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Kolaviron protects against cognitive deficits
and cortico-hippocampal perturbations
associated with maternal deprivation in rats
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Abstract: Prolonged separation of pups from their mother in early postnatal period can interfere with normal growth and
development, resulting in different behavioral changes similar to features of schizophrenia in man. This study explored the
cytoprotective action of kolaviron, a biflavonoid, on the prefrontal cortex and hippocampus of maternally deprived Wistar
rats. Eight months old female rats were time-mated, and after delivery their pups were randomly assigned into four groups;
group A received 0.5 ml of normal saline, group B received kolaviron orally (200 mg/kg/bw) on postnatal days (PND) 21-35,
group C were maternally deprived on PND 9 for 24 hours, while group D were also maternally deprived on PND 9 for 24
hours, and then received kolaviron orally (200 mg/kg/bw) on PND 21-35. Behavioral studies (open field test, Morris water
test, and Y-maze test) were conducted after the experiment prior to sacrifice. Some of the rats were anesthetized with ketamine
and perfusion-fixed with 0.1 M phosphate buffered saline and 4% paraformaldehyde, while others were sacrificed by cervical
dislocation for enzyme studies. The hippocampus and prefrontal cortex were excised from the brain and processed for tissue
histology, histochemistry, and enzymatic analysis. Results revealed behavioral deficits, oxidative stress, degenerative changes,
and astrocytosis in the prefrontal cortex and hippocampus of maternally deprived rats, but intervention with kolaviron caused
significant improvement in neurobehavior, morphology, and neurochemistry in these brain areas. We concluded that kolaviron
could protect the brain against neurological consequences of nutritional and environmental insults arising from maternal

separation in early postnatal period.
Key words: Maternal deprivation, Behavior, Kolaviron, Morphology

Received July 17, 2019; 1st Revised August 14, 2019; 2nd Revised September 23, 2019; Accepted October 4, 2019

Introduction

There is a worldwide growing concern on the burden of
neurological disorders in both the developed and developing
countries [1]. Some of these conditions which are initiated
during the neurodevelopmental stages may not manifest any
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clinical signs until later in adolescence and adulthood [2]. The
trouble of bearing these disorders whose onset begins early
in life, both in terms of mortality and morbidity is quite huge;
hence research efforts, such as the use of neurodevelopmental
models, focus on determining the mechanisms involved and
how to curtail the consequences of the disorders [2, 3].
Maternal deprivation (MD) in rodents is an essential
neurodevelopmental model for studying different behavioral
changes similar to the features of schizophrenia and has been
extensively used [3, 4]. Unfavorable early life experiences can
modify brain development and afterward accentuate the risk
of psychiatric disorders, such as schizophrenia [2, 5, 6]. Stress
in early life potentially impairs essential processes in brain
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development, including neurogenesis, migration, differentia-
tion, synaptogenesis, myelination, gliogenesis, and apoptosis
[2,7].

Animal model of MD is based on exposure to stress in
early postnatal life. It has repeatedly been shown that early
perinatal stress can cause various short- and long-term dis-
turbances in cognitive, emotional, and other behavioral per-
formances [8, 9]. Schizophrenia is a neurodevelopmental dis-
order manifested as cortical and subcortical volumetric and
microstructural abnormalities [10]. A multifaceted disorder
such as schizophrenia has no recognized cure, necessitating
the search for certain plant derivatives with medicinal proper-
ties. Antioxidants in the body guard brain cells and offer nu-
merous benefits important to brain health and function [11].
They have the capability to hunt free radicals, making them
risk-free. A good number of dietary supplements from plant
sources have antioxidant properties.

Garcinia kola (of the family Guittiferae) is a widespread
oral masticatory agent commonly consumed in parts of Nige-
ria and West African Countries, due to its nutritional benefits
and acclaimed medicinal values [12]. Garcinia kola exhibits a
wide range of biological and pharmacological activities, such
as anti-inflammatory, antibacterial and anti-fungal properties.
Extracts from the roots, barks, seeds, and fruits of Garcinia
kola are used in the production of syrups and infusions in tra-
ditional medicine as cough suppressant, and in the treatment
of liver pathologies [13, 14].

Kolaviron is a natural antioxidant and anti-inflammatory
bioflavonoid isolated from Garcinia kola [15-17]. It is used as
a management regimen for several infections and disease con-
ditions due to its acclaimed antiviral, antibacterial, antifungal,
anti-inflammatory and antioxidant activities [18, 19]. Kolavi-
ron minimizes oxidative stress and tissue damage by reduc-
ing the rate of lipid peroxidation and production of oxygen
radicals [18, 20]. The radical scavenging activity of kolaviron
is exclusively important in limiting oxidative tissue damage in
neural tissue, which is usually due to the selective susceptibil-
ity of the neural cells to reactive oxygen species (ROS) created
during a deregulated energy metabolism process [21, 22]. The
anti-oxidative potential of kolaviron is yet to be explored in
combating a severe psychiatric condition such as schizophre-
nia. Thus, this study aimed to determine the beneficial role
of kolaviron in tackling the associated neuropathological and
neurological deficits using an MD rat model.
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Materials and Methods

Animal acquisition and care

All protocols and treatment procedures were carried out
according to the Institutional Animal Care and Use Commit-
tee (IACUC) guidelines and as approved by the University
Ethical Review Committee, University of Ilorin, Nigeria.
Thirty adult female Wistar rats (8 months old) and eight adult
male Wistar rats (10 months old) were obtained from Veteri-
nary Department of the University of Ilorin. These rats were
kept in the Animal House of the Faculty of Basic Medical Sci-
ences, University of Ilorin. The rats were on a daily basis fed
with rat pellets procured from Ogo Oluwa Feeds and Flour
Mill, Sango, Ilorin. The rats had access to tap water ad libitum.
Proper ventilation was maintained by the use of well-spaced
and gauzed cages and a hygienic environment was ensured.
Acclimatization was for 2 weeks. The oestrus cycle of the fe-
male rats was determined through vaginal smear, in order to
guide mating [23]. The female rats were thereafter exposed to
male rats for mating to occur.

Kolaviron isolation

The seeds of Garcinia kola were bought at Oja-Oba mar-
ket in Ilorin, and authenticated. They were air-dried at room
temperature (28°C-30°C) for 3 weeks. Subsequently, kolavi-
ron was isolated from the dry seed of kola and characterized
according to the method of Iwu [24] as modified by Farombi
et al. [25]. The extraction and isolation of kolaviron was car-
ried out at the Central Research Laboratory of the University
of Ilorin. The dried seeds were pulverized into fine powdery
form and extracted with light petroleum ether. The product
was defatted, repacked, and extracted with acetone. The re-
sulting extract was then concentrated, diluted, and extracted
with ethyl acetate. The concentrated ethyl acetate fraction
gave a yellow solid, the kolaviron, whose purity and identity
can be determined by subjecting it to thin layer chromatogra-
phy using silica gel GF 254 coated plates and solvent mixture
of methanol and chloroform in a ratio 1:4 v/v.

Method of MD and kolaviron administration

MD was carried out on postnatal day (PND) 9 by separating
the mother rats from her pups and this lasted for a period of
24 hours, after which both the mother and pups were brought
back again in the same cage and re-established breastfeeding
[4]. Kolaviron was dissolved in corn oil (Carlini, ALDI Inc.,
Batavia, IL, USA) to allow for oral administration [26].
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Animal grouping and treatment

After weaning on PND 21, the young rats were randomly
assigned into four groups each comprised four rats from dif-
ferent mothers. The first group received 0.5 ml of normal
saline (control) from PND 21 to PND 35; the second group
received kolaviron (200 mg/kg/day) from PND 21 to PND 35;
the rats in the third group were initially separated from their
mother (MD) on PND 9 for 24 hours, and were untreated
between PND 21 to 35; while the fourth group which earlier
was maternally deprived at PND 9 received 200 mg/kg/day
of kolaviron [20, 27] from PND 21 to PND 35. Kolaviron was
administered orally via a cannula. The duration of treatment
between PND 21 to 35 amounted to 15 days.

Open field test

Open field test was conducted as described by Gould
et al. [28]. The open field apparatus was a 100 cmx100 cm
wooden box with 38 cm high walls (opened from tip) which
was kept in an isolated room with normal lighting and tem-
perature. The floor of the arena was divided by straight lines
into squares of 10 cm each. A video recording system was
stationed at an angle to capture the movement of rats within
the box arena. Twelve hours after the last administration of
kolaviron, each group of rats was taken to the open field arena
in separate cages while making sure there was no agitation to
avoid stress on the animals. Subsequently, each rat was placed
in the open field arena, away from the others and their ex-
plorative movement was measured for 10 minutes using the
video recorder. This was repeated for rats across the groups.
Prior to each exercise, the apparatus was wiped with methyl-
ated spirit to abolish the odor of the previously tested rat. A
neutral observer stayed away from the apparatus during each
test. Following the completion of the exercise, the video was
analyzed by the neutral observer who counted the number of
squares explored by each rat.

Morris water maze test

Neural mechanisms of spatial learning and memory were
evaluated using the Morris water maze [29]. Animals acquire
information about spatial location and reach hidden platform
in circular pool filled with water. Thus, a decrease in the time
to reach the hidden platform suggests learning. The Morris
water maze apparatus consists of a circular water tank (110
cm diameter and 60 cm height) filled with water (26+2°C) to
a depth of 30 cm. The pool was divided into four hypotheti-
cal quadrants, designated as N (North), E (East), W (West),

Anat Cell Biol 2020;53:95-106 97

S (South). A black round platform of 10 cm diameter was
placed 2 cm below the surface of the water in a constant posi-
tion in the middle of the south-west quadrant in all trials. For
each rat, the test was carried out for 5 minutes by a neutral
observer four times and recorded and the videos were ana-
lyzed by a neutral observer.

Y-maze spontaneous alternation test

The Y-maze spontaneous alternation test is used as a be-
havioral test to assess learning and memory in rodents [30].
Alternation behavior is based on the spontaneous tendency in
rodents to walk around the maze systematically entering each
arm in turn. In the spontaneous alternation task, each rat was
placed in a Y maze and allowed to move freely in the maze.
Alternation behavior was defined as successive entries into
each of the three arms with no repetition. Therefore, sponta-
neous alternation was assessed using a Y-maze composed of
three equally spaced arms (41 cm long and 15 cm high). The
floor of each arm was made of plywood which was 5 cm wide.
Each rat was placed in one of the arm compartments and was
allowed to move freely until the rat completely enters another
arm. The sequence of arm entries was recorded. For each ani-
mal in a group the Y-maze testing was done for 5 minutes by
a neutral observer three times and recorded. The videos were
analyzed by a neutral observer.

Tissue collection and processing

Four hours after the behavioral tests were concluded some
of the rats were anesthetized with ketamine (20 mg/kg, intra-
peritoneal) and subjected to transcardial perfusion with 0.1
M phosphate buffered saline (PBS) and 4% paraformaldehyde
(PFA). The brain tissues were thereafter excised, rinsed in
0.25 M sucrose thrice for 5 minutes each and post-fixed in
4% PFA for 24 hours. Paraftin wax sections were obtained for
histology and immunohistochemistry. The prefrontal cortex
and hippocampus were excised from the fixed brain and de-
hydrated in ascending grades of alcohol (50%, 70%, 90%, and
100%). The tissues were then cleared in xylene twice for 15
min each. Infiltration and embedding was done with paraf-
fin wax in Leica hot air oven at 56°C with tissues eventually
embedded in paraffin wax at similar orientations. Tissue sec-
tions were obtained serially using a rotary microtome (Leica
RM2245) and then mounted on glass slides. Sections were
taken at 30 um for histology and 15 pm for immunohisto-
chemistry.

https://doi.org/10.5115/acb.19.160



98  Anat Cell Biol 2020;53:95-106

Hematoxylin and eosin staining

Brain sections were stained using the method of Pearse
[31] as modified by Fischer et al. [32]. This method was car-
ried out to demonstrate the general cytoarchitecture of the
prefrontal cortex and hippocampus. Slides containing paraf-
fin sections were placed in a slide holder and deparaffiniza-
tion and rehydration of sections were done in the following
reagents respectively: thrice for 3 minutes in xylene, thrice for
3 minutes 1:1 xylene with 100% ethanol, once for 3 minutes
in 95% ethanol, once in 80% ethanol for 3 minutes and then
once in deionized H,O for 5 minutes, while excess water was
blotted from the slide holder before taking them into hema-
toxylin. Subsequently, hematoxylin staining was done with the
following procedure: once for 3 minutes with hematoxylin,
once in tap water for 5 minutes (to allow the stain to develop);
slides were dipped 12 times in acid ethanol, rinsed twice with
tap water for 1 minute, then rinsed once in deionized water
for 2 minutes and left overnight. Excess water was blotted
from the slide holder before putting into eosin.

For eosin staining and dehydration, the following proce-
dures were followed: slides were placed once for 30 seconds in
eosin (up to 45 seconds for older batch of eosin) then thrice
for 5 minutes in 95% ethanol, followed by thrice for 5 minutes
in 100% ethanol (excess ethanol was blotted before putting
into xylene) and then thrice for 15 minutes in xylene. Follow-
ing these, the slides were coverslipped using distrene plas-
ticizer in xylene (DPX) as mountant (one drop of DPX was
placed on the slide using a glass rod). Coverslips were angled
to let them fall gently on the slide. Thereafter, the slides were
dried overnight in the hood.

Cresyl fast violet staining method

This method was carried out to demonstrate the integrity
of Nissl bodies in the hippocampus and prefrontal cortex [33].
The reagents used for this procedure included Cresyl fast
solution (1 g), distilled water (100 ml), and acetic acid (0.25
ml). Slides containing paraffin sections were placed in a slide
holder and deparaffinization and rehydration of sections were
done in the following reagents respectively: 5 minutes in xy-
lene, 3 minutes in 100% ethanol, 3 minutes in 90% ethanol, 3
minutes in 70% ethanol, 3 minutes in 50% ethanol, 5 minutes
in deionized H,O and excess water was blotted from the slide
holder before taking them into Cresyl fast violet solution for
20-30 minutes, 30 minutes in 96% ethanol, 15 minutes in xy-
lene. The slides were coverslipped with DPX.
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Immunoperoxidase technique for astrocyte expression

Enzymatic antigen retrieval method with trypsin (catalog
ID ab970, Abcam, Cambridge, MA, USA) was used [34]. The
trypsin working solution (0.05%) was prepared by placing 1 ml
of 0.5% trypsin stock with 1 ml of 1% of calcium chloride stock
solution and 8 ml of distilled water (the pH was adjusted to 7.8
with 1 M NaOH and stored at 4°C. Endogenous peroxidase
blocking was done using hydrogen peroxide, while 5% bovine
serum albumin (BSA) was used to reduce nonspecific protein
reactions. Slides were drained for a few seconds and wiped
around the sections with tissue paper. The diluted primary
antibody (anti-glial fibrillary acidic protein) was added to each
slide and incubated overnight at 4°C. Primary antibody dilution
(dilution 1:1,000, Cell Signaling) was done in blocking buffer
(10% calf serum with 1% BSA and 0.1% Triton X-100 in 0.1 M
PBS). Subsequently, slides were rinsed twice for 5 minutes in 0.1
M PBS (0.025% Triton) with gentle agitation. The slides were
then treated with biotinylated secondary antibody (goat anti-
rabbit 1:400) and incubated for 2 hours at room temperature,
thereafter rinsed thrice for 5 minutes in PBS. Color intensifica-
tion was done using the chromogen 3,3'-diaminobenzidine
(1:1,000 dilution) for 10 minutes at room temperature. Slides
were then rinsed in running tap water for 5 minutes. Counter-
staining was done in hematoxylin and 1% acid alcohol, while
the sections were dehydrated and cleared in ethanol and xylene
respectively, and thereafter mounted with DPX.

Superoxide dismutase enzyme assay

Some of the rats were sacrificed by cervical dislocation to
assess the activity of superoxide dismutase (SOD) enzyme.
The tissues were placed in 0.25 M sucrose solution and
homogenized. Tissue homogenate was collected in a 5 ml
sample bottle and centrifuged at 3,000 rpm for 15 minutes us-
ing a centrifuge (Model 90-1; Jiangsu Jinyi Instrument Tech,
Jiangsu, China). The supernatant was collected with Pasteur
pipettes into sample bottles and placed in a freezer at —4°C.
SOD was assayed [35] using spectrophotometric techniques.
The reaction mixture (3 ml) contained 2.95 ml carbonate buf-
fer, 0.02 ml of homogenate and 0.03 ml of 2 mM SOD sub-
strate in 0.005 N HCI, used to initiate the reaction. The refer-
ence cuvette contained 2.95 ml buffer, 0.03 ml of substrate
and 0.02 ml of water. The absorbance was read at regular
interval of 1 minute for 5 minutes at 480 nm.
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Cell count

Activated astrocytes and chromatolytic cell counts were de-
termined from captured prefrontal cortical and hippocampal
images using Image ] (NIH, Bethesda, MD, USA). For each sec-
tion, the count was determined using cellular morphology and
layer-dependent cell densities) for eight different fields of view.

Data analysis

All quantitative data were analyzed using GraphPad ver-
sion 6 and SPSS version 20 (IBM Corp., Armonk, NY, USA)
software, using one-way ANOVA followed with Tukey’s mul-
tiple comparisons test. Significance was set at P<0.05, P<0.01,
P<0.005, P<0.001 (95%, 99%, 99.5%, 99.99% confidence
interval, respectively). The results were represented in bar
charts with error bars to show the mean and standard error of
mean respectively.

Results

General observation and weight change

Observation of the pups in all the groups after delivery
until postnatal day 35 revealed noticeable changes, with sig-
nificant impairment in their activities, such as movement in
maternally deprived pups compared to other groups. Body
weights increase in all the groups was initially gradual up to
PND 9 and 10 when rapid weight increase occurred especially
in the control and kolaviron groups until PND 31, followed
by a slight increase till the termination of the experiment (Fig.
1). Weight increase was more in the control compared to the

50 4 —e— Control
—a— KV
—— MD
4091 —»— MD+KV
3 30
=
=)
2 20
10 A
0 T T T T T T T T 1

Fig. 1. Bodyweight of pups from postnatal days 1 to 35; there was more
increase in weight of rats in the control and kolaviron-treated group
(KV group) compared to maternal deprivation groups (MD group).
MD+KYV, maternal deprivation+kolaviron.
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kolaviron group, and least in the maternally deprived rats.
However, maternally deprived rats that were treated with ko-
laviron had a higher weight increase compared to those that
did not receive kolaviron.

Behavioral observation

Behavioral studies were conducted to determine the effect
of MD, with or without kolaviron intervention, on neurocog-
nitive functions. Wistar rats were subjected to Morris water
maze, Y maze, and open field tests. The escape latency period
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Fig. 2. Escape latency period using the Morris water maze for the
assessment of spatial memory of rats. KV, kolaviron-treated group; MD,
maternally deprived group; MD+KYV, maternally deprived+kolaviron
group. Maternally deprived rats had a significantly higher escape latency
period compared to control (*£<0.05, **P<0.01, and ****P<0.0001
respectively).
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Fig. 3. Percentage correct alternation in the Y-maze test. KV, kolaviron-
treated group; MD, maternally deprived group; MD+KYV, maternally
deprived+kolaviron group. MD group had a significantly lower
percentage correct alternation relative to the control (*2<0.05) and
kolaviron group (*P<0.05).
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in the Morris water maze was used as a measure of long-term
memory index in this study. Maternally deprived rat presented
with a significantly higher escape latency period relative to the
control and kolaviron group (P<0.001) (Fig. 2), while rats that
received kolaviron after deprivation also had higher escape
latency period compared to the control and kolaviron-treated
groups though significantly lower than the maternally deprived
rats (P<0.01). The percentage correct alternation in the sponta-
neous alternation test was used to quantify short-term memo-
ry. There was a reduction in the percentage correct alternation
in maternally deprived rats relative to the control and kolaviron
groups (P<0.01) (Fig. 3). Rats treated with kolaviron after de-
privation had a higher percentage correct alternation compared
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Fig. 4. Number of lines crossed by rats in the open field test. KV,
kolaviron-treated group; MD, maternally deprived group; MD+KYV,
maternally deprived+kolaviron group. MD rats had significant
reduction in number of lines crossed compared to control and KV
group (**P<0.01 and ****P<0.0001, respectively).
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Fig. 5. Rearing frequency of animals in the open field test. KV,
kolaviron-treated group; MD, maternally deprived group; MD+KYV,
maternally deprived+kolaviron group. MD rats had a significant
reduction in rearing frequency compared to the control and KV group
(**P<0.01 and ***P<0.005, respectively).

https://doi.org/10.5115/acb.19.160

Gabriel Olaiya Omotoso, et al

to maternally deprived rats that did not receive the intervention
(P>0.05). Open field tests revealed locomotory and exploratory
activities and anxiety states. There was no significant difference
in the number of lines crossed and the rearing frequency in
the kolaviron group compared to control. High frequency of
lines crossed and rearing indicated low level of anxiety in rats
in these groups. However, there was significant reduction in
number of lines crossed and rearing frequency in maternally
deprived rats when compared with kolaviron-treated rats and
the control (P<0.001); this however improved in rats that had
kolaviron intervention after deprivation (Figs. 4, 5).
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Fig. 6. Superoxide dismutase (SOD) levels in the hippocampus. KV,
kolaviron-treated group; MD, maternally deprived group; MD+KYV,
maternally deprived+kolaviron group. There was a significant decrease
of SOD level in MD group compared to control group (P<0.01).
(*P<0.05 and **P<0.01, respectively).
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Fig. 7. Superoxide dismutase (SOD) activity in the prefrontal cortex.
KV, kolaviron-treated group; MD, maternally deprived group;
MD+KYV, maternally deprived+kolaviron group. There was a significant
decrease in SOD activity in maternally deprived group compared to
control group (£<0.01) and KV group (£<0.005); MD+KV group
had a significantly higher SOD level compared to the control and MD
groups (**P<0.01, ***P<0.005, and ****P<0.0001, respectively).
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Kolaviron counterbalances MD-induced oxidative
stress in the prefrontal cortex and hippocampus
Hippocampal SOD level was significantly elevated in
the control compared to the maternally deprived rats with
or without kolaviron intervention (MD, P<0.01; MD+KYV,
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P<0.05), though rats that received kolaviron after depriva-
tion had a higher SOD level compared to those that received
no kolaviron (Fig. 6). In the prefrontal cortex, SOD level was
depressed significantly in maternally deprived rats when
compared with the control (P<0.01) and kolaviron-treated

Control

B 5. C 4.

© 3

© =

o 4 S 31

s b7

£ 3 S

< 7 @

S g 2 T

S g E

a o

T T 1

B 14 ©

o] o)

=z zZ

0 T T T O T
Control KV MD MD+KV Control MD+KV

Fig. 8. (A) Representative photomicrographs of the hippocampus stained with hematoxylin and eosin (H&E), cresyl fast violet (CFV), and anti-
glial fibrillary acidic protein ([GFAP] for astrocyte expression), showing the molecular layer (ML), granular layer (GL), and polymorphic layer (PL)
of the dentate gyrus. Control and kolaviron-treated group (KV group) revealed more population of granule cells (CFV, arrows) in the GL with no
chromatolytic cells, while the granule cells in maternally deprived group (MD group) appeared sparsely populated compared to the control and KV
group. Numerous reactive/hypertrophied astrocytes were seen in maternally deprived hippocampal section compared with the control and kolaviron-
treated sections, while astrocyte expression was only moderate in maternally deprived+kolaviron group (MD+KV group). Scale bars=25 pum. (B) In
the hippocampal (HIP) tissue, the number of chromatolytic cells was more in maternally deprived rats compared to the control, KV group and the
rats treated with kolaviron after maternal deprivation (MD+KV), though the difference was not statistically significant (2>0.05). MD+KV group
had a slightly lower number of chromatolytic cells compared to MD group, but not significant (2>0.05). (C) The number of activated astrocytes was
least in KV group compared to control and other treated groups (£>0.05), while the number was highest in MD group compared to other groups,
with significant difference between control versus MD group. *P<0.05 and **P<0.01 were indicates significant differences.
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rats (P<0.005). Meanwhile, rats that received kolaviron inter-
vention following deprivation had a marked increase in SOD
level (Fig. 7).

Control
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Histological, histochemical and immunohistochemical
observation

Hippocampal morphology of the control and kolaviron-
treated rats showed properly delineated dentate gyri with
a regular density of granule cells and well-stained nuclei.
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Fig. 9. (A) Representative photomicrographs of the prefrontal cortex showing hematoxylin and cosin (H&E), cresyl fast violet (CFV), and anti-

glial fibrillary acidic protein (GFAP) stained sections. The cortex of the control and kolaviron-treated group (KV group) contained deeply stained

nuclei of neuronal and non-neuronal cells (H&E, arrows) within their respective neuropils and abundant Niss| substances within the neurons

(CFV, arrows), while in maternally deprived, it showed numerous cellular degeneration indicated by poorly stained nuclei (H&E, arrows), as well

as severe chromatolysis indicated by poorly stained Nissl substances in the neurons (CFV, arrows). Maternally deprived+kolaviron group (MD+KV

group) showed mild chromatolysis compared to maternally deprived group (MD group). Normal astrocyte distribution with no activation around

the neuronal cells was revealed in the control and kolaviron-treated prefrontal cortex, with generally low astrocytic cells. The expression of reactive

astrocytes was marked in MD group presented with hypertrophied astrocytes (arrows) around neuronal cells with increased astrocyte population as

an indicator of astrocyte activation. MD+KV group presented with few hypertrophied astrocytes and lower astrocyte density compared to the MD

group. The number of chromatolytic cells (B) and activated astrocytes (C) in the prefrontal cortex (PFC) was least in KV group and highest in MD
group with a significant difference between both groups. *Significant difference at P<0.05.
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However, the maternally deprived rats showed degenerative
changes mainly characterized by poorly stained granule cells
in the granular layer of the dentate gyrus. The degenerative
changes, however, were reduced in rats administered with ko-
laviron after MD (Fig. 8). The morphology of neurons within
the pyramidal and granular layers of prefrontal cortex was ex-
tensively stained, with no apparent architectural alteration in
the control and kolaviron group (Fig. 9). Meanwhile, the neu-
rons in maternally deprived prefrontal cortex showed signs
of degenerative changes similar to those of hippocampus, but
were reduced in rats given kolaviron.

Nissl staining with cresyl fast violet revealed normal Nissl
profiles in the hippocampus and prefrontal cortex (Figs. 8A,
9A) of control and kolaviron-treated rats compared to mater-
nally deprived rats, which was characterized by sparse Nissl
distribution and chromatolytic cells. Cell counts revealed
more chromatolytic cells in MD rats compared to other
groups (Figs. 8B, 9B). However, kolaviron treatment mark-
edly improved the distribution and population of Nissl bodies
within hippocampal and prefrontal cortical neurons.

The expression of astrocytes appeared normal in the hip-
pocampal and prefrontal cortical sections of control and
kolaviron-treated rats. Activation of more astrocytes was seen
in MD group with the presence of hypertrophied astrocytes
and increased number of astrocytic cells (Figs. 8C, 9C). Kola-
viron prevented MD-induced excessive expression of reactive
astrocytes in the brain tissues (Figs. 8, 9).

Discussion

Animal model of MD is based on exposure to stress in
early postnatal life. It has repeatedly been shown that early
perinatal stress can cause various short-term and long-term
disturbances in cognitive, emotional, and other behavioral
performances [8, 9], as seen in the current study. There was
reduction in the body weights of maternally deprived rats. It
is suggested that the observed bodyweight reduction in this
study was caused by reduced feeding pattern and disruption
of energy normal flow. The reduction in body weights of ma-
ternally deprived rats was similar to observation of previous
authors [36, 37].

Apart from physical growth, MD has been reported to
cause behavioral abnormalities [38]. The open field test is one
of the most widely used tests in animal models of anxiety test-
ing [28]. Our results revealed that MD significantly reduced
exploratory activities and caused anxiety and emotional im-
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balance. Anxiety-related behaviors in MD animals were also
reported by Viveros et al. [39], where they linked these altera-
tions with decrease in concentration of the stress hormone,
corticosterone, which was found only in maternally deprived
rats. Administration of kolaviron to maternally deprived rats
in the current study improved their exploratory drive, emo-
tional balance, and reduced anxiety states. An earlier work by
Olajide et al. [40] reported an increase in exploratory activi-
ties among rats treated with kolaviron after NaN,-induced
neurodegeneration.

Furthermore, MD led to spontaneous alternation deficits
in Y-maze test and significantly increased the escape latency
period in the Morris water maze test, which are an indica-
tion of memory and cognitive impairment. Neves et al. [41]
reported that deficit in memory and cognitive impairment
could be related to brain oxidative balance. The imbalance of
antioxidant and pro-oxidant markers causes oxidative stress
and damage to important regions of the central nervous
system related to learning and memory, including the hip-
pocampus [42]. Kolaviron treatment was protective against
behavioral deficits induced by MD. Kolaviron is both anti-
oxidative and anti-inflammatory with ability to prevent gen-
eration of free radicals and stop inflammatory responses in
cells [16, 43]. The improved behavioral outcomes observed
in maternally deprived rats after kolaviron intervention could
be as a result of the expression of its antioxidant properties in
neural cells, thereby disrupting other excitotoxic stimuli that
may result in behavioral deficits. The mechanism involved in
the protective role of kolaviron against MD-induced behav-
ioral deficits in this study might be due to its ability to prevent
dysfunctions in mitochondrial biochemical redox and hence,
ROS production.

To ascertain the oxidative status of maternally deprived
rats, with or without kolaviron intervention, in this study, the
SOD levels in the hippocampus and prefrontal cortex were
assessed and noted to be significantly reduced in rats that did
not receive an intervention. Previous investigators have simi-
larly demonstrated the free radical scavenging properties of
kolaviron using SOD as an enzymatic endogenous marker to
assess tissue oxidative status in rodents following neurotoxic-
ity [44, 45).

Redox imbalance contributes immensely to compromise
in the integrity and functions of the cell membrane and or-
ganelles and could enhance cell death [46]. This effect could
be responsible for the adverse morphological alterations seen
in the hippocampus and prefrontal cortex of maternally de-
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prived rats. Reduction or disruption in Nissl profile in the
hippocampus and prefrontal cortex of maternally deprived
rats could affect the protein synthesis mechanism of the neu-
ronal cells and ultimately affect critical cellular processes and
neurological functions. Nissl bodies are rough endoplasmic
reticulum in the cell bodies of neurons. Endoplasmic reticu-
lum has also been implicated in the generation of ROS, as a
redox interplay exists between the trio of mitochondria, en-
doplasmic reticulum, and peroxisomes in their involvement
in ROS production [47]. The introduction of kolaviron, there-
fore, is essential in restoring the integrity of neuronal somatic
rough endoplasmic reticulum (Nissl bodies), to preserve their
protein-generating potential for optimal neuronal functions.

Astroglia play important role in the control of brain ho-
meostasis and intrinsic brain defense system [48]. Following
an insult to the developing brain, for instance, due to MD,
there is a resulting astroglial defense response (reactive as-
trogliosis), which is essential for both limiting the areas of
damage by scar formation and for the post-insult remodeling
and recovery of neural function [48]. Although reactive as-
trogliosis is a nonspecific response, it is highly characteristic
and involves various morphological and molecular changes
[49]. Astrogliosis has been used as an index for underlying
neuronal damage [50]. According to Sun and Jakobs [49], the
glial scar produced by reactive astrocytes could impede axon
regeneration, further complicating neurological dysfunctions
associated with psychiatric disorders modeled by MD. A me-
dicinal plant extract such as kolaviron that could ameliorate
these adverse effects should be considered in the manage-
ment of such clinical conditions. We conclude that early MD
adversely affects the hippocampus and prefrontal cortex
structurally and functionally. However, kolaviron exhibits
protective activity against MD-associated neurological abnor-
malities characteristic of neuropsychiatric disorders such as
schizophrenia, through a mechanism that involves prevention
of oxidative stress and ribosomal protein degradation.
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