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Abstract

Introduction. Sexual dysfunction and infertility are symptoms which have been rarely studied in patients treated
with antischizophrenic drugs, aripiprazole and olanzapine, for long period. This work aimed to investigate the
effects of aripiprazole and olanzapine on the structure of seminiferous tubules of rats at both light microscopic
and ultrastructural levels.

Material and methods. Sixty adult male rats were divided into 3 groups (n = 20): control group (Group I) and
two experimental ones (II and III). Rats in Group II received 2 mg/kg/day aripiprazole while rats in Group III
received 0.5 mg/kg/day olanzapine for 14 weeks. Thereafter, testis were removed and processed for both light
and electron microscopic study. Qualitative morphological analyses and histomorphometric measurements of
seminiferous tubules were performed.

Results. Rats in Group II showed reduction of testicular weight, seminiferous tubules’ diameter, epithelial
height, spermatogenic count, spermatogenic index and spermatogenic score whereas Sertoli cells count was
increased. Olanzapine-treated rats also showed epithelial desquamation, separation and apoptotic changes of
germ cells. Sertoli cells showed vacuolization, dilatation of smooth endoplasmic reticulum and accumulation of
lipid droplets. Abnormality in the shape and structure of late spermatids and presence of giant cells were also
demonstrated. Aripiprazole induced less adverse histological changes in rat testis than olanzapine.
Conclusions. Olanzapine followed by aripiprazole had adverse histological effects on the structure of the semi-
niferous tubules, which may affect spermatogenesis. (Folia Histochemica et Cytobiologica 2014, Vol. 52, No. 4,
335-349)
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Introduction

Schizophrenia is a chronic and severe debilitating
mental illness that affects 1% of the population [1].
Many studies have shown a relationship between
schizophrenia and hyperactivity of the dopaminergic
system [2]. Therefore, drugs that inhibit dopamine
receptors have been used in the treatment of schi-
zophrenia.

Several studies showed that drugs acting on the
central nervous system (CNS) have adverse effects on
male reproductive functions [3]. It was proved that an-
tischizophrenic drugs resulted in hyperprolactinemia.
Prolactin is secreted by the anterior pituitary and is
under inhibitory control of dopamine released from
the tuberoinfundibular neurons. Thus, increases in
prolactin are due to antipsychotic impact on tuberoin-
fundibular tract, one of four dopamine-related tracts.
These drugs act by blocking dopamine receptors and
increasing the conversion of androgens to estrogens
leading to the elevation of plasma estrogen levels
resulting in impotence, loss of libido and hyposper-
matogenesis [4].

Olanzapine is an atypical second generation an-
tipsychotic drug that has been increasingly used in
acute treatment of schizophrenia, bipolar disorder
and psychoses. Olanzapine acts on the dopaminergic
receptor by specifically blocking 5-hydroxytryptamine
(5-HT) and dopamine 2 receptors (D2). Some studies
showed that hyperprolactinemia is rare with some
atypical antipsychotics including olanzapine, and
for this reason the term ‘prolactin-sparing’ has been
used [5]. On the other hand, other authors found that
olanzapine is associated with hyperprolactinemia [6].

Aripiprazole belongs to third generation atypical
antipsychotics used in the treatment of schizophrenia.
Similarly to other antipsychotic drugs, aripiprazole
acts at dopamine D2 receptors in the limbic system,
however, rather as a partial agonist than an anta-
gonist [7]. A partial agonist will displace dopamine
at its receptors, as would an antagonist, but instead
of completely blocking the receptor and preventing
receptor’s activity it behaves like a weaker version of
dopamine itself. This does not result in any weaker ac-
tion as an antipsychotic, but should lead to improved
tolerability. Moreover, some authors suggested that
aripiprazole may reverse hyperprolactinemia caused
by other antipsychotics [8]. However, the extent to
which these effects differ from other atypical antip-
sychotics is debated [9].

Considering that both aripiprazole and olanzapine
act on the dopaminergic receptor and this receptor
has been detected in germ cells [10] and only few
studies concerned their adverse histological effects
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on the structure of seminiferous tubules, the present
study was designed to detect changes induced by these
antischizophrenic drugs using both light and electron
microscopy.

Material and methods

Animals and design of experiment. Sixty adult male healthy
Wister albino rats (4-month old and 150-160 g weight), pur-
chased from King Abd Al Aziz University Animal House,
Jeddah, KSA, were used throughout the study. Rats were
adapted for 10 days to controlled conditions of tempera-
ture, illumination and allowed free access to commercial
rat chow (purchased from EL Nasr Pharmaceutical Chem.
Co., New Maadi, Cairo, Egypt) and water ad libitum. All
experiments were carried out in accordance with protocol
approved by the local experimental ethical committee at
Dean of Scientific Research, Taibah University, Al Medina
Al Monawarrah, KSA.

Rats were divided into 3 groups (20 animals in each gro-
up). Group I served as control untreated rats. They were ma-
intained on the previous conditions for 14 weeks. Group II
contained rats that received aripiprazole (Bristol Myer
Squib, Park Avenue, NY, USA) at a dose of 2 mg/kg/day,
according to drug calculation formula [11]. Each tablet
containing 20 mg of drug was dissolved in 10 mL of 0.9%
NaCl and rat received 1 mL/kg/day of the dissolved drug
via gastric tube [12]. Group III included rats which received
olanzapine (Lilly, Madrid, Spain) at dose of 0.5 mg/kg/day,
according to drug calculation formula [11, 13]. Each tablet
containing 5 mg was dissolved in 10 mL of 0.9% NaCl and
rats received 1 mL/kg/day of the dissolved drug via gastric
tube to insure that no drug loss occurred [14, 15].

Collection of samples. At the end of the experiment, all rats
were weighed then anesthetized by intraperitoneal admini-
stration of sodium pentobarbital (Sigma-Aldrich, St. Louis,
MO, USA)atadose of 60 mg/kgbodyweightin 0.9% NaCl[16].
Scrotal skin was properly shaved and disinfected with 5%
iodine solution. Five cm incision at midline of scrotum was
performed using no. 15 blade (Aesculap AG and Co. KG,
Tutlingen, Germany). The right testis was taken from all rats
(control and treated) and weighed. Samples were processed
for both light and electron microscopic study.

Light microscopy processing. The specimens were fixed for
four days in Bouin’s solution and then processed through
alcohol series (70%, 90%, 100%) and embedded in wax using
Leica Automated Tissue Processor Model TP1050, (Leica,
Nussloch, Germany). Sections were cut from each block,
5 wm in thickness. Sections were dewaxed with xylene and
rehydrated through a descending alcohol series. Slides were
stained with Harris hematoxylin and eosin (H & E) [17, 18].
All sections were examined and photographed using came-
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Table 1. Adaptation of the Johnsen-like score [20] for the evaluation of spermatogenesis in rat

Score Evaluation of spermatogenesis Score | Evaluation of spermatogenesis

10 Compete spermatogenesis with mature sperm cells 9 Some sperm cells, with a disorganized epithelium

8 Presence of few sperm cells (< 5 to 10) 7 No sperm cells, presence of spermatids

6 No sperm cells, few spermatids (< 5 to 10) 5 No sperm cells or spermatids, presence of sperma-
tocytes

4 No sperm cells or spermatids, few spermatocytes (< 5) 3 Only spermatogonia present

2 Sertoli cells only 1 No cells visualized in tubular cross section

ra and light microscope (Olympus, U-MDOB, Olympus,
Tokyo, Japan) at the Research Unit, Faculty of Medicine,
Taibah University, Al Medina Al Monawarrah, KSA.

Transmission Electron Microscopy processing. Small
testicular specimens, 1 mm?®, were fixed in 2.5% solution
of glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) for
2 hours and then post-fixed for 1-2 hours in osmium te-
traoxide dissolved in the same buffer. Subsequently, they
were dehydrated by passage through a graded ethanol series
and in propylene oxide, and then embedded in epoxy resin.
The embedded blocks were cut into semi-thin sections
(0.5 wm) with a diamond knife, stained with 1% toluidine blue,
examined and photographed. Ultrathin sections (70-90 nm)
were cut using an ultramicrotome. Uranyl acetate and lead
citrate were used for staining of ultrathin sections [19] and
studied by means of JEOL 1010 electron microscope (JEOL,
Tokyo, Japan) at the Mycology and Regional Biotechnology
Center, Al Azhar University, Cairo, Egypt.

Evaluation of spermatogenesis. Spermatogenesis was asses-
sed using the Johnsen-like score. The Johnsen score [20] is
the usual tool for classifying human spermatogenesis, and
it was adapted to be used in the rabbit spermatogenesis
analysis. The adapted Johnsen score was called the John-
sen-like score [21]. In each biopsy, 50-100 cross sections
of seminiferous tubules were evaluated [22] according to
criteria presented in Table 1.

Morphometric study. Leica Qwin 500 (Imaging System,
Cambridge, UK) was used for measuring the area of semi-
niferous tubules/um? height of spermatogenic cells (SGs),
count of both Sertoli (SCs) and SGs in H & E stained
sections. Thickness of basement membrane was measured
in toluidine blue stained sections (X 1000). Calculation of
spermatogenic index (SI); SG count/SC count was done.
Five non-overlapping sections from each paraffin block were
taken and examined at low-power fields (X 200), except for
SC and SG counts which were taken from high-power fields
(X 400) [10]. Morphometric measurements were taken
within frame area of 293.4288 um?. Morphometry was car-
ried out at the Image Analysis Unit, Anatomy Department,
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Statistical analysis. All data were expressed as mean *+
SEM, except for calculation of SI and Johnsen-like score
where data were expressed as mean = SD. Statistical
analyses were performed using IBM SPSS software version
19.00 (Chicago, Illinois, USA). One-way analysis of variance
(ANOVA) (data were normally distributed and variances of
populations were equal), post-hoc and least significant dif-
ference (LSD) were performed for inter-group comparison.
P > 0.05,P <0.05 and P <0.001 were considered non-signi-
ficant, significant and highly significant, respectively [23].

Results
Assessment of testis histology by light microscopy

Hematoxylin and eosin stained sections

The most frequent histological pattern of the testis of
the control group was normal histology of seminifero-
us tubules (ST) with normal shape and arrangement of
their cellular components (Figure 1A). Spermatogo-
nia (Sg) and Sertoli cells (SCs) rest on intact basement
membranes. Large primary spermatocytes (PS) with
characteristic large rounded nuclei, round spermatids,
elongated spermatids and late-stage sperms attached
to the apices of SCs were seen (Johnsen-like score 10)
(Figure 1A).

The microscopic examination of aripiprazole-
and olanzapine-treated groups revealed a mosaic of
different seminiferous tubules varying from tubules
with complete, or incomplete although reduced sper-
matogenesis, to tubules with maturation arrested up
to the level of the spermatocytes (Figure 1B, C). The
ST showed numerous morphological abnormalities.

Aripiprazole-treated group showed degenerated
ST with numerous normally oriented SCs, vacuolated
cytoplasm of spermatogonia, small-sized primary
spermatocytes with small dark nuclei and more
acidophilic cytoplasm, few sperms and intact basal
membranes, separation of basal and adluminal cellu-
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Figure 1. Histological structure of rat testis as assessed in paraffin sections. Hematoxylin and eosin staining. A. Control
rat. Normal shape of seminiferous tubules (ST) with normal arrangement of spermatogonia (Sg) and Sertoli cells (SCs)
resting on intact basement membrane (arrowhead). Typical structure of primary spermatocytes (Ps), round (RS) and
elongated spermatids (ES) and late stage sperms (S) at the apices of SCs (Johnsen-like score 10); B. Aripiprazole treat-
ment. Degenerated ST, with numerous normally-oriented SCs, vacuolated cytoplasm of Sg, small-sized PS with small dark
nuclei and acidophilic cytoplasm, few sperms (S), intact basement membrane (BM, arrows), separation (arrowhead) of
basal (b) and adluminal (Ad) cellular compartments in some ST; C. Aripiprazole treatment. ST present many exfoliated
cells (arrow) with no sperms in the lumen (L) (Johnsen-like score 7); D. Olanzapine treatment. ST have no sperms in the
lumen (L), increased deposits of interstitial connective tissue. Inset shows few ES (arrows) (< 5 to 10, Johnsen-like score 6).
Abbreviations: Ad — adluminal; b — basal; BM — basement membrane; L — lumen; ES — elongated spermatids; Ps —
primary spermatocytes; RS — round spermatids; S — sperm; SCs — Sertoli cells; Sg — spermatogonia; ST — seminiferous
tubule(s). Magnifications: A, B x 400; C, D x 200; D, inset X 1,000

lar compartments in some ST. Many exfoliated cells
with no sperms in the lumen of some ST were also
seen (Johnsen-like score 7) (Figure 1B, C).

Olanzapine-treated group showed no sperms and
few elongated spermatids in the lumen of ST (< 5to 10,
Johnsen-like score 6) and an increase in the amount
of interstitial connective tissue (Figure 1D).

Toluidine blue stained semithin sections

Control group showed normal shape and cellular arrange-
ment of ST. SCs had typical triangularly-shaped nucleus
and spermatogonia rested on intact basement membrane.
PS were seen during different stages of meiotic division
in addition to rounded and elongated spermatids and
numerous mature sperms (Figure 2A).
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Aripiprazole-treated rats showed vacuolation of
ST epithelium, small sized PS, round spermatids with
small deeply stained nuclei, abnormal shaped elonga-
ted spermatids with vacuolated cytoplasm and some
multi-vesicular giant cells (Figure 2B).

Olanzapine group showed wide intercellular spa-
ces between SCs and shrunken Sg. Large cavity se-
parating the cellular compartments of ST was seen in
addition to abnormality in the shape and arrangement
of elongated spermatids with vacuolated cytoplasm,
wide intercellular spaces between them and numerous
multi-vesicular giant cells with large-sized nuclei. ST
had thickened basement membrane and numerous
SCs, while Sg and PS were small and few in numbers
(Figure 2C-E).
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Figure 2. Histological structure of rat testis in toluidine blue stained semithin sections. A. Control rat. Seminiferous tubu-
les (ST) have normal shape and arrangement of Sertoli cells (SCs) with triangular-shaped nuclei, spermatogonia (Sg) rest
on intact basement membrane (BM, arrowhead), large primary spermatocytes (PS) in different stages of meiotic division,
round (RS) and elongated (ES) spermatids and numerous mature sperms (S) are present; B. Aripiprazole treatment.

ST show vacuolation (star) of the seminiferous epithelium, PS and RS with small deeply stained nuclei, abnormally shaped
ES with vacuolated cytoplasm (arrows), multi-vesicular giant cells (arrowhead) and few sperms (S) in the lumen; C. Olan-
zapine treatment. ST show wide intercellular spaces (arrows) between SCs, shrunken spermatogenic cells (SG) and large
cavity (star) between them. Small PS, abnormal shape and abnormal arrangement of ES with vacuolated cytoplasm and
intercellular space (curved arrow) between spermatids are seen; D. Olanzapine treatment. ST show numerous multi-vesi-
cular giant cells (arrows) with large sized nucleus; E. Olanzapine treatment. ST show thickened BM (arrowhead), nume-
rous SCs, small and few spermatogenic cells (SG) and PS. Abbreviations as for Figure 1. Magnifications: A-E X 1,000

Evaluation of testis morphology round spermatids (Figure 3A). Round spermatids
by electron microscopy showed acrosomal vesicle spreading over their round

nucleus with strict intercellular adhesion and inter-
Control group showed ST formed of type A and B cellular bridges (Figure 3B). Acrosomal vesicles were
spermatogonia and Sertoli cells resting on an intact seen spreading over the anterior part of the nucleus
basement membrane, PS in the zygotene stage and of the round spermatids where the nuclear membrane

©Polish Society for Histochemistry and Cytochemistry

Folia Histochem Cytobiol. 2014 www.fhe.viamedica.pl
10.5603/FHC.a2014.0038



340

e e

2pm, TEM X 3000

Hala M. Soliman et al.

m—
2pm, TEMX 412000

2pm, TEMX 15000

Figure 3. Ultrastructure of a seminiferous tubule of control rat. A. Spermatogonia type A (A) and type B (B) and Ser-
toli cells (SCs) rest on intact BM (arrowhead), round spermatids (RS) are seen. Primary spermatocytes (PS) are in the
zygotene stage; B. RS have acrosomal vesicles (arrowheads) spreading over the round nucleus (N). Intercellular junctions
(arrows) are visible; C. RS with acrosomal vesicle (curved arrow) which spreads over anterior part (arrowhead) of the ro-
unded nucleus (N) where the nuclear membrane is thickened (arrow). Mitochondria (M) can be seen; D. RS with nucleus
(N), chromatoid body (arrowhead) in the cytoplasm near the nucleus, and mitochondria (M) are located peripherally

and the sectioned centriole (arrow) with manchette formation is visible. Abbreviations as for Figure 1. Magnifications:

A % 3,000; B x 6,000; C x 12,000; D x15,000

was thickened (Figure 3C). The round spermatids
showed chromatoid body in their cytoplasm near
the nucleus, mitochondria situated peripherally and
sectioned centerioles with manchette formation.
Early stages of spermatogenesis included rounded
spermatids with rounded nuclei (Figure 3D).

Control group also showed that Sertoli cells had
numerous lysosomes, lipid droplets and cytoplasmic
vacuoles (Figure 4A). Late stages of spermatogenesis
presented elongated spermatids with the arrangement
of mitochondria around the manchette. Sperms
showed head with elongated electron dense nuclei
surrounded by acrosomal system (Figure 4B). Cross
sections of mature sperm revealed normal structure
of middle pieces of sperms which were formed of
central axoneme surrounded by fibrous sheath, then
mitochondrial sheath and covered by plasma membra-
ne. The end piece of the tail was formed of axoneme
only (Figure 4C).
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In the aripiprazole-treated group, ST contained
shrunken Sg and normally oriented SCs, both resting
on intact thick BM. Apparently small-sized PS with
rounded nuclei were seen in the zygotene stage with a
synaptonemal complex. Wide intercellular spaces be-
tween Sertoli cells and spermatogonia were seen (Fi-
gure 5A). Intercellular spacing between SCs and type
A and type B spermatogonia were observed. Small
-sized PS with small nucleus were seen (Figure 5B).
SCs contained triangularly-shaped nuclei, promi-
nent electron dense nucleolus and abnormal large
crescent-shaped mitochondria. SCs rested on intact
thickened BM with prominent collagen deposition
that was surrounded by myoid cells (Figure 5C).
SCs also contained cytoplasmic autophagic vacuoles,
dilated smooth endoplasmic reticulum and enlarged
mitochondria (Figure 5D).

Moreover, in the aripiprazole-treated group wide
intercellular spaces were found between primary PS
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Figure 4. Ultrastructure of a seminiferous tubule of a control rat. A. Luminal part contains various stages of spermatoge-
nesis. Round spermatids (RS) have rounded nucleus (N) while elongated spermatids (ES) contain elongated nuclei (EN).
Spermatozoa (arrowheads) have elongated electron dense nuclei (n) oriented toward Sertoli cells (SCs) which contain
numerous lysosomes (Ly), lipid droplets (L) and cytoplasmic vacuoles (V); B. At the late stage of spermatogenesis
elongated spermatid (ES) with arrangement of mitochondria (M) around the manchette (arrows) is visible. Spermatozoa
(arrowhead) show heads with elongated electron-dense nucleus (n) surrounded by acrosomal system (curved arrow);

C. Middle piece (MP) of sperms has axoneme (Ax) surrounded by fibrous sheath (Fsh), mitochondrial sheath (Msh)

and plasma membrane (Pm). End pieces (EP) are also seen. Abbreviations as for Figure 1. Magnifications: A X 5,000;

B x 25,000; C x 25,000

and round spermatids (Figure 6A). Luminal part of
ST showed SCs with many lysosomes, lipid droplets
and cytoplasmic vacuoles (Figure 6B). Some sperms
had abnormal crescent-shaped nuclei, notched nuclei
and irregular wavy acrosomal system. Round sperma-
tids with rounded nucleus could be seen (Figure 6C).
Three sperms shown in Figure 6D crossed at the mid-
dle pieces which were formed of mitochondrial and
fibrous sheaths only with absent axonemes.
Olanzapine-treated group (Figure 7) presented ST
with spermatogonia with small heterochromatic nuclei,
SCs with typical nuclei, swollen mitochondria and dila-
ted smooth endoplasmic reticulum, wide intercellular
spaces, wavy thick basement membrane with increased
depots of collagen fibers and myoid cells (Figure 7A).
Shrunken spermatogonia with small heterochromatic
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nucleus and intracytoplasmic spaces could be seen.
Spermatogonia were separated from Sertoli cells by
large intercellular spaces. The BM of ST was wavy
and discontinuous in some areas. Deposited areas of
collagen fibers and myoid cell with irregular wavy cell
membrane could be seen (Figure 7B). Sertoli cell had
irregularly fissured nucleus, swollen mitochondria,
dilated smooth endoplasmic reticulum, numerous
cytoplasmic vacuoles and lipid droplets. Wide intercel-
lular spaces contained cellular debris and nearly absent
spermatogenic cells which left their normal position
in Sertoli cells as large spaces were seen (Figure 7C).
Primary spermatocytes had large cytoplasmic vacuole
which contained multiple vesicles (Figure 7D).
Moreover, in the olanzapine-treated group, round
spermatids with irregular outlines, heterochromatic
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Figure 5. Ultrastructure of a seminiferous tubule in testis of aripiprazole-treated rat. A. Sertoli cells (SCs) rest on intact
thick basement membrane (arrow head), primary spermatocytes (PS) with nucleus (N) in the zygotene stage with synap-
tonemal complexes (arrows) and wide intercellular space (star) between SCs and spermatogonia (Sg) are visible; B. Wide
intercellular spaces (stars) between SCs and type A (A) and type B (B) spermatogonia and two primary spermatocytes
(PS); one PS contains rounded nucleus (N) in zygotene stage while the other PS has small nucleus; C. Sertoli cells (SCs)
have triangularly-shaped nucleus (N), prominent electron-dense nucleolus (Ne) and abnormal large crescent-shaped mi-
tochondria (M). The intact thick basement membrane shows more collagen deposition (arrowhead) and myoid cells (Mc)
than in control rat; D. Part of SCs containing cytoplasmic autophagic vacuole (Av), inset shows SCs with dilated smooth
endoplasmic reticulum (arrows) and enlarged mitochondria (M). Abbreviations as for Figure 1. Magnifications: A X 6,000;
B x 6,000; C x 15,000; D x 30,000; inset X 25,000

nuclei, vacuolated cytoplasm and wide intercellular  Quantitative histomorphometric studies

spaces in between were noticed (Figure 8A). Part of

SCs showed abundant dilated smooth endoplasmic Regarding the mean spermatogenic index (SI)
reticulum and intracellular spaces. The cell rested on  there was highly significant decrease of SI of both
a thick BM with increased collagen deposition. Nuc-  aripiprazole- (reduced by 3.6%) and olanzapine
leus of Sg could be seen (Figure 8B). Part of SCs pre-  -treated rats (reduced by 25%) in comparison to
sented with swollen mitochondria and two abnormal  the control group. Moreover, there was significant
sperms in which both showed large rounded heads difference of SI between the two experimental
capped with swollen acrosomal system (Figure 8C).  groups (Table 2).
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Figure 6. Ultrastructure of a seminiferous tubule in testis of aripiprazole-treated rat. A. Wide intercellular spaces (stars)
between primary spermatocytes (PS) and round spermatids (RS); B. Luminal part of ST contains Sertoli cells (SCs) that
have increased content of lysosomes (Ly), lipid droplets (L) and cytoplasmic vacuoles (V); C. Three sperms (arrowheads)
with abnormal crescent shaped nucleus (curved arrow), notched nucleus (double-head arrow) and irregular wavy acroso-
mal system (short arrow) are visible. RS with rounded nucleus can be seen; D. Three sperms crossed at the middle pieces
(MP) which are formed of mitochondrial sheath (Msh) and fibrous sheath (Fsh) only with absent axonemes (arrows).
Abbreviations as for Figure 1. Magnifications: A X 6,000; B x 6,000; C x 8,000; D x 25,000

The mean Johnsen-like scores of the experimental
groups were highly significantly decreased in com-
parison to the control group (reduced by 19% for
olanzapine and 13.6% for aripiprazole). Moreover,
the mean score of olanzapine-treated rats was highly
significantly lower than that of aripiprazole group
(Table 2).

Although both drugs induced significant increase
in rats’ body weight as compared to control animals,
the effect of olanzapine was much more pronounced
(increase by 43.7%) than that of aripiprazole (increase
by 11.0%). The difference between both experimental
groups was statistically significant (Table 3). Treat-
ment of rats with olanzapine reduced the mean weight
of right testis by 29% while aripiprazole reduced it
by 21.3% as compared to control animals (Table 3).

Mean count of Sertoli cells slightly increased in
aripiprazole-treated rats (by 9.3%) and significantly
increased in olanzapine-treated animals (by 36.2%)
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in comparison with the control group. Significant
difference in the mean SC count between the two
experimental groups was observed (Table 3).

Both drugs significantly reduced the mean epithe-
lial height of seminiferous tubules as compared to
control animals, aripiprazole decreased it by 38.1%
whereas olanzapine decreased it by 48.7%. The
difference between both experimental groups was
statistically significant (Table 3).

Compared to control animals, olanzapine de-
creased the number of spermatogonia by 26.1%
and aripiprazole by 14.2%. The difference between
both experimental groups was statistically significant
(Table 3).

Aripiprazole and olanzapine significantly decre-
ased the diameter of seminiferous tubules in com-
parison to control group, by 40.8% and 65.6%, re-
spectively. A significant difference was also observed
between the two experimental groups (Table 3).
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Figure 7. Ultrastructure of a seminiferous tubule in testis of olanzapine-treated rat. A. Small heterochromatic nucleus
of spermatogonia (Sg), Sertoli cells (SCs) with triangular indented nucleus (N), swollen mitochondria (M) and dilated

smooth endoplasmic reticulum (arrows), wide intercellular spaces (star), wavy basement membrane (arrow head), collagen
fibers (thick arrow) and myoid cells (Mc); B. Shrunken spermatogonia (Sg) with small heterochromatic nucleus (N) and
intracytoplasmic spaces (curved arrows) is widely separated from Sertoli cells (SCs) by large intercellular spaces (star).
The basement membrane of ST is wavy and discontinuous in some area (arrowhead) while other area show thickening
of the membrane (white arrow) with more collagen fibers (double-head arrow). Note myoid cell (Mc) with irregular wavy
cell membrane; C. Sertoli cell (SC) with irregular fissured nucleus (N), has swollen mitochondria (M), dilated smooth
endoplasmic reticulum (curved arrows), and lipid droplets (L). Wide intercellular spaces contain cellular debris
(arrowheads). Spermatogenic cells are nearly absent leaving their sites on Sertoli cells as large spaces (stars); D. Primary
spermatocyte (PS) has large cytoplasmic vacuole (arrow) contains multiple vesicles. Abbreviations: L — lipid vacuoles;
M — mitochondria; Mc — myoid cells; N — nucleus; PS — primary spermatocytes; SC — Sertoli cell; Sg — spermatogonia.
Magnifications: A X 5,000; B x 15,000; C x 8,000; D x 6,000

Both antipsychotic drugs significantly increased
the mean thickness of the basement membrane of the
seminiferous tubules. However, the effect of olanzapi-
ne was much more pronounced (increase by 193.5%)
than that of aripiprazole (increase by 111.8%).
A significant difference was also observed between
the two experimental groups (Table 3).

Discussion

Sexual dysfunction and infertility are symptoms which
are little researched in schizophrenic patients kept
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for long period under aripiprazole and olanzapine
especially from the histopathological point of view.
Therefore, this study was designed to evaluate the
adverse histological effects of aripiprazole and olan-
zapine on the structure of seminiferous tubules of the
testis in albino rats.

Testicular weight is an important parameter in the
reproductive evaluation of males owing to its high
and positive correlation to sperm production [5, 25].
In this study there was high significant decrease in
testicular weight of both aripiprazole and olanzapine
treated groups in comparison to the control group,
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2 pm, TEM X 6000

2pm, TEMX 12000

Figure 8. Ultrastructure of a seminiferous tubule in testis of olanzapine-treated rat. A. Round spermatids (RS) have irre-
gular outlines, heterochromatic nucleus (N), and vacuolated cytoplasm (arrowhead), wide intercellular spaces (stars) are
present. Inset shows round spermatid (RS) with vacuolated cytoplasm (V) and nucleus (N) with aggregated chromatin (ar-
rows); B. Part of Sertoli cell (SC) shows numerous dilated smooth endoplasmic reticulum (arrows) and intracellular space
(star). The cell rests on a thick basement membrane (arrowhead) with prominent in collagen deposition (curved arrow).
N — nucleus of spermatogonia; C. Part of Sertoli cell (SC) with swollen mitochondria (M) and two abnormal sperms (SP1
and SP2); both show large rounded heads (arrowheads) capped with swollen acrosomal system (curved arrows). Abbrevia-
tions: M — mitochondria; N — nucleus; V — vacuolated cytoplasm; RS — round spermatids; SC — Sertoli cell; SP1 and
SP2 — sperms. Magnifications: A X 6,000; B x 2,000; C x 12,000; inset X 6,000

Table 2. Spermatogenic index and Johnsen-like scores of
spermatogenesis in all studied groups

Group SI Johnsen-like score
Control 7.3 = 0.64 9.56 = 0.14
Aripiprazole 7.04 = 0.56* 8.26 + 0.38*
Olanzapine 548 + 1.014% 7.74 = 0.56%#

Data are shown as mean + SD. *Aripiprazole vs. control; “olanzapine
vs. control; *olanzapine vs. aripiprazole, all symbols refer to p < 0.0001;
Solanzapine vs. aripiprazole, p = 0.029
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indicating their adverse effect on male reproductive
function. Bringel et al. [10] revealed similar decrease
in testicular weight of olanzapine treated rats. They
attributed this to the decrease of the plasma testoste-
rone detected in this group.

The present study showed that both olanzapine
and aripiprazole produced high significant reduc-
tion in the number of spermatocytes per cross
section of the ST. These results reflected by the
reduced tubular diameter, seminiferous epithelium
height, and SI and increased SC count. All of them
indicated a reduction of spermatogenic activity
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Table 3. Rat and testis weight and morphometric evaluation of seminiferous tubules

Parameter Control Aripiprazole-treated rats Olanzapine-treated rats
Body weight [g] 279.45 £ 1.3 307.4 £ 2.04* 401.65 = 10.6%#
Weight of right testis [g] 2.68 + 0.04 2.11 = 0.07* 1.9 = 0.09¢
Sertoli cell count 21.5 £ 0.51 23.5 = 0.38* 29.3 £ 0.98%#
Spermatogonia count 163.9 = 1.9 140.5 = 1.1* 121.0 £ 25
Height of ST epithelium [um] 611.9 £ 6.2 378.4 £ 5.9* 313.6 = 1.6%#
Diameter of ST [um] 924,841 + 11,486 546,700 * 15,220* 318,230.3 * 39,457.9%#
Basement membrane thickness [um] 19.45 = 0.51 41.2 = 0.82* 57.1 = 1.4%#

Data are shown as mean + SD; ST — seminiferous tubule. *Aripiprazole vs.
Saripiprazole vs. control, p = 0.047

in animals treated with both drugs. However, the
adverse effect was significantly higher in rats treated
with olanzapine compared with aripiprazole-treated
animals. These results were further supported by
assessing spermatogenesis using Johnsen-like score.
It was found that there was a significant reduction
of mean score of treated groups compared with
the control and the effect was more prominent in
olanzapine group.

According to some authors, an increased level of
prolactin can result from olanzapine use [5, 6, 26]
leading to galactorrhea and sexual dysfunction [27-29].
Increased levels of prolactin can induce hypogo-
nadism owing to inhibition of gonadotropin releasing
hormone (GnRH), follicular stimulating hormone
(FSH), luteinizing hormone (LH) and testosterone,
leading to a delay in spermatogenesis as well as mor-
phological changes in the testis [30].

Others observed a reduction in plasma levels of
testosterone in rats treated with olanzapine [10].
Several studies have shown the importance of testo-
sterone and FSH to the qualitative and quantitative
maintenance of spermatogenesis [31, 32]. Therefore,
reduction of plasma levels of testosterone may have
led to that adverse effect on spermatogenesis.

Moreover, in one study olanzapine decreased
inhibin B level below normal, indicating Sertoli cell
dysfunction [6]. Serum inhibin B levels are strongly
positively correlated with testicular volume and sperm
counts. In infertile patients, inhibin B decreases and
FSH increases. In general, there is very good correla-
tion with the degree of spermatogenetic damage and
inhibin B levels [33].

On the other hand, aripiprazole lowers serum
prolactin below placebo when used as a single agent
and as an adjunctive treatment. It has been shown
to improve antipsychotic-induced hyperprolactine-
mia. Aripiprazole appears to produce significant
reductions in hyperprolactinemia while maintaining
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control; “olanzapine vs. control; “olanzapine vs. aripiprazole, all p < 0.0001;

therapeutic efficacy for psychosis. Though this effect
on hyperprolactinemia is inconsistent [34, 35].

However, it has been shown in rats that dopamine
receptors are present in germ cells of seminiferous
tubules [36, 37]. Considering that olanzapine and
aripiprazole can bind to these receptors, a direct effect
of these drugs on spermatogenesis is possible. The-
refore, the effects of olanzapine on spermatogenesis
may have occurred by two mechanisms: a reduced
level of testosterone or a direct action on germ cells.
The effect of aripiprazole on spermatogenesis may be
attributed to its direct action on germ cells only [37].

The present investigation showed exfoliation of
spermatocytes and early spermatids into the tubular
lumina, separation of spermatogonia from the BM in
some tubules and increase in the intercellular spacing in
the spermatogenic cells and SCs in both treated groups.
Similar results were generally found due to degenera-
tive testicular effect of different treatments [38—41].
Sloughing of germ cells was explained by others on
the basis of organization of germ cells that are held
in place by a close association between their plasma-
lemmas and specialized junctions of cell membranes
of Sertoli cells. Early signs of cellular degeneration of
germ cells might lead into disturbance of structure of
their plasmalemmas causing their shedding into the
lumina of seminiferous tubules [38, 42, 43].

The ultrastructural changes found in this study
came in agree with the adverse histological effect
detected by light microscopy. The current study sho-
wed ultrastructural changes of Sertoli cells in both
treated groups, although they were more prominent
in olanzapine-treated group. Sertoli cells had swollen
mitochondria, dilated smooth endoplasmic reticulum,
numerous cytoplasmic vacuoles and lipid droplets.
Wide intercellular spaces contained cellular debris
and nearly absent spermatogenic cells leaving their
location on Sertoli cells. Some authors suggested
that vacuolation of Sertoli cells is attributed to the

www.thc.viamedica.pl



Effect of antischizophrenic drugs on the structure of rat’s testis

degeneration of abnormal germ cells. These vacuoles
correspond to dilations of the extracellular spaces
resulting from the premature exfoliation of germ
cells. Degenerating cells that are phagocytosed by
the Sertoli cells give rise to an accumulation of lipid
droplets in the cytoplasm of Sertoli cells. These ultra-
structural changes are found in progressive testicular
involution with advancing age in men, which may be
related to hormonal changes found in old age [44].
These findings are also detected in rats treated by
well-established antipsychotic, lithium carbonate [45].

Other findings of the present study were that
spermatogonia had small heterochromatic nucleus
in olanzapine treated group. This indicated inactive
DNA of cells [46] and that the decreased thickness of
germinal epithelium in our study may be partly due
to decreased cell division [47].

Our results also showed apoptotic cells in the testes
of olanzapine treated rats. Other changes, such as
shrunken spermatogonia, separation of spermato-
gonial cells from each other and from basal lamina
as well as mitochondrial vacuolization, could also be
considered as pre-apoptotic signs. These findings are
similar to that found in testicular epithelium of rats
treated by cysplatin [47]. Apoptosis has a critical role
on the removal of damaged spermatogonial cells to
prevent the formation of abnormal sperms. It is also
shown that spermatocytes that fail to complete their
mitotic division are removed by apoptosis [48]. Pre-
vious studies showed induction of apoptosis in male
germ cell by testosterone withdrawal [49] and after
vasectomy [50]. So, the decreased thickness of ger-
minal epithelium in our study, could be explained by
the increased apoptosis due decreased testosterone.

Regarding the separations between germinal
epithelial cells and between them and basement
membrane as well as Sertoli cells, previous studies
reported that cadherin-mediate adhesion between
Sertoli cells and germ cells [51]. Cadherins control
the interaction between Sertoli cells and germ cells
and maintain the survival of germ cells. It has thought
that cadherin-based adhesion activates intracellular
signaling cascades that control cell survival, migration
and maturation [52].

In the present study, the head and acrosomal caps
of the spermatozoa have been adversely affected by
the administration of olanzapine and aripiprazole.
They possessed irregular and redundant acrosomes
and irregular, notched, large heads. These effects are
consistent with other findings such as in case of treat-
ment of rats with indenopyridine-CDB-4022 [40, 41].
In monkeys following long-term vas deferens occ-
lusion with styrene maleic anhydride, the nuclei and
acrosomes of the spermatids showed different degrees
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of disorders [39]. Acrosomes were irregular and ab-
normally configured in rats treated with nicotine [53].
Ultrastructural testicular changes in mice induced
by the venom of Mapanare snake included marked
lesions of the acrosomes of the spermatids [54].
In case of fungicide “benomyl”-treated rats, sperma-
tids exhibited similar degenerative changes such as
abnormal development of the heads and acrosomes
or lack of acrosomes [38].

Multivesicular giant cells were seen in the testes of
both treated groups but were more numerous in olanza-
pine treated groups. It was reported that anabolic steroids
caused formation of giant cells in the lumen of semini-
ferous tubules in rabbit. Giant cells appeared to be one
of the vital signs of testicular atrophy [55]. It resulted
from fusion of spermatids due to alterations in the in-
tercellular bridges [56], failure of cytokinesis [57, 58] or
an increase in the phagocytic capacity of apoptotic
spermatogenic cells [59, 60].

The current study revealed thick, wavy and disconti-
nuous basement membrane of seminiferous tubules as
well as irregular and wavy cell membrane of myoid cell
in olanzapine-treated rats. Similar findings were ob-
servedinirradiated rats [61] and in efferent ligation [62].
It was explained by either contraction of myoid cells
or reduction of tubular diameter. Testosterone and
several substances such as prostaglandins, oxytocin,
TGF-S have been suggested to affect the contraction
of myoid cells. Changes of testosterone level or da-
maging of epithelium stimulates secretion of some
factors such as oxytocin or prostaglandins causing
myoid cells contraction [63].

Rats treated by olanzapine presented high increase
in basement membrane thickness as well as deposition
of collagen fibers. Basement membrane is synthesized
by both Sertoli and myoid cells. Increased basement
membrane thickness occurs also in aging [64], efferent
ligation [62] and after irradiation [61]. This altera-
tion either is due to increase collagen production by
Sertoli or myoid cells or reduction of proteolysis rate
in extracellular matrix. In efferent ligation the gene
expression of laminin was changed in Sertoli cells and
their protein synthesis was enhanced [62].

Conclusions

Both olanzapine and aripiprazole had adverse effects
on the structure of the seminiferous tubules of rat
testis as detected by light and electron microscopic
changes which were confirmed by morphometric
study. Nevertheless, these effects were more promi-
nent in olanzapine-treated rats than in aripiprazole
group. Further studies involving the measurements
of prolactin, testosterone, FSH, LH and GnRH
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serum concentrations are strongly recommended to
established potential causes of the anti-reproductive
effect of olanzapine and aripiprazole.
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