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ABSTRACT

Introduction: Growing evidence from research on laboratory animals, wildlife, and humans
supported the view that bisphenol A (BPA) & octylphenol (OP) produce an endocrine disrupting
effectand adversely affects male reproductive function.

Aim of the work: To investigate the effects of supplementation of either BPA or OP
and their cessation on the testis of adult albino rats.

Materials and Methods: Fifty adult mal albinacatswere dividednto 3 groups. Group |

was considered as control. Rats of GroupBPA-group) and Il (ORgroup) were
gavaged 25mg/kg BW/day &PA and OP respectively 3 times / week (day after day)

for 4 weeks. At the time of sacrifice, all rats were anesthetized tién, éolood samples

for testosterone were aspirated and testes samples were processed for light and electron
microscopic examination. Also, the area of seminiferous tubules, epithelial height, area
percentage of collagen fibers and estrogen beta receptomsinoreactivity were
morphometrically analyzed.

Results: The testes of BPA treated group showed many disorganized semineferous
tubules with vacuolated germinal epithelium havidggenerateduclei andresting on

thick and irregular basement membramdood testis barrier was disrupted. Many
spermatids had distorted with abnormally distributed mitochondria. Most of cross
sections of sperms were markedly disorganiZegignificant increase in the collagen
fibers @5.2+7.7) were found with significant deease 1.54+0.11)in the estrogen
receptors immunoreactions and in serum testostefid@eq1+2.60pg/ml)The cessation

of BPA mildly improved these effect2@.7+2.4, 7.11+0.24 and 118.70&2pg/ml
respectively) On the other hand, exposure to OP inducedsignificant increase in
collagen fibers 16.7+4.5) with nonsignificant decrease in the estrogen receptors
immunoreactions and in serum testosteror’e29+0.48,and 122.90+1.53g/ml
respectively) On recovery, the testes resumed their normal struendethe serum
testosterone returned to the normal value.

Conclusion: The BPA induced marked destruction in the adult rat testis and its recovery
was mild. While, the OP has mild destructive effects and rapid complete recovery to the
normal parameters.
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INTRODUCTION
The exensive use of synthetic estrogen (Xenoestrogens) prodesudisrin a high

human exposure worldwide. Xenoestrogens are endocrine disrupting chemicals (EDC) as
t hey mi mic the acti on -estradioltirh estrogedepeaderd | hor m
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tissues. Xenoestrogens include many compounds such as plasticizers vavicte p

durability and flexibility to pl 4lsdl.i cs as

Bisphenol A (BPA) is one of the most extensively used industrial chemicals worldwide
due to its presence in a wide variety of products including polycamdqgplastics
containers;in the epoxy resin that lines the inside of metal food cans, in medical devices,
children toys and in polymers that ar e
sealant8&4].

Octylphenol (OP) belongs to the group of alkylphenoblyethoxylates which are
organic compounds obtained by alkylation of phenols. OP is used in manufacture of
plasticizers, resins, hard surface cleaners, some personal care products, herbicides,
spermicides and painf6].

It is thought that human exposureaimly occurs through diet as polymers containing
BPA or OP can be hydrolyzed under high temperature and acidic or basic conditions
during autoclaving and sterilization with harsh deterdég®]. However, recent
evidence also indicates that exposure maguot¢hrough dermal contact with thermal
papers used widely in cash register recdijts

Both BPA and OP are of concern to environmental public health because of the high
potential for exposure of humans to these phenols. Besides, their endocrinendjsrupti
propertiegl0].

Therefore, the aim of this work is to compare between the histological, and
immunohistochemical changes of adult male albino rat's testis upon exposure to BPA
and OP. Also, to detect the possibility of improvement after cessation af thei

administration.

MATERIALS AND METHODS:

Chemicals

Bisphenol A (BPA)97% pure: (CAS No. 805-7). Octylphenol (OP)99% pure: (CAS
No. 180626-4). All chemicals were obtained from Sigma Chemical Com.

Animals:

Fifty healthy adult male albino rats (Seeks old) with average weight 2280 gm were

used. They were housed in stainless steel cages at Animal House, Faculty of Medicine,
Zagazig University. They were housed at room temperature, fed standard balanced diet
and allowed water atibitum. All expeiments were carried out in accordance with the
research protocols established by the Animal Care Committee of the National Research
Center (Cairo, Egypt), which followed the recommendations of the National Institutes of
Health Guide for Care and Use of lambtory Animals (Publication No. 853, revised
1985).The rats were allowed to adjust to their new surrounding environment for 5 days.
After acclimatization

Experimental Design[11]: The rats were divided into 3 groups as follow:
Group | (control group): Includes10 rats, which subdivided into 2 equal subgroups:

Negative control subgroup (la):rats received only regular diet and water and
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Positive control subgroup (Ib): rats received 5ml/kg body weight in corn oil
(solvent) by oral gavage 3 times daiBtimes / weekor 4 weeks.

Group II: Included 20 rats, each rat was given 25mg of BPA/kg BW/day in 5ml/kg BW
corn oil by oral gavage 3 times /week for 4 weeks

Group III: Included20 rats, each was given 25mgof OP /kg ey in 5ml/kg BW corn
oil by oralgavage 3 times / week for 4 weeks

According to the time of sacrifice, the rats of both groups were further divided into 2
equal subgroupgreated subgroups (l1a) and (llla) that weresacrificed after 4 weeks
and recovery subgroups (llb) and (lllb) that were sacrificed after 8 weeks with
corresponding rats of the control groups.

Biochemical study [12]

At the end of the experiment period, (24 hours from the last dose) rats from each
subgroups were anesthetized with etiiée blood samples were takeaorh retro orbital
venous plexu§he serum was obtained by centrifugation (2400 rpm, for 20 minutes) for
measuring the serum testosterone hormoned.|&le samples were collected and
examined in the Department of Clinical Pathology, Faculty of medichsgazig
University using the commercial Randox kits.

Histological study

The testes were dissected out and divided into two parts for light and electron
microscope. The samples for light microscope were fixed in 10% neutral buffered
formaldehyde and procestto prepare a-& rrhick paraffin sectior{43]. The sections
were stained with:

a.Hematoxylin and eosin stains (H&E): For studying the general histological
structure of the testis.

b.Mallory trichrome stain: for collagen fibers in testicular stroma.

c.Immunohstochemical staining for estrogen beta receptors.

Immunohistochemical study:

Immunohistochemistrywas carried out to specimens from testes of all groups with
labeled streptavidubiotin (LSAB) technique (a modification of the dako protocol). The
deparaffinzed sections were incubated in®3 to block the endogenous peroxidase;
then with the primary anti bodiThkesprimarg r estrc
antibody is antrat monoclonal antibody ( Cusabio Tech. company, China; Code No.
CSB-ELO07831RA) Then the sections were incubated witle secondary antabbit
antibodies and peroxidase labeled streptavidin. Finally the sections were incubated with
substrate chromogen which gave bregatored precipitate at the antigen sites. Negative
controls were processed according to the same pro®ma@pt no primary antibody. The
positive resultgor estrogen beta immunoreactions were indicated by brown nuclear and
perinuclear stainingvlayer's Hematoxylin was used as a counter stain.

Transmission electron microscope study[14]:

© 2017 British Journals ISSN 2048745




British Jourral of Science
February2017, Vol.15(1)

The 1 mm testis sgoles for electron microscope were immediately immersed in the
2.5% cocodylate buffered glutaraldehyde for 24 h at 4°C. later on they were post fixed in
1.0% osmium tetroxide in 0.1 mol/l cacodylate buffer (pH 7.3) for 2 h at room
temperature. Then samplesere dehydrated in ascending graded ethanol. After
immersion in propylene oxide (3 times for 10 min each), the samples were impregnated
overnight in a mixture of propylene oxide and E&i?2 resin, then ,finally, embedded

in Epon812 resin. Semithin seotis (0.5 pum thick) were cut with an ultramicrotome
(Leica Ultracut, Berlin, Germany) and stained with toluidine blue to select sites for the
preparation of ultrathin sections of 80 nm thickness. Ultrathin sections were
counterstained with 2% uranyl acetadnd lead citrate. The stained sections were
examined and photographed by JEOL JEM 2100 electron microscope in Electron
Microscope Research Laboratory (EMRL) of Faculty of Agricultural EI Mansoura
University.

MORPHOMETRICAL ANALYSIS

The mean values of 10on overlapping fields (magnification power x 200) from 5
different rats were taken using the image analyzer computer system Leica Qwin 500 in
image analysis unit to evaluate the following parameters:

1) The area of seminiferous tubule.

2) The epithelial heighof seminiferous tubule.

3) The area percentage (area %) of collagen fibers in interstitial spaces of the testis.

4) The area percentage (area %) of estrogen beta receptors immunoreactivity was
measured.

STATISTICAL ANALYSIS

The obtained data from biochemicatalysis (serum testosterone) and morphometrical
analysis were expressed as mean = SD (standard deviation) and subjectetv&y one
analysis of variance (ANOVA) and post hoc test using Statistical Package for the Social
Sciences (SPSS) version 16. ANOVAswsed for comparison between different groups
(more than two groups) with p value <0.05 for significant results, <0.01 for high
significant result and <0.001 for very high significant result. Least significant difference

(LSD) was used to find the stdteal difference between the groups when ANOVA was
statistically significant (P value <0.08)]

RESULTS:
Haematoxylin and Eosin:

The seminiferous tubules of control group showed normal and regular structure with
normal interstitial Leydig cells (Figla). On the hanthe seminiferous tubules 8PA-

treated subgroup showed disorganized epithelium (decrease number of its layers)
resting on irregular basement membrane. The epithelium showed wide separation and

vacuolation of spermatogenic cells that aee with dark stained nuclei. Few sperms
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were seen in the lumen. The interstitial spaces contained Leydig cells with oval dark
stained nuclei (Fig. 1b). Some tubules BPA- recovery subgroup: showed
disorganized epithelium. Intercellular spaces were satnn the germinal epithelium

of most of the tubules (Fig. 1c).TH@P- treated subgroup showed norml germinal
epithelium resting on a regular basement membrane. Interepithelial separations within
the germinal epithelium were detected. The interstiti@lcep contained Leydig cells
with oval dark stained nuclei (Fig. 1dDP- recovery subgroup: showed that the
tubules resumed their normal architecture. They were lined by well organized germinal
epithelium resting on a regular basement membrane (Bm) @igGlant epithelial cells

were noticed within epithelial lining of some tubules. Acidophilic exudates were seen

within the interstitium (Fig. 1f).
Morphometrical results
The mean tubular area

A highly significant (P<0.001)reductionin the mean tubularareawas
observed in BPA treated subgroup an®&PA- recovery subgroupn
comparison with the control groupThere was a significant (P<0.05) and
nonsignificant (P>0.05 of the mean tubular area in Gireated and OP
recovery subgroup respectively inngparison with the contr@Table 1

and Fig. 9)
The epithelial height of the seminiferous tubules:

A highly significan{P<0.001) reduction in the epithelial height of
seminiferous tubules was observed in B&Ubgroup andBPA- recovery
subgroupcompared \wth the control group L. There was a significant

(P<0.05) and nosignificant (P>0.05 rneduction of the epithelial height of
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seminiferous tubules i@P-treated and ORecovery subgroup respectively

in comparison with the contrg[Table 2 and Fig. 9).
Mallory trichrome:

Few collagen fibers were shown @ontrol group in the interstitial spaces of the testis
and around blood vessels (Fig. 2a). Meanwhile it was abundaBf#A treated
subgroup in interstitial spaces of the testis and around the cortybkied vessels (Fig.
2b). On the other hand, tBPA- recovery and OR treated subgroupsshowed some
collagen fibers in the interstitial spaces (Figs. 2c, 2d respectively). How@Rer

recovery subgroupfew collagen fibers in the interstitial spaces.
Morp hometrical results
The area percentage of collagen fibers:

A highly significant (P<0.001)increase in thearea percentage of collagen
fiberswas observed in BPAubgroup andPA- recovery subgroupompared
with the control group IThere was a significarfP<0.05) and nosignificant
(P>0.05 reduction of th area percentage of collagen fibers in-ttdated and
OP- recovery subgroup respectively in comparison with the cor{ffable 3

and Fig. 10).

Immunohistochemical study

The Control group showed a méed positive immunoreaction that appeared as brown
nuclear and perinuclear coloration of spermatogenic cells, Sertoli and Leydig cells
(Fig.3a). BPA-treated subgroup: showed a veryw e a k I mmunoreaction
receptors (Fig. 3b)On the other hand, tH&PA-recovery subgroupshowed a moderate
positive immunoreaction for ERb receptors
epithelium and sertoli cells. In addition, some nuclei sltba@ositive immunoreactions
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for ERD r ec eptGPiresated sgbgrougshoweda)weak immenoreaction

for ERD mostly in perinuclear regions and
sertoli cells. However, the reaction was stronger than wed detected in BP#&eated

group (Fig. 3d). Th@®©P-recovery subgroups howed a strong I mmunor ece

receptors (Fig. 3e).
Morphometrical results
The area percentage oE R fpositive immunereactivity:

A highly significant(P<0.001) and significar(P<0.05)reduction of thearea
percentage oE R positive immuneeactivitywas observed in BPAubgroup
and BPA- recovery subgroupespectively in comparison with the control
group |. There was a significant (P<0.05) and rsgnificant (P>0.05 )
reducton of themean tubular area in Gireated and OPrecovery subgroup

respectively(Table 4 and Fig. 10).

Ultrastructural study:

The primary spermatocytes afontrol group showed large round nuclei with
synaptonemal complex which appeared as densely paekgdulate nucleoplasm with

some electron dense clumps of irregular shapes. Its cytoplasm contained mitochondria
and free ribosomes. Regarding Sertoli cells, they showed large euchromatic nuclei and
prominent nucleoli. Their cytoplasm contained mitoch@n@nd lipid droplets. They
rested on a regular basement membrane (FigsB#a#)- treated subgroup: revealed

some cytoplasmic vacuoles and deposition of electron dense materials in cytoplasm of
spermatogenic and sertoli cells which were resting on a thaslement membrane.
Some nuclei of spermatogenic cells were degenerated while Sertoli cells appeared with

irregular euchromatic nuclei (Figs. 4b&4c). TB&®A- recovery subgroup revealed
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that Sertoli cells were resting on a nearly regular basement mem€fraeg.appeared

with large euchromatic nuclei with prominent nucleoli. Their cytoplasm showed many
mitochondria, some vacuoles and few electron dense materials (FigQPdireated
subgroup: showed that spermatogenic and sertoli cells were resting ormregular
basement membrane with some cytoplasmic vacuoles and deposition of electron dense
materials. While the spermatogonia appeared with rounded nucleus with peripheral
heterochromatin, the Sertoli cells had large euchromatic nuclei with prominentlnucle
(Fig. 4e). The primary spermatocyte and Sertoli celDBf recovery subgrouprest

on a thin regular basement membrane and appeared as control (large rounded nuclei,

synaptonemal complex, many mitochondria and lipid droplets) (Fig. 4f).

Regarding theblood testis barriersControl group, OP- treated and OP recovery
subgroups showed continuous blood testis barrier between processes of adjacent
Sertoli cells (Figs. 5a, 5e and 5f respectively). On the other I&dPW; treated and

BPA- recovery subgroups revealed disrupted blood testis barrier (Fig. 5b and 5c

respectively).

The spermatids ofontrol group showed rounded euchromatic nuclei and acrosomal
cap at one side of the nucleus with peripherally arranged mitochondria. Some
spermatids showed acrosahgranule (early stage of spermatid development) (Fig. 6a).
The BPA- treated subgroup revealed many distortion and abnormally distributed
mitochondria in the spermatids. Some of them had shrunken and pyknotic nuclei and
vacuolated cytoplasm with depositi@f electron dense materials. Also, intercellular
separations were noticed (Fig. 6b). However, some abnormally distributed
mitochondria, vacuoles and intercellular separations were also noticed (Fig.tbe)
spermatidf BPA- recovery subgroup Some permatids in the semineferous tubules

of OP- treated subgroup appeared with distorted and abnormally distributed
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mitochondria and some vacuoles within their cytoplasm (Fig. 6d). on the other hand the
spermatids oOP- recovery subgroupshowed large euchraatic peripherally arranged

mitochondria without intercellular separations (Fig. 6e).

The cross sections in the mid, principal and end pieces of the specmsti@i group
showed a central axoneme formed of nine doublets of microtubules with two central
singlets. In the mid pieces, the axoneme was surrounded by nine outer dense fibers,
mitochondrial sheath. In the principal pieces, it was surrounded by seven outer dense
fibers and was enclosed by fibrous sheaths. Terminal end pieces were formed of
axoneme grrounded by cell membrane (Fig. 7a). On the other hand, cross sections in
the mid, principal and end pieces of the spermBRA- treated subgroup revealed

that most of the sperms were markedly degenerated with disorganization of axoneme
and fibrous sheh (Fig. 7b). INBPA- recovery subgroup some transverse sections of
sperms showed a normal structure with well organized axoneme and fibrous sheath.
However, some sections showed disorganization and degeneration (Fig.Tiie).
deformed and degenerateceaps were less noticed @P- treated subgroup (Fig. 7d)

and disappeared in the sperm®dé¥- recovery subgroup(Fig. 7e).

The Leydig cells ofcontrol group showed ovoid nuclei with peripheral clumps of
heterochromatin. The cytoplasm contained lipid drgplaumerous mitochondria and
cisternae of smooth endoplasmic reticulum (Fig. 8a). The coarse clumps of peripheral
heterochromatirappeared in théndented nucleof BPA- treated subgroup Leydig

cells. The cytoplasm contained multiple electdmmse bodiewith different degrees of
electron densities, some vacuoles and cisternae of SER (Fig. 8b). On cessation of BPA
(BPA- recovery subgroup), Leydig cells showed oval euchromatic nuclei with
irregular nuclear envelope and peripheral heterochromatin and ¢l®plasm

contained mitochondria and multiple electron dense bodies (Fig. 8c). Moreover,

© 2017 British Journals ISSN 2048745




British Jourral of Science
February2017, Vol.15(1)

Leydig cells ofOP- treated subgroup showed Few electredense bodies and many
vacuolated mitochondria. (Fig. 8d)P- recovery subgroup:Leydig cells showed oval
nuclei with peripheral heterochromatin. Its cytoplasm contained few eledéose

bodies and some mitochondria (Fig. 8e).
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Fig.1. Photomicrographs of H&E stained sections of testis of control gfbajpshowing
spermatogenic cells; speatogonia (sg), primary spermatocytes (ps), spermatids (sp) and
sperms (p). Sertoli cells (S) are resting on regular basement membrane (Bm). Flat myoid cells
(M) are also seen. The interstitial spaces (i) show Leydig cells (L) with oval nucleus and
acidophilic cytoplasm. BPA treated groug1b) showing a distorted seminiferous tubule (T)

with multiple vacuoles (v) between the disorganized germinal epithelium. Most of germinal
epithelium have dark stained nuclei (N). The basement membrane (Bm) appeatarirfegv
sperms (p) are seen in the lumen. The interstitial space (i) contains acidophilic exudates (ex) and
Leydig cells (L) with dark nuclei. BPArecovery groug1lc) showing that most seminiferous
tubules (T) are lined by disorganized germinal epitimel{G). Intercellular spaces (arrow head)

are noticed within the epithelium of most of the tubules- @fated group(1d) showing
intercellular spaces (arrow head) within the germinal epithelium. The tubules are surrounded by
regular basement membrane (Brfihe interstitial spaces contain Leydig cells (L).-@overy

group (1e) showing a seminiferous tubule lined by well organized germinal epithelium (G)
resting on a regular basement membrane (Bm)rédvery groulf) showing giant epithelial

cells GE) within epithelial lining of some seminiferous tubules and acidophilic exudates (ex)

are noticed within the interstitium. [H&E X400]
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Fig. 2. Photomicrographs of Mallory trichrome stained sections irtegbs. Control groug2a)
showing few collagen fibers (arrow) in the interstitial spaces of the testis around blood vessels
(bv). BPA- treated grougg2b) showing abundant collagen fibers (arrow) in the interstitial spaces
of the testis and around congatblood vessel (BV). BPAecovery groud2c) showing some
collagen fibers (arrow) in the interstitial spaces of the testist@@ted groug2d) showing

some collagen fibers (arrow) in the relatively wide interstitial spaces of the testiec@Rry

group (2e) showing few collagen fibers (arrow) in the interstitial spaces between seminiferous
tubules and around blood vessel(Bv).
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Fig. 3. Photomicrographs of immunohistochemical stained sextiod or ERb i n t he
group (3a) showing a strong positive immunoreaction in the nuclear (thick arrow) and
perinuclear regions (thin arrow) of germinal epithelium, sertoli cells and leydig &#la-

treated group(3b) showing a very weak immuneaction in the nucleafthick arrow) and
perinuclear regiongthin arrow)of germinal epithelium and sertoli celBPA- recovery group
(3c)showinga moder at e posi ti v emostljnimpenmaleararegionsdtiin f o r
arrow). Some nuclei shoa positive reaction (thick arrowPP- treated groud3d) showing a

weak i mmunoreaction f or ERHNn amow)andlfew ininucleipfe r i n |
germinal epithelium and sertoli celthick arrow) OP- recovery group3e) showing a strong

positive immunoreaction for estrogen beta receptors in the nuthéek arrow)and perinuclear

regions of germinal epithelium and sertoli céfltick arro). [ ERB I mmunoper oXxi
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Fig.4 El ectron micrographs of sudstis inadifiéreninstudied c t i
groups(4a). Control group showing Sertoli cell (S) with large euchromatic nucleus (N) and
prominent nucleolus (n). Its cytoplasm contains mitochondria (m) and lipid droplelsi(dary
spermatocyte (ps) appears with largaclaeus (Nu) showing synaptonemal complex. Its
cytoplasm contains many free ribosomes (r) and mitocho(rd)ig4b&4c): BPA- treated group
showing spermatogenic cells resting on a thick basement membrane (Bm). Some nuclei (N) are
degenerated. Their cytogla shows some vacuoles (v) and deposition of electron dense
materials (thick arrow). Intercellular separation is noticed (arrow head). Sertoli cells with
irregular euchromatic nuclei (N). Their cytoplasm shows some vacuoles (v) and deposition of
electron @nse materials (thick arrow). Some degenerated nuclei (Nu) are also noticed.
(4d):BPA- recovery group showing Sertoli cell (S) resting on a nearly regular basement
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