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ABSTRACT

Introduction: Olanzapine (OLZ) is an atypical antipsychotic drug, has been used as approved therapy for schizophrenia and
bipolar disorder. Hypericum perforatum (HP) is a herbaceous plant, has been described as a neuroprotective agent with potent
antioxidant and anti-inflammatory effects.

Objectives: To evaluate the effects of chronic use of olanzapine on the anterior pituitary gland and the possible protective role
of hypericum perforatum

Material and method: Fifty six adult male albino rats were divided into 4 groups, received treatment orally for 8 weeks;
(I) control group, (II) HP supplemented group (80 mg/kg/day), (III) OLZ treated group (10 mg/kg/day), (IV) OLZ and HP
group (10 mg of OLZ and80 mg of HP/kg/day) . Finally, rats were weighted, anesthetized and sacrificed. Blood samples were
collected for biochemical study. Pituitary gland were dissected out and processed for histological study.

Results: Olanzapine treated rats exhibited a high significant increase in rat's body weight. Plasma levels of luteinizing hormone
(LH) and follicle stimulating hormone (FSH) were significantly decreased but thyroid stimulating hormone (TSH) and prolactin
hormone were increased. OLZ induced degeneration of pars distalis cells. Where, cells had small dark nuclei and cytoplasmic
vacuolization. Eosinophilic material deposition and congestion of blood sinusoid were noticed. Most chromophiles contained
degenerated mitochondria and dilated rough endoplasmic reticulum. Furthermore, there was a high significant increase in the
number of positive caspase-3 immune-stained cells. Hypericum perforatum co-administration induced improvement of these
changes occurred by OLZ.

Conclusion: Olanzapine induced morphological and biochemical changes in the anterior pituitary gland. Hypericum

perforatum could ameliorate these changes.
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INTRODUCTION

Antipsychotic medications have unique efficiency
in the treatment of numerous mental illnesses such as
schizophrenia and other chronic psychoses!!. Olanzapine
(OLZ) is a second-generation atypical antipsychotic drug
that has been increasingly used as approved therapy for
schizophrenia and bipolar disorder. Also, it is used as
an adjunctive therapy for other disorders as obsessive—
compulsive disorder (OCD), depression, mania, insomnia,
and post-traumatic stress di=sorders®?l. OLZ efficiency is
superior to that of the older antipsychotic drugs due to its
minimal side effects on extra pyramidal tract®!. OLZ is
a serotonin-dopamine receptor antagonist. It has binding
affinities to many neurotransmitter receptors, including
dopamine receptors, serotonin receptors, histamine H1
receptor, muscarinicreceptors, alpha a.and beta B-adrenergic
receptors. These receptors are widely distributed
throughout the body in different organs. Dopaminergic
D2 receptors are most abundant in anterior pituitary and
brain. Stimulation of these receptors modulates synthesis
and secretion of hormones in the pituitary gland®.
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Long-term usage of atypical antipsychotics causes some
adverse effects such as weight gain, insulin resistance,
hyperlipidemia and cardiovascular diseases!®”..

Hypericum perforatum (HP) is a herbaceous perennial
plant that belongs to the Hypericaceae family and is
commonly known as St. John's wort. HP has a worldwide
distribution and has been used in the traditional medicine
for treatment of wounds, hemorrhoids, menstrual
problems and kidney stones. It is considered the only
herbal alternative to synthetic antidepressants. So it is
described as a neuroprotective agent used in the treatment
of anxiety and mild to moderate depression®.. HP is a
highly effective antidepressant with potent antioxidant
and anti-inflammatory effects; therefore it is effective
for the treatment of the pathological changes induced by
antipsychotic drugs®.

The best of our knowledge is that the effect of OLZ
on the structure of anterior pituitary is not studied before.
Considering that olanzapine act on the dopaminergic
receptor and this receptor has been detected in the anterior
pituitary. So, we investigated the Olanzapine possibility
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to induce structural changes in the anterior pituitary gland
and if so, the possibility of HP to play a protective role, as
regards its antioxidant activity and it is already used as an
antidepressant treatment.

MATERIALS AND METHODS

Chemicals

Olanzapine (ZyprexaTM) was purchased from Eli Lilly
pharmaceutical Company (Indianapolis, Indiana 46285
USA) and available in form of tablets each contains 10mg
Olanzapine.

Hypericum perforatum (Safamood) was purchased
from Atos for Production of Medicinal Herbs (Atos
Pharma, El Salam City, Cairo, Egypt). It is commercially
available in form of tablets. Each contains 250mg of
Hypericum perforatum. Both drugs have property to
dissolve in distilled water. The drugs were freshly prepared
and administered orally by oral gavage at the same time
daily in the morning.

Animals

Fifty six adult male albino rats were used in the study.
Their age ranged from 100-110 days old and they were
180-200 gm weight. The rats were habituated to their
environment for one week before the beginning of the
experiment. Rats were housed in clean, properly ventilated
cages at the same environmental conditions, and were fed
on a standard diet and had ad libitum access to tap water.
All procedures conducted in accordance with the Guide of
Ethical Committee for Scientific Research at the Faculty of
Medicine, Menoufia University.

Experimental design

Rats were divided randomly into four equal groups (14
rats each). The duration of the experiment was 8 weeks.

Group I: (Control group): Rats received distilled water
orally in a volume equivalent to that used to dissolve the
drugs by oral gavage once daily.

Group II: (HP supplemented group): Rats received
Hypericum perforatum at a dose of (80 mg/kg/day)
dissolved in distilled water by oral gavage once daily for
8 weeks. This dose was equivalent to human therapeutic
dose!'. Each rat received 1 ml of a solution formed by
dissolving 250 mg of Hypericum perforatum in 15 ml
distilled water.

Group III: (OLZ treated group): Rats received
Olanzapine ata dose of (10 mg/kg/day) dissolved in distilled
water by oral gavage once daily for 8 weeks .This chosen
dose was identical to those inducing an antipsychotic effect
in rats models for schizophrenial'l. Each rat received 2 ml
of a solution formed by dissolving 10 mg of OLZ in 10 ml
distilled water.

Group IV: (OLZ and HP group) Rats received a
combination of Olanzapine (10 mg/kg/day) and Hypericum
perforatum (80 mg/kg/day) by oral gavage once daily for
8 weeks.

Determination of the animal's body weight

Rats were weighed at the end of the experiment. Then,
all parameters of animal's body weights were calculated for
statistical analysis

Blood samples for biochemical study

At the end of experiment all animals were anaesthetized
at the next morning following last doses by intra peritoneal
injection of phenobarbital sodium at a dose of 40 mg
/ kg bw.'?l. Blood samples were collected from retro-
orbital venous plexus into a clean glass tubes without
anticoagulant. Samples were centrifuged at a speed of
4000 rpm for 10 min at 4 °C by using a cooling centrifuge
(Beckman model L3-50, USA) and stored at — 20 °C
until use . The sera were used to assess the hormones
of anterior pituitary gland: growth hormone (GH);
prolactin hormones; Thyroid stimulating hormone (TSH);
luteinizing hormone (LH); follicle stimulating hormone
(FSH) and adrenocorticotrophic hormone (ACTH), Using
a commercially available ELISA kit (R&D Systems, Inc.,
Minneapolis, MN, USA) according to the manufacturer's
instructions. This procedure was carried out in the central
lab at Faculty of Medicine, Menoufia University.

Tissue sampling

Skulls of animals in all groups were carefully dissected.
The whole pituitary gland was excised carefully from each
rat, and then they washed with normal saline. In each
group half numbers of pituitary gland were used for light
microscopic study and the other half for transmission
electron microscopic study.

Histological study
Light microscopic study

The specimens were fixed in Bouin’s solution for three
days, dehydrated in ascending grades of ethyl alcohol,
cleared in xylene, impregnated in soft paraffin followed
by hard paraffin and sectioned in 5-um-thickness. Section
were stained with hematoxylin and eosin (H&E) staining
for routine histological examination!!. Toluidine blue
(TB) staining; sections were obtained from the semi-thin
sections of 1 pum thick during the electron microscopic
preparationt'®,

Transmission Electron Microscopic (TEM ) study

Tiny pieces of 1x1 mm? were obtained from each
pituitary gland, fixed in 2.5% glutaraldehyde and postfixed
in 1% osmium tetraoxide, dehydrated and embedded
in epoxy resin. Semi thin sections of 1 pum thick were
stained by toluidine blue. Ultrathin sections (70-90 nm)
were contrasted with lead citrate and uranyl acetatel"]. All
sections of all groups were examined by using transmission
electron microscope (Seo-Russia) in Tanta E.M Unite at
Faculty of medicine, Tanta University, Egypt.

Immunohistochemical technique for Caspase-3

Caspase-3 immune- staining (an apoptotic marker)
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was performed on 4-mm thick Paraffin sections by using
streptavidin—biotin complex techniquel's. Serial sections
were deparaffinized on charged slides, then, incubated in
0.1% hydrogen peroxide for 30 min to block the endogenous
peroxidase. The sections were incubated overnight at room
temperature with primary antibodies of anti-caspase-3;
mouse monoclonal antibody (Catalog number: C9598; Lab
Vision, Fremont, CA USA) for 60 min. Finally, the slides
were washed with diluted phosphate- buffered saline (PBS)
and incubated with the secondary anti-mouse antibody
"universal kits" for about 30 min at room temperature. In
each run the controls slides were included. The positive
control slide was mouse appendix . Negative controls were
prepared by exclusion of primary antibody. After that, the
sections were counterstained by Mayer’s haematoxylin
stain, dehydrated in ascending grades of ethyl alcohol,
cleared in xylene, and mounted in Canada balsam.

Morphometrical study

All measurements were done for 10 randomly
selected non-overlapped sections from each group at the
same magnification. The study was carried out by using
Leica Qwin 500 LTD software image analysis computer
system (Cambridge, England) at the Department of
Histology, Faculty of Medicine, Menoufia University.
The following parameters were calculated: the percentage
of chromophobes per field (TB x1000) and the average
number of positive caspase-3 immune-stained pars distalis
cells per field (caspase-3 x400).

Statistical analysis

Data were statistically analyzed by SPSS, version 20
(SPSS Inc., Chicago, Illinois, USA). Data were expressed
as mean and SD and analyzed by using one-way analysis
of variance (ANOVA) followed by post-hoc Tukey’s test
for comparison between control group and other groups.
P value > 0.05 was considered non-significant and
P values< 0.05 were considered statistically significant
but P values < 0.001 were considered high significant
results!'.

RESULTS

General observations

*  Two rats in group III and one rat in group IV died
before the end of the experiment

* Group I and II had identical histological and
immunohistochemical results.

Analysis of body weight: Olanzapine treated group
(group III) exhibited a high significant increase in rat's
body weight (P value<0.001) when compared to the
control group. While group IV (Olanzapine and HP group)
showed a significant increase in body weight (P < 0.05)
when compared to the control (Table 2 and Histogram 1).

Biochemical Results

Olanzapine treated group (group III) revealed a high
significant decrease (P value<0.001) in the mean plasma

level of LH and FSH hormones and a significant increase
(P < 0.05) in the plasma level of TSH and prolactin
hormones. Meanwhile, there were no significant statistical
differences (P value>0.05) in the levels of GH and ACTH
hormones comparing to control group.

OLZ and HP group (group IV) showed none significant
differences (P value>0.05) in the plasma level of GH,
ACTH, TSH, and prolactin hormones compared to control
group. But levels of LH and FSH hormones revealed a
significant reduction (P < 0.05) when compared to control
group. (Table 1).

Histological result
Hematoxylin and eosin staining

Control group and HP supplemented group (group I
and IT) showed normal morphology of the pituitary gland
that formed of three parts; pars nervosa, pars intermedia
and pars distalis(Figure 1A). Pars distalis was formed of
anastomosing cords of cells separated by numerous blood
sinusoids. Chromophils exhibited darkly stained cytoplasm.
There were two main populations of chromophils;
acidophils and basophils. Acidophils appeared polygonal
cells with acidophilic cytoplasm arranged in cords around
the blood sinusoid. Basophils were large cells with light
basophilic or purple cytoplasm. They were arranged in
scattered clusters. Chromophobes appeared with pale
staining cytoplasm scattered throughout the two cells types
of chromophils (Figure 1B).

Chronic administration of Olanzapine in group III
displayed considerable morphological changes in the
arrangement and structure of anterior pituitary gland
(Figure 1C). Where, cells of pars distalis appeared
amalgamated with inability to distinguish between the
cells types. Meanwhile many cells had small dark nuclei
and other showed vacuolated cytoplasm. Eosinophilic
homogenous material was noticed between the cells cords
of anterior pituitary(Figure 1D). Blood sinusoid appeared
irregular and dilated, even some appeared congested and
surrounded by few cellular infiltration (FigurelE ).

Combination of Hypericum Perforatum  with
Olanzapine in group IV achieved high preservation of
normal histological feature of the anterior pituitary gland.
Pars distalis cells restored their histological feature and
normal rearrangement but some cells still contained small
dark nuclei. Slight dilatation of blood sinusoids was still
observed (Figure 1F).

Toluidine blue staining

Semi-thin sections of anterior pituitary gland of control
and HP supplemented groups (group I and IT) demonstrated
regular arrangement of pars distalis cells into clusters
around typical blood sinusoids. Number of chromophiles
was observed such as somatotrophs that appeared with
light cytoplasm and prominent nucleoli, thyrotrophs with
elongated nuclei, corticotrophs; large angular basophilic
cell and gonadotrophs; large rounded with deep basophilic
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granules. Concerning chromophobes, they appeared light
cells with no cytoplasmic granules (Figure 2A).

Olanzapine treated group (group III) revealed shrunken
degenerated pars distalis cells. Cells had deeply stained
cytoplasm and dark nucleus. Numerous chromophobes
were noticed in sections of this group with margination
of their nuclear chromatin. Meanwhile, widening of the
inter-cellular spaces was observed. Blood sinusoids were
markedly dilated and congested (Figure 2B).

OLZ and HP group (group IV) showed normal cells
of pars distalis, more or less identical to those of control
group but some cells show darkness of their nuclei. Slight
dilatation of blood sinusoids was still occurred (Figure 2C).

Transmission electron microscopic results
Control and HP supplemented groups (group I and II)

With electron microscope, cells of pars distalis of
control group and HP supplemented groups appeared well
organized. As for chromophils, they clarified distinctive
secretory granules that characterized each cell type. The
shape, size and position of the granules help to identify
each type of chromophils. Somatotrophs appeared
polygonal in shape and represent the main bulk of the
chromophils. Somatotrophs had euchromatic nuclei with
prominent nucleoli. The cytoplasm was densely packed
with numerous specific secretory granules. The granules
were multiple large, spherical and electron—dense. The
cytoplasm contained few strands of rough endoplasmic
reticulum (rER). Other cytoplasmic organelles were
not prominent as the granules occupied all cytoplasm
(Figure 3A).

Gonadotrophs appeared large rounded cells with
euchromatic nuclei. They had electron dense secretory
granules that appeared variable in size and smaller than
that of somatotrophs. The cytoplasm contained numerous
rod shaped mitochondria and rER (Figure 3B).

Corticotrophs were stellate medium sized cells with
expressed long cytoplasmic process. They had large central
euchromatic nuclei and pale electron lucent cytoplasm
containing rode shaped mitochondria. Their secretory
granules were small, uniform, dense and rounded granules
concentrated mainly at the periphery, arranged just beneath
the cell membrane (Figure 3C).

Thyrotrophs were large elongated cells. They contained
oval euchromatic eccentric nuclei with prominent nucleoli.
The inner surface of the nuclear membrane had a rim of
condensed heterochromatin. The cytoplasm exhibited long
dense numerous mitochondria & rER. Their granules were
small uniform spherical, electron-dense and were located
mainly at the periphery of the cytoplasm (Figure 3D).

Mammotrophs were large triangular cells. The
cytoplasm contained numerous mitochondria and well
developed profiles of rough endoplasmic reticulum. Their
cytoplasmic granules appeared pleomorphic in shape,
electron-dense, variably sized almost large granules and

mainly collected near the nucleus. The nuclei appeared
eccentric and euchromatic (Figure 3E).

As for chromophobe cells appeared large cell and
contained oval large euchromatic nucleus, rER and
numerous mitochondria. The cytoplasm was free from
specific granules (Figure 3F).

OLZ treated group (group III)

Ultra structurally, sections of the pituitary gland of
OLZ treated group (group III) exhibited distortion and
disorganization of the cells of anterior pituitary with
observable degenerative changes in most cells of pars
distalis. Meanwhile, this group showed increase in the
number of chromophobes. The blood sinusoids were
highly congested and dilated (Figure 4A). Concerning
the gonadotrophs, the most obvious changes were in their
mitochondria where, most of them were vacuolated and
swollen with loss of the internal cristae, some gonadotrophs
were apparently hypertrophied and contained indented
irregular nuclei with fragmentation and margination of
the nuclear chromatin and others had shrunken electron-
dense degenerated nuclei. The cytoplasm was filled with
numerous small, ovoid vacuoles. Their granules were
scanty and scattered between these vesicles. The rough
endoplasmic reticulum exhibited marked dilatation
(Figure 4B). Additionally, chronic administration of
olanzapine led to remarkable changes in thyrotrophs.
Where, their granules were apparently increased in number
and size compared to control group. Moreover, their
cytoplasm contained irregular nucleus and dilated rER
(Figure 4C). Regarding the mammotrophs they appeared
with indented euchromatic nuclei, and the cytoplasm
showed marked rarefaction and vacuolization due to
marked dilatation of their rER. Their mitochondria revealed
obvious degeneration (Figure 4D).As for corticotrophs,
they exhibited some changes. Their cytoplasmic process
became short. The nuclei appeared irregular with clumps
of heterochromatin (Figure 4E).The somatotrophs of this
group showed slight changes. Where, their cytoplasm
contained numerous specific secretory granules, mildly
degenerated mitochondria and dilated rER (Figure 4F).

OLZ and HP group (group I V)

Ultrathin sections of OLZ and HP group exhibited
restoration of the normal structure of most pars distalis
cells. The somatotrophs had euchromatic nuclei and their
cytoplasm contained few strands of rER, and numerous
secretory specific granules like those of control group
(Figure 5A). The thyrotrophs had the identical ultra-
structure. They contained euchromatic nuclei with
prominent nucleoli, rER, mitochondria and small secretory
granules (Figure 5B). Features of corticotrophs were more
or less similar to those of the control group (Figure 5C)..
Mammotrophs had eccentric euchromatic nuclei with
mild irregularity. Their cytoplasm contained numerous
mitochondria, well developed rER and variable shaped
granules (Figure .D). On the other hand the gonadotrophs
still revealed some changes. They had irregular
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euchromatic nuclei with fragmented chromatin. Their
cytoplasm contained mildly degenerated mitochondria and
slightly dilated rER. But their granules were numerous and
variable in size (Figure 5E).

Caspase-3 immunohistological results

Control group and HP supplemented group (group
I and II) showed negative caspase-3 immune expression
of pars distalis cells (Figure 6A). In contrast OLZ treated
group (group III) revealed intense positive cytoplasmic
caspase-3 immune expression (Figure 6B). But OLZ and
HP group (group IV) revealed weak positive caspase-3
immune expression (Figure 6C).

Morphometric results

The percentage of the chromophobes per field: OLZ

treated group (group III) revealed a significant increase
(P values < 0.05) in the percentage of chromophobes
compared with the control group. There were no significant
statistical differences between OLZ and HP group (group
IV) and control groups (P < 0.05) (Table 2, Histogram 2).

Average number of positive caspase-3 immune-stained
pars distalis cells per field

There was a high significant increase(P values < 0.05)
in the number of positively caspase-3 immune-stained cells
in OLZ treated group (group III) as compared with control
group.The number of positive caspase-3 cells showed no
statistical differences between OLZ and HP group (group
IV) and control groups (P < 0.05) and control groups
(Table 2, Histogram 3).

Fig. 1: (A-B) A photomicrograph of a section of pituitary gland of control group (group I) showing A): typical organization of pituitary gland with its three
parts: pars nervosa (PN), pars intermedia (PI) and pars distalis (PD). (H&E. x 100) B): normal morphological structures of pars distalis cells. Acidophils;
polygonal cells with acidophilic cytoplasm arranged in cords (oval shape) around the blood sinusoid (red arrows). Basophils; large cells with light basophilic
cytoplasm (purple color) arranged in scattered clusters (circle).Chromophobes; scattered cells with pale staining cytoplasm (black arrows). (H&E. x 1000).
(C-E): A photomicrograph of a section of pars distalis of anterior pituitary gland in OLZ treated group (grouplll) showing C): disorganized anterior pituitary
gland with obvious dilatation of blood sinusoid (arrows). (H&E. x 100) D): Pars distalis cells appear indistinguishable and amalgamated to each other (circle)
and most of them contain small dark nuclei (arrows). Some cells have vacuolated cytoplasm (V) Notice: eosinophilic homogenous material in between the cells
of anterior pituitary (E). (H&E. x 1000) E): congested and dilated blood sinusoid (BS) surrounded by cellular infiltration (F). Notice: apparent hypo cellularity
of Pars distalis cells (arrows). (H&E. x 1000) (F): A photomicrograph of a section of pars distalis of anterior pituitary gland in group IV (OLZ and HP group)
showing typical structure of Pars distalis cells. Acidophils (A) have dark acidohilic cytoplasm and are arranged in cords around regular blood sinusoid (BS).
Basophils (B) have light purple cytoplasm and arranged in cluster (oval shape). Notice: small dark nucleus of pars distalis cell (arrow). (H&E. x 1000)
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Fig. 2: A): a semithin section of the pars distalis of the anterior pituitary gland in control group showing cells of pars distalis regularly arranged into clusters
around blood sinusoids (BS). Many chromophobes with no cytoplasmic granules (circle) and a number of chromophils such as somatotrophs (red arrows)
with light cytoplasm and prominent nucleoli, thyrotrophs (yellow arrow) with elongated nucleus, Corticotrophs; large angular basophilic cell (white arrow),
gonadotrophs; large rounded with deep basophilic granules (black arrow), are noticed. B) a semithin section of pars distalis of anterior pituitary gland of OLZ
treated group (group III) showing relative increase in the number of chromophobes with margination of nuclear chromatin (curved arrows). Pars distalis cells
appear shrunken degenerated with deeply stained cytoplasm and dark nuclei (arrows). Notice: wide spaces between the cells of pars distalis (star) and markedly
dilated congested blood sinusoids (BS). C): a semithin section of pars distalis of anterior pituitary gland of group IV (OLZ and HP group) showing identical
chromophiles, such as somatotrophs (St), thyrotrophs (Tt), gonadotrophs (Gt). Notice: dilatation of blood sinusoids (BS) and darkness of some nuclei of pars
distalis cells (arrows). (T.B.1000).
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Fig. 3: An electron micrograph of ultrathin section of the pars distalis of pituitary gland in control group (group I) showing A):typical polygonal Somatotrophs
(St), gonadotrophic cell (Gt) and corticotrophic cell (Ct). (TEMx1500). Inset:showing somatotrophic cell (St) having euchromatic nucleus (N), with prominent
nucleolus (n). The cytoplasm is densely packed with multiple spherical larger electron dense granules (arrow) and rough endoplasmic reticulum (rER)
(TEMx*4000). B): gonadotrophic cell (Gt) with euchromatic nucleus (N) and rER (rER). Numerous rode shaped mitochondria (M) and variable sized electron
dense secretory granules (arrows). (TEMx4000).C): corticotrophic cell (Ct); stellate cells with long cytoplasmic process (stars), having rounded euchromatic
nucleus (N), pale electron lucent cytoplasm containing rode shaped mitochondria (M) and small uniform, dense and rounded electron dense granules studied
the outer part of the cell (arrow) Notice: part of polygonal somatotrophs ((St). (TEMx2500). D): large elongated thyrotrophic cell (Tt). The nucleus (N)
appears eccentric oval euchromatic with prominent nucleolus with a rim of peripheral heterochromatin. The cytoplasm contains small uniform spherical
granules mainly at the periphery (arrows), multiple elongated dark mitochondria (M) and rER (rER) (TEMx2500). E): mammotroph (Mt); triangular cell
contains eccentric euchromatic nucleus (N), well developed profiles of rER (rER) and scattered pleomorphic electron- dense secretory granules collected near
the nucleus (arrows). Notice: part of corticotrophic cell (Ct) (TEMx3000). F): chromophobe cell (CH); large cell free from specific granules, containing oval
large euchromatic nuclei (N), rER (rER) and numerous mitochondria (M). Notice: the blood sinusoid (BS) and part of gonadotrophic cell (Gt). (TEM*2500)
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Fig. 4: An electron micrograph of an ultrathin section of the pars distalis of pituitary gland in OLZ treated group (group III) showing A): numerous chromophobe
cell (CH) with no specific granules, somatotrophs (St), corticotrophs (Ct), enlarged hypertrophied gonadotrophs (Gt) and thyrotrophs ((Tt) with noticeable
increased granules (arrow). Notice: congested blood sinusoid (B.S). (TEMx1000). B): gonadotrophs (Gt) containing shrunken degenerated nucleus (N) and
rarified cytoplasm containing dilated cisternae of rough endoplasmic reticulum (rER), vacuolated swollen mitochondria (M) and few secretory granules(arrow)
(TEMx3000). Inset: enlarged gonadotrophic cell (Gt) contains indented euchromatic nucleus with fragmentation and margination of nuclear chromatin (N)
and numerous small, ovoid vacuoles fill the cytoplasm (V). Granules are scanty and scattered between the vesicles (arrow) notice: compressed thyrotrophic
cell ((Tt). (TEMx3000). C): elongated thyrotrophic cell (Tt) with irregular nucleus (N) and dilated rER (rER). Their granules were apparently larger in number
and size than that of control group (arrows). (TEMx*2500). D): marked rarefaction of the cytoplasm of most chromophiles (R). The mammotroph cell (Mt)
appears triangular and having indented euchromatic nucleus (N). (TEMx1500) Inset: higher magnification of the triangle area in pervious image showing
mammotrophic cell with dilated rER (rER) and degenerated mitochondria (M). (TEMx3000). E): irregular corticotrophic cell (Ct) with short cytoplasmic
process (star) containing irregular nucleus with clumps of heterochromatin (N) and many fine granules at the periphery of cytoplasm beneath the cell membrane
(arrow). Notice: chromophobe cell with no cytoplasmic granules (CH). (TEMx2000). F): Somatotrophic cell (St) with numerous regular granules (G),
degenerated mitochondria (M), mildly dilated rER. Notice: congested dilated blood sinusoid (BS) lined by endothelial cell with irregular nucleus (arrows).
(TEMx2500).
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Fig. 5: An electron micrograph of ultrathin section of pars distalis of anterior pituitary gland in OLZ and HP group (group 1V) showing A): Somatotrophic
cell (St) having euchromatic nucleus (N). The cytoplasm contains numerous spherical large granules (arrow) and few rER (rER). (TEMx4000).B): elongated
thyrotrophic cell (Tt) having an euchromatic nucleus(N) with prominent nucleoli , rER (rER), mitochondria (M), and small electron dense secretory
granules(arrow). (TEMx3000)

C): identical corticotrophic cell (CT). Notice: Part of gonadotrophic (Gt) and thyrotrophic cells (Tt) (TEMx*2500). D): Mammotrophic cell (Mt) with
irregular eccentric euchromatic nucleus (N). The cytoplasm contained numerous mitochondria (M), well developed rER and variable shaped granules (arrow)
(TEMx3000). E): gonadotrophic cell (Gt) contains numerous variable sized secretory granules (arrows), irregular euchromatic nucleus (N), mildly degenerated
mitochondria (M) and slightly dilated rER (rER). (TEMx*2500)
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Fig. 6: A): a photomicrograph of a section of pars distalis of anterior pituitary gland in control group (group I) showing negative caspase-3 immune expression
of pars distalis cells. B): anterior pituitary gland of OLZ treated group (group III) showing intense positive cytoplasmic caspase-3 immune expression in pars
distalis cells (arrows). C): pars distalis of anterior pituitary gland of group IV (OLZ and HP group): showing weak positive caspase-3 immune expression
(arrows) (caspase-3 x 400).
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Table 1: The mean serum levels of different hormones of pars distalis in all studied groups.

Group | Group II Group III Group IV
Pvalue
Mean = SD Mean = SD Mean + SD Mean + SD
P1=0.924
GH 0.76 £ 0.25 0.77+ 0.21 0.72 +0.27 0.74 £0.23 P2=0.735
P3=0.854
P1=0.133
Prolactin 92+04 9.6+ 0.45 129+4.6 9.9+6.4 P2=0.021
P3=0.734
P1=0.099
FSH 1.5+0.109 1.6 £0.122 1.2+£0.2 1.3£0.15 P2=10.004
P3=0.002
P1=0.631
LH 4.52 £2.06 5.02+2.5 0.625 +3.7 1.1+£5.8 P2=0.009
P3=0.042
P1=0.753
TSH 5.06 +0.57 4.97 +0.682 11.6+9.3 7.5+25.6 P2=0.04
P3=0.766
P1=0.246
ACTH 60 +2.1 61.1+2 48.6 £28.4 55.4+20.57 P2=0.222
P3=0.487
P1: HP treated group (group II) as regards control group (group I).
P2: OLZ treated group (group III) as regards control group (group I).
P3: OLZ and HP treated group (group IV) as regards control group (group I).
P value > 0.05 = non-significant.
Pvalue <0.05 = Significant.
Pvalue <0.001 = highly significant.
Table 2: The mean body weights and morphometric results in all studied groups.
Group I Group II Group III Group IV
P value
Mean = SD Mean = SD Mean = SD Mean = SD
P1=0.9
Body weights 190.2+7.2 189.8+ 6.9 228.5+9.3 204.8+17.5 P2 =10.001
P3=0.253
P1=0.424
Percentage of chromophobe cells per feild 51.27+0.656 51.03 +£0.657 77.42 +0.475 51.8+0.721 P2=0.001
P3=0.103
P1=0.547
positive caspase-3 immune-stained cells per feild 1.1£1.2 1.4+1.1 7.7+1.2 1.5+1.0 P2=0.00
P3=0.182

P1: HP treated group (group II) as regards control group (group I).

P2: OLZ treated group (group III) as regards control group (group I).
P3: OLZ and HP treated group (group IV) as regards control group (group I).
P value > 0.05 = non-significant.

P value< 0.05 = Significant.

P value < 0.001 = High significant.
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Histogram 1: the means of body weight in all studied group.
* Significant versus control group.

** Highly significant versus control group.
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Histogram 2: mean percentage of the chromophobes per field in all
studied group.

* Significant versus control group.
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Histogram 3: mean number of positive caspase-3 immune-stained pars
distalis cells per field.

** Highly significant versus control group.

DISCUSSION

Olanzapine is an atypical antipsychotic drug that is
commonly used in the treatment of schizophrenia and other
psychiatric disorders. Schizophrenic patients are usually
medicated by olanzapine for prolonged time periodst'”.
Thus the previous experiments in rats treated by OLZ were
typically run for long time up to 12 weeks. These studies

revealed that olanzapine induced weight gain, increased
plasma lipid levels and some hormonal changes!'®!.

Recently, natural products can play an important
protective role when they used as a clinical therapeutic
regimens with calculated dose!'”. Hypericum perforatum
is a perennial plant that is markedly distributed all over
the world. Through centuries, it has been used for
treatment of many disorders in traditional medicine, such
as mild to moderate depression, anxiety and minor burns.
Moreover, recent studies proved its neuroprotective and
anti-inflammatory effects®”. So, the present study was
designed to assess the biochemical, histological, and
immunohistochemical changes in the anterior pituitary
gland induced by the chronic administration of olanzapine
and the potential protective role of Hypericum perforatum.

Our data showed that long-term use of olanzapine was
accompanied by a high significant increase in the rat's
body weights. These changes were recorded previously
by other researchers!'®. The molecular mechanisms of
increased body weights have been suggested previously by
Skrede et al.,*!). They mentioned that, olanzapine-induced
hyperphagia leading to the up regulation of hypothalamic
AMP-activated kinase and activation of hypothalamic
orexigenic neuropeptides.

In this study, chronic administration of OLZ led to a
significantdecrease inmean plasmalevel of FSH,and LH but
significant increase in TSH and prolactin hormones. There
was a non-significant relation in GH, ACTH hormones,
compared to the control group. These biochemical results
are coincided with our electron microscopic results. The
clinical study of Iversen et al., 20182 could support our
biochemical results. They reported a significant increase
of TSH hormone in schizophrenic patients treated with
olanzapine, comparing to healthy controls.

In accordance with our results Ardic et al., 202123,
reported a significant decrease in the serum levels of
FSH, LH, and testosterone hormones in rats treated with
olanzapine. They found that OLZ evaluated the oxidative
stress markers such as glutathione (GSH), malondialdehyde
(MDA), catalase (CAT) and superoxide dismutase (SOD).

In agreement with our results some authors found that
olanzapine is associated with a significant increase in the
level of prolactin hormonel®*231, Prolactin hormone is under
the inhibitory effect of dopamine. The an—tischizophrenic
drugs led to hyperprolactinemia through their direct impact
on tuberoin—fundibular tract; one of the four dopamine-
associated tracts. Olanzapine act by blocking dopamine
receptors and inducing the conversion of androgens to
estrogens hormones leading to the elevation of plasma
estrogen levels resulting in impotence, loss of libido and
hyposper-matogenesis®. In contrast, some studies showed
that olanzapine, has no significant changes on the level of
prolactin hormone®”.

In this experimental study, Olanzapine treated group
showed degenerative changes in pars distalis in the form of
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disturbance as the cells appeared amalgamated with each
other with failure to differentiate them. Most pars distalis
cells showed small dark nuclei. Some cells appeared with
vacuolated cytoplasm. The number of chromophobes was
significantly increased compared to those of control. In
agreement with our results, Shah et al, 20187% found that
beta cells of islets of Langerhans treated by olanzapine
showed extensive necrosis, degeneration and vacuolization
of the cytoplasm. The nuclei exhibited pyknosis and
chromatin condensation. This also goes with the finding
of the Batarfi and Almeflehie, 2018™. They demonstrated
that olanzapine induced degenerative and necrotic changes
in the hepatocytes. As well as Akram et al, 202083% reported
that spermatogenic cells exposed to olanzapine showed
signs of degeneration in the nuclei and cytoplasm.

Our histological results revealed some cellular
infiltration around the dilated blood sinusoids. These results
could be in line with Batarfi and Almeflehie, 2018>%. They
recorded that schizophrenic patients treated with olanzapine
had an inflammatory syndrome this syndrome is known to
be associated with an increased risk of insulin resistance
that occurred with olanzapine treatment. Additionally,
olanzapine has a strong and selective effect on expression
of tumor necrotic factor o (TNFa)P'.

In our study, the acidophilic homogenous material
detected in between the pars distalis cells is in harmony
with previous investigators!!”. They reported acidophilic
substance between liver cells treated by olanzapine and
explained this by production of reactive oxygen species
induced by olanzapine.

Degenerative changes recorded in our study were
explained recently by other authors?*?%33 they stated that
olanzapine induced oxidative stress and enhance production
of reactive oxygen species. Moreover, olanzapine has
direct toxic effect on pituitary gland as it has a high affinity
to dopamine receptors subtype 2 (D2 receptors) which is
present in the pituitary gland®**l.

Olanzapine treated group also showed dilation and
congestion of blood sinusoids with cellular infiltration.
These findings are in agreement with Akram & Faruqi,
2019821 who found that olanzapine caused dilated
capillaries in the kidney tissue surrounded by inflammatory
cells. Also previous study,!'” reported dilatation and
congestion of central vein and portal vein in liver tissue
exposed to olanzapine. The vascular dilatation induced
by Olanzapine is secondary to blockage of alphal (al)
and 5-hydroxytryptamine2 (5HT2) receptors. This
led to vasodilatation by increasing cyclic adenosine
monophosphate (CAMP)!7,

The ultra-structural changes found in the current study
came in agreement with the histological and biochemical
result. Examination of OLZ treated rats revealed that most
cells in the pars distalis as gonadotrophs, mammotrophs
and thyrotrophs" exhibited degenerative changes. Their
cytoplasm had irregular degenerated nuclei with chromatin
fragmentation and clumps of heterochromatin, dilated

cisternae of rER, and vacuolated swollen mitochondria
with loss of the internal cristac and changes in the
numbers of their granules. These changes might be in
accordance with previous study®, that concluded that
hepatotoxicity of olanzapine was associated with increased
mitochondrial degeneration and frequent presence of
dilated rER. As reference to Batarfi, 202053, cytotoxicity
induced by olanzapine was mediated by mitochondrial
degeneration, degradation of lysosomal membrane, and
lipid peroxidation.

Corticotrophs and somatotrophes showed no massive
changes in their morphology that could explain the none
significant changes in their secretory hormones measured
in our result.

In the current study, there was a significant increase
in the number of chromophobes in the OLZ treated
group. Previous studies reported a compensatory
increase in the number of the chromophobes after partial
hypophysectomy®. The presence of chromophobes
with mitotic figures act as stem cells to compensate the
degeneration occurred to chromophils”.

In this study olanzapine treated group showed a high
significant increase in the number of positive caspase-3
immune-stained cells. This finding goes with the results
of a previous study®®, which postulated that the atypical
antipsychotic drugs were associated with increased levels
and activity of caspase-3 in frontal cortex of albino rats.

The current study indicates that Hypericum perforatum
provides a good protection against structural alterations
in the anterior pituitary glands induced by chronic
administration of olanzapine. Where H & E sections of OLZ
and HP group (IV) exhibited normal histological feature of
Pars distalis cells except, some cells still contained small
dark nuclei. In agree with our finding Barnes et al, 200157,
reported that Hypericum perforatum has antioxidant and
neuroprotective effects and plays an important role in
reducing the inflammatory disorders. This protective
effect of Hypericum perforatum explained previously as
it contains high content of phenolic compounds that have
high ability to scavenge the free radical'”. Hypericum
perforatum have the ability to bind iron and ions. It also
has a moderate to high direct scavenging action for the
hydroxyl radical, independent of any enzymatic activity™ !,

Furthermore, other investigators!!® postulated that
Hypericum perforatum inhibit the damage of liver tissue
induced by olanzapine. They proved that HP restored
Superoxide dismutase (SOD) enzymes and GSH levels
in the liver to the normal values. Also, it decreased lipid
peroxidation and oxidative stress caused by olanzapine.

The antioxidant effects of Hypericum perforatum
were attributed by Silva et al, 2008 who stated that HP
protect against mitochondrial dysfunction by maintaining
trans-membrane potential, leading to reduction of lipid
peroxidation in the mitochondria. This could explain our
TEM finding where, ultrathin sections of OLZ and HP
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group exhibited restoration of the normal structure of most
pars distalis cells. Scientists have studied its properties as
antidepressant in the past years, they found that several
of its major molecular structures protect from any neural
insults, either through their antioxidant properties or
through the mechanisms of neuroprotection directly®".

The current study demonstrated the mechanisms of the
ameliorative effects of Hypericum perforatum that proved
by its antiapoptotic effect. This effect was evidenced in
our results. Where there were non-significant changes in
the number of positive caspase-3 immune-stained cells
in OLZ and HP group as compared to control group.
Regarding to Urug et al., 2020“4, Hypericum perforatum
has antiapoptotic effect and significantly reduced the
activity of caspase-3 in osteocytes treated by methotrexate.
Hypericum perforatum has the ability to block the apoptotic
cascade and induced down regulation of Bax genel**!.

CONCLUSION

In conclusion, the current study revealed negative
effects of chronic use of Olanzapine on the function and
structure of anterior pituitary gland. Hypericum Perforatum
reversed the associated functional and structural changes
via its antiapoptotic mechanisms. Hence, the present study
could provide a potential scope for the future clinical use
of Hypericum Perforatum as a natural herb for patients
received Olanzapine for long period.
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