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Abstract 

Background and aim of the work: Protein kinase C activation with subsequent increase in oxidative stress (OXS) 
and reduction in brain derived neurotrophic factor (BDNF) are implicated in the pathophysiology of psychotic 
disorders and in osteoporosis. Accordingly PKC inhibitors such as tamoxifen could be a novel approach to psychotic 
illness and may reduce progression of osteoporosis. Since current antipsychotics such as risperidone have inconsist-
ent effects on OXS and BDNF, combination with tamoxifen could be beneficial. Accordingly in this work, tamoxifen 
was used to investigate the impact of changes in OXS and BDNF on behavioral, hippocampus structural changes in a 
ketamine induced model of psychosis in rats. The impact of tamoxifen on the antipsychotic effects of risperidone and 
on its bone damaging effects was also determined.

Ketamine was chosen, because it is a valid model of psychosis. Hippocampus was chosen, since hippocampal 
overactivity is known to correlate with the severity of symptoms in psychosis. Hippocampal overactivity contributes 
to hyperdopaminergic state in ventral tegmental area and increase in DA release in nucleus accumbens, these are 
responsible for positive symptoms of schizophrenia and hyperlocomotion in rodents. Hyperlocomotion is considered 
a corelate of positive symptoms of psychotic illness in rodents and is considered primary outcome to assess manic-
like behavior.

Methods: Rats were divided into seven groups (ten rats each (1) non-ketamine control and (2) ketamine treated 
groups (a ketamine control, b risperidone/ketamine, c tamoxifen/ketamine, d Risp/Tamox/ketamine risperidone, 
tamoxifen/risperidone) to test if TAM exhibited behavioral changes or potentiated those of risperidone); (e clomi-
phene/ketamine and f clomiphene/risperidone/ketamine) to verify that estrogen receptor modulators do not exhibit 
behavioral changes or potentiates those of risperidone. In addition, thus, the effects of tamoxifen are not due to estro-
gen effects but rather due to protein kinase c inhibition. Drugs were given for 4 weeks and ketamine was given daily 
in the last week. Effects of drugs on ketamine-induced hyperlocomotion (open field test) and hippocampus and bone 
biochemical (MDA, GSH, BDNF) and histological changes (Nissel granules, GFAP positive astrocytes in hippocampus 
were determined).
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Introduction
Changes in brain redox state and in brain-derived neu-
rotrophic factor (BDNF), with altered neuronal plasticity, 
may contribute to the pathophysiology of psychotic dis-
orders [1–3].

Changes in redox state and in BDNF levels have also 
been shown to affect bone mineral density [4–6]. Indeed, 
an increased risk of osteoporosis has been reported in 
psychotic patients and has been attributed to the mental 
illness and/or to the antipsychotic medication [7].

Current antipsychotic agents, such as risperidone, 
have been reported to increase oxidative stress (OXS) 
[8, 9]. Increase in OXS could reduce the effectiveness 
of the antipsychotic and increase the risk of osteoporo-
sis [10–12]. In addition, the effects of antipsychotics on 
BDNF are quite inconsistent. Antipsychotic agents have 
been reported to induce no significant effect [13], insig-
nificant reduction [14] or increase [15] in BDNF level. 
Accordingly, psychotropic agents with more consist-
ent beneficial effects on OXS and BDNF are required as 
alternatives or adjuncts to current antipsychotic agents.

Excessive activation of protein kinase C (PKC) has been 
recently implicated in the increase in OXS and decrease 
of BDNF in bipolar disorder [16, 17]. This finding implies 
that PKC inhibitors might be potential novel therapeutic 
agents in bipolar disorder [18]. Tamoxifen, the hormonal 
therapy used in the treatment of breast and endometrial 
cancer, also is a selective central nervous system PKC 
inhibitor [19–21]. It was shown to reverse and prevent 
amphetamine-induced behavioral changes and the asso-
ciated oxidative stress in rats [22]. Similar anti-manic 
effects were reported experimentally and clinically [19, 
20, 23–25].

In the present study, tamoxifen—the selective PKC 
inhibitor—was utilized to investigate the impact of 
changes in OXS and BDNF, following PKC inhibition 
on the behavioral (hyperlocomotion) and hippocam-
pus structural changes in a ketamine-induced model 
of psychosis in rats. The impact of tamoxifen on the 

antipsychotic effects of risperidone and on its bone dam-
aging effects was also determined. The effects of tamox-
ifen on hyperlocomotion were also compared to those of 
clomiphene, an estrogen receptor modulator [26]. This 
was done to confirm that the estrogen receptor modulat-
ing effect of tamoxifen does not contribute to its effects 
on hyperlocomotion and hence validate the use of tamox-
ifen as an experimental tool to study the effects of PKC 
inhibition.

The rationale was that if the present study confirms the 
efficacy of tamoxifen in ketamine-induced model of psy-
chosis, this will be of clinical significance. Such findings 
will add further support to the involvement of PKC acti-
vation in the pathophysiology of psychotic disorders, as 
recently suggested. It will also underscore the efficacy of 
PKC inhibitors in such disorders as alternatives to cur-
rent antipsychotics. PKC inhibitors could represent novel 
agents in psychotic disorders with more consistent ben-
eficial effects on BDNF and oxidative stress, compared 
to current antipsychotics while simultaneously exerting 
positive effects on bone.

In this study ketamine was chosen, because it is a valid 
model of psychosis. Hippocampus was chosen, since 
hippocampal overactivity is known to corelate with the 
severity of symptoms in psychosis. Hippocampal over-
activity contributes to hyperdopaminergic state in ven-
tral tegmental area and increase in DA release in nucleus 
accumbens, these are responsible for positive symp-
toms of schizophrenia and hyperlocomotion in rodents. 
Hyperlocomotion is considered a corelate of positive 
symptoms of psychotic illness in rodents and is consid-
ered primary outcome to assess manic-like behavior.

Methods
Animals
70 Adult male wistar rats (250–300 g) were kept on a 12-h 
light–dark cycle (lights on at 07:00), at a temperature of 
23 °C ± 1 °C with food and water ad libitum, and the con-
tainer was cleaned daily. During cleaning time, rats were 

Electron microscopy scanning of the femur bone was done. Histomorphometric parameters measuring the: 1. Tra-
becular bone thickness and 2. The trabecular bone volume percentage.

Results: Tamoxifen reduced hyperlocomotion, and improved hippocampus structure in ketamine-treated rats, by 
reducing OXS (reduced malondialdehyde and increased glutathione) and increasing BDNF. These effects might be 
related to (PKC) inhibition, rather than estrogen modulation, since the anti-estrogenic drug clomiphene had no effect 
on hyperlocomotion. Tamoxifen enhanced the beneficial effects of risperidone on hippocampal OXS and BDNF, aug-
menting its effectiveness on hyperlocomotion and hippocampal structure. It also reduced risperidone-induced OXS 
and the associated bone damage.

Conclusions: PKC inhibitors, particularly tamoxifen, might be potential adjuncts to antipsychotics, by reducing OXS 
and increasing BDNF increasing their effectiveness while reducing their bone damaging effects.

Keywords: Tamoxifen, Risperidone, Ketamine, BDNF, OXS, PKC
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placed in a dry cage for 5 min, where they stayed awake 
(grooming and exploratory behavior). 60 rats were caged 
in groups of 2–3 in a 41 × 34 × 16 cm cage. Control rats 
(home-caged controls, CC) remained in their home cages 
(2–3 rats per cage) for the duration of the experiment. All 
rats were allowed to acclimate for at least 1 week prior to 
experiments and were gently handled three times before 
behavioral testing. All behavioral data were recorded in a 
calm room by an experienced observer. The observer was 
in the room, where experiments were performed and was 
blind to the animal condition. All procedures were car-
ried out according to the guidelines of animal care and 
the scientific research ethical committee.

Ethical statement
The study was approved by the local research committee. 
Reporting of the results adheres to the ARRIVE and BJP 
guidelines.

Diet
Rat chow: obtained from Meladco for Animal Food, 
Egypt and composed of (20% proteins, 10% fat and 70% 
carbohydrates).

Drugs
The study used tamoxifen citrate 2 mg/kg (AstraZeneca, 
UK) risperidone 2.5 mg/kg (Janssen-Cilag, USA) and clo-
miphene 10 mg/kg (Sanofi-Aventis, France). Doses of the 
drugs were based on previous studies [27–29]. All drugs 
were dissolved in saline solution (NaCl 0.9%) and were 
given intraperitoneally in volumes of 1  ml/kg daily for 
4 weeks.

Ketamine solution for injection as injectable vials; 
50 mg/ml purchased from Hamlen ltd, injected at a vol-
ume of 0.5 ml/kg of body weight.

Animal groups and study design
See Additional file  1: Fig. S1 for graphical study design. 
Seventy rats were divided into seven groups (ten rats 
each): control non-ketamine treated group receiving 
saline; and ketamine groups: (1) control, (2) tamoxifen, 
(3) risperidone, (4) tamoxifen plus risperidone, (5) clo-
miphene, and (6) Clomiphene plus risperidone, treated 
groups.

Rats were treated with the test drugs for 4 weeks. Con-
trol rats received saline.

Ketamine was administered intraperitoneally (i.p.), 
once a day in the last week in a sub anesthetic dose of 
25  mg/kg [30–32].The effects of drugs on locomotor 
activity was assessed on the last day, using the open-field 
test, 30  min after the administration of the last dose of 
the drugs.

Rats were then sacrificed, and decapitated. Blood 
was withdrawn from the rats from lateral tail vein into 
a tube and was left for 30  min to clot then centrifuged 
for 20  min to obtain serum samples. The hippocampus 
structure was manually dissected on ice, rapidly frozen 
on dry ice and stored at − 70 °C until assayed. The femur 
bones were isolated for biochemical and immuno-histo-
chemical studies and 3D scanning.

Only male animals were used to avoid the potential 
confound of antiestrogenic effects of tamoxifen on female 
hormonal physiology [26, 28, 33, 34].

Outcome measures
Behavioral studies
Effects of drugs on hyperlocomotion induced by keta-
mine were tested using the open-field test [35]. Rats were 
allowed to adapt to the test room 1 h before the experi-
ment was conducted. Each rat was placed individually in 
the center of the quadrangular arena (60 × 60 cm) which 
was divided into 16 equal squares, each rat was tested for 
5 min. The number of crossed squares (with at least three 
paws) was counted manually after the test was video 
recorded. The arena was cleaned by 10% alcohol after 
each rat.

The points investigated were the effects of tamoxifen 
alone and in combination with risperidone on hyperlo-
comotion induced by ketamine. The effects of tamoxifen 
on hyperlocomotion were compared to those of clomi-
phene, an estrogen receptor modulator. This was done to 
confirm that the estrogen receptor modulating effect of 
tamoxifen does not contribute to its effects on hyperlo-
comotion and hence validate the use of tamoxifen as an 
experimental tool to study the effects of PKC inhibition.

Biochemical studies
The level of BDNF was measured in hippocampus tissue 
using Rat BDNF ELISA estimation kit (Kamiya Biomedi-
cal company Cat. No. KT-8 575). Oxidative stress mark-
ers, reduced glutathione (GSH) and MDA were measured 
spectrophotometrically in serum and in bone, and hip-
pocampus tissue using rat Kits for serum sample and 
tissue sample (Oxford biomedical research, USA; and 
OxiSelect, Cell Biolabs, USA).

Histological studies
Dissection of hippocampus [36]
Hippocampus was reached from the medial side after 
division of the brain at the mid sagittal plane into right 
and left hemispheres [37]. The right hippocampus was 
manually dissected on ice, rapidly frozen on dry ice and 
stored at − 70 °C until assayed. The left hippocampus was 
immediately fixed in 10% formalin, processed and stained 
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with H&E, toluidine blue and glial fibrillary acidic protein 
(GFAP).

Dissection of femur
The distal part of right femur was dissected out, trimmed 
and was immediately divided longitudinally into two 
halves using scalpel. One half from each femur was pro-
cessed for preparation of decalcified specimen, and the 
other half was processed for preparation of scanning 
electron microscopic study (SEM).

Preparation of decalcified specimen
Specimens were fixed in neutral buffered formaldehyde 
for 2 days. Decalcification was performed by chelating 
agent ethylene–diamine–tetra–acetic acid in the form 
of its disodium salt [38]. An ample volume of decalcify-
ing solution was used. The solution was changed every 
day. The time required for decalcification was 4 weeks. 
Then the decalcified specimens were dehydrated and 
processed to form paraffin blocks. Serial longitudinal sec-
tions, five micrometers thickness were prepared. Then, 
sections were stained with hematoxylin and eosin stain 
(H&E) [38].

Preparation of SEM [36]
Longitudinal section of distal end of femur was perfused 
thoroughly with saline to remove the bone marrow. Spec-
imens were fixed immediately in 1.5% gluteraldehyde in 
phosphate buffer saline for 2 h then gradual dehydration 
was done. Alcohol substitution was done using acetone. 
The fixed dehydrated pieces of bone were dried using 
Critical Point Dryer, using liquid carbon dioxide. The tis-
sue specimens were mounted on brass studs using dou-
ble adhesive tape and coated with 20  nm layer of gold 
in a JFC-ion sputter (JEOL, Tokyo, Japan) Using sputter 
coated SCD/0γ15. The specimens were then examined 
with an XL30 SEM (PHILIPS, Amsterdam, and Nether-
lands) operated at 30 kV. All photographs were taken in 
the second electron mode with the beam incident to the 
surface of the tissue.

Morphometric studies
This was performed using a Leica DM2500 microscope 
(Wetzlar, Germany) and the image analyzer Leica Q win 
V.3 program. Stained sections of hippocampus in CA3 
region from each subgroup were examined. Five high 
power fields/sections were chosen to measure: Nissl’s 
granules density in the pyramidal cells’ cytoplasm stained 
by toluidine blue and the area percentage of astrocytes 
stained by GFAP immune stain. The sections were exam-
ined using ×40 objective lens (final magnification ×400).

The histomorphometric parameters of bone were 
defined according to the report by the American Society 

for Bone and Mineral Research Committee [39] measur-
ing the following: (1) Trabecular bone thickness indicat-
ing the thickness of trabeculae in the cancellous bone. 
Bone trabeculae were measured at their midpoint away 
from their branching areas; and (2) The trabecular bone 
volume percentage as the percentage of cancellous bone 
area occupied by trabeculae.

Statistical analysis
All values in the results is expressed as mean ± standard 
error of the mean (SEM). Statistical difference among 
groups was determined using two way analysis of vari-
ance; ANOVA followed by Tukey’s multiple comparison 
test. p values < 0.05 will be considered statistically signifi-
cant. Statistical analysis was carried out using Graph pad 
prism, software program, version 5.0. (2007). Inc., CA, 
USA.

Results
Behavioural results
As shown in Table  1, control ketamine rats showed a 
significant increase in the number of crossed squares, 
compared to rats in the control non-ketamine treated 
group. Tamoxifen/Ketamine treated rats showed signifi-
cant reduction in number of crossed squares, compared 
to control ketamine rats. In contrast, clomiphene treat-
ment had no significant effect on Ketamine induced 
hyperlocomotion and did not augment the effects of ris-
peridone when combined with it. Risperidone/ketamine 
rats showed significant decrease in number of crossed 
squares, compared to control ketamine rats; reaching sig-
nificantly lower levels than control non-Ketamine treated 
rats. Combination of risperidone with tamoxifen resulted 

Table 1 Effects of test drugs on the number of crossed squares 
in the open field test in ketamine treated rats

Data are expressed as mean ± SEM, n number of rats, two-way ANOVA followed 
by Tukey multiple comparison tests

Tam tamoxifen, Risp risperidone

*p < 0.05 significant compared to control non-ketamine treated
# p < 0.05 significant drug treated ketamine compared to control ketamine 
treated rats
ɫ p < 0.05 combination compared to risperidone/ketamine treated

Animal groups
n = 10 each

Open field test (no. 
of crossed squares)

Control non-ketamine treated 51.3 ± 6.7

Control ketamine treated 83.4 ± 14.2*

TAM/ketamine treated 49.6 ± 6.4#

Risp/ketamine treated 33 ± 3*,#

TAM/Risp/ketamine treated 18 ± 2.5*,#,ɫ

Clomiphene/ketamine treated 84 ± 2.6*

Clomiphene/Risp/ketamine treated 30 ± 3*,#
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in a significant decrease in number of crossed squares, 
compared to control ketamine and to risperidone/keta-
mine rats; reaching levels significantly lower than control 
non-Ketamine treated rats.

Biochemical results
As shown in Table  2, control ketamine treated rats 
showed significantly lower hippocampus BDNF as well as 
lower GSH and higher MDA levels, in hippocampus and 
bone, compared to control non-ketamine treated rats. 
Tamoxifen/ketamine rats showed significantly higher 
hippocampus BDNF as well as higher glutathione (GSH) 
and lower malondialdehyde (MDA) levels in hippocam-
pus and bone, compared to control ketamine treated rats. 
Risperidone/ketamine treated rats showed significantly 
higher hippocampus BDNF as well as higher GSH and 
lower MDA levels, in hippocampus, compared to con-
trol/ketamine treated rats. In contrast, significantly lower 
GSH levels and higher MDA levels were noted in bone 
tissue. Tamoxifen/risperidone/ketamine rats showed sig-
nificantly higher hippocampus BDNF as well as higher 
GSH and lower MDA levels, in hippocampus and bone, 
compared to control/ketamine treated rats, and to risp-
eridone/ketamine treated rats.

Histological results
Control ketamine treated rats showed many shrunken 
pyramidal cells with dark cytoplasm and pyknotic 
nuclei a significant reduction in hippocampal Nissl’s 
granules density and an increase in area % of GFAP 
positive astrocytes compared to control non-ketamine 
treated rats. Rats treated with either tamoxifen or 

risperidone showed a significant improvement in these 
parameters compared to control ketamine treated rats. 
Rats receiving combined treatment showed a signifi-
cant improvement in these parameters compared to ris-
peridone treatment alone p < 0.05. Table 3 photographs 
of H&E, toluidine blue and glial fibrillary acidic protein 
(GFAP) stained sections of hippocampus (CA3) region 
showing these changes are presented in Fig. 1, 2, and 3

Rats treated with risperidone showed a significant 
reduction in trabecular bone thickness and in percent-
age of trabecular bone volume compared to control ket-
amine treated rats. Rats receiving combined treatment 
showed a significant improvement in these param-
eters compared to risperidone treatment alone p < 0.05 
(Table  3 photographs of H&E stained sections of the 
lower femur showing these changes are presented in 
Figs. 4, 5, 6, 7, and 8

Scanning electron microscopic examination of rat 
femur of control/non-ketamine treated group showed 
cancellous bone as branching and anastomosing bone 
trabeculae. Collagen fibres were seen on surface of 
bone (Fig.  9A, B). Control/Ketamine treated group 
were similar to control (Fig.  9C). In the tamoxifen/
ketamine treated group minimal cracks were seen on 
the surface of bone trabeculae (Fig. 9D, E). In contrast, 
risperidone/ketamine treated group showed exten-
sive bone damage as cracks were frequently seen. Thin 
tapering bone trabeculae were seen and were some-
times seen fractured. Focal areas of disorganized colla-
gen fibers were seen (Fig.  9F–H). These changes were 
less marked in tamoxifen/risperidone/ketamine treated 
group (Fig. 9I, J).

Table 2 Effect of test drugs on BDNF in hippocampus and oxidative stress markers in hippocampus and femur bone, of ketamine 
treated rats

Data are expressed as mean ± SEM, n number of rats. Two way ANOVA followed by Tukey multiple comparison tests

Tam tamoxifen, Risp risperidone, BDNF brain derived neurotrophic factor, GSH reduced glutathione, MDA malondialdehyde

*p < 0.05 significant compared to control non-ketamine treated
# p < 0.05 significant drug treated/ketamine compared to control/ketamine
ɫ p < 0.05 significant compared to Risp/ketamine treated

Animal groups
n = 10

BDNF hippocampus
ng/g tissue

Oxidative stress markers

Hippocampus Bone

GSH 
pg/g
tissue

MDA 
ng/g
tissue

GSH 
pg/g
tissue

MDA 
ng/g
tissue

Control non-ketamine treated 10.2 ± 0.31 10.55 ± 0.42 1.6 ± 0.2 6.5 ± 0.35 1.49 ± 0.15

Control/ketamine 1.94 ± 0.1* 1.54 ± 0.18* 10.93 ± 0.5* 3.28 ± 0.19* 5.2 ± 0.25*

TAM/ketamine 6.35 ± 0.34*,#,ɫ 5.5 ± 0.25*,#,ɫ 4.5 ± 0.5*,#,ɫ 5.66 ± 0.29#,ɫ 2.26 ± 0.1#,ɫ

Risp/ketamine 4.8 ± 0.22*,# 3.6 ± 0.22*,# 7.03 ± 0.48*,# 0.88 ± 0.15*,# 7.5 ± 0.29*,#

TAM/Risp/ketamine 7.66 ± 0.25*,#,ɫ 7.8 ± 0.33*,#,ɫ 4.6 ± 0.25*,#,ɫ 5.01 ± 0.3*#,ɫ 3.19 ± 0.133*,#,ɫ
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Table 3 Showing mean ± SD of Nissl granules density, area % of GFAP positive astrocytes, trabecular bone thickness and percentage 
of trabecular bone volume in different groups

Tam tamoxifen; Risp risperidone; GFAP glial fibrillary acidic protein

*p < 0.05 significant compared to control non-ketamine treated
# p < 0.05 significant drug treated ketamine compared to control/ketamine
ɫ p < 0.05 significant compared to Risp/ketamine treated

Nissl’s granules 
density

Area % of GFAP positive 
astrocytes

Trabecular bone 
thickness (µm)

Percentage of 
trabecular bone 
volume

Control/non-ketamine treated 9 6 ± 1.1 1.86 ± 0.81 151.9 ± 5.1 46.7 ± 3.3

Control/ketamine treated 66.4 ± 1.51* 34.78 ± 1.83* 143.5 ± 4.3 39.5 ± 4.4

TAM/ketamine treated 81.6 ± 1.1*,# 17.76 ± 1.67*,# 139.7 ± 5.7 36.7 ± 3.1

RISP/ketamine treated 88 ± 1.6*,# 12.34 ± 0.91*,# 79.4 ± 3.2*,# 12.4 ± 1.4*,#

TAM/RISP/ketamine treated 93.6 ± 1.2#,ɫ 7.21 ± 0.68*,#,ɫ 113.5 ± 4.4*,#,ɫ 30.7 ± 3.6*,#,ɫ

Fig. 1 H&E stained sections of hippocampus (CA3) region. A Control non ketamine treated rats showed pyramidal layer is formed of large 
pyramidal cells having vesicular nuclei. B Ketamine treated rats showed many shrunken pyramidal cells with dark cytoplasm and pyknotic nuclei. C 
Tamoxifen/ketamine treated group showed some pyramidal cells were shrunken with pyknotic nuclei. D Risperidone/ketamine treated rats showed 
very few cells having dark pyknotic nuclei. E Tamoxifen/risperidone/ketamine treated rats showed most pyramidal cells were nearly comparable to 
control
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Discussion
In the present study, tamoxifen, was used to investigate 
the impact of changes in OXS and BDNF on hyperlo-
comotion and hippocampus structural changes, in a 
ketamine-induced model of psychosis in rats. The hip-
pocampus was chosen, since hippocampal over-activa-
tion is known to correlate with the severity of symptoms 
in psychosis [40, 41]. Hippocampal over-activity 

contributes to the hyperdopaminergic state in the ven-
tral tegmental area and increases dopamine release in the 
nucleus accumbens [42]. These changes are responsible 
for the positive symptoms of schizophrenia in humans 
[43] and hyperlocomotion in rodents. Hyperlocomotion 
is considered a putative correlate of positive symptoms of 
psychotic illness in rodents [44, 45] and is considered a 
primary outcome to assess manic-like behavior [46].

In the present study, chow-fed rats treated with a sub-
anesthetic dose of ketamine, exhibited hyperlocomotion. 
In pre-clinical studies, low doses of ketamine (5–10 mg/
kg) induce antidepressant effects [47]. However, in mod-
erate doses (10–50  mg/kg), ketamine induces hyper-
locomotion, impaired cognitive function and cellular 
dysfunction [30, 31]. Ketamine treatment is reported to 
induce oxidative stress and an inflammatory response 
with increase in pro-inflammatory cytokines including 
TNF alpha [48, 49]. Oxidative stress induces neuroin-
flammation [50, 51] and activation of microglial cells that 
increases the release of inflammatory cytokines, reinforc-
ing the effects of oxidative stress on neuronal toxicity [52, 
53].

The hyperlocomotion induced by ketamine was asso-
ciated with histopathological changes in CA3 region of 
hippocampus together with increase in hippocampal oxi-
dative stress (OXS) and reduction in BDNF in hippocam-
pus tissue.

According to Lin et  al. [54], ROS release after central 
nervous system injury, leads to astrocytes activation and 
increase in their number, size, and expression of GFAP, 
thus causing hippocampus structural abnormalities. ROS 
release following glutamate excitotoxicity has also been 
reported to be responsible for disappearance of Nissl’s 
granules in many pathological conditions indicating 
decreased neuron function [55]. This could explain the 
impairment and significant decrease in Nissl’s granules 
detected in the ketamine group compared to control non 
ketamine group.

In the present work, tamoxifen/ketamine-treated rats 
displayed a reduction in hyperlocomotion together with 
moderate improvement in the structure of (CA3) region 
in the hippocampus. Risperidone/ketamine-treated rats 
also showed noticeable improvement compared to con-
trol ketamine-group. Ketamine-rats treated with risp-
eridone and tamoxifen combination showed a further 
reduction in hyperlocomotion and more significant 
improvement in the structure of (CA3) region in the 
hippocampus compared to control ketamine-group and 
to the risperidone treated group. This was evident by a 
significant increase in the Nissl granules content of the 
pyramidal cells and a significant decrease in immune 
reactive astrocytes with GFAP, when compared to control 
ketamine group.

Fig. 2 Toluidine blue stained sections of hippocampus (CA3) 
region. A Control non ketamine treated group showed pyramidal 
cells studded with Nissl’s granules. B Ketamine treated rats shows 
Nissl’s granules of pyramidal cells were less in number compared to 
control non ketamine treated group. C Tamoxifen/ketamine treated 
rats appeared studded with more Nissl’s granules compared to 
control ketamine treated group. D Risperidone/ketamine treated rats 
appeared studded with more Nissl’s granules compared to control 
ketamine treated group. E Tamoxifen/risperidone/ketamine treated 
rats shows Nissl’s granules were significantly increased compared to 
ketamine treated and risperidone/ketamine treated group
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The beneficial effects of tamoxifen on hyper locomo-
tion and hippocampus structure in the ketamine-rats 
may be related to the reduction in OXS and increase in 
BDNF, compared to control ketamine-group. These find-
ings are in accordance with previous studies [19, 22] and 
[23].

The greater improvement in hyperlocomotion and hip-
pocampus structure, in risperidone/tamoxifen/Ketamine 

treated rats, compared to risperidone/ketamine treated 
rats, might be related to the greater reduction in OXS 
and increase in BDNF in risperidone/tamoxifen/keta-
mine treated rats.

The reduction on OXS and increase in BDNF and the 
subsequent reduction in hyperlocomotion induced by 
tamoxifen are probably related to its PKC inhibitory 
effects [19]. Indeed, excessive activation of PKC has been 

Fig. 3 Glial fibrillary acidic protein (GFAP) stained sections of hippocampus (CA3) region. A Control non ketamine treated rats showed few GFAP 
positive astrocytes. B Ketamine treated rats showed substantial number of GFAP positive astrocytes with many tall processes compared to control 
non ketamine treated GROUP. C Tamoxifen/ketamine treated rats showed some positive astrocytes with tall processes. D Risperidone/ketamine 
treated rats showed few GFAP positive astrocytes with tall processes. E Tamoxifen/risperidone/ketamine treated rats showed positive astrocytes 
were significantly decreased compared to ketamine treated and risperidone/ketamine treated groups comparable to control

Fig. 4 H&E stained Sections of the lower femur of control non ketamine treated rat showed cancellous bone formed of branching and 
anastomosing bone trabeculae with bone marrow spaces in between (A magnification H&E ×100). Bone trabeculae were covered with endosteum 
containing osteoprogenitor cells and osteoblasts. Osteocytes were seen inside their lacunae. Bone marrow was formed of haemopoietic cells, blood 
sinusoids and fat cells (B magnification H&E ×400)
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suggested to be involved in mania [16] via an increase in 
OXS [56] and a decrease in BDNF [57, 58].

The inhibitory effects of tamoxifen on hyperlocomotor 
activity are not probably related to its estrogen modula-
tory effects, since the anti-estrogenic agent clomiphene 
failed to induce such an effect when given alone and did 

not enhance the effects of risperidone when combined 
with it. Similar results were reported by several investi-
gators. Acute and chronic tamoxifen but not clomiphene 
or medroxyprogestrone blocked methylphenidate-
induced hyperlocomotion in mice [26]. Similarly, in a 
study by Sabioni et al. [33], tamoxifen and chelerythrine 

Fig. 5 H&E stained Sections of the lower femur of ketamine treated rat appear similar to that of control (A H&E ×100, B H&E ×400 magnification)

Fig. 6 H&E stained sections of the lower femur of tamoxifen/ketamine treated rat appear similar to that of control (A H&E ×100, B H&E ×400 
magnification)

Fig. 7 H&E stained sections of the lower femur of risperidone/ketamine treated rat shows bone damage. Cancellous bone appeared as thin widely 
separated bone trabeculae with small fragmented areas of bone. Widening of bone marrow spaces and increase number of fat cells were also seen. 
Localized areas of faint staining bone trabecula with no osteocytes were frequently noticed (A H&E ×100, B H&E ×400 magnification)
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(a PKC inhibitor) completely blocked the hyperloco-
motion induced by amphetamine, while an intermedi-
ate medroxyprogesterone dose partially reduced the 
amphetamine-induced hyperlocomotion.

In the second part of the study, bone examination 
revealed that risperidone/ketamine group exhibited 
marked thinning of bone trabeculae with wide separation 
and discontinuity of some bone trabeculae with areas of 

osteolysis. Histomorphometric findings revealed a signif-
icant decrease in trabecular bone thickness and percent-
age of trabecular bone volume. Indeed, risperidone was 
reported to increase bone resorption and reduce bone 
formation with elevation of all bone resorption param-
eters as, number of osteoclasts, osteoclastic surface, and 
eroded surface, probably due to elevated Rankl expres-
sion [59]. The effects of risperidone were more apparent 

Fig. 8 H&E stained sections of the lower femur of tamoxifen/risperidone/ketamine treated rat shows localized areas of faint staining of bone matrix 
and eroded areas of bone could be seen which shows improvement compared to risperidone/ketamine treated group (A H&E ×100 & b H&E ×400 
magnification)

Fig. 9 Scanning electron microscopic examination of rat femur. Control group [A, B] A Branching and anastomosing bone trabeculae and 
osteocyte lacunae. B Collagen fibers are seen on the surface of bone trabecula. Osteocyte lacuna. ketamine treated group (C): Collagen fibers are 
seen on the surface of bone trabecula. Osteocyte lacunae (↑) are also seen. Tamoxifen treated group [D, E]: D A small crack is seen on the surface of 
bone trabecula. Osteocyte lacunae. E Collagen fibers on the bone surface. [F–H] Risperidone treated group (F) A crack is seen in a bone trabecula. 
G Thin tapering and fractured bone trabecula are seen. H Disturbed and disorganized collagen arrangement are seen on the surface of bone. [I, J] 
Combination treated group: I A crack is seen on the surface of bone. J Localized area of loss of collagen fibers
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in inner cancellous bone trabeculae than in the outer cor-
tical bone. This is in accordance with Takata and Yasui 
[60] who reported that bones with high proportion of 
cancellous bone were at the highest risk of osteoporo-
sis. Wide bone marrow spaces with increased adipocytes 
were also observed in risperidone/ketamine group and 
might be attributed to the observed decrease in cancel-
lous bone thickness.

The combination of tamoxifen with risperidone in keta-
mine treated rats was associated with lesser bone dam-
age compared to risperidone/ketamine group. According 
to Zhong et al., [61] tamoxifen reduced osteoclast activity 
and bone turnover in humans, decreased bone resorp-
tion, increased femoral trabecular bone formation, 
increasing trabeculae number and thickness, bone vol-
ume with net bone gain at the distal femurs.

The bone damage seen in risperidone/ketamine group 
might be attributed to the increase in OXS in this group. 
Increased OXS has been reported to affect bone mineral 
density [5] and to be involved in the increased risk of 
bone fractures in patients on antipsychotic agents. [62].

The favorable effects of combination with tamoxifen on 
bone architecture might be attributed to the reduction in 
bone OXS seen in the tamoxifen/risperidone/ketamine 
group compared to risperidone/ketamine group.

An increase in central BDNF in the tamoxifen/risperi-
done group compared to risperidone alone might have 
also contributed to the favorable effect of combination 
with tamoxifen. Central BDNF levels have also been sug-
gested to affect bone mineral density and BDNF recep-
tors have been described in bone [4]. BDNF has been 
shown to play a role in osteogenesis and to be involved 
in osteoblast differentiation and in the increased mRNA 
expression of osteocalcin [63].

Although the estrogenic effect of tamoxifen is expected 
to be involved in its beneficial effects on bone structure, 
yet, its PKC inhibitory effects might have also contrib-
uted. In fact, PKC inhibition has been reported to block 
osteoclast functions and bone resorption [64, 65].

The findings of the present study have important impli-
cations. The greater reduction in OXS and increase in 
BDNF seen in the risperidone/tamoxifen treated group, 
compared to risperidone treatment alone is clinically sig-
nificant. Risperidone has been reported to induce both 
pro-oxidative and antioxidative effects [8, 66]. Its effects 
on BDNF level are also quite inconsistent. Risperidone 
has been reported to induce, no significant effect, insig-
nificant reduction, or an increase in BDNF level [13–15, 
67]. Thus, the effects of risperidone on OXS and BDNF 
might be the net result of its positive and negative effects 
on OXS and BDNF. Indeed in our study although the 
effects of risperidone on OXS and BDNF were potenti-
ated by combination with tamoxifen, yet the effects of 

tamoxifen were not potentiated by combination with 
risperidone. These findings suggest that the effects of 
tamoxifen on OXS and BDNF are more consistent than 
those of risperidone as suggested by other studies.

Hence, combination of tamoxifen with risperidone, 
may counteract any pro-oxidative effect or reduction in 
BDNF that might be induced by risperidone, increasing 
its beneficial behavioral effects while reducing its bone 
damaging effects.

These results may need to be replicated with other 
protein C kinase inhibitors and in larger samples and in 
combination with several toeher anti-psychotics besides 
risperidone. Measurement of protein C Kinase is a diffi-
cult process but will be needed in future studies to con-
firm the results. The real challenge is the search for a PKc 
inhibitor which unlike tamoxifen exhibits non-estrogenic 
properties, since unfortunately TAM is the only PKc 
inhibitor that can cross the BBB.

Conclusions
The PKC inhibitor tamoxifen reduced hyperlocomotion, 
and improved hippocampus structure in ketamine-
treated rats when given alone and increased the effects 
of risperidone when combined with it. These effects 
were associated with reduction in OXS and increase 
in BDNF in hippocampus. The behavioral effects of 
tamoxifen might be related to its PKC inhibitory effects, 
rather than to its estrogen modulatory effects, since 
the antiestrogenic agent clomiphene had no effect on 
hyperlocomotion. Combination of tamoxifen with risp-
eridone in ketamine-treated rats resulted in lesser bone 
damage with reduction in bone OXS compared to ris-
peridone ketamine-treated rats. Accordingly, it could 
be postulated that PKC inhibitors, by reducing OXS 
and increasing BDNF level, might prove to be potential 
adjuncts to antipsychotic agents increasing their behav-
ioral therapeutic effects while reducing their bone dam-
aging effect.

Abbreviations
OXS: Oxidative stress; PKC: Protein kinase C; BDNF: Brain-derived neurotrophic 
factor; SEM: Scanning electron microscopic study; H&E: Hematoxylin and eosin 
stain; GFAP: Glial fibrillary acidic protein; GSH: Glutathione; MDA: Malondialde-
hyde; Tam: Tamoxifen; Risp: Risperidone.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s41983- 022- 00470-0.

Additional file 1: Fig 1. S1. Graphical abstract of study design.

Acknowledgements
Not applicable.

https://doi.org/10.1186/s41983-022-00470-0
https://doi.org/10.1186/s41983-022-00470-0


Page 12 of 13Sedky et al. Egypt J Neurol Psychiatry Neurosurg           (2022) 58:44 

Authors’ contributions
AS, YM and KS conceived the idea, designed the study, performed the rat 
experiments, analyzed the data and prepared the manuscript. MR and GH, 
dissected the hippocampus and bone specimens, performed the histologi-
cal studies and analyzed their results and contributed to the manuscript. All 
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data sets used and/or analysed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
This study was approved by the local research ethics committee of Ain Shams 
University, Cairo, Egypt (2017). Animals were treated in accordance with Guide 
for the Care and Use of Laboratory Animals (8th edition, National Academies 
Press).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Pharmacology, Ain Shams University, Cairo, Egypt. 2 Depart-
ment of Histology, Ain Shams University, Cairo, Egypt. 3 Department of Anaes-
thesia, Ain Shams University, Cairo, Egypt. 4 Department of Pharmacology, 
Faculty of Medicine, Ain Shams University, Abbassia, Cairo, Egypt. 

Received: 10 November 2021   Accepted: 11 March 2022

References
 1. AE Autry LM Monteggia 2012 Brain-derived neurotrophic factor and 

neuropsychiatric disorders Pharmacol Rev 64 238 258 https:// doi. org/ 10. 
1124/ pr. 111. 005108

 2. O Dean F Giorlando M Berk 2011 N-Acetylcysteine in psychiatry: current 
therapeutic evidence and potential mechanisms of action J Psychiatry 
Neurosci 36 78 86

 3. M Miranda JF Morici MB Zanoni P Bekinschtein 2019 Brain-derived 
neurotrophic factor: a key molecule for memory in the healthy and the 
pathological brain Front Cell Neurosci https:// doi. org/ 10. 3389/ fncel. 2019. 
00363

 4. MR Hutchison MH Bassett PC White 2010 SCF, BDNF, and Gas6 are regula-
tors of growth plate chondrocyte proliferation and differentiation Mol 
Endocrinol 24 193 203 https:// doi. org/ 10. 1210/ me. 2009- 0228

 5. Q Zhou L Zhu D Zhang N Li Q Li P Dai Y Mao X Li J Ma S Huang 2016 
Oxidative stress-related biomarkers in postmenopausal osteoporosis: a 
systematic review and meta-analyses Dis Markers 2016 1 12

 6. S Nose O Yoshino K Nomoto M Harada M Dohi T Kawahara Y Osuga T Fujii 
S Saito 2019 Serum brain-derived neurotrophic factor levels mirror bone 
mineral density in amenorrheic and eumenorrheic athletes Int J Sports 
Med https:// doi. org/ 10. 1055/a- 0835- 6119

 7. JM Bolton SN Morin SR Majumdar J Sareen LM Lix H Johansson A Odén 
EV McCloskey JA Kanis WD Leslie 2017 Association of mental disorders 
and related medication use with risk for major osteoporotic fractures 
JAMA Psychiatry 74 641 https:// doi. org/ 10. 1001/ jamap sychi atry. 2017. 
0449

 8. A Dietrich-Muszalska J Kolińska-Łukaszuk 2018 Comparative effects of 
aripiprazole and selected antipsychotic drugs on lipid peroxidation in 
plasma Psychiatry Clin Neurosci 72 329 336 https:// doi. org/ 10. 1111/ pcn. 
12631

 9. G Caruso M Grasso A Fidilio F Tascedda F Drago F Caraci 2020 Antioxi-
dant properties of second-generation antipsychotics: focus on microglia 
Pharmaceuticals https:// doi. org/ 10. 3390/ ph131 20457

 10. S Shagufta F Farooq AM Khan K Dar A Mohit 2017 Risperidone-induced 
amenorrhea in floridly psychotic female Cureus https:// doi. org/ 10. 7759/ 
cureus. 1683

 11. G Bonaccorsi I Piva P Greco C Cervellati 2018 Oxidative stress as a pos-
sible pathogenic cofactor of post-menopausal osteoporosis: existing 
evidence in support of the axis oestrogen deficiency-redox imbalance-
bone loss Indian J Med Res 147 341

 12. S Zhu W Wei Z Liu Y Yang H Jia 2018 Tanshinone-IIA attenuates the 
deleterious effects of oxidative stress in osteoporosis through the NF-κB 
signaling pathway Mol Med Rep https:// doi. org/ 10. 3892/ mmr. 2018. 8741

 13. S Kudlek Mikulic A Mihaljevic-Peles M Sagud M Bajs Janovic L Ganoci J 
Grubisin M Kuzman Rojnic B Vuksan Cusa Z Bradaš N Božina 2017 Brain-
derived neurotrophic factor serum and plasma levels in the treatment of 
acute schizophrenia with olanzapine or risperidone: 6-week prospective 
study Nord J Psychiatry 71 513 520 https:// doi. org/ 10. 1080/ 08039 488. 
2017. 13405 18

 14. A Ajami SH Hosseini M Taghipour A Khalilian 2014 Changes in serum 
levels of brain derived neurotrophic factor and nerve growth factor-beta 
in schizophrenic patients before and after treatment Scand J Immunol 80 
36 42 https:// doi. org/ 10. 1111/ sji. 12158

 15. R-Q Wu C-G Lin W Zhang X-D Lin X-S Chen C Chen L-J Zhang Z-Y Huang 
G-D Chen D-L Xu  2018 Effects of risperidone and paliperidone on brain-
derived neurotrophic factor and N400 in first-episode schizophrenia Chin 
Med J (Engl) 131 2297 2301

 16. G Morris K Walder SL McGee OM Dean SJ Tye M Maes M Berk 2017 A 
model of the mitochondrial basis of bipolar disorder Neurosci Biobehav 
Rev 74 1 20

 17. SS Valvassori GC Dal-Pont WR Resende RB Varela BR Peterle FF Gava FG 
Mina JH Cararo AF Carvalho J Quevedo 2017 Lithium and tamoxifen 
modulate behavior and protein kinase C activity in the animal model of 
mania induced by ouabain Int J Neuropsychopharmacol 20 877 885

 18. T Kishi T Ikuta Y Matsuda K Sakuma M Okuya I Nomura M Hatano N Iwata 
2021 Pharmacological treatment for bipolar mania: a systematic review 
and network meta-analysis of double-blind randomized controlled trials 
Mol Psychiatry https:// doi. org/ 10. 1038/ s41380- 021- 01334-4

 19. F Armani ML Andersen JCF Galduróz 2014 Tamoxifen use for the manage-
ment of mania: a review of current preclinical evidence Psychopharma-
cology 231 639 649 https:// doi. org/ 10. 1007/ s00213- 013- 3397-x

 20. C Carmassi A Cordone V Dell’oste V Pedrinelli F Pardini M Simoncini L 
Dell’osso 2021 Prescribing tamoxifen in patients with mood disorders: a 
systematic review of potential antimanic versus depressive effects J Clin 
Psychopharmacol https:// doi. org/ 10. 1097/ JCP. 00000 00000 001412

 21. N Bagdadi AN Azab R Shvartsur 2021 The use of tamoxifen as a potential 
treatment for bipolar disorder Psychiatry Clin Psychopharmacol 31 3 344 52

 22. A Valnier Steckert S Silva Valvassori F Mina J Lopes-Borges R Bitencourt 
Varela F Kapczinski F Dal-Pizzol J Quevedo 2012 Protein kinase C and 
oxidative stress in an animal model of mania Curr Neurovasc Res 9 47 57

 23. A Yildiz B Aydin N Gökmen A Yurt B Cohen P Keskinoglu D Öngür P Ren-
shaw 2016 Antimanic treatment with tamoxifen affects brain chemistry: a 
double-blind, placebo-controlled proton magnetic resonance spectros-
copy study Biol Psychiatry Cogn Neurosci Neuroimaging 1 125 131

 24. A Talaei M Pourgholami H Khatibi-Moghadam F Faridhosseini F Farhoudi 
A Askari-Noghani R Sadeghi 2016 Tamoxifen: a protein kinase C inhibitor 
to treat mania a systematic review and meta-analysis of randomized, 
placebo-controlled trials J Clin Psychopharmacol 36 3 272 5

 25. A Ahmad S Sheikh MA Khan A Chaturvedi P Patel R Patel BC Buch RS 
Anand TC Shah VN Vora  2021 Endoxifen: a new, protein kinase C inhibitor 
to treat acute and mixed mania associated with bipolar I disorder Bipolar 
Disord https:// doi. org/ 10. 1111/ bdi. 13041

 26. M Pereira BJ Martynhak IP Baretta D Correia IP Siba R Andreatini 2011 
Antimanic-like effect of tamoxifen is not reproduced by acute or chronic 
administration of medroxyprogesterone or clomiphene Neurosci Lett 500 
95 98

 27. F Batool A Hasnat M Haleem D Haleem 2010 Dose-related effects of 
clozapine and risperidone on the pattern of brain regional serotonin and 
dopamine metabolism and on tests related to extrapyramidal functions 
in rats Acta Pharm 60 129 140

https://doi.org/10.1124/pr.111.005108
https://doi.org/10.1124/pr.111.005108
https://doi.org/10.3389/fncel.2019.00363
https://doi.org/10.3389/fncel.2019.00363
https://doi.org/10.1210/me.2009-0228
https://doi.org/10.1055/a-0835-6119
https://doi.org/10.1001/jamapsychiatry.2017.0449
https://doi.org/10.1001/jamapsychiatry.2017.0449
https://doi.org/10.1111/pcn.12631
https://doi.org/10.1111/pcn.12631
https://doi.org/10.3390/ph13120457
https://doi.org/10.7759/cureus.1683
https://doi.org/10.7759/cureus.1683
https://doi.org/10.3892/mmr.2018.8741
https://doi.org/10.1080/08039488.2017.1340518
https://doi.org/10.1080/08039488.2017.1340518
https://doi.org/10.1111/sji.12158
https://doi.org/10.1038/s41380-021-01334-4
https://doi.org/10.1007/s00213-013-3397-x
https://doi.org/10.1097/JCP.0000000000001412
https://doi.org/10.1111/bdi.13041


Page 13 of 13Sedky et al. Egypt J Neurol Psychiatry Neurosurg           (2022) 58:44  

 28. H Einat P Yuan ST Szabo S Dogra HK Manji 2007 Protein kinase C inhibi-
tion by tamoxifen antagonizes manic-like behavior in rats: implications 
for the development of novel therapeutics for bipolar disorder Neuropsy-
chobiology 55 123 131

 29. M Baloglu E Deveci 2018 Effect of clomiphene citrate on bone damage 
on the tibial bones of ovariectomized rats Anal Quant Cytopathol Histo-
pathol 40 213 221

 30. FV Ghedim DB Fraga de PF Deroza MB Oliveira SS Valvassori AV Steckert J 
Budni F Dal-Pizzol J Quevedo AI Zugno 2012 Evaluation of behavioral and 
neurochemical changes induced by ketamine in rats: implications as an 
animal model of mania J Psychiatr Res 46 1569 1575

 31. M Gazal MR Valente BA Acosta FN Kaufmann E Braganhol CL Lencina FM 
Stefanello G Ghisleni MP Kaster 2014 Neuroprotective and antioxidant 
effects of curcumin in a ketamine-induced model of mania in rats Eur J 
Pharmacol 724 132 139

 32. Debom G, Gazal M, Soares MSP, do Couto CAT, Mattos B, Lencina C, 
Kaster MP, Ghisleni GC, Tavares R, Braganhol E, et al. Preventive effects 
of blueberry extract on behavioral and biochemical dysfunctions in rats 
submitted to a model of manic behavior induced by ketamine. Brain Res 
Bull. 2016;127:260–9.

 33. P Sabioni IP Baretta EM Ninomiya L Gustafson ALS Rodrigues R Andreatini 
2008 The antimanic-like effect of tamoxifen: behavioural comparison 
with other PKC-inhibiting and antiestrogenic drugs Prog Neuro-Psychop-
harmacol Biol Psychiatry 32 1927 1931

 34. M Moretti SS Valvassori AV Steckert N Rochi J Benedet G Scaini F Kapczin-
ski EL Streck AI Zugno J Quevedo 2011 Tamoxifen effects on respiratory 
chain complexes and creatine kinase activities in an animal model of 
mania Pharmacol Biochem Behav 98 304 310

 35. L Prut C Belzung 2003 The open field as a paradigm to measure the 
effects of drugs on anxiety-like behaviors: a review Eur J Pharmacol 463 3 
33

 36. Rhodes A. Fixation of tissues. In: Bancroft’s theory and practice of histo-
logical techniques. Amsterdam: Elsevier; 2013. p. 69–93.

 37. Scudamore CL. Practical approaches to reviewing and recording pathol-
ogy data. In: A practical guide to the histology of the mouse. Chichester: 
Wiley; 2013. p. 25–41. https:// doi. org/ 10. 1002/ 97811 18789 568. ch2.

 38. L Vinet A Zhedanov 2011 A ‘missing’ family of classical orthogonal poly-
nomials J Phys A 44 085201

 39. AM Parfitt 1988 Bone histomorphometry: standardization of nomencla-
ture, symbols and units (summary of proposed system) Bone 9 67 69

 40. SA Schobel NH Chaudhury UA Khan B Paniagua MA Styner I Asllani BP 
Inbar CM Corcoran JA Lieberman H Moore  2013 Imaging patients with 
psychosis and a mouse model establishes a spreading pattern of hip-
pocampal dysfunction and implicates glutamate as a driver Neuron 78 81 
93

 41. JR Tregellas J Smucny JG Harris A Olincy K Maharajh E Kronberg LC 
Eichman E Lyons R Freedman 2014 Intrinsic hippocampal activity as a 
biomarker for cognition and symptoms in schizophrenia Am J Psychiatry 
171 549 556 https:// doi. org/ 10. 1176/ appi. ajp. 2013. 13070 981

 42. P Taepavarapruk SB Floresco AG Phillips 2000 Hyperlocomotion and 
increased dopamine efflux in the rat nucleus accumbens evoked by elec-
trical stimulation of the ventral subiculum: role of ionotropic glutamate 
and dopamine D 1 receptors Psychopharmacology 151 242 251 https:// 
doi. org/ 10. 1007/ s0021 30000 376

 43. SM Perez DJ Lodge SM Perez 2014 New approaches to the management 
of schizophrenia: focus on aberrant hippocampal drive of dopamine 
pathways Drug Des Dev Ther https:// doi. org/ 10. 2147/ DDDT. S42708

 44. C Wilson AV Terry 2010 Neurodevelopmental animal models of schizo-
phrenia: role in novel drug discovery and development Clin Schizophr 
Relat Psychos 4 124 137 https:// doi. org/ 10. 3371/ CSRP.4. 2.4

 45. AR Wolff AM Bygrave DJ Sanderson ES Boyden DM Bannerman DM Kull-
mann D Kätzel 2018 Optogenetic induction of the schizophrenia-related 
endophenotype of ventral hippocampal hyperactivity causes rodent 
correlates of positive and cognitive symptoms Sci Rep 8 12871

 46. E Abrial A Bétourné A Etiévant G Lucas H Scarna L Lambás-Señas N Had-
djeri 2015 Protein kinase C inhibition rescues manic-like behaviors and 
hippocampal cell proliferation deficits in the sleep deprivation model of 
mania Int J Neuropsychopharmacol 18 1 11 https:// doi. org/ 10. 1093/ ijnp/ 
pyu031

 47. N Katalinic R Lai A Somogyi PB Mitchell P Glue CK Loo 2013 Ketamine as a 
new treatment for depression: a review of its efficacy and adverse effects 

Aust N Z J Psychiatry 47 710 727 https:// doi. org/ 10. 1177/ 00048 67413 
486842

 48. M Yadav DK Jindal MS Dhingra A Kumar M Parle S Dhingra 2018 Protec-
tive effect of gallic acid in experimental model of ketamine-induced 
psychosis: possible behaviour, biochemical, neurochemical and cellular 
alterations Inflammopharmacology 26 413 424 https:// doi. org/ 10. 1007/ 
s10787- 017- 0366-8

 49. M Yadav M Parle DK Jindal N Sharma 2018 Potential effect of spermidine 
on GABA, dopamine, acetylcholinesterase, oxidative stress and proinflam-
matory cytokines to diminish ketamine-induced psychotic symptoms in 
rats Biomed Pharmacother 98 207 213

 50. R Lee Mosley EJ Benner I Kadiu M Thomas MD Boska K Hasan C Laurie HE 
Gendelman 2006 Neuroinflammation, oxidative stress, and the patho-
genesis of Parkinson’s disease Clin Neurosci Res 6 261 281

 51. P Agostinho RA Cunha C Oliveira 2010 Neuroinflammation, oxidative 
stress and the pathogenesis of Alzheimer’s disease Curr Pharm Des 16 
2766 2778

 52. P Agostinho AR Cunha C Oliveira 2012 Neuroinflammation, oxidative 
stress and the pathogenesis of Alzheimers disease Curr Pharm Des 16 25 
2766 78

 53. A Monji T Kato S Kanba 2009 Cytokines and schizophrenia: microglia 
hypothesis of schizophrenia Psychiatry Clin Neurosci 63 257 265 https:// 
doi. org/ 10. 1111/j. 1440- 1819. 2009. 01945.x

 54. Y Lin K Lin D Kang F Wang 2011 Neural stem cell activation and glial 
proliferation in the hippocampal CA3 region of posttraumatic epileptic 
rats Neural Regen Res 6 1232 1237

 55. B Cui M Wu X She 2009 Effects of chronic noise exposure on spatial learn-
ing and memory of rats in relation to neurotransmitters and NMDAR2B 
alteration in the hippocampus J Occup Health 51 152 158

 56. D Cosentino-Gomes N Rocco-Machado JR Meyer-Fernandes 2012 Cell 
signaling through protein kinase C oxidation and activation Int J Mol Sci 
13 10697 10721

 57. H Xu P Czerwinski N Xia U Förstermann H Li 2015 Downregulation of 
BDNF expression by PKC and by TNF-α in human endothelial cells Phar-
macology 96 1 10

 58. J Palacios A Yildiz AH Young MJ Taylor 2019 Tamoxifen for bipolar disor-
der: systematic review and meta-analysis J Psychopharmacol https:// doi. 
org/ 10. 1177/ 02698 81118 822167

 59. Motyl KJ, Rosen CJ, Houseknecht KL. Hyperprolactinemia-induced hypo-
gonadism does not explain bone loss from the atypical antipsychotic 
risperidone. In: Endocr. Rev. Volume 37, Issue 2 supplement, 1 April 2016, 
Pages i1-i1699. Conf. 98th Annu. Meet. Expo Endocr. Soc. ENDO. 2016

 60. S Takata N Yasui 2001 Disuse osteoporosis J Med Invest 48 147 156
 61. ZA Zhong W Sun H Chen H Zhang YE Lay NE Lane W Yao 2015 Optimiz-

ing tamoxifen-inducible Cre/loxp system to reduce tamoxifen effect on 
bone turnover in long bones of young mice Bone 81 614 619

 62. P-T Tseng Y-W Chen P-Y Yeh K-Y Tu Y-S Cheng C-K Wu 2015 Bone mineral 
density in schizophrenia Medicine (Baltimore) 94 e1967

 63. Y Guo S-S Dong XF Chen Y-A Jing M Yang H Yan H Shen XD Chen L-J Tan 
Q Tian  2016 Integrating epigenomic elements and GWASs identifies 
BDNF gene affecting bone mineral density and osteoporotic fracture risk 
Sci Rep 6 30558

 64. J Yao J Li L Zhou J Cheng SM Chim G Zhang JMW Quinn J Tickner J Zhao 
J Xu 2015 Protein kinase C inhibitor, GF109203X attenuates osteoclas-
togenesis, bone resorption and RANKL-induced NF-κB and NFAT activity J 
Cell Physiol 230 1235 1242 https:// doi. org/ 10. 1002/ jcp. 24858

 65. D Xie J Yao W Feng Y Wei H Lu J Li Q Wei 2017 GF109203X attenuates 
RANKL-induced osteoclastogenesis and suppresses osteolysis in a mouse 
model Int J Clin Exp Pathol 10 2 1594 602

 66. C Noto VK Ota A Gadelha MN Noto DS Barbosa KL Bonifácio SO Nunes Q 
Cordeiro SI Belangero RA Bressan  2015 Oxidative stress in drug naïve first 
episode psychosis and antioxidant effects of risperidone J Psychiatr Res 
68 210 216

 67. Z Rogóż K Kamińska P Pańczyszyn-Trzewik M Sowa-Kućma 2017 
Repeated co-treatment with antidepressants and risperidone increases 
BDNF mRNA and protein levels in rats Pharmacol Rep 69 885 893

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/9781118789568.ch2
https://doi.org/10.1176/appi.ajp.2013.13070981
https://doi.org/10.1007/s002130000376
https://doi.org/10.1007/s002130000376
https://doi.org/10.2147/DDDT.S42708
https://doi.org/10.3371/CSRP.4.2.4
https://doi.org/10.1093/ijnp/pyu031
https://doi.org/10.1093/ijnp/pyu031
https://doi.org/10.1177/0004867413486842
https://doi.org/10.1177/0004867413486842
https://doi.org/10.1007/s10787-017-0366-8
https://doi.org/10.1007/s10787-017-0366-8
https://doi.org/10.1111/j.1440-1819.2009.01945.x
https://doi.org/10.1111/j.1440-1819.2009.01945.x
https://doi.org/10.1177/0269881118822167
https://doi.org/10.1177/0269881118822167
https://doi.org/10.1002/jcp.24858

	Effects of tamoxifen alone and in combination with risperidone on hyperlocomotion, hippocampal structure and bone in ketamine-induced model of psychosis in rats
	Abstract 
	Background and aim of the work: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Animals
	Ethical statement
	Diet
	Drugs
	Animal groups and study design
	Outcome measures
	Behavioral studies
	Biochemical studies

	Histological studies
	Dissection of hippocampus [36]
	Dissection of femur

	Preparation of decalcified specimen
	Preparation of SEM [36]
	Morphometric studies
	Statistical analysis

	Results
	Behavioural results
	Biochemical results
	Histological results

	Discussion
	Conclusions
	Acknowledgements
	References


