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ABSTRACT

Intraperitoneal injectionép) of cadmium chloride (Cd@) causea marked and
prolonged reduction of spermatogenesis, accompanied by increased permeability of
the bloodtestis barrier. Because the permeability of theobiestis barrier is
regulated by Sertoli cell tight junctions, and tight junction organization is regulated by
the cytoskeleton, we undertook to examine the effects of LCt€htment on
intermediate filaments vemintin, and on the tight junction protenoludin, adheren
junction N-Cadhernand gap junction connexin 48 seminiferous tubulesThree
weeks old rats receivdg) low or high dose (1 mg org/kg bodyweight) of either
CdClL solution or saline (control) for 6 days. After injection, testese collected and
prepared for routine histology or whole seminiferous tuboienunocytochemistry
staining and the preparations were viewed by light and electron microscopy for
histopathology anfluorescencenicroscopdor Immunocytochemistrgtudies

The results indicatghat cadmium exposurenduces different degreesof
histopathologicalalterations with both light and electron microscopyso, tight
junction proteinsoccludin, N.cadherin andvimentin are allpartially or completely
disrupedby a cadmium injectionThese results are consistent with cadminduced
damageto rat testis as well at tight junctions between adjacemitact cells.
Perturbation of the tight junctidbassociated proteins could explain the increase in
permeabiliy of the bloodtestis barrier observed after CdQGfeatment. Impaired
spermatogenesis following CdQleatment is likely a consequence of a leaky blood
testis barrier and disrupted Sertoli cell cytoskeleton. gaf#ctions may serve as a
useful tool instudying the relationship between cytoskeletal organization and the
stabilization of SertaiiSertoli cell junctionsSuggesting that damage to Sertoli cell
tight junctions induced by cadmium may be an underlying mechanism of their male
mediated reproduate toxicity.
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INTRODUCTION

Most animals with scrotal testes are susceptible to cadinmglonced testicular
toxicity (King et al.,1999).Although only about 12 % of an acute cadmium dose is
usually taken up by the testes, testicular toxicity is almost invariably evident. It has
been reported that as low as2Ing Cdkg body wt. can cause testicular damage
without pathological changes to other organs (Prozia¢¢ckl., 2006). Exposure to
cadmium has been reported to reduce male fertility in both humans and rodents
(Benoff et al., 2000). Although cadmium is a well known testicular toxicaits
mechanism of toxicity on this organ has not been completely eludidateong the
proposed mechanisniigr its toxicity on the testegirculatory failure due to vascular
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damage and decreased utilization of Zn by spermatogenic cells due to competitive
action of cadmium (Amarat al.,2008).

A major function of xenbiotic and endobiotic transporters is to move a
wide range of organic substances across cell membranes. Sertoli cells play an important
role in protecting developing germ cells by forming a physiological barrier, limiting
exposure to potentially toxic sutbates or conversely, facilitating uptake of xenobiotic
within the testis (Augustinet al., 2005). At the base of the seminiferous tubules, tight
junctions are established between neighboring Sertoli cells and form an integral part of
the bloodtestis barier (BTB). This barrier divides the seminiferous epithelium into two
compartments. The basal compartment and the adluminal compartment near the lumen
of the tubule Several integral or associated tight junction proteins have been identified
in the testigncluding occludin (Furuset al., 1993). The desmosomkke junction in
the seminiferous epithelium was reported to possess the ultrastructural features of both
the desmosome and gap junction (GJ) when examined by electron micrdRcospgll,
1977. Thee is accumulating evidenabat desmosome can serve as a platform for
signal transductionGreen and Simpsor007) and that connexin 43 (Cx43) can
mediate cellcell communicationNleseet al, 2007.

Gap junction intercellular communication pagin essential role in many
physiological events including cell synchronization, proliferation, differentiation,
apoptosis and metabolic coordinatioinvascular organévinken et al., 2006; Mehta,
2007). A role of Cx43, the most ubiquitous Cx, has beguyested in normal and
pathological cell proliferation, but the mechanisms and the cellular effects may vary
according to animals and cellular models (Poietial, 2007)

A normal organization of cytoskeleton components, specifically
microfilaments and microtubules, is necessary for maintaining the integrity and proper
functioning of these junctions (Hirsch and Nosk@93) Cadmium inducgdisruption
of actin microfilaments in Sertoli cells (Janeekial, 1992; Hewet al, 1993)

More in vitro studies, however, suggest that the Sertoli cell is the most
vulnerable target of Cdgland is more sensitive than Leydig cells to cadmium
induced damagandan increase in BTB permeabilityydicating a disruption of inter
Sertolitight junctions(Nancyet al.,200]). Studies by confocal microscopy illustrated
that CdC} disruptedtight junctionassociated microfilaments in rat Sertoli cells,
which, in turn, damaged the BTB (Heat al.,1993). CdC] also inducedpoptosis in
testicular tissue after ip iegtion Xu et al.,1996. This event was characterized by an
activation of endonuclease as a result of the loss of intracellular calcoménn
and Beyersman, 1993The CdC}-induced damage of the int€ertoli tight junction
permeability barrier was pposed as a model for toxicological investigations of the
BTB in vitro (Janeckiet al., 199). This study was performed to investigate the
cytotoxic effects of Can the testeand ntratesticulacadmiumtreatment could serve
as a norhormonal tool for sudying the role of the Sertoli cetight junction
cytoskeletonn spermatogenesis.

MATERIALS AND METHODS

Experimental animals

Male albino rats $pragueDawley) 3 weeks oldwere used in thistudy. They
were housed in a standard stainless steel cagestama&d at controlled room
temperature (22t 2'C) for 12 hours lighitdark cycle standard pellet food and water
were available atlbitum. Animals were randomized into 3 experimental groups (n =
6) as follows: Group (I) animals received an (ip) of cadmainoride in 0.9% saline
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at dose 1 mg/kg body weight (b.wt), group (Il) animals were administered 2.0 mg of
CdCL/kg b.wt, group (lll) control group received equal volumes of vehicle. Animals
were sacrificed by decapitation on the seventh day.
Tissues preparation for histology
1- Light microscopy

The testes fromall experimental groupwere removed and fixed immediately in
Bouin's solution for 48 hoursThe tissues were then placed in ethanoP@®@or 24
hours, dehydrated, embedded in paraffin and seadi@t 5um, then stained with
hematoxylin and eosin for evaluation of damage to seminifeiidudeswith light
microscope
2- Transmission electron microscopy

Testes were immersed in% glutaraldehyde in 0.1 phosphate buffer at €
for 3 h and postixed in 1% osmium tetraoxide. After dehydration in grathaseries
of ethanol, the tissues were embedded in epon 812. Blocks with tissues were cut into
semithin sections, then stained with toluidine blue @xdmined usinga light
microscope. Representai fields of semithin sections were selected. Ultrathin
sections were stained with uranyl acetate anddéeate then examined with TEM
3- Immunofluorescent microscopy

Fluorescent microscopy was used to assess damagaghtgunction [TJ9,
adherent junction (AJs) and intermediate filameattshe BTB by cdocalizations of
occludin, N-cadherinand vemintin, using testes from normal ar@dClL treatment
groups.Fr ozen sections of testes were fixed
binding sies were blocked with 106 normal goat serum. In colocalization of
occludin and\-cadherinsections were incubated with a rabbit antioccludin antibody
(1:100) followed bya goat antirabbit Ig&y-3. For N-cadherin staining, sections
were incubated with a nige antiN-cadherin (1:100Zymed laboratories), anti
connexin 43 (1:100followed by a goat antimouse Ig&TC. For vemintin staining,
sections were incubated with a mouse -aathinten (1:100 Transduction
Laboratorie} followed by a goat antimouse IglTC Dako, Trappes, France
Sections were then washed, mounted in Vectashield Hardset witllidihyBho 2-
phenylindole (DAPI) (Vector Laboratories, Burlingame, CA), and fluorescent
microscopy was performed using an Olympus BX40 microscope equipped with
Olympus UPIlanF1 fluorescent opticSlides incubated with normal rabbit antiserum
were used as negative controls because immunoabsorption was not possible due to a
lack of occludin, Ncadherinconnexin 34and vimentin antigens.

RESULTS

Prepubertal rats (2day old) were chosen as the animal model since they are
more sensitive to the reproductit@xicity (Richburg and Boekelheidd,996). The
sensitivity of young rats is attributed in part to differences in absorption, distribution,
and metabolism between yayand old rats (Heindel and Powell, 1992).

Exposure to cadmium chloride treatment inducedignificant differencem
bothtestesandbody weightcompared to control group.

Testicular histopathology

Histology was evaluated using cross sections of paradfhbedded testis
stained with H & EFig. 1 showsthe histological alterations of the testdter low (1
mg/kg.body weight)or high (2 mg/kg.body weight)JdoseCdCL administration for 6
days Control group treated witlsaline showing normal testiculamorphology and
spermatogenesis, tubules lacking spermatocytes (E&. In contrast, severe
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histological changes were observed in the testes of rats from thdokenCdCh
group showed an extensive widening of the interstitial spabéseover, some
tubules showed complete necrosis aaduction of tubular lumen due to detachment
and sloughing of spermatogenic cel8nce these detached spermatogenic cells lost
the support and nurture provided by Sertoli cells, they can no longer survive and will
eventwally undergo apoptosid=ig. 1b). At high doseCdCh group in addtion to the
previous observationshe seminiferourgubules lost their typical architectuand a
decrease of the intratubular tissue volumwere seen. fie testicular toxicity of Cd
appeaed to be mediated by a rapid apoptotic process as revealed by the increase num
bers of pyknotic nuclei indicate apoptotic spermatogenic cells were distinctly
observed in some seminiferous tub(Hey. 1c).
Fig. 2 shows the transmission electron microgrspdf the controlnormal

Sertoli cell nucleus, spermatogonium, and spermatocyte (Fiqar@EkrdCh-treated
rat testeqFigs. 2b, 2c) Sertoli cells with several vacuole$ different sizesandan
increase in the density of cytoptaic inclusions were seestt low dose grougFig.
2b) as well as an apoptotic spermatogeset were distinctly observed aigh dose
group An apoptotic cell is characterized by heterochromatmdensation and
shrinkage of both cytoplasm and nucleus, amsliisounded by a norrh&ertoli cell
nucleus which is an indicatiaf phagocytosis (Fig.Q.
Immunocytochemistry observations

The immunaytochemical localizations of Sertoli cell junctional proteins (SCJP)
(i.e., N-cadherin,oocludin connexin 43and vimentin) were detmined intesticular
sections obtained from control amcposedrats to CdCl (1 mg or 2 mg/kg/day)
(Figs.3-5). The specific cells involved in the localization of these SCJP were found to
be similar in both control and experimental groups; however, ibensity of
localization differed significantly. Respective testicular sections incubated with
normalpreimmune mouse sera (negative controls) did not show any immunostaining
Using immunofliorescence analysiis cross sections of testes, after injectiath
low or high dose CdGlfor 6 daysshowed thdasl laminaproteinsexpressed typical
component of tight ( Occludin), anchoring-@&dherin)gap junction (connexin 43)
and cytoskeleton intermediate filament (vimentiffus the majority ofcadmium
chloride testedjn addition to itsdisruption of spermatogenesis induced leakage of
germ cell proteins from seminiferous tubules (STs) into interstitial fluid iflEjfects
on protein levels and was capable to delocalize the distribution of the thcéenah
proteins studied from membrane compartnsemth proteins have potential for use as
biomarkers
Effects of cadmium chloride on occludin junctional proteins

Fig. 3 shows the staggpecific expression of occludin in the seminiferous
epithelium of conbl rat testes. Immunoreactive occludin was predominantly found
near the basal compartment, consistent with its localization at the@3Bidin was
expressed at high levels at the BTB during all stages of the seminiferous epithelial
cycle, suggesting itsmportance in the maintenance of the BT®ntrol occludin
appeared to be localized to the cellular zone of the tunica propria, such as myoid cells
and/or lymphatic endothelium, and the Leydig cells in the interstifjbig. 3a)
Cadmium treatment affectbe distributionandlocalizationof basal lamina proteins.
Sections of low dose cadmiutreated testes showed that occludin was generally
absent in the basal regions of severely disrupted epitheliavasdpresent in the
apical regions of Sertoli cells in peritubular cellsKig. 3b). Inhigh dosecadmium
treated tubulesoccludin levels were reduced in a ddselependent manner. The
decrease in protein levels associated with the disappearance of occludin associated
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with the disappearance of immunosigfram the membranous level at some places
due to disruption of the close cekll (Fig. 3c).
Effects of cadmium chloride on N-cadherin junctional proteins

Fig. 4 shows the stagspecific expression of fdadherin in the seminiferous
epithelium of controlrat testes. Like Occludin expressions, immunoreactive N
cadherin was predominantly fourmad all cells from spermatogonium to the lumen
consistent with its localization at the BTB-@Gadherinwas expressed at high levels at
the BTB during all stages of theeminiferous epithelial cycle, suggesting its
importance in the maintenance of the BTB (Fg). Cadmium treatment affects the
distribution and localization of baklamina proteins.Sections of low dose cadmium
treated testes showed thatchidherin foud at the lateral surface of epithelial cells, in
areas of celtell contact N-cadherin immunoreactivity was occasionally associated
with interstitial cells and all germ cells were devoid of stainkig.(4b). Exposure to
high dose cadmiurohloridetreatnentinduced obvious decreaseN-cadherin levels
associated with the disappearance of immunosignal from the membranous level at
some places due to disruption of the close-@all No staining was detected in most
germ cells and most of the interstiteakas were devoid of stainifigig. 4c).
Effect of cadmium chloride on intermediate filaments vimentin

Vimentin was visualized by immugogtochemical stainingln Sertoli cellsand
germ cells from control rats, vimentin was seen surrounding the uoscland
extending apical extensions (Fia). Exposure to low dose cadmium chlorideused
a dramatic loss in the staining of the apical vimentin extensions with a concomitant
increase in the perinuclear staining intensity (Big). Exposure tchigh doseCdCh
exposureshowed anintensein vimentin staining as seen the nucleus (Fig5c),
suggesting that vimentin filaments had collapsed tosvaath the Sertoliand germ
cells nucld in CdCL exposed animalsCadmium chloride induced germ cells
apoptosisvas detected by the presence of pyknotic germ cell nuclei as observed with
both light and electron microscopyhese results demonstrate that one of the early
effects of CdCl, is to interfere with the plasma membrane and to perturb its function,
specificaly its ability to establish celtell junctions that are essential for tissue
homeostasis and control of cell proliferation and differentiation, such an alteration
may play a specific role during carcinogenesis.
Effects of CdCl, on the gap junction protein connexin 43

As Cx43 in Sertoli cells is believed to play an essential role in the control of

spermatogenesis, we hypothesized thawn regulatedof this Cx may lead to an
alteration of the bloddestis barrier function, providing a possible kexyation for the
impaired spermatogenesis. control cells (Fig6a), apunctuatammunostaining for
Cx43 along the plasma membrane of adjacent cells was observed in the control and
treatment groups. The results showed that the expression of Cx&8 abd high
dosesCdChL exhibited decrease of the intensity of staining compared with that of the
control group in dosdependeninanner(Figs. 6b, c).

DISCUSSION

The potential effects of CdEéxposure on male reproductive system and fertility
haveattracted public attention in recent yeakssurvey of published scientific literature
indicated that exposure to CdCtould induce a large range of health problems
including: dysfunction of BTB, decrease the secretion of gonadotropic hormone
(GnRH), fetility, congenital malformationsprenatal death, intrauterine dysplasia;
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sexual dysfunction, abnormal embryonic development,(Ktechah et al., 2003, Atesi
et al.,2004, Amareet al.,2008)

Our resultsalso showed that acute CdGladministration prduced marked
histopathological alterationslntoxicated with Cd chloride showed an extensive
widening of the interstitial spacesterstitial fibroplasiaswith a progressive sloughing
of germ cells from the seminiferous epithelium were apparent in tuhutesn due to
alteration of Sertoli celland detachment of spermatogenic cells. Since these detached
spermatogenic cells lost the support and nurture provided by Sertoli cells, they can no
longer survive and will eventually undergo apoptodiso, alteratonsin Sertoli cells
lead to a progressive degeneration of gonocytes which ultimately slough off into the
tubular lumenAs shown with light microscopy, the testicular toxicity of Cd appeared to
be mediated by a rapid apoptotic process as revealed liyctiease of the nuber of
apoptic germ cells nuclei in the seminiferous tubules of treated rats. The toxic effects of
cadmium on testicular histology were dasspendent.In the present finding, in
transmission electron microscopy, apoptotic spermatogetiic appeared to engulf by
neighboring Sertoli cells. Sertoli cells play an important role in clearing apoptotic
spermatogenic cells by the process of phagocytosis. It is likely to be-defmifse
mechanism (Maedat al., 2002). During spermatogenic Icéifferentiation, although
more than half of differentiating spermatogenic cells die by apoptosis before they
mature into spermatozoa (Dym, 199%he apoptotic spermatogenic cells can be energy
source for Sertoli cells to support spermatogendXimng et al, 2009) This
observation agrees with other studies indicating the implication of apoptosis in the
mechanism of cytotoxicity of Cd in testes (Krichethal.,2003 Amaraet al.,2008 and
also in several organs of urogenital systems, including kidiregtate, seminal vesicles
and epididymis (Yaret al., 1997). Apoptosis is a highly regulated process that can be
triggered by both exogenous and endogenous factors which can actiteatellular
componentssuch as caspases, AlF, cytocheof leading ¢ final condensation and
fragmentation of the nucleus. Among the various subcellotganellespotentially
involved in apoptosis, both lysosomes and mitochondria have been shown to send death
signals through the activation of specific stress sensorsi (&edr Kroemer, 2001)
Moreover,exposure taCd induces oxidative DNA damage due to an excess of oxygen
derived free radicals (Ateset al., 2004). Our data suggests that metallothionein
biosynthesis failed to protect DNA against the oxidative damage idduc€d in the
rat testifAmaraet al.,2008).

In chronic exposures to lower doses, the greater availability of
metallothionein, bound to cadmium, means that the testicular lesion is less aggressive
as compared to cases of adatexication (Waissmanr2006).

Several mechanisms of @dduced testicular toxicity have been proposed.
Lafuente et al. (2000) reported increased Cd accumulation in the hypothalamus,
pituitary, and testis and decreased plasma levels of follicle stimulating hormone in
rats, suggestg a possible effect of Cd on the hypothalamitvitary-testicular axis.
Previous data also, suggests that reactive oxygen species (ROS) are involved in Cd
induced testiculardamage(Oteiza et al., 1999). Acute, as well as chronic, Cd
exposure is assoc¢el with elevated lipid peroxidation in the lung, brain, kidney,
liver, erythrocytes, and testis (Bageial.,1997).

In vitro studies, however, suggest that the Sertoli cell is the most vulnerable
target of CdG and is more sensitive than Leydig cdtlscadmiuminduced damage
(Cloughet al., 1990. In vivo injection of CdCI2 (30ml/kg BW) to rats induced an
increase in BTB permeability, indicating a disruption of #&ertoli TJs $etchelland
Waites 1970.
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Studies by confocal microscopy illustratddt CdC} disrupted Tdassociated
microfilaments in rat Sertoli cells, which, in turn, damaged the BRBw( et al.,
1993. The CdCi-induced damage of the int&ertoli TJ permeability barriewas
proposed as a model for toxicological investigationshefBTB in vitro (Janeckiet
al., 199).

Our study showd that CdC} disturbed the expression of more than one
protein involved in cell adhesion {dhdherin), and the formation of tight (occludin)
and cytoskeleton intermediate filaments (vimen@md gapjunctions (connexin)
Now, there isa strong evidence that these specialized junctional proteins are essential
for the development and maintenance of spermatogenesis and that alterations of
SertoliSertoli cell or Sertoligerm cell interactions may led toestity in the male
(Aumuller et al.,1992. Thereforeimpaired Sertoli cell junctional protein expression
seems to be sensitive and specific biomarker for cytoxicity studies in vive. T
expression of Occludin protein is detected via immunofluorescentieei testes of
rats expressed at high levels at the BTB during all stages of the seminiferous epithelial
cycle, suggesting its importance in the maintenance of the BTB. Occludin appeared to
be localized to the cellular zone of the tunica propria, suchnyasd cells and/or
lymphatic endothelium, and the Leydig cells in the interstitium. Cadmium treatment
affects the distribution and localization of occludin leisehssociated witldecrease
of occludin staining in a dosdependent manner at the TJs whiehurn leads to an
increase in BTB permeabilitysimilar to our study, occludin immunostain is detected
at all stages of the seminiferous epithelial cycle in dogs,(@3@4) and Korean wild
rabbits (Yoonet al, 2009) in hamsters exposed to loa@y phobperiods; the stage
distribution was not reported (Tarukit al, 2008). Interestingly, occludin is not
expressed in the seminiferous tubules of guinea pigs/i& porcelluy and men
(Moroi et al, 1998). These differences in occludin expression amongjespanply
that the importance of occludin in regulatiBgB integrity may be speciespecific.
Differences in the expression patterns among the rodent species may also be
attributable to differences in antibodypecificity among the antibodies used in the
various studies (Ramégara, 2005)

Studies performed by Fioriet al. (2008 with ZO-1 and Ncadherin antibodies
or in Cx43GFP transfected cells showed that these junctional proteins were closely
associated with vacuoles in SerWa3 cells exddeeDDT. These observations support
the idea that vacuoles induced by the chemical can reflect an exaggeration of the
physiological internalization of junctional proteins. Constitutive endocytosis of
adherens, tight and gap junctiony&@heen shown in raerous epithelial remodeling
processegMatsudaet al., 2004) In the testis, junctional complexes located at the
level of the bloodtestis barrier between Sertoli cells are highly dynamic structures
undergoing continuous remodeling. These junctions agid dssociated proteins are
internalized by endocytosis and recycled to the new site of adhesion during
translocation of germ cells from the basal to the adluminal compar{imergndLee,
2006).Exaggerated internalization of junctional complex protéias been shown in
response to various pathologic stimiliahovet al.,2005.

In Sertoli cells of patients with impaired spermatogenesis, alteration of Cx43
expression has been suggested to be a marker of undifferentiated Sertoli cell
functionality (Defanie et al, 2003; Altayet al, 2008. Thus, it has been postulated
that altered Cx expression is a consequence of impaired testicular function rather than
the cause of the testicular pathology. However, these data do not exclude the
possibility that in reponse to environmental toxicants altered Cx expression may
represent one mechanism responsible for the dysfunction of spermatogenesis, as
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suggested by in vitro findings (Fiorimt al, 2004, 2008; Zhowet al, 2008) and
studies in rat and trouin vivo exposed to endocrine disrupting chemicals (de
Montgolfier et al, 2008).

There are several ways by which toxicants can produce Sertoli cell dysfunction
and testicular injury. Reproductive toxicants disturb apical cytoskeletal transport,
induce microtubuldgransport defects, alter germ cell attachment or decrease
intercellular communication. This in turn will lead germ cell loss and disruption of the
seminiferous epithelium. There is a growing list of environmental toxicants that
appear to alter intercellul@ommunication, such as dirmatrylate, cadmium chloride
(Cd), cisplatin, dichlorodiphenyltrichloroethane (DDT), dieldrin (DED),3
dinitrobenzene (DNB) and pentachlorophenol (PCP) can decrease gap junctional
communication in cultured Sertoli cell (Fioriet al, 2004). Since GJIC is important
in normal cellular growth control, inhibition of intercellular communication of Sertoli
cells by cadmium chloridemay be an important mechanism of dysfunction of
spermatogenesis. In the present research, the Cy#8ssion decreased under the
treatment of CdGlin a dose dependent. The results suggest that,Gdi€tted the
GJIC by inhibiting the expression of Cx43 in seminiferous tubuldsch may
partially explain the mechanism of reproductive toxicity of GdCl

In the presenstudy, the contribution of the collapse of Sertoli cell vimentin
filaments to CdGhinduced germ cell apoptosis needs to éxplained Vimentin
filaments in the Sertoli cell are found both surrounding the nucleus and as apical
extensions wich radiate to the periphery of the cell where they associate with the
plasma membrane in the region of attachment to germ cells. It has been proposed that
these filament extensions airevolved in maintaining the integrity of Sertoli dell
germ cell contas (Aumulleret al.,1992). These observations are in agreement with
our previous studyBekheet and Stahlman, 200@hich showed that gentamicin
impaired SertokSertoli cell direct interaction by altering junctional proteins levels
(mainly occludin) or l inducing rapid cytoplasmic delocalization of these
membranous protein, or by inducing cytoplasmacuolization(mainly vimentin),
may be an early event of Sertoli cell injury (Fiorigi al., 2004). Also, DED,
gossypol, CdG| Cisplatin or the mixed PCH#4 inhibitor, Zardaverine which
delocalized Zel, N-cadherin and CX43 from the membranes to the cytoplasmic
compartment (Fiorinet al., 2004) or with other toxicants such as lindan, m@i2e
ethylhexyl) phthalate or cadmium induce cytoplasmic redisiohubf Zo-1 and
CX43 (Defamieet al, 2001).Also, studies by (Wiebet al., 2000 ) using glycerel
treated rat testes have shown that the glyaachiced disruption of inteertoli TJs
is associated with a dissolution of actin filaments and a losschfdin staining at the
TJs, which, in turn, leads to an increase in BTB permeabilihese observations
indicated the testicular toxicity exhibited by CdCTlhe changes in the distribution
patterns of Ncadherin, ZG1 andvimentine afterCdClL exposurecan be associated
with the increased sloughing of germ cells. Thus, alterations in expression of SCJP
complexes can be one of the possible mechanisms that lead to an induction of germ
cell loss within the seminiferous epithelium, which causes impairments in
spermatogenesis and fertility. Since Cd@h the present study and phthalate
(Richburg and Boekelheide, 1996) cause alteration in expression of SCJP, it is
tempting to suggest that expression of SCJP can serve as potent biomarker

In conclusion cadmiuminducedloss of spermatogenic cells by apoptosis and
ultrastructural changes in the Sertmtid spermatogeni®lls cytoplasm We observed
that prepubertaladministration of CdGlmight have delayed the maturation of the
seminiferous epithelium uting spermatogenesiglso, CdC} induced collapse in
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vimentin filaments may lead to alterations in germ cell apoptosis by a disruption in
contact mediated communication between the Sertoli cells and germ cells.
Consequently, intercellulgmnction protens including occludin, Madherinconnexin

43 and vimentin are primary and sensitive targets €@dCkL toxicity leads to an
increase in BTB permeabilitysuggesting that damage to Sertoli cell tight junctions
induced by cadmium may be an underlying medraniof their malenediated
reproductive toxicity
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Fig. 1: Photographs of testicular sections of rat offspring exposed to cadmium chloride for 6 2thys in
days old rat. (1a) Testicular section of control animal treated with saline, notice typical
seminiferous tubules morphology with multiple layer germ cells in various stages of
development. (1b) Testicular section of exposed animal to 1 mg, SH@Ningreduction of
tubular lumen due to detachment and sloughing of spermatogenic (asterisk), vacuolization of
Sertoli cell ( thin arrows) interstitial fibroplasia with mononuclear cells infiltrations (thick
arrows). (1c) Testicular section of exposed anima& tag CdC} showing disorganization of
typical architecture of seminiferous tubules with a progressive sloughing of germ cells (black
asterisk )cellular debris and fibrins were apparent in tubules lumen (white astgrygkiotic
nuclei indicate apoptati spermatogenic cells were seen in some seminiferous tubules (thin
arrows) H & E. (400x) magnification.

Fig. 2: Transmission electron micrographs of testes after single low or high dose cadmium chloride
exposure at 21 day old rats. (2a) Contraisrshowing normal Sertoli cell nucleus (ScN),
spermatogonium (SG), and spermatocyte (SPC). (2b)Testicular section at 1 mg CdCl
treatment showing the presence of vacuoles (V) of variable sizes is distinctly observed in
Sertoli cell. (2c) Testicular sectioat 2 mg CdGl treatment showing an apoptotic
spermatogenic cell characterized by heterochromatin condensation and shrinkage of cytoplasm
surrounded by a large phagocytic Sertoli cell nucléusad citrate and uranyl acetate X
5,400).
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Fig. 3: Effect of low or high dose of cadmium chloride exposure on Occludin junctional protétds in
day old rat testis(3a) Notice immunofluorescent localization of occludin in the seminiferous
epithelium in testes from a control raccludin was found to be latized at the basal
compartment of the seminiferous epitheliconsistent with its localization at the site of the
bloodtestis barrieroccludin appeared to be localized at the cellular zone of the germ cells,
lymphatic endothelium, and the Leydig celtsthe interstitium (thick arrows)3b). In low
dose CdGhHnotice a moderate decrease in the intensity of immunoreactivity occludin levels
found to localize to the basal compartment of the seminiferous epithelium and completely
disappeared in affected ase@ed arrows)(3c) At high dose of CdGlexposureshowed high
decrease in the intensity of immunoreactivity occludin levels in dose dependent manner
(Astric). All magnifications 400x

Fig. 4: Effect of low or high dose of cadmium chloride expesan Ncadherin junctional proteins in
21-day-old rat testis. (4a) Notice immunoreactivity ofdddherin was associated with basally
situated germ cells in the seminiferous tubules of control rat testis. (4b) At low dosg CdCl
strong Ncadherin reactivit was found at the lateral surface of epithelial cells, in areas ef cell
cell contact Ncadherin immunoreactivity was occasionally associated with interstitial cells
and all germ cells were devoid of staining. (4c) At high dose LaGtice the decrease the
intensity of NCadherin levels and no staining was detected in most germ cells and most of the
interstitial areas were devoid of stainiidy. cadherin levels were reduced in a dakpendent
manner All magnifications 400x
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Fig. 5. Effects of low or high dose of CdgCéxposure on vimentin filaments #i-day-old rat testis.
Vimentin was visualized by immunocytochemical staining. (5a) Typical seminiferous tubule
expression of vimentin filaments in normal-&ayold rat testis. Vimentin atning is seen
radiating from the Sertoli cell perinuclear region with apical (arrows). (5b) At low dose,CdCl
notice many of the Sertoli cell vimentin apical extensions have collapsed. A dense vimentin
filament staining is observed surrounding the nuik@ort arrows). (5¢) At high dose CdCl
a progressive increase in sloughing of the seminiferous epithelium is evident by detached
germ cells (thick arrowsAll magnifications 408.

Fig. 6: Effect of low or high dose of cadmium chloride exposameconnexird3 gap junctional proteins
in 21-day-old rat testis. (6a). Notice immunoreactivity of conne#l was associated with
basally situated germ cells in the seminiferous tubules of control rat testis. (6b) At low dose
CdCl, strong connexirt3 reativity was found at the lateral surface of epithelial cells, in
areas of celtell contact connexi®3 immunoreactivity was occasionally associated with
interstitial cells and all germ cells were devoid of staining. (6c) At high dose,Guifice the
deaease in the intensity of connexin43 levels and no staining was detected in most germ cells
and most of the interstitial areas were devoid of stainoanexin43evels were reduced in a
dosé dependent mannefll magnifications 408.
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