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Abstract
Vinclozolin (3-(3-5-dichlorophenyl)-5-methyl-oxaidine-2,4-dione) is extensively used in the vittood,
agriculture and commercial horticulture to contsmveral fungal pathogens and has been shown taceéndu
reproductive abnormalities in male rats, causirdyced fertility. The mechanism of action of vinaitim on male
reproductive system is not clear. In the presamtystve investigated whether prenatal administratibminclozolin
induces oxidative stress in the testes and chaingsjgerm quality and quantity in epididymis in adulale rats.
Pregnant rats were injected with 1, 5 and 10 mgleolin/Kg body weight on 1st, 7th and 14th daypoégnancy
and allowed to deliver. Male pups were maintainpdta postnatal day 100 and used for assessingukstiand
epididymal toxicity. Embryonic exposure to vincldirosignificantly decreased in the sperm densitymber of
motile sperm, viable sperm and HOS tail coiled spén adult rats. Significant increase in the levefslipid
peroxidation with a significant reduction in thetigity levels of superoxide dismutase and catalastestis was
observed in rats exposed to vinclozolin during grabic development. It can be concluded that préragaosure
to vinclozolin induced oxidative stress in testfsadult rats thereby decreases the sperm quantdydeteriorates
sperm quality.
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I ntroduction

There is a growing distress that several chemicalsVinclozolin is also known to promote transgenernadio
released into environment disrupt reproduction dflw  transmission of adult onset disease through epigene
life and as well as humans (Colboeh al., 1993). reprogramming (i.e. DNA methylation) of male germ
Vinclozolin (3-(3-5-dichlorophenyl)-5-methyl-  line (Anway et al., 2005; Anway et al., 2006b).
oxazolidine-2,4-dione), one of the systemic furdpsi Contrary reports have documented that exposure to
extensively used in the viticulture, agriculturedan Vinclozolin during prenatal and perinatal periods
commercial horticulture in several countries (Callee showed absence of male reproductive abnormalities
al., 2005). Vinclozolin is degraded into butenoic acid (Wolf et al., 2004; Schneideet al., 2008). Thus, it
(M1) and enanilide (M2) metabolites in the seems apparent that Vinclozolin-induced reprodactiv
environment, which have been shown to be more toxicabnormalities are highly variable and depend on
than the parent compound (Pothuleti al., 2000). various aspects, such as exposure level, length of
Exposure to Vinclozolin is known to alter gene exposure, the animal species used and the exposure
expressiorin vivo in an antiandrogenic manner (Kelce during developmental stage.

et al., 1997). Earlier studies also suggested ithat One of the major factors to reproductive disorders
utero exposure to Vinclozolin causes a significant oxidative stress (Turnest al., 2008). Oxidative stress
decrease in testicular and seminal vesicle weightsresults from increased lipid peroxidation or desesh
respectively in rodent models (Elzeinostaal., 2008; intrinsic antioxidant defense in different tissuds.
Wolf et al., 2004). Many studies have been reported addition, Environmental contaminants have been
significant reduction in sperm motility and epidids shown to induce reactive oxygen species (ROS)
sperm count in rodents exposed to Vinclozolin dyrin generation in both intra- and extra-cellular spacts
embryonic development (Uzumatial., 2004; Anway  cells or individuals leading to tissue injury anellic

et al., 2006b). death (Hoet al., 1998). ROS have been shown to play

. an important role in the defense mechanisms against
* Corresponding Author _ pathological conditions but excessive generation of
Email: reddy_1955@yahoo.co.in free oxygen radicals may damage tissues (Ktaa.,
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Vinclozolin induces lipid peroxidation (Liokt al., sperm analysis and determination of testicular
1998), the mechanism of action of Vinclozolin o th oxidative status.

activities of antioxidant enzyme activities has heen Sperm count

elucidated. The present study was undertaken toCauda part of epididymis was removed and placed in
evaluate the effect of embryonic exposure to 10 ml petridish containing 2.0 ml of physiological

Vinclozolin on the testicular lipid peroxidation cin saline at 37°C. Subsequently, cauda epididymis was
antioxidant enzymes in adult rats. We also evatuate squeezed. A drop of sperm suspension was usebléor t

the effect of prenatal exposure vinclozolin on determination of total sperm count using Neubauer
epididymal sperm count and sperm motility and Chamber, as described by Belstwl. (1980).

viability in adult male rats in order to assess the Sperm motility

reproductive toxicity. Sperm sample was placed on Neubauer chamber and
M aterial and M ethods progressive sperm motility was evaluated by the
Animals and maintenance method of Belseyt al. (1980). The whole process was

Adult male Wistar rats (150 + 10 g) were purchased performed within 5 minutes following their isolatio
from Sri Venkateswara Traders, Bengaluru, India. from cauda epididymis. First non-motile sperm were
Animals were housed in polypropylene cages (18" xcounted followed by motile sperm. Sperm motilitysva
10" x 8") under a well regulated light (12-h lighefk) expressed as a percentage of total sperm counted.
schedule at 24 + 3°C with 50 + 5% humidity and Sperm viability

provided with commercial rat chow (Godrej Agrovet The ratio of live and dead sperms was determined
Ltd, Mumbai, India) and tap watead libitum. This using 1% tryphan blue by the method of Talbot and
study was carried out according to guidelines far t Chacon (1981). Sperm viability was expressed as a
care and use of laboratory animals (National Resear percentage of total sperm counted.

Council. 1996) and approved by the Institutional Hypo osmotic swelling test (HOS-test)

Animal Ethical Committee at Sri Venkateswara When viable sperms are exposed to hypoosmotic
University, Tirupati, India (vide No. IAEC/No- —medium, there will be an influx of fluid causingethail
438/01/a/CPSEA). to coil, which can be seen under phase contrast
Regularly cycling female rats (body weight 160 +g)0  microscope and the percent of tail coiled sperm was
were cohabited overnight with fertile male rats.eTh determined by the method of Jeyendeaal. (1992).
successful mating was confirmed by the presence ofLipid peroxidation

spermatozoa in vaginal smear and considered ddy 1 oA break down product of lipid peroxidation,
pregnancy. Sperm positive females were randomlymalondialdehyde (MDA) was measured by the method
distributed into 4 groups of 8 rats each and housedHiroshi et al. (1979). Briefly, the testes were
individually. homogenized (10% W/V) in 1.15% potassium chloride
Test chemical and dosing solution. 0.5 ml of saline (0.9% sodium chlorid&))
Vinclozolin (CAS NO 50471-44-8, purity>99.6%) was ml of (20% W/V) trichloroacetic acid (TCA) were
obtained from Sigma-Aldrich Laborchemikalien, added to 2.5 ml of homogenate. Samples were
Seelze, Germany. Pregnant animals in control groupcentrifuged for 20 minutes on a refrigerated céunge
received only 50 ul corn oil. Rats in experimental at 4000 x g. 0.25 ml of TBA reagent was added @ 1.
group II, lll and IV received 50 pl Vinclozolin irg- ml of supernatant, and samples were then inculstted
peritoneally (vehicle as corn oil) at a dose obland 95°C for 1 h. One ml of n-butanol was added to it.
10 mg/Kg body weight, respectively off, 7" and 14' After thorough mixing, the contents were centrifiige
day of pregnancy. All the rats were allowed towksli  for 15 minutes at 4000 x g in a refrigerated céunge.
pups. Male pups were weaned and assessed fofhe organic layer was transferred into a clear e
reproductive and biochemical end points on postlnat its absorbance was measured at 532 nm. The rate of
day 100. The doses selected for Vinclozolin is dase  lipid peroxidation was expressed as p moles of
earlier report Susaet al. (2006), which is well below malondialdehyde formed/gram wet weight of tissue.

the range of no-observed-effect level (15-111 Assay of antioxidant enzymes

mg/Kg/day) for rats (Van Ravenzwaay, 1992). Superoxide dismutase (EC 1.15.1.1) was assayed by
Necropsy and sper matology the method of Misra and Fridovich. (1972). Briefly
The animals were fasted overnight, weighed aneédill the testes were homogenized (10% W/V) in 50 mM
by cervical dislocation on post natal day 100. &gst ice-cold sodium phosphate buffer (pH 7.0) contajnin
and epididymides were removed, cleared of the0.1 mM EDTA. The homogenate was centrifuged at
adhering tissue and used immediately for epididymal 105,000 x g for 60 min. The supernatant (cytosol)
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fraction was used for the assay of the enzymeifactiv  suppressed testicular Leydig cell functions hasnbee
The reaction mixture in a final volume of 2.0 ml reported after exposure to vinclozolin (Uzunetwal.,
contained: 0.05 M carbonate buffer (pH 10.2), 30 mM 2004). Anway et al (2006b) reported a significant
epinephrine (freshly prepared) and the enzyme extra decrease in the sperm motility and sperm numb#ven
Changes in absorbance were recorded at 480 nnwinclozolin treated rats even in F1, F2, F3, and F4
measured at 10 seconds intervals for 1 minuteUva generations. Impaired sperm motility may also reisul
VIS spectrophotometer (Hitachi model: U-2001). The infertility due to failure of sperm to reach theesof
protein content in the enzyme source was determinedertilization as well as their ability to penetratena

by the method of Lowry et al. (1951) using pellucida.

bovinclozoline serum albumin as standard. The eezym The present study also demonstrates that admitistra
activity was expressed as Units/mg protein/min. of vinclozolin during embryonic development
Catalase (EC. 1.11.1.6) was assayed by the method adecreased the activities of catalase and superoxide
Chance and Machly (1955). The reaction mixture in adismutase, and concomitantly increased the levEls o
final volume of 2.5 ml contained: 0.05 M phosphate lipid peroxidation in testes of adult rats. Supédex
buffer (pH 7.0), and appropriate amount of enzyme dismutase is considered the first line of defergarest
protein. The reaction was initiated by the additdéri9 deleterious effects of oxyradicals in the cells by
mM hydrogen peroxide (#D,). The decomposition of catalyzing the dismutation of superoxide radicals t
H,O,was tracked directly by measuring the decrease inhydrogen peroxide and molecular oxygen (Nissen and
absorbance at 240 nm, at 10 seconds intervals for Kreysel, 1983). Catalase allows degradation of
minute in a UV-VIS spectrophotometer (Hitachi hydrogen peroxide to water and oxygen (Jesdtial.,
model: U-2001). The activity of the enzyme was 1989). The reduction in the activities of antioxitla
expressed as 4 moles of (8 metabolized/mg enzymes and increase in lipid peroxidation could
protein/min. reflect the adverse effect of vinclozolin on the
Statistical analysis antioxidant system in testes.

Statistical analyses were performed using One-wayOne of the important aspects of antioxidant enzyises
Analysis of Variance (ANOVA) followed by Dunnet’'s their nature of synergistic functioning: a decrease
test. The differences were considered to be siaiti  superoxide dismutase activity has been shown to
at p <0.05. The data were presented as mean + S.D. increase the level of superoxide anion, which isvkm
Results and Discussion to inactivate catalase activity (Kono and Fridowich

Figure 1 shows the effect of prenata| exposure t01982) Slmllarly, when catalase fails to eliminate
Vinclozolin on sperm parameters in rats. A Sigmifit ~ hydrogen peroxide from the cell, the accumulated
decrease (p<0.05) was observed in total epididymalhydrogen peroxide has been shown to cause
sperm count, sperm motility, sperm viability and $10 inactivation of superoxide dismutase (Sinet ancb€aqr

tail coiled sperms in rats exposed to vinclozolimidg ~~ 1981). Reactive oxygen species such as superoxide,
embryonic development when compared to controlshydroxyl radical, singlet oxygen and,® has been
(Fig. 1). shown to damage almost all macromolecules viz.,
The levels of lipid peroxidation products Proteins, lipids etc., and the changes in the sperm
(malondialdehyde) are presented in Table 1. Adquantity and quality may also be due to damage
significant (p<0.05) increase in malondialdehyde induced by reactive oxygen species (Ochsendoerf,
(MDA) content in the testes of Vinclozolin treateats ~ 1999).

was observed when compared with testis of controllt is well-known, that spermatozoon is highly
rats. The activity levels of superoxide dismuts3@p)  susceptible to the damage induced by ROS because of
and catalase (CAT) decreased significantly in éstes  their high content of polyunsaturated fatty acids.

of rats exposed to Vinclozolin during embryonic counteract the effects of ROS, testes are equipjtd
deve]opment when Compared to control rats (Tab|e 1) antioxidant defense systems, which prevent cellular
In the present studies we have shown that prenatafi@mage. A balance between the benefits and rieks fr
exposure to vinclozolin induces oxidative stresshim  ROS and antioxidants appears to be necessary for
testes and decreases epididymal sperm density angurvival and normal functioning of spermatozoatia t
quality of adult male rats. Effects of vinclozolon  testes (Aitken and Roman, 2008). Impaired antiaxida
pubertal development and reproductive function in defense mechanism may induce testicular damage, low
male rats treated during gestation and lactatioeha Sperm counts, and infertility (Makkest al., 2009).
been reported (Uzumcet al., 2004). An inhibition of ~ High levels of reactive oxygen species have been
spermatogenesis, deterioration in sperm quality &and
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correlated with reduced sperm motility (Armstroetg

al., 1999; Wangt al., 2004).

Conclusion

In summary, the results of the present study rethesl
prenatal exposure to vinclozolin decreased sperm
quantity and deteriorated sperm quality. Furthigid|
peroxidation levels increased with a decrease in
activity levels of antioxidant enzymes such as
superoxide dismutase and catalase in the testis of
treated rats. In conclusion, decrease in spermtiqyan
and deterioration in sperm quality in prenatal
vinclozolin exposed rats might be due to induced
oxidative stress in testis of rats.
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Table 1: Effect of prenatal exposure to vinclozolin on lipid peroxidation levels and catalase and superoxide

Par ameter Contral 1 mg/kg BW 5 mg/kg BW 10 mg/kg BW
Lipid peroxidation 6.18+2.43 7.38+ 0.68 11.87 + 3.64 14.27 +0.75
(1 moles of malondialdehyde formed/g (19.41) (92.07) (130.9)
wet wt.)

Superoxide dismutase 0.84+0.11 0.63+0.52 0.32+0.09 0.3°+0.16
(Units/mg protein/min.) (-27.38) (--58.33) (-63.09)
Catalase 0.027 + 0.007 0.02"+0.01 0.016+ 0.007 0.012+0.009
(1 moles of HO, metabolised/mg (-25.92) (-40.74) (-55.55)
protein/min)

Values are mean = S.D. of 6 individuals.

Values in parentheses are percent change fromatontr
Mean values in a row that do not share the samersaiipt differ significantly at p<0.05.

= 100 4 1001
E
by 80
£ 80 ~ 807
g 2 & a
= b £ _[— b
E 601 r £ 60 i :
£ d B
§ 40 | 9 40
£ 8
§ 7 2 5,
o
(7]
0 ’ g
c 1 5 10 ’ y ' '
8 c 1 5 10mg
100 c 100 D

£
Al £
= b 7]

c 178

E d & 60
a ki .
3 s d
3 # % 4w
1] —
— (0]
5 20 & 2

0

gl T N
[ 1 5 10mg C 5 10mg

Fig. 1. Effect of prenatal exposureto vinclozolin on eididymal sperm count (A), sperm motility (B), sperm
viability (C) and HOS tail coiled sperm (D) in the control rats (C) and ratsexposed to 1, 5 and 10 mg/kg BW
vinclozolin (10 mg).
Each bar represents the mean + SD of 6 rats.

Bars with same superscript do not differ signifityafrom each other at p<0.05.
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