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Melatonin Protective Role in Mouse Cauda Epipidymal
Spermatozoa Damage Induced by Sodium Arsenite
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SUMMARY: We evaluated the sperm parameters such as cauda epididymis weight, sperm count, sperm morphology and sperm
DNA stability of adult CF-1 male mice treated daily (oral exposure) with the toxic sodium arsenite (As, 7.0 mg/kg/body weight);
Melatonin (Me, 10.0 mg/kg/bw), Me (10.0 mg/kg/bw) plus As (7.0 mg/kg/bw) and Negative Control (NaCl 0.9%) to assess acute (8.3
days), chronic (33.2 days) and recovery of testicular damage (66.4 days). Arsenic decreases the number of sperm freatctaonic tr
(33.2 days) and this effect continued until 66.4 days of treatment. The toxic effect of As also altered the morphologgtofsaénm
all treatment periods when compared to the negative control group. However, Metalonin induced protective effects in §&2ods of
and 66.4 days of treatment. Additionally, the stability of DNA was significantly affected by arsenic in all periods, bubrifee ch
treatment (33.2 days) in the AsMe revealed increased stability compared to the group treated with arsenic only. Melatynin parti
protects sperm toxicity caused by Arsenic, especially during periods of 33.2 and 66.4 days.
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INTRODUCTION

Chemical pollution and testicular function has beenf ROS due to the large amount of polyunsaturated fatty
the subject of great concern in recent times, especially anids that compose their plasma membrane (Gatah,
the deleterious effects that many chemicals may have ©899). Furthermore, due to sperm morphology, they have a
reproduction (Bustos-Obregén & Hartley, 2008). Among theery scarce cytoplasm, so that the amount of antioxidant
ubiquitous compounds that occur naturally in thenolecules is limited (Garridet al, 2004; Golderet al).
environment, arsenic is an important chemical toxic and
carcinogenic (Patlolla & Tchounwou, 2005). For this reason, the application of exogenous
antioxidants may have great significance in preventing
The effect of sodium arsenite on the mal@xidative damage induced in interstitial cells, germ cells or
reproductive system is not well defined, although there aiethe seminal plasma and sperm by exposure to metals such
some reports in which arsenic poisoning is associated wak arsenic (Koyuturkt al, 2006).
spermtoxicity, inhibition of testicular androgenesis and
reduced testis weight and sex accessory organs in experi- The antioxidant properties (Reitet al, 2003) of
mental animals (Jaret al., 2006). exogenous melatonin (n-acetyl-5-methoxytryptamine), a
main product secreted by the pineal gland in mammals (Von
The cellular mechanism of toxicity of arsenic include$all et al, 2002) might have a protective effect on induced
generating reactive oxygen species (ROS) (De Vizcaya-Ru@sticular toxicity by drugs (Patil & Balaraman, 2009) or
et al, 2009). Indeed, sperm are highly sensitive to the actigesticide (Sarabiat al, 2009).
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In this work, we aim to determine the effects of acut@mbserving in optical microscopy 300 mouse sperm,
chronic and recovery of testicular exposure to sodiuevaluating their morphology as normal and abnormal
arsenite in epididymal sperm and assess the use of melatar@tegories, expressing the result as percentage normal sperm
as a protective agent and antioxidant. in all treated groups compared with controls (Vigil & Bus-

tos-Obregon, 1985).

MATERIAL AND METHOD DNA stability. Evaluation of the pattern of DNA
denaturation in both experimental and control sperm was
done fluorescence test of acridine orange (AO). This test

Three-month-old male mice (Mus musculus) strairs based on the properties of the fluorochrome acridine

CF-1, healthy and sexually mature, were obtained from tlogange which emits red fluorescence by binding to

Faculty of Medicine, University of Chile. The animals weralenatured single-stranded DNA or green fluorescence

maintained in a room under controlled conditions oivhen bound to double-stranded DNA (native). The sample

temperature (222°C), and a 12 h light/dark cycle, with adpreparation was performed according to the methodology

libitum access to commercial pellets and tap water. used by Tejadat al (1984).

Reproductive changes were studied as acute (8.3  Observation of the slides was performed using a
days), chronic (33.2 days) and recovery of testicular damageiss epifluorescence microscope M 0.1, calibrated to
(66.4 days) in 88 adult mice exposed every day to oral dosE¥0% of fluorescence emission at 524 nm. 300 sperm were
of Sodium Arsenite (As; 7.0 mg/kg/bw, Sigma Chemical Cocounted at 400X and results expressed in percentage of
St. Louis, MO); Melatonin (Me; 10.0 mg/kg/bw, Aramaspermatozoa with stable DNA (green), in the experimen-
Laboratorios SA, Santiago, Chile) (Gutellehal, 2001); tal groups compared with the control.

Me (10.0 mg/kg/bw) plus As (7.0 mg/kg/bw), and Negative

Control (NaCl 0.9%) delivered orally in a volume not greateBtatistical Analysis All results were expressed as mean

than 0.05 mL. standard deviation. Statistical analysis of the results was
performed using ANOVA test nonparametric Kruskal-

Before the beginning and after the end of treatmentyallis test and Dunn's multiple comparison, which allows
all animals were weighted. Euthanasia was performed g to compare and determine whether there are significant
cervical dislocation after anesthesia with ketamindifferences in the results between experimental groups in
(Laboratory Biosano SA, Santiago, Chile) according to thelation to a control group.
protocol of animal handling of the Bioethics Committee of
the Faculty of Medicine, University of Chile.

RESULTS
Sperm Parameters.

Extraction, weighing and sperm count in epididymalcauda. Sperm count downward trends present in the groups
After obtaining the cauda epididymis they were weighedreated with As and AsMe treated groups compared to con-
Then sperm suspension was obtained using the protocoltbyl groups at all tested intervals. Only 33.2 days decreased
Fornés & Bustos-Obregén (1994). Sperm were countedsgierm counts significantly compared to control (p<0.001)
200X in a microscope, equipped to use Makler® chambemd animals treated with As, while AsMe shows significant
adding a drop of sperm suspension by capillary and countiimgrease in sperm counts in this same range, relative to
in duplicate the sperm present in the 100 squares of thentrol (p<0.05) and As at 66.4 days only observed a
camera, expressing this result as a million sperm/ngignificant decrease in sperm counts in animals treated with
epididymis. As and a no significant increase in the subject to AsMe,
compared to the control (Table I).
Sperm morphology analysis From the sperm suspension
obtained above it was obtained 2QQ of sample. Sperm morphology parameters revealed a
Additionally, 200uL of PBS was added and centrifuged asignificant decrease in normal sperm in animals treated
2000 rpm for 10 minutes. The resulting pellet was extractedth As intervals in acute, chronic and recovery to 66.4
and deposited on clean slides for performing a spreatBys compared to their controls (p<0.05). AsMe treated
allowed to dry at 37C for 5 min. Staining was performed animals, show a significant increase in the percentage of
using routine techniques (hematoxylin-eosin) and were theermal sperm with respect to control at 66.4 days of
mounted with Eukitt®. The analysis was performed btreatment (Table ).
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Table I. Values of sperm parameters of cauda epididymis from mice treated with arsenic, Melatonin, (AsMe)
Melatonin plus Arsenic, and Negative Control (Neg. Control, NaCl 0.9%) at different times after treatment
(a.t.). Data were expressed as meatandard deviation, different letters show significant difference between

the groups.

Timea.t. Caudaepididymis Sperm count Sperm Sperm Stability
Weight (g) (10e6/mg) Morphology (%) of DNA(%)

8.3 days
Arsenic 0.032+0.005a 0.62+0.10° 57.5¢5.1° 87.6+0.30 ***
Melatonin 0.035+0.004a 0.67+0.15* 74.8+5.2% 90.2+0.2°
AsMe 0.030+0.005a 0.55+0.10% 70.7+10.22 89.1+0.3
Neg. Control 0.037+0.004a 0.67+0.122 80.2+10.1° 91.4+0.3
33.2 days
Arsenic 0.043+0.015» 0.3810.17 53.2+14%%** 51.2+1.2°
Melatonin 0.050+0.018a 0.78+0.18: " ** 74.1+3.2° 92.5+0.8°
AsMe 0.055+0.020a 0.64+0.12* 81.245.88 62.420.9%% **
Neg. Control 0.042+0.002a 0.68+0.05* 88.3+6.2° 93.1+0.8°
66.4 days
Arsenic 0.042+0.012a 0.370.10° 62.5+2.4° 7 ** 61.1+1.4°
Melatonin 0.048+0.012a 0.42+0.12* 75.3+2.3° 90.5+4.1°
AsMe 0.051+0.012a 0.61+0.17% 68.4+4.9 62.5+5.9°
Neg. Control 0.049+0.028a 0.75+0.17% 88.8+4.1° 90.2+4.3°

(p <0.05, ** p<0.001).

DNA of sperm subjected to a thermal shock of®bas a et al., 1995), involving environmental toxicants as
percentage of denaturation that increases in animals treapetnarily responsible for male infertility. Among the
with As compared to control groups whose values increadamage, the oxidative stress plays vital role in
in a time-dependent, way with values significantly lower ohetiopathology of testicular functions by mechanisms
sperm DNA stale in all exposure intervals compared tanvolving peroxidative damage to the cell membrane
controls, and As (p<0,05). At 8.3 days there was a significaf\fernetet al, 2004).
decrease in DNA stability in the group treated with As, over
the control (p<0.001) but no significant increase was observed In this work, the environmental toxic Sodium
in this parameter in the group treated at the same intervaisenite (As) adverse effects on fertility in male CF-1 mice,
with AsMe relative to controls (Table I). which is characterized by the decrease in the cauda
epididymal sperm count, as in the partial arrest of
DNA stability is significantly increased in animalsspermatogenesis, observed in the groups treated with As
subjected to chronic AsMe with respect to the control (m all treatment intervals, being significant at 33.2 days
<0.05) and the groups treated with As (p<0.001) (Table Ijfour cycles of spermatogenesis). In fact, the arsenic may
Cauda epididymis weight, showed no significant variationsause effects on testicular fertility, as decreased testosterone
in the animals treated with respect to AsMe, As and Contrigvels (Janat al, 2006; Saradha & Mathur, 2006) and
groups, in any of the ranges tested: acute (8.3 days), chromiature spermatozoa do not undergo spermiation and are
(33.2 days) or the recovery to 66.4 days (Table I). phagocytosed by Sertoli cells (Holdcraft & Braun, 2004)
as this process is dependent on androgens.
DISCUSSION We observed a decrease in the percentage of nor-
mal sperm in animals treated with sodium arsenite,
significantly from 8.3 to 33.2 days, probably due to reduced
During the last two decades, authors have reportéelstosterone levels (Jaea al), whereas morphological
the continuing decline in semen quality worldwide (Augedifferentiation, and the proper maintenance of ectoplasmic
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specialization, responsible for anchoring and fatiam of bound to DNA structure. Rather indirectly, inducing the
the sperm head to the Sertoli cell are dependent on tleactive oxygen species, generating adducts, breaking of
androgen levels (Anahaed al., 2006). DNA chains and crosslinks, in addition to chromosomal
aberrations (Halliwell, 2007).
Indeed, significant increases in the production of
sperm head and tail abnormalities in experimental animals  Additionally, arsenic has been shown to generate
are observed after exposure to sodium arsenite éPaht DNA damage in human lymphocytes (Yai@tal, 2003),
2004). This is mainly due to exposure to ROS (RajeddbNA hypomethylation and hypermethylation so the
Kumaret al, 2002) generated by As. It also induces a rapitecrease in the stability of DNA observed in this study may
decrease in mitochondrial membrane potential, altering the associated with its ability to generate adducts on the
activity of mitochondrial enzymes, promoting dramati®NA strand (Goetz & Luch, 2008).
morphological change and loss of the internal organization
of this organelle (De Vizcaya-Rué&t al), thus affecting Meanwhile, melatonin showed a significant degree
cell morphology. Sperm morphology has proved to bea protection of DNA in the range of chronic exposure,
useful tool to discriminate between fertile and infertildrom 16.6 to 33.2 days, mainly due to its ability of
males (Guziclet al, 2001). scavenging the radical species, as noted in subsequent
studies, which showed that melatonin is a dose-dependent
On the other hand, in the group treated witlprotective agent against DNA oxidative damage (Zétao
metalonin (AsMe) we observed reverse of the damagé, 2008).
caused by sodium arsenite from 8.3 days decreasing the
percentage of sperm with abnormalities (teratozoospermia).  We observed no significant difference in cauda
In fact, melatonin decreased the rate of abnormal speapididymal weight for all groups analyzed. In fact, to
caused by ischemia-reperfusion in rats (Kuetail, 2010). sodium arsenite also change the weight testis does not cauda
epididymis of rats (5.5 mg by 30 days) (Pal & Chatterjee,
Sodium arsenite also causes a significant decred@05).
of the percentage of spermatozoa with stable DNA in all
exposure intervals, probably as a result of oxidative damage
to nuclear constituents, in particular DNA (Rajesh KumazONCLUSION
et al), mediated by reactive oxygen species (Kitchin &
Ahmad, 2003). This is an important aspect to note, because
fertilization involves the interaction between the DNA of Arsenic decreases the number of sperm, altered the
the sperm and the oocyte, and the completion of the processrphology of spermatozoa and stability of DNA, but
depends in part on the integrity of the sperm DNA. melatonin partially protects sperm toxicity caused by
Arsenic by its antioxidant effect improving sperm quality
DNA damage observed during exposure to arsenfthermal DNA stability and morphological alterations)
is not directly related to it, as it is they are not covalentlgspecially during periods of 33.2 and 66.4 days.

BUSTOS-OBREGON, E.;: POBLETE, D.; CATRIAO, R.; DEL SOL, M. & FERNANDES, F. H. Rol protector de la melatonina en
el dafio de espermatozoides de cauda epididimaria en ratén producido por arsenito bie. sbditorphol., 31(4)1251-1256, 2013.

RESUMEN: Se evaluaron los parametros espermaticos como peso de la cola del epididimo, conteo de espermatozoides, mor-
fologia de los espermatozoides y estabilidad del ADN de espermatozoides de ratones machos adultos CF-1 tratados dipgamente (ex
sicion oral) con el toxico arsenito de sodio (As, 7,0 mg/kg/peso corporal), melatonina (Me, 10,0 mg/kg/pc, Me (10,0 mg&é4&c) m
(7,0 mg/kg/pc) y el Control Negativo (NaCl 0,9 %) en evaluacion aguda (8,3 dias), cronica (33,2 dias) y recuperacioesteldario t
(66.4 dias). El arsénico reduce el nUmero de espermatozoides en el tratamiento crénico (33,2 dias) y este efecto c@jhubidsasta
El efecto toxico de As también altero la morfologia de los espermatozoides en todos los periodos de tratamiento cuan@oce® compa
el grupo control negativo. Sin embargo, metalonina indujo efectos protectores en periodos de 33,2 y 66,4 dias de tratestaio. L
lidad del ADN se vio afectada significativamente por el arsénico en todos los periodos, pero en el tratamiento cronas) (88)2 di
AsMe se observa un aumento de la estabilidad em comparacién com el grupo tratado con arsénico. Sin embargo, la melggonina prote
parcialmente a los espermatozoides del dafio causado por arsénico, especialmente durante los periodos de 33,2 y 66,4 dias.

PALABRAS CLAVE: Ratén; Melatonina; Arsénico; Esperma; Estabilidad del ADN.
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