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Abstract: To investigate the effects of vitamin E and melatomn on gamma ray mduced damage in testes of rats.
A total of 40 Wistar type rats were divided into 4 groups, each including 10 rats. Total body radiation was
applied to the first 3 groups with 90 ¢cm, 90% isodose curve using Cobalt 60 apparatus. The period of exposure
time was 11 min 30 sec and a total of 360 ¢Gy gamma radiation was administered in each session. Following
radiation exposure, mtraperitoneal mjection of vitamin E (100 mg/kg/day), melatomn (100 mg/kg/day), 0.5%
saline (100 mg/kg/day) were done in group 1-3, respectively. Group 4 was the control group and intraperitoneal
0.9% saline (100 ml/kg/day) was administered without any radiation. Five days after the procedure testes were
removed and analyzed to measure Malondialdehyde (MDA) levels and degree of histopathological mjury.
Tissue MDA level measured in rats receiving melatonin did not show significant difference when compared to
control group (p=0.05). Similarly, there was no significant tissue injury on histopathological examination
between melatonin administered and control groups. However, compared to the control group both tissue MDA
level and tissue mjury were found to be significantly increased in groups, which received vitamin E and 0.9%
saline solution (p<0.05). Melatonin displays a remarkable tissue protective effect by inhibiting the damage
mediated by free radicals after radiation. The same effect could not be obtained with Vitamin E. Thus, the
cytoprotective effect of melatonin can be of value in preserving testicular functions after radiation exposure.
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INTRODUCTION

Testes are among the most sensitive tissues to
radiation and may undergo marked functional impairment
with exposure to radiation. Tissue injury associated with
radiation can result either due to direct exposure to
radiation of the testes or, more frequently, from low doses
of radiation that affect testes during radiation of other
organs (Howell and Shalet, 2005). There is continuing
effort to develop cytoprotective agents in order to
prevent radiation side effects in other organs of the
cancer patients who have longer survival chance.

Both biological and lethal radiation primarily target
cellular DNA with associated lipid and protein damage
(Daly et al, 1999, Reiter ef al., 2000). Smce, water
represents 70% of the chemical composition of the adult
body and 90% of the infant body, its chemical
transformation by ionizing radiation merits serious
damage. Damage 13 mainly formed by reactive equated
electrons, monatomic hydrogen atoms, hydroxide radical,
hydrogen peroxide and protonated water as well as

superoxide (O,) and hydroperoxide radical in the presence
of oxygen. Hydroperoxide radical, hydroxyl radical,
monatomic hydrogen and equated electrons have very
short half-lives of the order of milliseconds and
consequently, react rapidly with cellular components in
reduction, oxidation, initiation, insertion, propagation with
further reactions causing loss of function and the need for
biochemical replacement and/or repair. lonizing radiation
can also, impair bringing enough energy to all
biochemicals thereby causing hemolytic bond breaking
within tissue (Sorenson et al., 2001). In order to limit these
effects of reactive oxygen species and the damage they
cause, antioxidant defense systems of the metabolism are
activated (Cheeseman and Slater, 1993). In case of
excessive free radical production and/or low antioxidant
defenses, oxidative stress cause chemical, structural and
functional alterations in biomolecules (Taysi et al., 2003).

Melatonin and Vitamin E (Vit. E) are the most potent
antioxidants known and recogmzed as free radical
scavengers (Reiter ef al, 2000). It was reported in
previous studies that Vit. E, through its antioxidant effect,
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inhibited oxidative reaction initiated by oxygen radicals
and acts as a cell protector (McCay and Kmg, 1980).
Similarly, melatonin was reported to protect the DNA
against free radical damage mduced by 1omzing radiation
(Retter ef al., 1996). The mechamsm, by which melatonin
detoxifies highly reactive oxidants 1s explained by its
donation of an electton to these electrophylic
compounds. Therefore, the indolylcation formed by the
transfer of one electron in the presence of the O,*
becomes the metabolite kynuramine. The protective
effects against lipid peroxidation by melatonin has been
evaluated extensively utilizing xenobiotic substances
such as paraquat and diquat, substances that in presence
of p450 NADPH-cytochrome reductase mduces the
generation of O,(9).

In the present study, we aimed to mvestigate the
effects of vitamin E and melatorun on gamma ray induced
damage in testes of rats.

MATERIALS AND METHODS

Animals: This study was conducted on 40 male Wistar
type rats, weighing between 200 and 250 g, aged between
10 and 12 weeks, acquired from Experimental Research
Center of Seleuk University Medical School. The rats were
kept in the Experimental Ammals Laboratory of Selcuk
University Medical School mn separate cages located in a
room temperature of 224+2°C and exposure to 12 h light
and 12 h dark. The feed and water to rats were given
ad-libitum. The study strictly observed the principles of
experimental ammal studies ethical rules of the Helsinki
Declaration.

Radiation procedure: Total body radiation was applied
with 90 cm, 90% isodose curve using Cobalt 60 apparatus
(Picker ATC C9). Thirty-two ¢cGy/min gamma radiations
was applied to an area of 40>x40 cm of where, 5 rats were
placed. The period of exposure time was 11 min 30 sec and
a total of 360 ¢Gy gamma radiation was admimstered in
each session.

Study groups: Forty rats were randomly divided mto 4
group each contamning 10 rats and first 3 groups received
gamma radiation.

Group 1: Rats were administered Intraperitoneal (TP)
Vit. E (100 mg/kg/day) with 12 h intervals for 5 days after
radiation.

Group 2: Rats n this group received IP Melatonn (100
mg/kg/day) with 12 h intervals for 5 days after radiation.

Group 3: The group, which was administered TP saline
(100 mL/kg/day) with 12 h mtervals for 5 days after
radiation (Sham group).

Group 4: The group, which was admimstered only IP SP
(100 mL/kg/day) with 12 h mtervals for 5 days without
recetving radiation (Control group).

Tissue examination: The experimental animals were
anesthetized with 2 mI. kg™ ketamine hydrochloride for
the orchiectomy procedure. After the rats were placed
into dorso-lithotomy position and appropriate
antiseptics applied, bilateral orchiectomy was performed.
The tissue was excised, weighted, divided mto small
pileces and then homogenized in 50 mM Tris-HCL, pH
7.4, contaimng 150 mM KCl and 250 mM sucrose by
using motor driven Teflon with Elvenjem-Potter
Homogenizer (Du Pont Instruments, Sorwall Homogenizer,
USA) at a ratio of 1g wet weight of tissue/3 mL of
buffer. The homogenate centrifuged at 10,000x g for
20 min at 4°C. The pellet was discarded and the
superatant was used for further biochemical assays.
MDA analysis at a later stage and rest of the tissue was
kept in 10% formalin for histopathologic evaluation.
Following tissue removal, all rats were sacrificed by
cervical dislocation.

MDA analysis: Lipid peroxidation was measured by the
method of Ohkawa et al. (1979). Briefly, the reaction
mixture contained Tris HCI buffer (50 mM, pH7.4), BHP
(500 mM n ethanol) and 1TmM FeSO,. After mcubating the
tissue sample with reaction mixture at 37°C for 90 min, the
reaction was stopped by adding 2 mL of 8% sodium
dodesil sulphate followed by 1.5 mL of 20% acetic acid
(pH 3.5). The amount of malondialdehyde formed during
incubation was estimated by adding 1.5 ml of 0.8%
Thiobarbutiric Acid (TBA) and heating the mixture at 95°C
for 45 min. After cooling, samples were centrifuged and
the TBA Reactive Substances (TBARS) were measured in
supernants by spectrophotometer (Shimadzu UV-1201V)
at 532 nm using the extinction coefficient value of
1.53x10°%M/cm. Lipid percoxidation was expressed in
terms of nanomoles of TBARS/mgprotein/90 min.

Histopathologic evaluation: The testes were surgically
removed and fixed in Bouin’s fluid. The tissue was
embedded in a paraffin block after dehydrating with
increasing concentrations of 70, 90 and 100% ethanol.
Five micrometer (um) sections were cut using hand
microtome, placed on glass slide and stamed with Harris
Haematoxylin and eosmn. Stained tissue sections were
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observed under light microscope (Olympad to determine
histopathological changes.  Testiodar  injuwy  and
spermatogenesis were graded as described by Jolmsen
(19700, & scove of 1 indicated no semimiferous epithelia
cells and tatndlar sclerosis. & score of 2 indicated no germ
cells, only Sertoli cells A seore of 3 indicated
spertratogoria oty A score of 4 indicated no spermatids,
few spermatocyies and arrest of spermatogenesis o the
primary spertmatocyte stage A score of 5 indicated no
spetmatids and many spermatocytes. A score of 6
indicated no late spermatids, few eatly spermatids and
arrest of spermatogenesis at the spermatic stage and
dishiwbhance of spermatic differentiation. A score of 7
indicated no late spermatids and marey eatly spermatids.
& seore of & indicated few late spermatids. A score of 9
indicated marry late sperm atids and disor ganized tubndar
epithelivm. A score of 10 indicated full spermatogenesis
(Yurtow ef &, 200%).

Statistical analysis: Marn-"Whitney 1T test was used in
the compatison of histopathologic tissue datmage points
and MDA levels betaeen groups and pf005 was
accepted o gnificant. Spearman correlation anslysis was
uged in the anaysis of the correlation between
histopathologic tissue damage and MDA levels in each

groug.
RESULTS

A1 rats survived until the end of study. The lewvel of
MDA in 6l groups and extent of Mstopathologie ingusy in
all ratz were preserted inn Table 1. There was a positive
cottelationn  bebreen histopathologic score and MDA
lesrelzsin all groups (Table 10, Both histopathologic scores
and MDA levels were found to be most sigrificantly
inwereased it grovp 3, whichwas administered saline after
radiationn In contrast, the lowest lewel of MDA was
encoatered in grovp 2, which was administered
melatorin when compared to the control group (Table 1)
(p=0.05

Wher, the groups were compared in terms of
histopathologic scores, o sgnificant difference was
fourud betareen the group, which was admindstered saline

Tabk-1: Tisae WD lewvels sndhistopathologic score s i Zroups

MEan+SD

D & Hitopathologic  Comelation
[T aIps Juava it} SCOLE S [T]
G, (Fadistion +Wi E) 4 90 1 51+05¢ 0.623
Oy (Radistion + Blelatordn 3 52068 6.1+0.7° 0.782
G, (Fadiation + 5F) 500 30 4 2079 0,584
G, (Ombr SEY 34030 77050 0.771

aDifferert ouperscripted letters i the same cobmm odicate statictical
signdicarwce bebaeen grongps . e« WD A M londialdekeede, Vi, E: Wikand

E, 5F: Seman Proyrsiologic, G Gronap

after radiation (Fig 17 and the Vit. E-admird stered group
(Fig 27, whereas the scores were lower in the melatonin-
admiristered group than in the groups, which were
admirdstered saline and Vit. E following radistion (p0.050
(Table 1) Mo signifi cart difference was obsarved between
melatonin-adm inistered group (Fig 3 and the corteol
group (Fig 4 (p=005 (Table 1. Eoth kistopathologic
soores and MDA levels in Vit E and saline admimistered
groups were higher than those in growp 4 (contral grow)
indicating the damage induced by ionizing radiation
(pe=0.05 (Takle 17,

=100)

Fig 3:Rattestesradiation +melatorin (HE =100
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Fig. 4: Mormal rattestes issue (HE stained =1000
DISCUSSION

Exposure to radisdtion in a doge dependent manner
increases tssue specific MDA levels in all organs and
the magnitude of cxidative stress imposed by irradiation
is usnally measwred by the degree of lipid peroridati on,
Lipid peroxidation within the membrane has a devastating
effect on the finctional state of the membrane because it
alters membrane fludity, typically decreasing it and
thereby alowing ions such as Ca don to leak ituto the cell
(Mlatuda ef af, 2007, Malondialdelrde, whichis the end
product of lipid peroxidation is kighly toxie to cells
Similatly, the percoeide radical formed due to lipid
peroxidation attacks membrane proteins and enzymes
thereby increasing damage to cell (Manda of o], 2007,

Melatorin is a strong anti oxidant andhasfree radical
scavenging property. Its small molecdar stuctiwe and
high lipopkilic characteristic allow melatorin to pass
easily through hiclogicad membranes and reach all
compattmerts of the cell. There is strong evidence
suggesting that m el atordn has protective effects on DN A,
proteins  and lipids i cases of endogenous and
exogenous free radical formation (Reiterafal | 19957 In
a review study onmelatorin it was stated that melatonin
is trelatively non-towic and protects against iordzing
radiaticn injuey (Reiter, 1999, Melatordn, the acetylated
methoxyether of Jerctondn, S-hydroxytryptarnine and
produced 73% sxvval in LDOOS0 9.5 Gy whole-body
irradiated male Swiss N D4 mice.

The protective effect of melatoin was found to ke
more than that was obtained by serotonin since, serotonin
could only increased 20%  increase in mardva
(Blickenstaff of &, 1994 Indraperitoneal treatm ent of
these mice with soybean oil solutions or suspensions of
1.1 mmel kg™ acetyd (MWlelatonird, propionyl, butanoyl,
petitanoyd, hex anoyl oetanoyl, decanoyl o hexadecanosyl
atialogs of S-method tryptam ine 30 min before irradiation

produced swvivals of 0,43 (p=00045, 32, 75, 95, 65,
or 43%, respectively, BRadio- protectiwe activities of
differerd melatotin derivatives were sigrificantly dgher
than wehicle treated mice.

The increase in radio protective activity was greatest
for the hexanoyl and oetanoyl derivdives, showing an
increase  in activity with increasing  lpophilicitsy
(Earbownik and Reiter, 20007, Melatorin and its acyl
homologs were reported to be highly potent against
radiation induced celhdla damage in circumstances of
bon an radi ation dnfury (3 orenson ef &, 20010, Redter of &l
(20007 reported that melatomin codd have a protective
effect against the damage ionizing radiation cavsed in
DH A (Reiter, 1990 Inthe present shady, we found simil ar
resilts cona stent with the literature and histopathologicad
atid biochemical results revealed that m elatonin reduced
the damage caused by gamma radiation in the testicular
tizeue of rats.

Vitamin E (Wit. E), with its artioxidant effects
prevents the cridative damage of cell membrane that was
caused by orygen free radicals (Cheeseman and Slater,
1993 Taysi efal, 2005, Kodentsorra ef al. (1997 repotted
that plasma Vit E-lewvels significantly increased in the
testicular tissue of rats during 42 h following gamima
radistion when compared to rats, which did not recewve
atyy radiati on (B odertsova ef al., 1997 In another study,
atticeidant properties of melatorin and Vit E in various
tissues were examined. Pler ef al. (1994) stated that one
molecule of melatorin neutralized four molecules of free
tadicals fortmed due to radiation, whereas one molecule
of Vit E could neutralize two radicals thus, indicating
melatorin is amuch more potent andi oridart than Vit E
(Pietief ol 1904)

Ity o study, we also compared the protective effects
of these paro molecules on testicular issue in the presence
of gamma radiation injuwy and found that melatonin
admiristration caused sgrificant decrease in the level of
MDA and improved histopathologic scores. The same
effects could not be shown for Vit E. There was a dlight
reductionin MDA level s after witamin E administration in
tats after gamma radiation. Although, this reduction was
statistically significart when comparedto saline injecti on
group, histopathological examination in rats receiwing
Vitamin E showedno sigrificant improvem ent.

These inafficient protective effects of vitaminE at
tissue level can be explained considering several factors:
din ef gl (1998) compared the anbicecidarnt capacity of
melatonin and vitamin E and determined that antioed dant
capacity of both agents were doge- dependent (3iu ef o,
199:%, Although, in our study, we did not measure the
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dose-dependent effects of Vit. E, we believe that
100 mg kg™"' dose of Vit. E was enough to observe the
protective effects. Moreover, Vit. E dose we used
induced significant decrease in MDA levels however,
we did not find
histopathologic scores, which suggests that melatomn is

significant  restoration  on
more potent than Vit. E mn respect to protection against
radiation injury.

CONCLUSION

Owr findings revealed that use of vitamin E did not
have tissue protective effects on radiation induced injury
of rat testes whereas, testicular tissue of rats receiving
melatonin was protected from the radiation induced 1injury.
Melatonin administration reduced tissue MDA levels to
the same level that was observed in rats receiving no
radiation.

Similarly, lstopathological examination showed no
significant difference between rats receiving melatonin
and rats that were not administered any radiation. This
suggests that melatonin had significant protective effects
against testicular damage induced by radiation. However,
studies with large series, including controlled trials are
necessary to validate its use in clinical cases.
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