely
attributed to their inability to cross cell membrane barriers and/or their rapid clearance from cells (Suntres,
2002).

In more recent studies, the role of melatonin in alleviating paraquat induced toxic effects, other than the
major organ injuries, such as its genotoxic effects, has been investigated (Reiter, 1999).It has been shown that
paraquat mediates its genotoxic effect partly via its capacity to generate reactive oxygen species (ROS). An
increase in the frequency of sister chromatid exchanges and chromosomal aberrations is apparent in paraquat
treated hamster lung cells (Tanaka and Amano, 1989).Results from another study demonstrated that paraquat
was able to induce the formation of micronuclei, commonly used to assess chromosomal damage, in
polychromatic erythrocytes (PCE), both in the bone marrow and  in the peripheral blood of mice, a treatment
effect attributed to the generation of ROS (Melchiorri et al., 1998). Administration of melatonin to these mice
conferred protection against the paraquat induced micronuclei and this effect was attributed to the antioxidant
properties of the pineal secretory product (Melchiorri et al., 1996 and1998).

Research comprising clinical trials, animal experiments and in vitro studies concluded that selenium
compounds are capable of inhibiting carcinogen-induced covalent DNA-adduct formation, DNA oxidative
damage, DNA methylation, induction of  micronuclei (MN), chromosomal aberrations and cancer (Whanger,
2004). The protective role of selenium in the present work also confirms   that of other authors, who found
a marked protective effect of selenium against chromosome breakage and/or sister chromatid exchange induced
in cultured human lymphocytes by other metals (Kee et al., 1997; Lee and Cho ,1997 and Machado, et al,
2009). Selenium also reduced the genetic damage (SCE’s, MN) induced by chemical pollutants e.g., carbon
tetra-chloride in animal cells (Dianovsky and Sivikova, 2001; and Sivikova et al., 2001). Moreover, selenium
was reported to be essential for sperm maturation, sperm motility and reduced sperm abnormalities (Hawkes
and Turek, 2001 and Megahed et al, 2002). The most important metabolic role of selenium in mammalian
species is its function in the active site of the selenoenzyme glutathione peroxidase (GSHPX). This enzyme
together with superoxide dismutase and catalase, protects cells against damage caused by free radicals and
hydroperoxides or lipoperoxides (MacPherson, 1994). It is also suggested that certain breakdown products of
selenium compounds prevent tumor growth by enhancing immune cell activity and suppressing development
of blood vessels to the tumor (Combs, 2001).

Vitamins A, C and E are necessary for living organisms due to numerous important biological functions.
They may scavenge harmful species such as free radicals or electrophiles, which may damage DNA and other
cellular targets. They also play an important role in regulating the immune system and help lymphocytes to
function more effectively (Doyle and Pariza, 2002 and Tam et al., 2005). The inhibitory effect of vitamins A,
C and E towards a number of mutagens/ carcinogens was shown by many authors both in animals and humans
(Okuno et al., 2004 and Lawson et al., 2004). Administration of the supplemental anti-oxidants selenium and
the vitamins A, C and E may be considered a promising approach toward reducing the genetic damage of
beryllium (Fahmy et al., 2008). Many authors reported that a combination of the supplemental antioxidants
selenium and the vitamins A, C and E can protect against genetic damage such as mycotoxin- and radiation-
induced oxidative damage, against some diseases of old age, against cancer development and that it enhances
the immune function. The administration of such a combination appeared to be more effective for the
maintenance of health and the prevention of disease than either of them alone (Wright et al., 2004).

Pre-treatment of the rats with ingestion of melatonin and selenium prior to their paraquat significantly
reduced the frequencies of MN, CA, and SCE, as compared with the paraquat alone values.  The results are
in agreement with published data of Whanger (2004) and Assayed M.E. and A.M. Abd El-Aty (2009) who
showed that human peripheral blood lymphocytes pre-treated in vitro with melatonin and then exposed to in

vitro gamma radiation, exhibited a significantly reduced incidence of micronuclei, as compared with similarly
irradiated lymphocytes not pre-treated with melatonin.
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Figs. (1 - 11) represent different types of lesions in rat genome observed after treatment with the tested
chemicals. In summary, the present study demonstrated that supplementation with the melatonin and selenium
was proven to be effective in preventing DNA damage induced by paraquat in bone marrow cells from Wistar
rats, probably due to antioxidant properties. It can be concluded that melatonin and selenium are antigenotoxic
agents against paraquat -induced genotoxicity and supplementation of a combination of antioxidants might be
beneficial to paraquat exposed population.

Fig. 1: Photomicrograph of metaphase stage in rat bone marrow of control group.

Fig. 2: Photomicrograph of metaphase stage in rat bone marrow showing polyploidy with fragment after
treatment with paraquat.
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Fig. 3: Photomicrograph of metaphase stage in rat bone marrow showing fragment (F), stickiness (S),
chromatid deletion (CD), chromosome gap (Chr. G), chromatid gap (CG)  and end to end association
(E to E) after  treatment with paraquat.

Fig. 4: Photomicrograph of binucleated cell in rat bone marrow after treatment with paraquat.

Fig. 5: Photomicrograph showing (a) high metaphase index after treatment with melatonin and (b) no divided
cells after treatment with paraquat.
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Fig. 6: Photomicrograph of metaphase stage in rat bone marrow showing sister chromatid exchange (SCE)
after treatment with paraquat.

Fig. 7: Photomicrograph of metaphase stage in rat bone marrow showing sister chromatid exchange (SCE)
after treatment with paraquat + melatonin + selenium.

Fig. 8: Photomicrograph of metaphase stage in rat bone marrow after treatment with paraquat + melatonin.
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Fig. 9: Photomicrograph of metaphase stage in rat bone marrow after treatment with paraquat + selenium.

Fig. 10: Photomicrograph of micronucleated polychromatic erythrocytes after treatment with (a) paraquat and
(b) paraquat and selenium.
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Fig. 11: Photomicrograph of metaphase stage in rat bone marrow after treatment with Paraquat + Selenium +
Melatonin.
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