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Abstract Objectives: The aim of our study was to throw light on the possible protective effect of

pomegranate juice (PJ) after experimental oral administration of the widely used plasticizer Bisphe-

nol A (BPA) on the epididymis by using light and electron microscopes, as well as cauda eididymis

sperm count.

Methods: Forty adult male albino rats were divided into two main groups; (control and treated

groups) Control group which was further subdivided into two equal subgroups group (Ia) was given

corn oil (5 mg/kg) and the other group (Ib) given oral PJ 1 ml daily for 8 weeks. The other group

was subdivided into two subgroups, one group (IIa) was given BPA dissolved in corn oil in a dose of

20 lg/kg, while the other group (IIb) given BPA in the same dose combined with 1 ml of PJ daily

both for 8 weeks. All administrations were given by oral gavage. The rats were sacrificed. The right
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caput epididymis was subjected to histological study. The left cauda epididymis was used for caudal

sperm count.

Results: The caput epididymis of group IIa revealed structural alterations in the epididymal epithe-

lium. Sperms showed marked affection and alteration of the mitochondrial sheath. All these

changes were attributed to oxidative stress. These changes were found to be prevented after PJ

administration. Caudal sperm count was significantly lower in the group given BPA as compared

with the control groups.

Conclusion: BPA causes structural changes in the epididymis that would interfere with its function

and contribute to infertility. On the other hand PJ had the ability to prevent these changes, increas-

ing the number of caudal sperm and decreasing sperm abnormalities. Thus, it could have a role in

improving male fertility.

ª 2011 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights

reserved.
1. Introduction

Bisphenol A (BPA) is an organic plasticizer used to line the

majority of metal cans for food and beverages as well as for
the coating of metal lids for glass jars and bottles. It is also
found in some plastic food containers, all disposable plastics,
toys, dental devices, dental fillings and sealants.

BPA may enter the human body primarily by penetration
and mixing with food and water from plastic containers and
to the saliva from dental sealants. Leach also occurs from

the plastic lining of canned food that are cleaned with harsh
detergents containing acidic or high temperature liquids or
during autoclaving and sterilization.1

Recently, Von et al.2 had suggested that polycarbonate
baby bottles that are made from BPA are the most evident
route of exposure in infants, and canned food in adults and

teenagers. Therefore, Toys-R-Us decided to cease selling baby
bottles made from BPA and there was an attempt to remove
polycarbonate drinking products from their shelves.3

Investigators have reported concentrations of BPA and its

metabolites in the saliva of patients 1 h after a sealant was
applied to their teeth,4 and was mainly detected in the solid
portion of canned fruit and vege.5 Therefore, attention has

been drawn towards the possibility that even low doses of
BPA could possibly affect human development and
reproduction.6,7

Virgili et al.8 demonstrated the nutritive value of the pome-
granate fruit and that a 250 ml glass of pomegranate juice pro-
vides approximately 50% of an adult’s recommended daily
allowance (RDA) of the vitamins A, C and E. It was revealed

that the antioxidant polyphenols account for about half of the
fruit’s antioxidant ability to scavenge free radicals.9 However
storage of the fruits and industrial food processing may affect

the content of these antioxidants.10

Moreover, the strong free-radical scavenging potential of PJ
has been proven to be useful in fighting certain cancers.11–13

Recent research work concerned with treatment of male
infertility problems has issued the existence of a link between
the antioxidant-rich juice and male fertility, which could make

pomegranate an important food supplement.14

The present experimental study is therefore designed to use
a histological approach for evaluating the possible protective
effect of PJ against BPA induced epididymal alterations in al-

bino rats.
2. Methods

Forty adult male albino rats with an average body weight

ranging from 150 to 200 g and an average age of 13–15 weeks
were used in this study. The animals were housed in clean
stainless steel cages and kept under the same environmental
conditions regarding light, feeding and temperature. The han-

dling of animals followed the rules for experimental research
ethics approved by Research Ethics Committee at Alexandria
Faculty of Medicine.

The animals were randomly divided into two main groups:
Group I (Control group): Included twenty adult male rats

that were subdivided into:

Subgroup Ia (negative control group): It included ten rats
which received a daily oral gavage of corn oil (5 ml/kg) vehicle.15

Subgroup (positive control group) Ib: It included ten adult

male rats that received a daily oral gavage of pomegranate
juice (PJ) in a dose of 1 ml.16

Group II (experimental group): It included twenty rats that
were subdivided into two equal subgroups, ten rats each:

Subgroup IIa: received BPA dissolved in 5 ml/kg corn oil
daily in a dose of 20 lg/kg body weight.17

Subgroup IIb: Rats were given an oral daily dose of 1 ml PJ

combined with BPA in the same regimen as subgroup IIa.
Bisphenol A (BPA) was supplied by Sigma Company USA

as 97% purity in the form of white powder. The juice was

extracted freshly. All administrations were given by an oral
gavage for 8 weeks.

At the designated time, rats were sacrificed by decapita-
tion. Both the right and the left epididymis were dissected;

the right caput epididymis was used for the light and
ultrastructural study.18,19 The grids for EM were examined
and photographed by Joel 100CX transmission electron

microscope at the Electron Microscopy Unit, Faculty of
science, Alexandria University.

The left cauda epididymides from each rat of all groups

were squeezed to release spermatozoa. Sperm suspensions were
collected by centrifugation and the total sperm count per rat
was determined by using a counting chamber (Neubauer’s

chamber).20 The sperm count was done in the Clinical Pathol-
ogy Department, Faculty of Medicine, Alexandria University.
The aim of studying the sperm count was to assess the effect of
BPA on the count and to evaluate the potent effect of PJ

intake on the sperm count.



Figure 1 Light photomicrographs of the caput epididymis of a control rat of group Ia. (a) Regular outlined tubules. They are lined with

pseudo-stratified columnar epithelium. Apical cell (A) is seen in between the lining cells. (b) Principal cells (Pr) appearing tall columnar

with stereocilia (st), basal cells (arrows) lying on the basement membrane, halo cell (H). (a,b) showing little of peritubular vascular

connective tissue (CT) and adequate amount of spermatozoa (S) in the lumina. (H&E stain. Mic. Mag. a ·100; b ·400).

Figure 2 Light photomicrographs of the caput epididymal tubules of group IIa. (a) Wide intertubular spaces (ITS). (b) Principal cells

with deeply stained nuclei (N) widening of the intercellular spaces (arrows) and the lumen contain cellular debris (D). (c) Some principal

cells (Pr) show deeply stained cytoplasm. (d) Halo cells (H) are apparent at different levels. The cytoplasm of the principal cells (Pr) show

vacuolation (V) (H&E stain. Mic. Mag. a ·100; b–d ·400).
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2.1. Statistical analysis

Description of the data was done by Mean ± SD and
Median. Analysis was done using Mann-Whitney test.

M.W Values of P < 0.05 were considered statistically
significant.
3. Results

3.1. Histological results

Light microscopic examination of the H&E sections of the
control rat caput epididymis (group Ia) showed the normal his-



Figure 3 Light photomicrographs of the caput epididymis of a rat of group IIb (BPA + PJ). (a) Several cut sections of the epididymal

tubules with their normal regular arrangement. They are lined by pseudo-stratified columnar epithelium showing minimal amount of

intertubular connective tissue (arrow). (b) Principal cells are the majority (Pr), fewer apical cells (A) halo cell (H), and basal cell (B). (a, b)

show good amount of spermatozoa (S) (H&E stain Mic. Mag a ·100, b ·400).

Figure 4 Electron photomicrographs of control group Ia. (a) Principal cells (Pr) with intact junctional complexes (J) and topped with

apical microvilli projecting into the lumen (Lu) that contain some sperms (S). Their nuclei (N) are euchromatic, basally located and regular

in outline. Few small vacuoles (V) are present in the adluminal cytoplasm. Smooth muscle fiber (sm) is seen. (b) Cytoplasm of two

principal cells’ shows Golgi complex (G). (b,c) show cytoplasm of the principal cells shows parallel cisternae of rough endoplasmic

reticulum (r ER), mitochondria (M) and lysosomes L. (Mic. Mag. a ·2500; b&c ·10,000).
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tological structure of regular caput epididymal tubules. Many
circular profiles of the epididymal tubules were seen represent-
ing cut sections of the supercoiled duct of the epididymis. All
the tubules were lined by pseudo-stratified columnar epithe-

lium (Fig. 1a). The lumina showed average content of sperms.
The tubules were separated by small amount of peritubular
vascular connective tissue (Fig. 1a and b).

The epithelium lining the epididymal tubules was composed
mainly of principal and basal cells. The principal cells, being
the most numerous cells extended from the basement mem-
brane to the lumen. They were closely arranged with no spaces
in between. They showed rounded, pale basally located nuclei.
Principal cells were topped at their apical border with numer-

ous long stereocilia bordering the lumen (Fig. 1b).
The basal cells were scattered in a fewer number between

the bases of the principal cells, lying on the basement mem-

brane. They showed small amount of cytoplasm and horizon-
tally elongated oval nuclei. Few halo cells, were depicted as



Figure 5 Electron photomicrographs of control group Ia. (a)

showing a clear cell (C) in close contact with the adjacent principal

cells (Pr) and a halo cell (H). (b) basal cell (B) exhibits close

relation to the overlying principal cell (Pr). The latter shows

parallel cisternae of rough endoplasmic reticulum (r ER).The

basal cell cytoplasm shows few organelles in the form of few

mitochondria (M) and few profiles of rough endoplasmic reticu-

lum (arrow). sm; smooth muscle (sm). (c) Apical cell (A) in

between the principal cells (Pr) with intact junctional complexes

(J), halo cell (H). The cytoplasm of the principal cell shows Glogi

complex (G) (Mic. Mag. a ·5000, b ·7500, c ·3000).
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small rounded cells with round, centrally located nuclei
(Fig. 1b).

Light microscopic examination of the H&E sections of the

control rat caput epididymis (group Ib) given PJ for 8 weeks
revealed the same normal histological structure of the lining
cells as group Ia. Histological examination of the caput epidid-

ymis of group IIa (received BPA orally for 8 weeks) revealed
many structural alterations. Most of the tubules showed wide
intertubular spaces (Fig. 2a and b). The lining epithelium dem-
onstrated widening of the intercellular spaces. Many cells

exhibited deeply stained nuclei. Some of these cells revealed
deeply stained cytoplasm. (Fig. 2c). Some other cells demon-
strated cytoplasmic vacuolazation. Multiple halo cells ap-

peared displaced upwards nearer to the lumina (Fig. 2d).
Examination of the H&E sections of the rat caput epididy-

mis of group IIb (received BPA+ PJ orally for 8 weeks) re-
vealed recovery of a nearly normal appearance of the tubules

regarding the regular cross sectional outline and the normal
peritubular spaces in between as compared to group IIa. They
further revealed an adequate content of spermatozoa in their
lumina. Most of the lining cells were apparently similar to

those of the control groups. Halo cells were occasionally seen
in between the lining cells (Fig. 3a and b).

3.1.1. Ultrastructural study
Ultrastructural examination of the control group of rat caput
epididymis (group Ia) showed the normal components of prin-

cipal, basal, apical and halo cells. Clear cells were rarely seen in
between the lining cells of the caput epididymis.

The principal cells constituted the predominant cell type of

the lining epithelium. They appeared as tall columnar cells
with their nuclei rounded, euchromatic, regular and located
in the basal half of the cells. The adluminal cytoplasm showed

few endocytotic vesicles. The adjacent cells were connected by
intact junctional complexes with no apparent intercellular
spaces. (Fig. 4a). Well developed Golgi complexes were de-
picted in the supranuclear region (Fig. 4b). The subnuclear

cytoplasm exhibited closely packed, parallel cisternae of rough
endoplasmic reticulum (Fig. 4c). The cytoplasm showed some
mitochondria and few lysosomes. (Fig. 4b and c).

As regards the clear cells, they were very few and they ap-
peared paler than the surrounding principal cells without inter-
cellular space in between. They further exhibited basal nuclei

and few lysosomes (Fig. 5a). The halo cells appeared rounded
or polygonal in shape mostly located near the basement mem-
brane. They had central rounded to oval nuclei and a clear

electron lucent cytoplasm (Fig. 5a).
The basal cells appeared smaller than the principal cells,

with small amount of cytoplasm. The cytoplasm surrounded
a horizontally placed oval nucleus. They lie in close contact

with the neighboring principal cells. Its cytoplasm showed
few organelles (Fig. 5b).

The apical cells appeared in close apposition to the nearby

principal cells. They exhibited a denser cytoplasm (Fig. 5c).
Ultrastructural examination of the control group of rat ca-

put epididymis (group lb) showed normal appearance of the

principal cells without any intercellular space in between
(Fig. 6a). Their cytoplasm showed prominent vesicular traf-
ficking in the form of multiple vesicles, apically located as well
as along the lateral and basal surfaces. (Fig. 6a and b).

The adluminal cytoplasm further exhibited numerous endo-
cytotic vesicles and coated pits. The apical cell membrane
showed numerous microvillous projections into the lumen

(Fig. 6b).
The cytoplasm of the lining principal cells showed well

developed Golgi complexes, mitochondria with normal histo-

logical structure and few lysosomes (Fig. 6c), as well as the ba-
sal portion shows parallel cisternae of the rough endoplasmic
reticulum (Fig. 6d). The basal cells were in normal contact with

the neighboring principal cells (Fig. 6d).
Apical cell was seen in between the principal cells with no

intercellular spaces, its nucleus was located above those of
the principal cells (Fig. 6a).

Ultrastructural examination of the group IIa given BPA of
rat caput epididymis revealed widening of the intercellular
spaces between the lining principal cells of most of the tubules.

Also there were separations between the principal cells and the
basal cells (Fig. 7a). The nuclei of some cells appeared dense



Figure 6 Electron photomicrographs of parts of caput epididymal tubules of group Ib. (a) showing closely related principal cells (Pr)

with multiple vesicles (V). An apical cell (A) with its denser cytoplasm is also seen. (b) shows the intact junctional complexes (J) between

the cells. Their cytoplasm shows numerous small vesicles (V), together with coated pits of the apical plasma membrane (arrows) and apical

microvilli (MV). (c) cytoplasm of the principal cells show well developed Golgi complexes (G), mitochondria (M) and lysosome (L). (d)

well developed rough endoplasmic reticulum (rER) with normal ultrastructure. The nucleus (N) of the principal cell is euchromatic. B;

basal cell, sm; smooth muscle, J; junctional complexes, M; mitochondria (Mic. Mag. a ·4000; b,c ·10,000; d ·7500).

Figure 7 Electron photomicrographs of the caput epididymal tubules of group IIa. (a) showing multiple principal cells (Pr) with evident

widening of the intercellular spaces (ICS). Basal cell (B) separated from the overlying principal cells. (b) principal cells show dense

irregular nuclei (N) and cytoplasmic vacuoles (V).Clear cell (C) with cytoplasmic vacuolations (V). (Mic. Mag. a ·2000; b ·4000).
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and irregular in outline (Fig. 7b). The cytoplasm of some cells
showed vacuolation (Fig. 7b).

The cytoplasm of the lining principal cells showed dilated

Golgi vesicles, (Fig. 8a), along with dilated profiles of rough
endoplasmic reticulum were also demonstrated (Fig. 8b).
As regards the mitochondria, they showed degenerative
changes in some cells in the form of swelling, focal loss of cris-
tae and vacuolation. Moreover, the cytoplasm showed promi-

nent lysosomes with heterogenous electron dense contents
(Fig. 8c).



Figure 8 Electron photomicrographs of rats of group IIa. (a) illustrate principal cells with dilated Golgi vesicles (G), and nucleus (N). (b)

principal cells show dilated cisternae of the rough endoplasmic reticulum (r ER). (a,b) show wide intercellular space (ICS). (c) part of the

cytoplasm of the principal cell showing degenerative changes of the mitochondria (M), cytoplasmic vacuoles (V) and increase number of

lysosomes (L) (Mic. Mag. a ·10,000; b ·7500; c ·10,000).
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Some areas of the apical surface of principal cells exhibited
exfoliation of parts of the lining cells in the lumen of some
tubules (Fig. 9a). Halo cells or lymphocyte-like cells were
found at different levels, some were apical and others were

basal (Fig. 9a and b).
The most striking feature in this group was frequent

encountering of many clear cells in between the principal cells.

The clear cells showed cytoplasmic vacuoles and dilatation of
the rough endoplasmic reticulum, which was marked in some
cells giving the cytoplasm a cribriform appearance (Fig. 9b–d).

Ultrastructural examination of the group IIb of rat caput
epididymis (BPA + PJ) showed that the lining epididymal
cells were in close apposition with intact junctional complexes
in between all the lining cells. The principal cells’ nuclei were

located basally and appeared euchromatic, regular in outline
like those of the control (Fig. 10a).

The cytoplasmic organelles of the principal cells nearly

showed normal ultrastructural appearance, the cisternae of
the rough endoplasmic reticulum were displayed almost in reg-
ular pattern in most of the cells and also exhibited well formed

Golgi complexes (Fig. 10b).
The clear cells were found in between the principal cells

without apparent spaces in between, the cytoplasm showed

multiple lysosomes and numerous vesicles. The rough endo-
plasmic reticulum revealed some dilated profiles (Fig. 11a).

The apical cytoplasm of the principal cell showed few apical
vesicles and multiple tall microvillus projections. The mito-

chondria depicted normal internal ultrastrucrure appearance
(Fig. 11b).

Apical cells showed normal ultrastructural appearance

(Fig. 11a).
Ultrastructural examination of both control groups re-

vealed normal appearance of the sperms in the lumina. The

plasma membrane is completely surrounding the whole sperm
pieces. The mitochondrial sheath and the outer dense fibers ap-
peared normal. The latter displayed the normal arrangement
of nine doublets radially arranged around the two central

microtubules (9 + 2 arrangement). The sperms’ nuclei were
heterochromatic and surrounded by the cell membrane
(Fig. 12a).

The mitochondrial sheath was formed of equal sizes of
mitochondria completely surrounding the outer dense fibers
that were also normally arranged in both cut sections and lon-

gitudinal sections (Fig. 12b). The plasma membrane was com-
pletely intact covering the different segments of the sperms
(Fig. 12a and b).
As regards the effects of BPA on the sperm ultrastructure in
group IIa, the sections of different parts of sperms in the caput
epididymal lumen of this group showed abnormal forms; some
with retained cytoplasmic droplets containing multiple heads,

the nuclei showed decondensation, (Fig. 13a and b) and the
outer dense fibers were disorganized in relation to the axone-
mal microtubules (Fig. 13c).

The mitochondrial sheath depicted some abnormalities in
the form of different sizes of the mitochondria, bulging, bal-
looning and even loss of the mitochondrial sheath in some

areas leaving gaps in between. Some sperms showed absence
of the overlying plasma membrane (Fig. 14a–c).

The luminal spermatozoa illustrated similar ultrastructure
to those of the control groups Ia and Ib (Fig. 15).

3.2. II-Caudal sperm count: (Table 1)

The mean ± SD of the caudal epididymal sperm count was
significantly lower in group IIa when compared to the control
groups Ia and Ib as shown in Table 1.

Comparing the mean ± SD of the caudal epididymal sperm
count in group IIa and that in group IIb, it was significantly
higher in group IIb as shown in Table 1.

Moreover, the statistical analysis of the mean ± SD of the
caudal epididymal sperm count of group Ib was significantly
higher when compared with that of the control group Ia.

4. Discussion

The epididymis secretes into its luminal environment, region

specific proteins and glycoproteins, thus providing the favor-
able milieu for post testicular maturation of the sperms.
Hence, alteration in the epididymal structure or function might

contribute to male infertility.21

Bisphenol A (BPA), as one of the commonly used plasticiz-
ers nowadays, can leash and contaminate food. Its effects on

testosterone levels are controversial. Some studies found that
BPA reduced fertility without alteration in androgen or lutein-
izing hormone.22 Other studies argued that BPA exposure can
cause reduction in these hormones.23 A recent study in 201124

revealed that BPA caused reduction in estradiol production.
It has been found that the principal cause of idiopathic

male infertility is an underlying pathological condition known

as ‘‘oxidative stress’’. Some endocrine disruptors such as BPA
have been shown to induce oxidative stress, and result in the
onset of various diseases, including infertility.25 BPA, in previ



Figure 9 Electron photomicrographs of caput epididymal

tubules of group IIa. (a) showing principal cells (Pr) with

exfoliation (long arrows) and blebbing (short arrow) of their apical

parts. H; halo cell. (b) Clear cell with cytoplasmic vacuolation is

seen in between principal cells that show irregular nuclei (N), intact

junctional complexes (J) and few apical microvilli (MV). Halo cells

(H) are apparent at different levels. B; basal cell. (c) Showing clear

cells (C) between the principal cells (Pr), basal cell (B) and smooth

muscle fiber (sm). J; junctional complexes, L; lumen. (d) A clear cell

with marked dilatation of the rough endoplasmic reticulum (r ER)

giving the cytoplasm a cribriform appearance, irregular nucleus

(N) and the wide intercellular space (ICS) (Mic. Mag. a ·4000, b
·5000, c ·3000, d ·5000).
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ous studies, was shown to cause a significant lowering in the
superoxide dismutase (SOD), glutathione system activities,
H2O2 generation and lipid peroxidation, thereby inducing oxi-
dative stress which was postulated to be associated with male

infertility.26

The present work was conducted to study the toxic effect of
BPA on the caput epididymis as it is the most metabolically ac-

tive region secreting about 70–80% of the total overall protein
secreted in the epididymal lumen. The caput houses a vast cap-
illary network, and it shows the highest blood flow of all epi-

didymal regions. As such, it is particularly prone to
oxidative damage, requiring a greater antioxidant defense sys-
tem.27 Moreover, being the site for storage of fully mature
motile sperms that are ready for ejaculation, therefore the ca-

put epididymis was selected in the present study for the pur-
pose of obtaining more reliable sperm counts compared to
that in the cauda epididymis.28

Several light and electron microscopic histological changes

were observed after the administration of BPA in group IIa for
8 weeks. The caput epididymis revealed widening of the inter-
tubular and intercellular spaces, cytoplasmic vacuolation,

degenerative changes in the mitochondria and increase lyso-
somes. Dilated cisternae of the rough endoplasmic reticulum
and the Golgi saccules were also depicted. Some nuclei were

irregular and heterochromatic. All these ultrastructural altera-
tions represent progressive degenerative stages affecting cell
membranes integrity secondary to the oxidative stress induced

by BPA. The free radical oxygen species initiate oxidative
phosphorylation reactions to cell membranes ending in disrup-
tion of the integrity of intercellular junctional complexes.

A well known relationship between the cadherin/ catenin

complex and gap junctional intercellular communication is
documented. Direct intercellular communication is mediated
by gap junctions, which proved to be a sensitive target of oxi-

dative stress.29 Parrish et al.30 suggested that oxidative stress
selectively disrupts cadherin/catenin complexes, and disrupts
cell-cell adhesion, and involve connexin 43 (Cx43) which is a

major gap junction channel-forming protein. In addition, there
is strong evidence for the relation between disturbed endoplas-
mic reticulum function and its role in gap junctional forma-
tion. One of the rough endoplasmic reticulum localized

family proteins is termed ERp29 which regulates epididymal
Cx43 trafficking and function. Interference with ERp29 func-
tion, as a result of oxidative stress, leads to accumulation of

Cx43 and reduces its transport to the plasma membrane thus
inhibiting gap junction formation and hence cell communica-
tion.31 This could explain the widening of the intercellular

spaces shown in group IIa.
Moreover, affection of the aquaporin channels (AQP) by

the BPA induced free radicals could result in intercellular ede-

ma formation. At the same time, it was shown that estrogen
regulates expression of the AQP in the epididymis, thus estro-
gens have a role in regulating the absorptive function of the
epididymal epithelium, a function that is essential for fertil-

ity.32 The antiestrogenic effect of BPA could down regulate
the expression of AQP,33 with failure of the absorptive func-
tion of the caput epididymal cells and accumulation of the

intercellular fluid and edema formation. This also could ex-
plain the resulted wide intercellular and intertubular spaces
in group IIa.

Leung et al.34 postulated that the basal cells not merely
function as stem cells, but also as hormonal regulator for the
principal cells. They are essential for the integrated function

of the principal cells as they regulate principal cell electrolyte
transport of ions and water by releasing prostaglandin PGE2
that act on nearby principal cell. These basal cells were seen
widely separated from the overlying principal cells in group

IIa that was given BPA. Thus, loss of cell–cell interactions be-
tween the both cells affects the transport of ions and water
which is reflected upon the epididymal functions. As a conse-

quence, the luminal fluid is altered and this ultimately affect
sperm maturation and fertility.

In the present study, the rough endoplasmic reticulum ap-

peared to be affected in the principal and clear cells lining
the caput epididymis. In any secretory cell, proteins and



Figure 10 Electron photomicrographs of principal cells of rats of group IIb (BPA + PJ). (a) shows the close relation between principal

(Pr) to basal cells (B), normal intercellular junction (J). A halo cell (H) is seen. The principal cells nuclei (N) are euchromatic and basally

aligned. (b) Ccytoplasm of a principal cell shows parallel cisternae of the rough endoplasmic reticulum (rER) and normal Golgi apparatus

(G) (Mic. Mag. a ·3000; b ·7500).

Figure 11 Electron photomicrographs of a rat of group IIb

(BPA + PJ). (a) Clear cell (C) with close contact between it and

the adjacent principal (Pr) and apical (A) cells. Its cytoplasm

shows numerous vesicles (V), lysosomes (L) and few dilated

profiles of rough endoplasmic reticulum (rER). (b) Principal cell

show thin long microvilli (MV), normal mitochondrial appearance

(M), intact junctional complex (J) and few apical vesicles (V) (Mic.

Mag. a ·4000; b ·10,000).
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glycoprotein that traverse the secretory pathway mainly de-
pend on disulfide bonds formation for their maturation and
function and any disruption of this will prevent proteins from

attaining their quaternary structure conformation and lead to
protein misfolding and aggregation. BPA possesses an inhibi-
tory effect on protein disulfide bonds formation therefore it

might have a potential effect in disrupting various physiologi-
cal functions.35 The dilated endoplasmic reticulum cisternea
might be due accumulation of secretory products. In addition,

it could be a reaction to cell injuries and disturbance in protein
synthesis.36 In response to accumulation of unfolded/mis-
folded proteins, cells adapt themselves to the stress condition

via the unfolded protein response (UPR). UPR decreases the
biosynthetic burden of the secretory pathway by down regulat-
ing expression of genes encoding secreted proteins. When these
mechanisms fail to rescue the cell apoptosis is initiated to elim-

inate the diseased cell.37

Accordingly, the main mechanism for the BPA –induced
degenerative lesions in cells lining the epididymis is attributed

to oxidative stress which triggers the chain reactions of pipid
peroxidation. Lipid peroxidation reactions involve the activa-
tion of a series of hydrolytic enzymes, which explain the in-

creased observation of lysosomes in the epididymal cells in
group IIa of the present study. The lipid peroxidation reac-
tions also contribute to activation of endonuclease enzymes,

which end up with break of nuclear DNA.37 This fact clarifies
the present finding of cells with dense deformed nuclei.

The electron microscopic examination of the caput epidid-
ymal cells of group IIa revealed that there was extensive cyto-

plasmic vacuolation of some of the lining cells. These were
most probably caused by ionic and osmotic imbalance leading
to imbibition of water causing cellular vacuolation, which is

known to be a sort of cell degeneration.37 The swollen mito-
chondria with disintegrated cristaewas the result of increased
reactive oxygen species production and alteration of the mito-

chondrial membrane permeability, leading to membrane depo-
larization. This finally ends with decreases in the generation of
adenosine triphosphate (ATP).38

The histological results of this study in lumen of group IIa

revealed apical exfoliation of cells of the epididymal epithelium
complying with the degenerative changes in the epididymis. It
has been postulated that clear cell hypertrophy and an increase

in their number and activity coincide with excessive phagocy-
tosis of the abnormal structures in the lumina as cellular debris
and abnormal sperms. Clear cells are also responsible for
removing the immature damaged sperms, and the absorption
of the cytoplasmic droplets of sperms.39

The finding that intraepithelial halo cells were more fre-

quently encountered and acquired a higher position towards
the lumen is attributed to increased spermiophagy along the
excurrent ducts as a result of impaired spermatogenesis and in-

creased number of abnormal cells, cell debris and foreign cells
leading to more pronounced macrophagic activity.40

Examination of the protection group of rats (group II)

(BPA + PJ) showed that the lining epididymal cells were in
close apposition. The cytoplasmic organelles of the cells
showed nearly normal ultrastructural appearance, the



Figure 13 Electron photomicrographs of the lumina of caput epididymal tubules of rats of group IIa. (a) Retained cytoplasmic droplets

(CD) and sperm heads with nuclear decondensation (arrows). (b) Multiple axonemes (a) and abnormal heads (h) in the same cytoplasmic

droplet (CD) are also depicted. (c) Some cut sections show displacement of outer dense fibers (ODF) in relation to the central axoneme (a)

(Mic. Mag. a ·5000; b ·10,000; c ·13,000).

Figure 14 Electron photomicrographs of the lumina of caput epididymal tubules of rats of group IIa Showing swelling, bulging of the

mitochondrial sheath with loss of cristae (m). (c) Some parts loss of the mitochondria leaving gaps in between (long arrow). (a,c) absence

of the cell membrane in some areas (short arrows). (Mic. Mag. a ·15,000, b ·20,000, c ·25,000).

Figure 12 Electron photomicrographs of the lumina of caput epididymal tubules of rats of groups Ia and Ib. (a) Several cut sections with

normal mitochondrial sheath (M) and regular orientation of the outer dense fibers (ODF). A head of a sperm (H) is seen with a

heterochromatic nucleus and completely surrounded by a cell membrane (arrows). (b) Longitudinal section of a mid piece of a sperm with

intact cell membrane (arrow), complete mitochondrial sheath of equal sizes and shapes (M) (Mic. Mag. a ·13,000; b ·15,000).
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cisternae of the rough endoplasmic reticulum were displayed
almost in regular pattern in most of the cells and also exhibited
well formed Golgi complexes.

Several studies proved the protective effect of PJ, with its

powerful antioxidant effect.41,42 In this study, group IIb
showed no apparent intercellular spaces between cells suggest-
ing the antioxidative role of PJ in improving such changes seen

in group IIa. Increasing evidence also suggests that retinoic
acid receptors (RAR) were more in the principal cells of the ca-
put, than in other regions of the epididymis.43 As PJ provide

the daily recommended dose of vitamin A and it has an inhib-
itory effect on the estrogenic activity of BPA. This might
explain the close apposition between the lining cells as well
as between the adjacent tubules. Similarly, a previous electron
microscopic study has revealed the protective effect of vitamin-
E which led to lesser histological changes, and regaining of the

normal intact junctional complexes between adjacent cells.44

This was explained to be a result of the antioxidant effect of
vitamin-E that could cancel out the cell-damaging effects of

free radicals. The antioxidant enzymatic activities, after PJ in-
take, were found to be increased and it also protects the DNA
from free radical damage. Cárcamo et al.45 showed that

vitamin C could protect mtDNA against oxidative damage
thus preventing mitochondrial degenerative changes.



Figure 15 Electron photomicrograph of the lumen of group IIb

showing transverse sections of luminal spermatozoa with normal

structure of the mid and principal pieces with intact cell membrane

(arrow) and mitochondrial sheath (M). Notice the heterochro-

matic nuclei of the sperm head capped with an acrosome (a). (Mic.

Mag. ·15,000).
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Previous studies showed that similar changes, seen in group
IIa (BPA), were reversed after the addition of vitamin C to

diet. This is because vitamin C has a role in protein matura-
tion, oxidative protein folding, rapid reaction with many un-
folded or malfolded proteins, eliminating ER stress, and

promoting protein disulfide formation, which at the same time,
requires the participation of vitamin E.46 Treatment with both
vitamin C and E produce improvement in protein content,
they act to decrease damaged protein in tissues and play an

important role in stimulating intercellular signals for activa-
tion of the gene responsible for protein synthesis.47 Polypheno-
lic compounds as those found in PJ can rescue the rough

endoplasmic reticulum oxido-reductase function and maintain
its function.

Furthermore, polyphenols can prevent the formation of

misfolded protein forms that accumulate upon exposure to
oxidative stress.48 PJ intake, in the current study, with its con-
tent of polyphenolic compounds and vitamin C showed

improvement of the rough endoplasmic reticulum cisternae
which mostly resumed its normal ultrastructural appearance
and probably regained its secretory role in protein synthesis,
thereby increasing the secretory function of the principal cells
Table 1 Comparison between the different studied groups accordin

Group Ia Group Ib

Number of sperms

Range 280.0 –440.0 340.0 –500.0

Mean ± SD 358.0 ± 53.71 432.0 ± 53.5

Median 360.0 430.0

Z1 (p) 2.505* (0.01

Z2 (p)

Z3 (p)

Z1: Z for Mann Whitney test between group Ia and other groups.

Z2: Z for Mann Whitney test between group Ib and other groups.

Z3: Z for Mann Whitney test between group IIa and group IIb.

Statistically significant at p< 0.05.
and improving the microenvironment through which sperms

are traversing and hence this could improve fertility.
Previous studies have proved that the Golgi apparatus in

cells receiving vitamin A showed significant increase both in
the number of cisternae per Golgi apparatus stack and in the

number of transition vesicles of the cis Golgi apparatus face.
These vesicles are involved in the transfer of membrane mate-
rial to the Golgi apparatus from endoplasmic reticulum,

increasing the secretory function.49 Therefore, the size of the
associated Golgi vesicles seen in group IIb and Ib was an indi-
cation for the increased cellular secretory activity. The most

striking sperm changes were observed in group IIa rat epidid-
ymis. They revealed chromatin decondensation of sperm
heads, complete absence of the plasma membrane over the en-

tire tail as well variable alterations in the mitochondrial sheath.
Studies proved that the male specific steroidogenic cyto-

chrome p450 isoform (cytochrome p45017), that catalyze the
oxidation of androgen, is necessary for the structure and orga-

nization of the sperm mitochondria and that BPA inhibited
CYP17 activities.50 This might explain the changes depicted
in sperm mitochondria. BPA also induces overproduction of

hydrogen peroxide which is a powerful membrane permeant
oxidant that has to be rapidly eliminated from the cell.

The elimination of H2O2 is done by glutathione peroxidase

isoform (GPX5), which is expressed exclusively in the caput
epididymis and constitutes 6% of the secretory epididymal
proteins. Thus, the protection of the sperm membrane against
peroxidation is a function of this epididymis-specific isoform

which if failed causes infertility.51 In addition it was found that
sperms that lack an intact plasma membrane are unlikely to be
motile. Sperm membranes harbor a higher concentration of

polyunsaturated fatty acids (PUFA) than other human cells.
These fatty acids are extremely sensitive to oxidative stress
causing instability in membrane permeability and ultimate

damage that might cause loss of sperm motility, abnormal
sperm morphology, reduced capacity for oocyte penetration
and infertility.52

Statistical analysis of the caudal sperm count in group IIa
given BPA revealed marked reduction in sperm counts com-
pared tto control groups. A dramatic decrease in caudal epi-
didymal sperm numbers was previously considered to be the

result of a lower sperm output by the testis and to increase
sperm resorption (phagocytosis) in the rat testis and epididy-
mis as a result of increase the number of mal- formed sperms.53
g to number of sperms.

Group IIa Group IIb

160.0 –240.0 300.0 –440.0

0 203.40 ± 25.30 358.0 ± 50.29

200.0 350.0

2) 3.790* (<0.001) 0.038 (0.970)

3.790* (<0.001) 2.581* (0.010)

3.790* (<0.001)
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In group IIb (BPA + PJ) well organized mature sperms

were seen the caput epididymal lumina. Moreover, the present
work revealed a significant high caudal sperm count in animals
given PJ. Vitamin A, provided by PJ, is required for the mat-
uration process of epididymal spermatozoa, together with the

potent antioxidant role of PJ43 might explain the protective ef-
fect of this juice on sperms. A study also showed that the rats
which drank concentrated PJ revealed increase in spermato-

genic cell density, sperm motility, epididymal sperm concentra-
tion as well as decrease in abnormal sperm rate.14,54

In conclusion, the present study showed that BPA produced

remarkable histological degenerative changes in the epithelium
and the sperms of the caput epididymis, as well as causing
marked decrease in the number of caudal sperm count. It is as-

sumed that these changes would interfere with the proper func-
tion of the epididymis and accordingly contribute to infertility.
On the other hand, the results obtained proved the PJ potentials
to counteract all BPA induced degenerative changes thus allow-

ing recovery of the rat epididymis from oxidative stress and
hence contributing in improving male fertility.

Therefore, it is recommended to supplement PJ in male

individuals suffering from infertility.
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45. Cárcamo J, Kc S, Golde D. Vitamin C enters mitochondria via

facilitative glucose transporter 1 (Glut1) and confers mitochon-

drial protection against oxidative injury. FASEB J 2005;19(12):

1657–67.

46. Saaranen J, Karala A, Lappi A. Ruddock L.The role of

dehydroascorbate in disulfide bond formation. Antioxide Redox

Signal 2010;12(1):15–25.

47. Margittai E, Csala M, Mandl J, Bánhegyi G. Participation of low

molecular weight electron carriers in oxidative protein folding. J

Mol Sci 2009;10(3):1346–59.

48. Pal R, Cristan E, Schnittker K, Narayan M. Rescue of ER

oxidoreductase function through polyphenolic phytochemical

intervention: implications for subcellular traffic and neurodegen-

erative disorders. Biochem Biophys Res Commun 2010;392(4):

567–71.
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