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Histopathological and Histomorphometric Studies on the Effects of
Olanzapine on Testis: An Experimental Study in Albino Rats

Abstract

Introduction: Toxic effects of an antipsychotic drug on male gonad were explored experimentally.
Olanzapine, an antipsychotic drug, has affinity for a wide range of receptors posing danger to the
large variety of organs. Since olanzapine can bind to these receptors, a direct effect of these drugs on
spermatogenesis is possible. Therefore testis, an organ least attended, has been selected in the present
study. Material and Methods: Two groups of animals of the equal number were designed in such a
way that the first group acted as control and second group acted as experimental. After histopathological
comparison in the tissue of the testis, histomorphometric analysis was also performed to support the
former. Twelve albino male rats were divided into two groups of six animals each. Olanzapine was
injected in experimental rats in a dose of 4 mg/kg body weight intraperitoneally for 6 weeks. Sections
of both experimental and control testis were examined under light microscope for histopathological
findings. Histomorphometric informations were also collected to support the former findings by using
ocular and stage micrometers. Student’s #-test was used to compare the control testis findings with the
single variable experimental one. Results: Experimental testis showed intra and interlobular edema,
compressed seminiferous tubules, thinning and fragmentation of basement membrane. Spermatogenic
cells were smudgy and compressed by edema fluid. Blood vessels showed inflammatory cells in the
lumen. Discussion and Conclusion: Olanzapine-induced testicular degeneration might lead to reduced

libido, a fact of great social impact.
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Introduction

Atypical antipsychotic agents are favored
over traditional ones because of their lower
incidence of extrapyramidal side effects,
greater efficacy in improving negative
systems of schizophrenia, and effectiveness
in treating schizophrenic patients not
responding to conventional neuroleptics.!!!
However, side effects continue to pose a
challenge to effective treatment.”

Olanzapine is a widely used atypical
antipsychotic agent, approved by the U.S.
Food and Drug Administration for bipolar
disorder and schizophrenia.’! It has a
pharmacological profile very similar to
that of clozapine. It exhibits very high
affinity for the H1 histamine receptors and
5-hydroxytryptamine (5-HT) 2A and 5-HT
2C receptors in human brain tissue.r It also
shows affinity for D2 receptors, muscarinic
and alpha 1 receptors with lower affinity for
alpha 2, 5-HT 1D, and 5-HT1A receptors.?
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Such affinity poses danger to a wide range
of organs in the body.

Soliman et all9 have done extensive
study to show the effects of olanzapine on
seminiferous tubules of adult male albino
rats. Epithelial desquamation, vacuolization
of Sertoli cells, apoptotic changes in germ
cells, accumulation of lipid droplets,
and dilatation of smooth endoplasmic
retinaculum were histopathological findings
by aforementioned scientists. Interestingly,

they also did histomorphometric
observations and found reduction of
seminiferous  tubule’s  diameter and

epithelial height.

Few studies address sexual dysfunction
associated with antipsychotic use, however,
biological parameter like serum prolactin
level was not included in them.™
According to some authors, an increased
level of prolactin resulting from olanzapine
usel'™12) can lead to sexual dysfunction.[!3-1%]

induce
inhibition

Prolactin increase can
hypogonadism  because  of
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of follicular-stimulating hormone (FSH), luteinizing
hormone (LH), testosterone, and gonadotropin-releasing
hormone (GnRH) which results in morphological changes
in testis as well as a delay in spermatogenesis.'® Others
observed a reduction in plasma levels of testosterone in
rats treated with olanzapine.['”! Several studies have shown
that testosterone and FSH are important for the qualitative
and quantitative maintenance of spermatogenesis!'®!”!
Konarzewska et al'! found that olanzapine decreases
inhibin B level below normal, indicating Sertoli cell
dysfunction. Serum inhibin B levels are positively
correlated with sperm counts and testicular volume. In
infertile patients, inhibin B decreases and FSH increases.
There is a very good correlation with the degree of
spermatogenetic damage and inhibin B levels.?”

It has been shown in rats that dopamine receptors
are present in germ cells of seminiferous tubules.!?
Considering that olanzapine can bind to these receptors, a
direct effect of these drugs on spermatogenesis is possible.

Detailed histopathological and histomorphometric studies
on testis are lacking in the literature. Such informations are
directly related to the affinity of the drug to the testis, which
might throw light in finding the mechanism of action.

Material and Methods

Twelve male albino rats (Rattus norwegicus) weighing
around 180-200 g were divided into the equal number
of experimental and control groups, i.e., six each. Rats
have ready access to water ad libitum and standard pellet
laboratory diet (Lipton India Ltd.). Olanzapine (inj. Oleanz,
Sun Pharmaceuticals, Mumbai, India) was injected daily
intraperitoneally in experimental rats at a dose of 4 mg/kg
for 6 weeks. Control group received the same volume of
normal saline, daily, intraperitoneally for the same period.
After proposed experimental duration of 6 weeks exposure,
the animals of both the experimental and control groups
were anesthetized by giving injection Nembutal (30 mg/kg),
intraperitoneally. The heart was exposed by thoracotomy.
The needle of the blood transfusion set was introduced into
the left ventricle (apex), and a nick was made in the right
atrium. After saline wash, Karnovsky’s fixative was infused
till the body showed signs of fixation.

A longitudinal incision was given in the ventral wall of
the scrotum to the right side of midline. The right half of
scrotal sac was opened and testis dissected out. Similarly,
a second longitudinal incision was given in ventral wall of
the scrotum to the left of the midline and left testis was
dissected out in the scrotal sac. Tissue was processed by
the wax embedding technique. 10-um thick section of
both experimental and control testis were stained with
hematoxylin and eosin.

Thorough histopathological observations and
histomorphometry were done in the testicular tissue. The
diameter of seminiferous tubules and thickness of tunica

albuginea were measured during histomorphometry using
ocular and stage micrometers. The latter was analyzed
using Student’s #-test.

This study was approved by IAEC meeting at JNMCH,
AMU Aligarh, Uttar Pradesh, India.

Results

Photomicrograph of control testis shows seminiferous
tubules with all stages of spermatogenesis and clusters of
mature sperms in center of tubules [Figure 1]. Small groups
of Leydig cells in intertubular connective tissue and all the
stages of spermatogenesis and spermiogenesis are clearly
visible [Figure 2]. Spermatogonia of Type A with small
dark nuclei and clear cytoplasm and Type B with larger
nuclei and more cytoplasm are visible. Mature sperms in
the center of seminiferous tubules show sperm head with
the blue nucleus and eosinophilic tail. Triangular Sertoli
cells attached to basement membrane show clear cytoplasm
and single oval nucleus with one nucleolus.

Experimental testis shows intra and intertubular edema.
Tubules are compressed and separated by edema
fluid [Figure 3] and show edematous swelling, focal
thinning, and fragmentation of the basement membrane.
Blood vessels show inflammatory cells in the lumen.
The spermatogenic cells are also small in size with
very little cytoplasm and separated by fluid [Figure 4].
Spermatogonia, spermatocytes, sperms and Sertoli cells
are smudgy and compressed by edema fluid. Leydig cells
in intertubular connective tissue are also compressed as
elongated groups with highly eosinophilic cytoplasm and
dark nuclei. Intratubular edema is causing disarray of the
outer layer of cells consisting of spermatogonia, primary
spermatocytes, and clumping of sperms in the center. Blood
vessel contains a thrombus in its lumen made of fibrin, red
blood cells, and white blood cells. Inflammatory cells are
also seen in interstitial space [Figure 5].
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Figure 1: Photomicrograph of control testis: Section shows seminiferous
tubules with all stages of spermatogenesis and clusters of mature sperms
in center of tubules, H and E, x4
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Histomorphometric findings

Mean thickness of seminiferous tubules was reduced from
259.79 to 219.60 pm and this reduction was found to be
highly significant (P < 0.001). Mean thickness of tunica
albuginea was increased from 21.43 to 58.62 um, and this
increment was highly significant (P < 0.001). [Table 1]

Discussion

Edema is found to be a generalized feature in experimental
testis leading to compression and disruption of both
inter- and intra-seminiferous tubular cells, i.e., the Leydig
cells and the cells undergoing spermatogenesis respectively.
This is in conformity with our histomorphometric findings
showing increase in the thickness of tunica albuginea
and decrease in the diameter of seminiferous tubules.
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Figure 2: Photomicrograph of control testis: Seminiferous tubules are
equal in size with thin basement membrane and small groups of Leydig
cells in intertubular connective tissue. Stages of spermatogenesis and
spermatogenesis with mature sperms in center are clearly visible, H and E,
x10

Figure 4: Photomicrograph of experimental testis: Inter and intratubular
edema, compressed tubules, swollen and fragmented basement membrane
are main features. There is mild grade inflammatory cell infiltrate and
compressed Leydig cells, H and E, x10

Degenerative changes are shown in the basement membrane
of tubules in the form of thickening and fragmentation
also seem to be due to edema. Soliman et al.* thoroughly
explored seminiferous tubules at the ultramicroscopic
level and confirmed our results. He found that olanzapine
treated rats presented wide intercellular spaces and wavy
thick basement membrane, which was discontinuous in
some areas. They realized shrunken spermatogenic cells
as well as irregularly fissured nuclei of the Sertoli cells
and noticed wide intercellular spaces with cellular debris.
The same scientists found shrunken spermatogonia with
small heterochromatic nuclei. We also observed the
spermatogenic cells very small in size with little cytoplasm.
No one has earlier reported the effect of olanzapine on
Leydig cells, which is responsible for the secretion of
testosterone directly related to male libido. Therefore
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Figure 3: Photomicrograph of experimental testis: Section shows
small compressed seminiferous tubules separated by edema fluid in
spaces. Intratubular edema is also evident as separation of small sized
spermatogenic cells, H and E, x4

A

Figure 5: Photomicrograph of experimental testis: Seminiferous tubule
shows swelling and focal thinning and breakage of basement membrane.
Leydig cells appear as a group of compressed eosinophilic spindle cells in
interstitial space. Inflammatory cells are also seen, H and E, x40
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Table 1: Different measurements in testicular tissue of control and experimental (olanzapine intoxicated) rats

Organs Diameter/thickness (um) Mean+SD Per cent change P
Control Experimental

Testis Seminiferous tubules 259.79+24.11 219.60+28.60 115.47 <0.001
Tunica albuginea 21.434+8.83 58.62+12.86 1173.54 <0.001

SD=Standard deviation. |= Decreased, 1= Increased

compressed elongated groups of Leydig cells with highly Conclusion

eosinophilic cytoplasm and dark nuclei in our study is of

great social importance. Clumping of sperms in the center ~ Olanzapine leads to histopathological and

of seminiferous tubules is also explained by the edema
in our findings. Presence of thrombus in blood vessels of
the testis is another alarming feature in our experimental
groups.

Olanzapine is known to show high affinity for
many receptors such as HI histamine, 5-HT 2A,
5-HT 2C, D2, muscarinic, and alpha 1. It exhibits
lower affinity for alpha 2, 5-HT 1D and 5-HTI1A
receptors.[?*%)  Aforementioned receptors are widely
distributed throughout the body in different organs.
Dopaminergic D2 receptors are known to occur in the
central nervous system, anterior pituitary, stomach,
small intestine, pulmonary artery, and smooth
muscles.?! H1 histamine receptor is present in smooth
muscles, endothelium, and brain.””V The presence of
muscarinic receptors is well documented in nerves,
heart, smooth muscles, glands, and endothelium.?*
Location of serotonergic receptors are as follows: 5-HT
2A in smooth muscles, platelet, and cerebral cortex;
5-HT 2C in the choroid, hippocampus and substantia
nigra; 5-HT 1D in brain and 5-HT1A in raphe nucleus
and hippocampus.?”

Aforesaid facts may be indicative of the direct toxic effect
of the drug on testis. At the same time, the damaging
effects may also be an indirect expression due to its direct
effects on other organs of the body.

Degeneration in spermatogenic cells and sperms might be
due to damage of Sertoli cells leading to decreased inhibin
B level.l"?% Decreased testosterone level due to olanzapine
may have also led to the adverse effects on spermatogenic
cells.?*#l This drug also leads to the increased level of
prolactin,!'®'2 which could be the reason of toxic effects
as increased prolactin leads to a decreased level of
testosterone, FSH, GnRH and LH.!"¢

Formation of reactive oxygen species is induced by the
use of olanzapine,® which may cause cellular damage and
dysfunction.B? It has been proved that using antioxidant
can reduce the metabolic changes in rats receiving
olanzapine.B! Reactive oxygen species could also be the
generalized reason for changes in organ under consideration.
The vascular factor may be another generalized reason for
the degenerative changes in the testis of experimental rats.
However, this prediction needs further experimental studies
for confirmation.

histomorphometric changes confirming degeneration in
testis after prolonged use. Edema is a generalised feature
of its toxic effects. Since olanzapine exhibits affinity for
large number of receptors distributed among many organs
in the body, the toxicity seems to be due to both direct and
indirect effects. Olanzapine induced testicular degeneration
might lead to reduced libido, a fact of great social impact.
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