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Abstract

Studies have shown mammalian spermatogenesis avth smaturation processes are in danger from envieotal
pollutants but detailed mechanisms of such actamesrare. Paraquat is a broad-spectrum weedicatenpfree radical
former and readily soluble in water. The preseantigtaimed to investigate mechanism(s) of toxic @ffeof Paraquat on
mice epididymal sperm. Mice (5 groups, n=10) wexposed with four concentrations i.e. 8(T1), 4(T2§T3), 1(T4)
mg/kg bodyweight of Paraquat and distilled watenalto control group, by way of inter-dermal expesio scrotal sac for
a week on the day other day and sacrificed on #yeld". Testicular and epididymal sperm parameters wezasured.
DNA integrity of epididymal sperm and abnormalitwsre assessed using acridine orange stainingeas a marked
increase in epididymal weight among treatment gsoapd significant (P<0.05) in T2. Testicular wegyldid not show
changes indicating reduced effects on testiculaloerne milieu. However, testicular sperm counfatiéd significantly
(P<0.05) for treated groups T1, T2 and T3. Pergenfast moving, slow moving, twitching and immotiperm in the
epididymis were significantly reduced in all treshtgroups. DNA integrity test and abnormalities sded marked damages
to epididymal sperm. From the present study itds exactly clear whether reduction in sperm nundra sperm count
were due to free radical formation by Paraquat. @esent findings suggest whether sperm membramagkin vivo

make sperm storage vulnerable in mammalian epidiglym
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1. Introduction

Environmentally available chemicals may alter sperm
production, Sperm maturation and sperm functiotha
epididymis. Paraquat is one of the most widely used
herbicides, and probably the market leader havirg t
highest share for the distribution. Paraquat i sal
about 130 countries for variety of pest control.hits
wide spectrum weedicide properties and hence popula
among farmers (Odenkirchen & Eisler, 1988). Toyicit
of Paraquat and its distribution over the body once
absorbed has been given serious attention. Lurgstise
vely accumulate paraquat and therefore containehnigh

concentrations than other tissues. Liver damagerecc
and renal failure may follow as the kidneys remakiso-
rbed paraquat. At spray strength paraquat is afively
low acute toxicity. It is classified as a solid andh an
acute oral LD50 for rats of 157 mg/kg (WHO, 1996).

Spermatogenesis involves rapid divisions of geriina
epithelium cells until they differentiate into sperThe
process involves structural and functional charigethe
sperm. The major change spermatozoa undergo is the
reduction of DNA material from diploid to haploil.is
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a specific requirement for successful fertilisatiand
result in a viable offspring. The process of spe¢ogean-
esis includes a series of mitotic and meiotic divis.
Since spermatogenesis includes nuclear reshuftlisga
delicate process and highly sensitive to toxic dgasa
Attention has been given to study how environmental
toxicants can alter various steps of spermatogenesi
process in mammals (Robaire et al, 2006).

The effects of harmful chemical exposure on theemal
reproductive system have been demonstrated uding la
ratory animals (Miller et al, 1983; Chapin et af8%;
Linder et al, 1986; Klinefelter et al, 1997 and ¥é&raac-
haneni et al, 2001) and there have been severattsep
that human semen quality may be in decline. Detatiio
on in sperm function might be a reflection of iresed
exposure of the human population to synthetic chal®i
although this argument remains to be proven (Creasy
al, 1985; 1990 and Carlsen et al, 1992). Amongvtre
ous effects to the testes include, decrease iwénght of
the testes (Linder et al, 1986 and Foster et a83),9
flaccid appearance (Miller et al, 1983), reductiorsize
(Doe et al, 1983) and gross testicular pathologg(&
Miller, 1997 and Linder et al, 1988a). With regaal
gross morphology of the testis, apart from size \&ai)-
ht, it is very difficult for any one to measure theverity
of the effect unless work on histopathological chiemi-
cal and molecular changes are involved. Furthezstim-
gations of sperm maturation are therefore important
assess the threat to human fertility by environaletatx-
icants. Greater understanding of sperm developmet
lead also to new methods of contraception in théema
and better diagnosis and treatment of infertiRyogress
in all these areas depends on a full understanafitbe
underlying mechanisms of spermatogenesis and tte gr
ual maturation processes in the excurrent ductchwhi
lead to complete fertilizing capacity of sperm (Mot
al, 1998).

Effects of Paraquat, however, on sperm maturatros-p
ess are not represented well in the availablealitee.
We thought to study the effects of Paraguat onrsper
maturation in epididymis in detail. Therefore, weed
extremely small doses close to the effective Sitter-

dermal exposure was made to the scrotal sac and the

effects were studied. Aim of the present study was
investigate effects of low concentrations of Paedaxp-
osure on testicular and epididymal sperm.

2. Materials and Methods
2.1. Test Animals
Mice (age 13-14 weeks, weight 4% g) were purchased

from Medical Research Institute, Colombo, Sri Lanka
They were acclimatized in animal house conditiohs- (

mperature 28 2 °C; RH 90 +10) for further 3 weeks
before experiments were started. Animals were fagd w
pelted food (Agro industries, Seeduwa, Sri Lanka) a
water freely. Animals were grouped into 5 groupssie-
ting of 10 animals in each group.

2.2. Chemicals

All chemicals were purchased from Sigma Chemical Co
mpany Ltd. (USA) unless stated otherwise.

2.3. Exposure

Four groups of animals (n=10 each) were named as T1
T2, T3 and T4 for the treatment groups and C fer th
Control Group. Required concentrations of Paraquat
were prepared in distilled water and final dosimgume
was 100ul in each case. Dosing was done by way of an
inter-dermal exposure to the scrotal sac. Caretalen

to insert the needle in between both testicle dapsu
Animals were exposed with four concentration ofd@ar
uat, i.e. Treatment 1 (T1) 8 mg/kg body weight,afnee-

nt 2 (T2) 4 mg/kg body weight, Treatment 3 (T3) 2
mg/kg body weight and Treatment 4 (T4) 1 mg/kg body
weight for a week on the day other day. Controlugro
(C) was given vehicle alone i.e. distilled watetyon

2.4. Behavioural Changes

Animals were observed daily (09.00-11.00 hrs) foy a
behavioural changes throughout the experiment. Bata
corded as either normal or abnormal behaviourdtita

on any external changes to major organs such a eye
ears and testicular sac were also checked daillytent
mination of the experiment.

2.5. Sacrifice of Animals and Collection of Sperm for
Counting

Animals were sacrificed on the day 14 after initial
exposure. Testes and epididymides were surgicathor
ved. Tissue was cleaned thoroughly to remove aog-bl
dstains. Both left and right testes were weightadgian
electronic balance. Epididymides were isolated eled-
ned. Regions of the epididymis were separated dioapr
to classification (Figure 1). Separated regionsemeunt
into glass vials (10 ml) previously incubated at °&7
with 2 ml of BWW solution containing BSA (Bovine
Serum Albumin). Tissue minced using a fine pair of
scissors and an aliquot of sperm preparation wawed

to pass through a Nebula haemocytometer and numbers
of sperm were counted.

2.6. Assessment of Epididymal Sperm Matility

A drop of sperm suspension was introduced on teenha
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ocytometer and sperm count and sperm motility were
recorded. Both counting and motility assessmentewer
finished within first 5 minutes. Motility was reated
after categorizing 4 main different patterns of rape
motility i.e. i) non motile- sperm which do not shany
motility at all; ii), twitching- sperm that showikdeats
and any other movement but that cannot move aiiigll;
slightly motile (motile but not fast)- sperm thancmove
but do not move very fast; iv), highly motile- spethat
show high motility, these sperm usually could crtes
filed of view very quickly.

Initial

segment \

Caput

Corpus
Testis P

Cauda

Figure 1. Diagrammatic Presentation of the Epididymal Regions
Defined and Used in the Present Study

2.7. Morphological Changesto the Sperm

Sperm smear prepared on glass slides were used to
investigate morphological changes to the spermradpd

of sperm was placed on a clean glass slide andearsm
was made. Observations were done using a stergo-mic
scope (Olympus, Japan). Usually morphological ckang
were clear under the power x400. Morphologically-no
mal sperm were distinguished with their charactieris
typical sperm appearance. However any sperm tlmt sh
wed following morphological changes were counted as
abnormal morphology i) Sperm head with abnormal
shape or size ii) Sperm without sperm heads iigr8p
with morphologically abnormal tails, such as coitais,

iv) any other abnormality.

2.8. DNA Integrity Assay

Fresh sperm samples were used to prepare smears.
Usually at least 3 sperm smears were prepared daxh
individual animal using a similar procedure for spe
morphology. Once the smear is dried method destribe
elsewhere was used to analyze DNA integrity using
acridine orange test (Peiris, 1998). Briefly, Spemears
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were done using fresh sperm, air dried. Slides vireel

in 3:1 methanol: Glacial acetic acid for 4 hourBdé&s
stained with acridine orange-citric acid buffer :(,60.1

M Citric acid: 0.3 M NaHPQ,.7H,0, pH 2.5, 1% acridi-
ne orange 10 ml) for approximately 5 minutes. Slide
washed with PBS and checked for yellow to red eegr
appearance under fluorescence microscope. Reseiltes w
interpreted as percentage yellow-red heads.

2.9. Statistical Evaluations

Statistical evaluations were carried out using SR8S
Windows. Data were used either as raw data orfoens
med data. Percentage values were transformed to log
values. ANOVA was used to assess all the data orenti

ed in this work. However, individual comparisonsrave
made using Tukey’s test. At all levels <0.05% waiseh

as significant level. LD50 values calculated ugimgbit
analysis method.

3. Results

During the experiment no gross pathological effeatse
seen externally or internally in the scrotum, testr
epididymis of all mice used. Calculation of the LID5
value of Paraquat for 7 days scrotal inter-dermpbsu-

re was 6.7 mg/kg. Therefore the exposure used én th
present investigation was around 50% lethal comatait
on. There was a change in epididymal weight among
treatment groups than the control but significairlgre-
ased (P<0.05) only in T2. Values were 0.043+0.002 i
T1, 0.050+0.003 in T2, 0.045+0.002 in T3, 0.04263.0

in T4 and 0.037£0.002 in Control Group.

Testicular weights of the treated groups were igptifi-
cantly different from the control group indicatingduc-
ed effects on testicular endocrine milieu. Howetesti-
cular sperm count differed significantly (P<0.05prh
the control for treated groups 1, 2 and 3 [(683238)
x10% in control, (3225+ 1390) x18in T1, (777+ 370)
x10%in T3, (1481+ 892) x1Gin T4].

Length of caput corpus and cauda epididymis didshet
ow significant changes. Similarly epididymal weiglbds
non-significant indicating no apparent alteratitmshese
systems due to toxicant exposure. However, funation
aspect of the epididymis showed clear significdrang-
es compared to the control. Total epididymal speoion

nt was significantly different from the control @tire 2).
There was a marked difference in the T2 although th
results were not statistically significant. Pereget fast
moving sperm in the epididymis was significantigdue-

ed in all treated groups. This reduction was cornignon
found in slow moving and twitching sperm. Reduction
percentage immotile sperm needs to be compared with
total epididymal sperm count. Because there wagra-s
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ficant reduction in epididymal total sperm count.
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Figure 2. Total Epididymal Sperm Count in Treatment Groups Exp-
osed to Paraquat

When taken alone caput region did not show siggific
motility changes compared to control. However, pete
age-twitching sperm in the caput decreased sigmifly
for Treated Groups 1, 3 and 4. Fast moving sperna-be
ve differently. In the corpus region, there wadighs re-
duction in fast moving sperm compared to contrdl bu
percentage twitching and immotile sperm showedm-nu
erical increase. Reasons were not quite evidenid&€a
fast moving sperm reduced significantly for all theat-
ed groups (Figure 3).

= [mmotile mMotile Slow moving, mFast moving

120

%Mthh
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Sperm count (X 10%)
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Figure 3. Epididymal Sperm Motility in Treated Groups Exposed to
Paraquat

Morphologically sperm from treated groups showesl th
abnormal sperm heads. This percentage was higtadl in
treated groups compared to the control group. Witiad
on, percentage of sperm without tails were alstdrign
treatment Group 4 (1 mg/kg), compared to all tHeeot
groups including the Control Group. Abnormal sperm
number increase was highest in treated group egpase
the lowest concentration. Head abnormalities weoenp
inent than tail abnormalities in caput, corpus aadda.
However there was a considerable number of taibebn
malities compared to the control. The values avergin
the Table 1.

According to acridine orange test, yellow to regegra-
nces in sperms were increased in all treated groups
Results of the caput region in T2, T3 and T4 wégai
icantly different (P<0.05) compared to the con(@0%

in the control while 44%, 57% and 41% in T2, T3 and
T4 respectively). Sperm in the corpus region shothed
similar trend. Moreover, Cauda sperm showed the
highest increase in yellow to red heads (P<0.001).

4. Discussion

Present investigation was carried out with a néeethni-
gue of toxicant exposure to mice. The exposure ateth
allowed immediate internal exposure of Paraquah&
vicinity of reproductive systems. Since we haveduse
extremely low concentrations, it is suggestive e this
type of a method to investigate mechanism of taxica
exposure. However, our exposure in this experimerg
around LD50 value for Paraquat exposure of this
method. Therefore it is clear that the method usid
help in understanding of the toxicant effect ongear
tissue. Nevertheless, in earlier experiments it ibesn
shown that LD50 values of Paraquat is 151 mg/kgdor
(Odenkirchen & Eisler, 1988).

Paraquat concentration used in the investigatiathsot
show possible change in testicular weight. Thislésar

to show the effects were not on the hormonal comtio
the testes. This also depicted in epididymal weigid
length changes. These data suggest that it iskpedsi
exclude any possible explanation due to changestbs-
terone production or synthesis. However, the marked
reduction in testicular sperm count in Treated @gol,

3 and 4 against the control group may provide &ebet
understanding.

Reduction in epididymal sperm motility due to Paraty
exposure was significant in all treated groups.sTas
supported by reduction in total sperm count as.viteis
well known that sperm is highly susceptible to teac
oxygen species (Aitken et al, 1994). Because ne&acti
oxygen species will harm lipid layers of sperm thus
sperm membrane is in danger. As Paraquat produees f
radicals (Samayawardhena et al, 1995), which camada
ge sperm membranes. If similar mechanism has happen
ed in the present investigation it might have been
probable case for reduction in sperm motility. Owe t
other hand during the epididymal maturation sperex m
mbrane is highly reviewed (Cooper, 1986). The r&tes
of such development is clear. Epididymis mainly esk
final preparation of sperm for a successful fexdtion.
Whether Paraquat could change fertilization abifiged

to be properly investigated. However we might hage
addressed the entire hypothesis in this investigati
though it is probable to think that Paraquat tayiaight
have occurred mainly through free radical formation
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Table 1. Percentage Sperm Abnormalities in DifferenRegions of the Epididymis in Mice Exposed to Paguat

Percentage Abnormalities £SD)
Region Type
T1 T2 T3 T4 C
Caput Head abnormalities 30.22+1.18 26.13+0.99 26.352 40.7245.15 4.89+0.96
Head less 18.94+3.3 14.93+1.24 23.12+4.13 11.4%#2| 7.54+0.62
Tail abnormalities 17.67+0.5 8.92+0.63 12.18+1.29 6.31+0.46 10.77+3.13
Tail less 1.51+0.51 1.4240.6 0.1740.17 2.77+0.38 .47%0.83
Normal 31.64+2.9 48.55+2.12 38.8+3.87 43.0743.12 4.29+3.59
Corpus Head abnormalities 29.09+2.78 26.94+1.02 5722.2 30.1+4.2 2.93+0.83
Head less 18.27+1.85 12.26+1.22 22.49+4.35 15.88+3| 5.75+0.65
Tail abnormalities 14.21+0.94 12.98+2.19 11.12#1.0 8.08+0.69 7.2+1.38
Tail less 0.75+0.75 1.04+0.65 2.43+1.27 2.58+0.26 1.02+1.02
Normal 37.41+3.81 46.762.32 35.59+4.26 43.54+2.89 80.56+3.74
Cauda Head abnormalities 20.67+2.4 26.64+1.28 22.98 33.4£3.34 3.97+0.63
Head less 19.38+5.6 12.13+1.0 23.55+3.48 15.8%+2(3 8.8311.61
Tail abnormalities 10.53+1.69 12.09+1.24 10.26#1.2  7.7+0.9 9.31+1.16
Tail less 6.214+2.44 3.43+1.03 1.86+0.79 2.69+0.28 0.82+0.41
Normal 43.18+4.83 46.09+1.36 38.53+3.0 40.2943.75 77.03+3.46

In the present study we found that all doses extiept
dose 2 showed main differences in sperm count,atort
ty and abnormalities compared to the control. Taet f
was not clear why Group 5 (Control) and T2 (2 mg/ml
were in a sub set. Variations in just one group been
recorded earlier when hamsters were treated wihaal
chlorohydrins results of 66 mg/ kg dosages werdlizig
variable but not the results of the doses treatitd 88
mg, 49 mg and 83 mg (Slot et al, 1995). The faethse
that we cannot find a proper answer for such viariat
with limited results. In relation to alpha chlormhin
change in sperm motility has been explained witbrat-
ion in sperm transport within female reproductivact
(Slot et al, 1995). Changes in sperm motility aseally
considered as a mechanism to alter fertilizing cipa
Because testicular dysfunction, hormonal dependence
and alterations in sperm transport are not consitalte-
rnative mechanism to explain changes in spermliferti
(Lubicz-Nawrocki & Chang, 1974a and b).

In our study hormonal dysfunction was less likelybie
considered as a proposed mechanism of action kecaus
we did not observe a significant change in tesicul
weight, epididymal weight or epididymal length. Batb-

ly our data suggests less involvement with hormonal
milieu Altered sperm motility can also be assodatéth
sperm metabolism. If metabolism mechanisms are
blocked and alter-ed this may have a great impact o

sperm motility, such as in fertilization proces&sp co-
uld show altered abilities in capacitation and aorne
reaction (Dravland & Meizel, 1981). Therefore, @b
the observed motility reduction in the present gtodhy
have far reaching effects that we did not see.

There are significant correlations in vivo fertitig abili-

ty and both uterine and epididymal sperm motilihde
points when assessed using CASA (Moore & Akhondi,
1996). It is known that velocity end points aretéethan
percentage motility or percentage progressive ihotil
with sperm fertilizing ability. However motile sparper-
centage is frequently used end point in toxicolabic
studies.

In the epididymis biochemical mechanisms underlying
sperm maturation is largely undefined. Because kinio-

wn that during the epididymal passage intraspernteo
ntrations of cAMP, pH and Ca changes are observed
(Goltz et al, 1988). Although development of spenot-
ility in the epididymis is associated with intraspe
CcAMP levels in many species, it is not considenect t
for all mammalian species (Bedford & Hoskins, 1990)
However, calcium and pH act as factors that mayifpod
the events occur by cAMP in the motility enhancemen
Changes in Calcium concentration, pH above andwbelo
optimum ranges can stimulate or inhibit flagell&iaty
(Goltz et al, 1988 and Lindemann & Kanous, 1989).
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Serine/theonine specific proteins are known to -
Ived in wide range of cellular function. In additiccatal-
ytic protein phosphates are also known to be irealn
sperm motility (Vijayarajan et al, 1996).

Functions of epididymal epithelium for sperm mationa
while in the epididymal transit cannot be excludsesl
well. It is evident that the acquisition of the tiizing
ability of sperm is associated, at least partlythwthe
acquisition of motility, minor morphological chargge
shifts in metabolic characteristics and alterationsellu-
lar membranes (Amann, 1982). Epididymal secretions
interact with sperm within the lumen and are asged
with the modifications that lead to maturation auulvi-
vability. Although some proteins originate fromadést-

is fluid, many proteins present in the epididymahinal
fluid are produced by the epididymal epithelium ¢$kio

ns & Hall, 1975). Epididymal specific proteins habheen
recorded in many species including bull, boar aad r
(Baker & Amman, 1971; Lavon & Boursnell, 1971; Kos-
kimis & Kormano, 1975 and Brooks, 19810enerally,
the caput is the most active secretory region efepidi-
dymis although specific proteins are secreted jnout
the duct. Specific epididymal proteins may be fight
bound to the sperm during transit along the lunTéns
has been proved experimentally with the requirenoént
high salt concentrations for the extraction of ¢hpsotei-
ns (Kohane et al, 1980b). Many secretions are ghyato
eins which vary between the regions (Bostwick et al
1980). Glycoproteins are known to be a major compone-
nt in the surface protein composition of sperm.réfe

re, alterations of such events in the epididymis akso
have an influence on loss of sperm maturation diosa

of sperm motility. But such hypothesis need to umther
evaluated in the present study.

Many studies have shown that sperm maturation and
storage in the epididymis is dependent on androgens
directly from the rete testis and from the systeaticul-
ation (Cooper, 1986)n vitro studies have identified an-
drogen receptors (ARs) in all regions of the manmnemal
epididymis. Their distribution in the epididymiscatheir
concentration within the epithelium differs alonget
duct. For instance, in the rabbit there is a greztacen-
tration of ARs in the caput epididymis; surprisingh

the cauda region the majority of the receptors were
oestrogen (Toney & Danzo, 198&)estrogen receptors
have also been observed in the ductuli efferemebe
goat (Chan et al, 1995; Goyal et al, 1997). Thesept-

ors are important providing necessary receptor atedi
supportive functions in the epididymal environmdfar
instance damage to the epithelium cells due torfdie-

al formation or even depletion of NADRHould be
attributed to epithelium function thus sperm miglatt
receive necessary attention. However, whether ¢sa-a
mption was true in the present case was not evident

can only suggest.

Androgens are concentrated in the caput region in
cytosol and nuclei of principal cellsa&lihydrotestoster-
one is known to be secreted by the epididymis fitsel
(Brooks & Higgins, 1980). Androgen dependent secret
ry proteins mediated through ARs must have a foneli
significance since the lack or reduction of androge
dependent proteins leads to a decrease in thesiooui

of fertilising ability of epididymal sperm. The ainéal
composition of epididymal luminal plasma is profdiyn
influenced by circulating androgens. In the pregeat
androgen, a stable milieu is maintained in the lirog
the duct (Jones R, Glover, 1973; Orgebin-Crist let a
1976 and Courty et al, 1987 perm are bathed in a fluid
rich in dihydrotestosterone, testosterone;abhdrostane-
diol and -androstanediol although a direct affect of
androgens on epididymal sperm has not been reported
Dihydrotestosterone concentration is maximal indbe
pus epididymis. In addition to androgen, progestero
has been reported to be present in the bull capdt a
corpus epididymis (Ganjam & Amann, 1976). Since the
testis is the major source of androgen to the dpidis
any possible impact on the testis could changdthen-

ce between androgen secretion and proteins maapg-d
ndent on androgens.

With some epididymal proteins their associationhwit
sperm does not happen at site of secretion, butaapp
later (Vernon et al, 1982). The binding of epididym
proteins to surface of sperm may require otherofact
(such as enzymes) that are present in the digiane of
epididymal tract. Such studies using labelled ejyictial
tissue or epididymal spermm vitro have been reported
for many species including rat, mouse, hamsterbitrab
ram, human (Olson & Hamilton, 1978; Gabel et alf9;9
Oliphant & Singham, 1979; Voglmayer et al, 1980;
Olson & Danzo, 1981; Brooks & Tiver, 1983; Cornwall
et al, 1990; Vreeburg et al, 1992; Akhondi, 199&l an
Moore & Akhondi, 1996).Additionally, several other
studies have used the techniquérofivo injection of*°S
Methionine into rat and mouse followed by totaledtit
on of epididymal protein secretions in epididymiaiid
or on sperm (Cornwall et al, 1990; Vreeburg etl800
and 1992). These evidences suggest possible role of
androgens and the importance of epididymal syntkdsi
and secreted proteins in sperm maturation proteske
present findings we have shown epididymal spermilmot
ity reduces significantly and the effects are maefin-
ed to lower doses. Yet possible hormonal interfesera-
nnot be used in support to explain data due to eight
change in testis or epididymis after the treatments

Androgens, such as testosterone are known to tegula
many secretory proteins of the epididymis (Orgebiist
et al, 1976). The influence of androgens proballyucs
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by interacting with androgen receptors presentaing
concentrations in the epididymal epithelium. Such a
interaction leads to promotion of transcription arahsl-
ation of mMRNA that codes for specifically regulafedt-
eins and resulting in change in synthesis of pnstelhe
secretory activity of hamster epididymis has besport-
ed previously (Cuasnicu et al, 1984 and Robitallale
1991). Although it is possible to speculate no hormonal
interference, we cannot exclude the fact that nuéec
level interference of Paraquat on epididymal e fitihe
functioning can be considered important in spernuma
ation. Therefore, the recorded results in this wiudba-
bly could support possible interference of Paraqrat
epididyml epithelium function and thus effects seen
sperm are secondary. To conclude such hypothetis fu
er experimentation is necessary.

5. Conclusion

Although the mechanism, by which these abnormalitie
occur in the epididymis, is unclear, we can sugtjest
alteration in sperm structure in the epididymis gegat-

ly damage sperm function thereafter. Whether tbistrd
uction process has an involvement with epididynmt-e
helium are being studied at the moment. But we know
that Paraquat can generate free radicals withirbithle-
gical system. These free radicals are highly vahbler to
membrane structures including sperm membrane. Per
oxidation and damages to the membrane will aliethal
functions of the membrane creating a hostile sibnato
sperm function in the epididymis.
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