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Abstract
Background and Objective: Prenatal stress is the exposure of an expectant mother to physical or psychological stressors and is a major
risk factor for depression anxiety and post-traumatic stress disorders of the offspring. Ocimum gratissimum (scent leaf) is an aromatic
herbaceous plant which has been used in folk medicine in the treatment of anxiety and depression. The present work was designed to
evaluate the protective effect of Ocimum gratissimum on behavioural impairment, motor incoordination and oxidative stress induced
by prenatal stress in female rats. Materials and Methods: Twenty-five pregnant females were at randomly divided into 5 groups of 5 rats
each. Group 1 (normal), Groups 2 to 5 were submitted to stress and treated respectively with distilled water (5 mL/kg/day), reference drug
(diazepam 1 mg/kg) and the aqueous extract of O. gratissimum at the different doses of 100 and 200 mg/kg/day. The pups (3 weeks old)
were submitted to behavioral tests including beam walking, open field and forced swimming tests. At the end of the behavioural
assessments, the brains of animals were used for the evaluation of oxidative stress parameters and acetylcholinesterase activity. Results:
Prenatal stress-induced motor dysfunctions, anxiogenic like and depressive-like behaviour in animals. All the behavioural impairments
were significantly reversed by the administration of O. gratissimum extract at both doses of 100 and 200 mg/kg. Furthermore, the plant
extract especially the dose of 100 mg/kg antagonised the reduction of glutathione levels and superoxide dismutase activity induced by
the stressors. Conclusion: The results of this study give evidence that O. gratissimum aqueous  extract  prevents  anxiety-like  behaviour, 
depressive  symptoms  and  motor deficits induced by prenatal stress. This action of O. gratissimum could be through the reduction of
oxidative stress and acetylcholinesterase activity.
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INTRODUCTION

 Liaudat et al.1, defined stress as a real or supposed threat
to physical or psychological integrity of an individual, resulting
in a physiological and/or behavioural response. Stress is a
feeling of emotional or physical tension resulting in learning
and memory disabilities, hence causing diseases such as
depression, insomnia, anxiety and post-traumatic stress
disorder2. Stress alters hippocampal neuronal activity and
synaptic plasticity, which leads to an increase in hippocampal
glucocorticoid receptor activation and a decrease in neuronal
cell survival and neurogenesis3. This can lead to excessive
production of free radicals that cause oxidative damage to the
brain4.

The frequent psychiatric conditions identified as anxiety
and depression are the most common stress-related mood
disorders causing disability and premature death. More than
20% of the adult population suffer from these conditions at
some time during their life5. The brain is the central organ of
stress and adaptation to social and physical stressors because
it determines what is threatening, stores memories and
regulates the physiological as well as behavioural responses to
stressors that may be damaging or protective6.

In human’s prenatal stress may rise to behavioural
changes including hyperactivity, anxiety, aggression, attention
deficits disorders and cognitive alterations in adolescence and
adulthood4. Animals exposed to stress prenatally subsequently
exhibit alterations in reproductive functions and sexual
behaviour as well as altered function of the Hypothalamic-
Pituitary-Adrenal (HPA) axis7. In prenatally stressed rats, the
female offspring had increased potential for the development
of male sexual behaviour, disrupted oestrous cycles and
increased intrauterine mortality and induced spontaneous
abortions8.

Prenatal maternal stress has been associated with
physiological, neurological and psychological consequences
in the offspring9. Therefore, it is important to prevent prenatal
stress or counteract their negative effects on humans and
other organisms. Medicinal plants have for long been used as
a source of relief either in the form of traditionally prepared
concoctions or in the form of pure active principles to prevent
and  alleviate  a  wide  variety  of  diseases  empirically,
including  dysfunctions  induced  by  prenatal  stress10.
Ocimum gratissimum  L. (Labiateae) is a medicinal plant from
Cameroon commonly called scent leaf. It is an aromatic
herbaceous plant from the Labiatae family and is the most
abundant of the genus Ocimum which is a shrub reaching up
to 1.9 m in height with branched stems. The leaves measure
up to 10×5 cm and are ovate to ovate-lanceolate, sub-
acuminate to acuminate  at  apex,  cuneate  and  decurrent  at 

base  with a coarsely crenate, serrate margin, pubescent and
dotted on both sides11. Ocimum gratissimum is used for
abdominal pains, sore eyes, ear infections and like in
treatment for blocked nostrils where the leaves are rubbed
between the palms and sniffed, regulation of menstruation
and as a cure for prolapse of the rectum, for coughs,
barrenness, fever, convulsions and tooth gargle12. Previous
studies have reported potent  anti-oxidant  and  free  radical 
scavenging  capacity of O. gratissimum13,14, which may present
a potential interest to counteract prenatal stress-induced
neurotoxicity.  Based  on  the  above,  this  research  focuses 
on   assessing   the   effects   of   a   leaf   aqueous   extract  of 
O. gratissimum on prenatal stress-induced neurodevelopment
and behavioural impairments in female rats.

MATERIALS AND METHODS

Study area: This study was carried out at the University of
Bamenda, Department of Zoology in the Laboratory of
Phytopharmacology from March to June 2022.

Plant collection and extraction: The fresh leaves of Ocimum
gratissimum were collected in Babungo Village in the North
West region of Cameroon, on November 2021. The plant was
identified and compared with the material; Letouzey R. 7905
of the National Herbarium of Cameroon, where a voucher
specimen is registered under the number No: 17298 SRFCam.
Ocimum gratissimum leaves were washed and shade dried
under for a week. The dried leaves were ground using an
electric  blender  (Binatone  model)  and  sieved  to obtain a
fine  powder  of  300  g.  The  300  g which was then
macerated in 3 L of  distilled  water  for  72  hrs.  After filtration
using  Whatman No. 1 filter paper the water was evaporated
in an oven at 40EC. Then a brown extract of 24.56 g was
obtained  giving an extraction yield of 8.19%. The plant extract
was  administered  at  the doses of 100 and 200 mg/kg/day
the dosage used was selected based in our pre-screening
tests.

Experimental animals: Thirty Wistar rats Rattus norvegicus
(twenty-five females and five males) with an average weight
of 160-180 g were obtained from the animal house of the
University of Yaoundé 1, Cameroon. Rats were housed in
plastic cages under ambient conditions and had free access to
rodent pellets and water ad libitum.

All  the  experiments   were  done  in  agreement  with 
the guide for the care and use of Laboratory Animals
published by the National Institute of Health (NIH publication
no. 85-23, revised 1996) and the guidelines and the
authorization  of  the  Cameroon  National  Ethical Committee
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on the use of laboratory animals for scientific research. Rats
were acclimatized for two weeks in the laboratory before the
beginning of the experiment.

Animal treatment: Adult female rats were allowed to mate
with adult male rats and the vaginal smear was done every
morning to monitor for the presence of sperms which the
presence in the vaginal smear was considered as day 1 of
pregnancy. On the first day of pregnancy, females were
randomly assigned to unstressed (group 1 or normal) and
stress groups (groups 2-5). Stressed pregnant female rats were
divided into 4 groups of 5 rats each and treated orally
respectively with distilled water (5 mL/kg/day) (group 2),
reference drug diazepam (1 mg/kg)5 (group 3), the aqueous
extract   of   O.   gratissimum   at   the   doses    of    100   and
200 mg/kg/day (group 4 and 5), respectively. Groups 1, 2, 4
and 5 were orally administered their treatments while group
3 was intramuscularly administered the drug diazepam for a
period of 7 days. Pregnant female rats were treated and
followed until the delivery day (28-30 days).

Stress induction procedure: Prenatal stress was conducted as
previously described by Braastad15. Briefly, from day 14 of
pregnancy until delivery, female rats were subjected every day
to one stress session at 9 O’clock during which they were
placed  in  smaller  bowls  and exposed  to  a  bright  light for
45 min. During the stressing period, effectiveness of the
stressor was observed when rats fur and tails were raised
couple with sweating. Control pregnant females were left
undisturbed in their home cages. Stress during gestational
period has been proved to alter the regulation of the
hypothalamic adrenal axis (HPA) and to disturbs the
development of both hypothalamic and hippocampal brain
areas16.

Evaluation      of     the     effect      of      prenatal      stress     and
O. gratissimum  on motor function, exploratory activity and
depression: Post-delivery, offspring were allowed to stay with
their mother till weaning (for three weeks). The pups were
then subjected to behavioural assessment of the prenatal
effect of stress on neurodevelopment using: Beam walking,
open field and forced swimming tests.

Beam walking test (BWT): Motor coordination was tested
using the beam walking test in a wood strip (20-mm) as
described by Sanda et al.17 . In this procedure, 3 week old rats
had to cross a 1 m long wooden stick located at 1 m above the
ground and observers counted the total distance travelled, the

number of turns of the animal and the number of slips
committed by the rats. The number of foot faults (slips) served
as a measure motor of incoordination.

Open-field test (OFT): The open-field test used for exploration
of anxiety was conducted on a square arena (24×24×23 cm)
on day 21 post-delivery. The floor of the arena was divided
into sixteen squares (6×6 cm). Each rat naïve to the arena was
placed  individually  at  one  corner  of  the arena and its
behavior was recorded for over 5 min period18. The following
parameters were recorded: Arena centre crossing frequency,
distance travelled, stretch attend posture, horizontal activity
(total squares crossed), vertical activity (rearing frequency), the
total time of freezing (s), the grooming total time (s), grooming
frequency and mean grooming duration (s). Grooming
behaviour is a displacement response and it is expected to be
displayed in a novel environment. The arena was illuminated
with direct light of 140 lux and was cleaned after the passage
of each rat with alcohol 70%.

Forced swimming test (FST): The forced swimming test was
conducted based on the method of Sanda et al.17. The
apparatus was consisting of a plastic cylinder (25 cm
diameter×50 cm height) filled with 30 cm deep water at
24±2EC. A pre-test was carried out for 10 min the day before
the test. During this phase, the rats individually were allowed
to swim for 10 min in the swimming tank. The water was
changed after a passage with each animal. The probe test was
conducted 24 hrs later for a total duration of 5 min. All the
behavior of the animal was video recorded. The recorded
videos were analysed by an observer blind to the treatment.
The duration of immobility was calculated using a stopwatch.
After each passage in the swimming tank, the animals were
dried with a towel and placed under a heat lamp for 10 min to
avoid hypothermia and returned to their respective home
cages.

Evaluation    of     the     effect     of     prenatal     stress     and
O. gratissimum on brain oxidative stress parameters and
acetylcholinesterase activity, cortisol concentration and
histology
Brain collection: After behavioural assessments, pups of the
different groups were anesthetized with 50 mg/kg ketamine
then sacrifice by cervical decapitation. Skull was dissected and
the brain collected and weighed. Half of the brain was kept in
formalin solution 10% (V/V) for histological analysis and the
other half (0.5 g) were used to prepare brain homogenate with
phosphate buffer (pH 7.4, 50 mM).
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Oxidative stress parameters evaluation: These analyses
included reduced Glutathione (GSH) levels, superoxide
dismutase (SOD), Thiobarbituric Acid Reactive Substances
(TBARS), total oxidative stress (TOS) and total antioxidant
defense  (TAD)  activities   which  were  estimated as described
by Ellman19,  Misra  and  Fridovich20,  Sanda  et al.21 and   Saha 
 et   al.22,   respectively.   The   acetylcholinesterase activity and
cortisol levels were also determined as reported by Ellman19

and using a cortisol ELISA kit from Elabscience Biotechnology
Inc. (EBI) according to the manufacturer’s instructions.

Histological examination: Histological examination was done
according    to    the   protocol   previously   described  by
Sanda et al.23.

Statistical  analysis:  The  software  origin  pro  version  2018
was used for data analyses. Data was presented as
Mean±Standard Error of  Mean  (SEM)  values.  One-way
Analysis of Variance (ANOVA), followed by Turkey’s multiple
comparison test was used to calculate differences between
groups. Differences were considered statistically significant at
p<0.05.

RESULTS

Beam walking parameters: As shown in Table 1, prenatal
stress led to a significant reduction of the distance travelled by
rats when compare to the normal control. The distance
travelled that was 94.17cm in the normal group dropped to a
value of 37.5 in the distilled water group. Ocimum
gratissimum (100 and 200 mg/kg) likewise diazepam
significantly increased (p<0.05) the distance travelled. In the
other hand, we observed an increase in the number of slips in
the distilled water group when compared to the normal
control. The number of slips significantly (p<0.05) raised from
3.83±0.75 in the normal control to 6±0.73 in the distilled
water   group.   Diazepam   and   O.   gratissimum  (100  and
200 mg/kg) reverted the impact of prenatal stress and
significantly reduced the number of slip. The same previous
trend was observed with the number of turns (Table 1).

Open field parameters: The behaviours of the rats in the open
field (Table 2) showed, that prenatally stressed rats that
received distilled water had a significant decrease (p<0.05) of
the time in center square, total distance travelled and lines
crossed compared to the normal group. However, the
grooming time of the animals was not affected by prenatal
stress  and  treatment  with  O.  gratissimum.  Both   doses  of
O. gratissimum induced a significant decrease in the stretch

attend  posture  and  duration  of  grooming  when compared
to the normal animals. Distilled water (vehicle) group
significantly increased the stretch attend posture when
compared to normal group. However, the grooming time of
the animals was not affected by prenatal stress and treatment
with O. gratissimum.

Force swim parameters: The immobility time of rats exposed
to prenatal stress (distilled water group) significantly increased
(p<0.05) as compared to the normal group. The immobility
time increased from 17. 33±1.22 sec in the normal control to
59.17±5.94 sec in the vehicle group that increase in the
immobility time induced by prenatal stress was counteracted
by diazepam (1 mg/kg) and both doses of O. gratissimum
bringing the values close to that of the normal group (Fig. 1).

Acetylcholinesterase activity: The effect of the aqueous
extract of O. gratissimum and stress on the activity of
acetylcholinesterase was shown in Fig. 2. The stress
significantly  reduced acetylcholinesterase activity in
prenatally stressed exposed rats as compared to the normal
group. The stress-induced effects on acetylcholinesterase
activity  was  however  alleviated   by   the   plant   extract   of
O. gratissimum with the dose of 100 mg/kg showing
comparable effects with the normal group.

Brain oxidative stress parameters: As shown in Table 3,
stress significantly reduced glutathione level, superoxide
dismutase activity and total antioxidant defense while
increasing TBARS and total oxidative stress levels in rats
interestingly, the negative effects of the prenatal stress on
oxidative stress parameters (glutathione, superoxide
dismutase and total antioxidant defense) were reversed by the
plant extract. The TBARS and total oxidative stress  was 
normalized  by  both  doses  of O. gratissimum extract with
effect comparable with the normal group.

Serum cortisol levels: There was a significant increase in the
serum level of cortisol (p<0.05) in prenatally stressed rats as
compared to the normal group (Fig. 3). Treatment pregnant
rats with either  diazepam  (1  mg/kg)  group or  the  aqueos 
extract of O. gratissimum prevented the rise of cortisol levels
in their pups.

Histological findings of (H&E) stained sections in the
cerebellar  cortex:  In  Fig.  4a,  the  (H&E)  stained in the
cerebral tissue of the normal group showed the characteristic
pattern of the cerebral cortex formed of three layers: The
molecular  cell  layer  (M),  purkinje  cell layer (P), granular cell
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Fig. 1: Effect of the aqueous extract of Ocimum gratissimum  and stress on the immobility time of force swim test
Each bar in the histogram represent Means±Standard Error of Means (SEM), n = 6 rats per group, data were analyzed using origin pro 2018, DZP: Diazepam
(1mg/kg), DW: Distilled water, NC: Normal control, OG100: O. gratissimum 100 mg/kg and OG200: O. gratissimum 200 mg/kg

Fig. 2: Effect of the aqueous extract of Ocimum gratissimum  and stress on the acetylcholine esterase activity
Each bar in the histogram represent Means±Standard Error of Means (SEM), n = 6 rats per group, data were analyzed using origin pro 2018, DZP: Diazepam
(1mg/kg), DW: Distilled water, NC: Normal control, OG100: O. gratissimum 100 mg/kg and OG200: O. gratissimum 200 mg/kg

Table 1: Effect of the aqueous extract of Ocimum gratissimum on the beam walking test parameters
Parameters/treatments Distance travelled (cm) Number of slips Number of turns Number of foot slips Pauses
Normal 94.17±3.75a 3.83±0.75a 4.17±0.31a 2.33±0.49a 4.67±0.61a

Distilled water (5 mL/kg) 37.5±8.92b 6±0.73b 7.17±0.47b 4.00±0.58a 2.83±0.48a

Diazepam (1 mg/kg) 96.5±2.43a 1±0.63c 2.83±0.40a 2.33±0.42a 2.33±0.61a

Ocimum gratissimum (100 mg/kg) 81.67±4.22a 0.00±0.0d 2.67±0.33a 2.33±0.49a 2.17±0.65a

Ocimum gratissimum (200 mg/kg) 94.17±4.17a 0.17±0.17d 4.33±0.56a 1.97±0.49a 2.17±0.91a

Values in the table represent Means±Standard Error of Means (SEM), n = 6 rats per group and values not sharing a common letter differ significantly with each other
(p<0.05, origin pro 2018)

Table 2: Effect of the aqueous extract of Ocimum gratissimum in the open field test parameters
Distance Line crossed Duration of Time in center Stretch attend

Parameters/treatments (cm) (cm) Grooming grooming (s) square (s)  posture
Normal 1066.83±191.16a 35.33±3.96a 2.33±0.33a 38±3.17a 4.17±0.60b 37.83±4.13a

Distilled water (5 mL/kg) 433.5±104.22b 20.50±2.57b 3.5±0.22a 28.83±8.98a 2.17±0.87a 42.17±6.38a

Diazepam (1 mg/kg) 1014.33±90.35a 37.00±2.93a 2±0.58a 21.17±3.96a 7.33±1.26c 37.17±1.89a

Ocimum gratissimum (100 mg/kg) 891.5±41.03a 32.67±3.66a 1.67±0.33b 8.33±2.80b 5.17±0.40b 16±3.12b

Ocimum gratissimum (200 mg/kg) 1234±126.35a 46.00±3.09a 1.67±0.42b 8.50±2.64b 6.67±0.88c 14.50±3.55b

Values represent Means±Standard Error of Means (SEM), n = 6 rats per group and values not sharing a common letter differ significantly with each other (p<0.05, origin
pro 2018)
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Fig. 3: Effect of the aqueous extract of Ocimum gratissimum  and stress on the concentration of serum cortisol
Each bar in the histogram represent Means±Standard Error of Means (SEM), n = 6 rats per group, data were analyzed using origin pro 2018, DZP: Diazepam
(1mg/kg), DW: Distilled water, NC: Normal control, OG100: O. gratissimum 100 mg/kg and OG200: O. gratissimum 200 mg/kg

Fig. 4(a-e): Effect of  the  aqueous  extract  of  Ocimum gratissimum  and  stress  on  the  litter  brain  histological  examination,
(a)  Normal  control,  (b)  Distilled  water,  (c)  O.  gratissimum  (100  mg/kg),  (d)  O.  gratissimum  (200  mg/kg)  and
(e) Diazepam (1 mg/kg)
W: White cell, M: Molecular cell, P: Purkinje cell and G: Granular cell
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Table 3: Effects of the aqueous extract of Ocimum gratissimum and stress oxidative stress
Glutathione Superoxide dismutase TBARS Total oxidative stress Total antioxidant defense

Parameters/treatments (µmole/mL) (IU/mg of protein) (µmol/mL) H2O2 (mmol/L) Trolox (mmol/L)
Normal 0.807±0.132a 375±44.72a 0.176±0.014a 0.200±0.034a 0.342±0.056a

Distilled water (5 mL/kg) 0.541±0.137b 100±30.62b 0.620±0.051b 0.649±0.106b 0.009±0.020b

Diazepam (1 mg/kg) 0.847±0.024a 355±9.34a 0.157±0.002a 0.282±0.041a 0.474±0.022a

Ocimum gratissimum (100 mg/kg) 0.868±0.034a 350±44.02a 0.144±0.009a 0.272±0.095a 0.386±0.086a

Ocimum gratissimum (200 mg/kg) 1.100±0.153a 350±28.50a 0.114±0.005a 0.345±0.055 a 0.670±0.065a

Values represent Means±Standard Error of Means (SEM), n = 6 rats per group and values not sharing a common letter differ significantly with each other (p<0.05, origin
pro 2018)

layer (G) and also the medulla formed of white matter fibers
(W) was observed. The prenatal stressed animals exhibited a
marked reduction in the density of neurons in the three
cortical layers (Fig. 4b). The histological sections of the animals
treated with Ocimum gratissimum extract and diazepam
respectively was comparable to that of the normal group and
demonstrating restoration of the cellular density in the three
cortical layers (Fig. 4c-e).

DISCUSSION

This study was aimed at evaluating the protective effect
of the aqueous of extract of O. gratissimum on prenatal stress-
induced neurodevelopment and behavioural impairments in
rats.

Beam walking tests help in assessing the status of
locomotion and motor deficits in litter rats exposed to
prenatal stress24,25. Exposure of rats to prenatal stress resulted
in decreased distance travelled and number of turns
compared to the normal group. These results suggest that
prenatal stress alters motor coordination and balance in rats.
Similar results were previously reported by Sanda et al.17.
Interestingly, the motor incoordination induced by prenatal
stress was prevented by O. gratissimum extract, suggesting
that the extract contains bioactive compounds with protective
potentials  vis-à-vis  of  stress-induced  neurodevelopment.
The  same  results  were  obtained   by   Mainul   Haque  and
Abubakar26 who reported the protective effect of ethanolic
extract of grape pomace against the adverse effects of
Cypermethrin  pesticide  on  weanling  female  rats.  The
current  report  was   evident   of   increasing   reports   stating 
the  protective  effect  of  some  medicinal  plants  on
neurodevelopment27,28.

The open field test (OFT) has been appropriate for the
evaluation of the basal activity in rodents as well as its
evolution in response to novelty or an anxiety-inducing
environment, pharmacological treatment, lesions, or genetic
modification17. The number of center square entries, number
of lines crossed and distance travelled were all dropped in
prenatal stress-exposed animals (distilled water). These
parameters measure exploratory behaviour and anxiety and
their low frequency indicates low exploratory and high anxiety

induced   by  the  stress  which  was  similar  to  the  work of
Taïr et al.27. Animals exposed to prenatal stress which received
distilled water also showed a significant increase in other
anxiety-related parameters such as stretch attend posture.
Administration of the aqueous extract of O. gratissimum
effectively prevented the changes induced by prenatal stress
in animals. This  result  suggests  that  the  aqueous extract of
O. gratissimum contains active ingredient able to protect
against stress-induced behavioural changes.

The forced swimming test is a behavioural test evaluating
depression5. Depression is the state of feeling unhappy
without hope or interest and is characterized by apathy, loss
of energy and retardation of thinking and activities causing
significant impairment in daily life such as suicidal ideation29.
In the current work prenatal stress increased the immobility
time in the forced swim parameter. Immobility in animal is
interpreted as emotional despair and considered depression
with cessation of all movements30. This effect may occur
through  oxidative stress31,32,  as  several  studies  have shown
the  implication  of  oxidative  stress  in neurological
pathologies such as neurodegenerative disorders (Alzheimer’s
disease, Huntington disease and Parkinson disease) and
neuropsychiatric  disorders  (anxiety  disorders  and
depression)31,33. Therefore, the results of this test suggest that
exposure to prenatal stress results in depression-like
symptoms in the litter rats.

Prenatal stress has significantly decreased brain activity of
acetylcholinesterase.  Acetylcholine is   a  neurotransmitter
that plays a very vital role in the central and peripheral
nervous systems. The action of this neurotransmitter is
however terminated by the hydrolysis of the enzyme
acetylcholinesterase ending impulse transmission. It ensures
the transfer of signals between neurons in the central nervous
system,  while  it  relays  nerve  impulses  to  the  muscles in
the  peripheral  nervous  system.  In  the  current  study,
acetylcholinesterase activity was significantly inhibited in
animals that were prenatally stressed and administered
distilled water, an effect that may lead to behavioural,
cognitive and motor dysfunctions. This could then be an
additional mechanism of the neurotoxicity of prenatal stress
in rats. The inhibitory effect of prenatal  stress on
acetylcholinesterase activity was significantly alleviated by the
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administration of the aqueous extract of O. gratissimum. The
dose of 100 mg/kg of plant extract showed better preventive
effects against prenatal stress-induced neurotoxicity in all
investigated parameters, as compared to the higher dose.
Similar observations have been made in previous studies of
Calabrese et al.34 and Antoine et al.35.

Oxidative stress is by far responsible for several neurotoxic
and  neurological  pathologies,  such  as  Parkinson’s  disease,
epilepsy, depressive disorders and Alzheimer’s disease.
Prenatal stress has significantly decreased brain activity of
superoxide dismutase, total antioxidant defense (TAD) and the
level of glutathione while it increased the level of
Thiobarbituric Acid Reactive Substance (TBARS) and total
oxidative stress (TOS). It is known that ROS can damage cell
structures36 and GSH plays an important role in
neuroprotection against oxidative stress in damaged
neurons37. Therapeutic strategies that slow or stop the
neurodegenerative processes of toxicity are expected to have
a major impact on the treatment of nervous system
toxicity38,39.

Glutathione (GSH) is a pseudo-tripeptide formed by the
condensation of glutamic acid, cysteine and glycine.
Glutathione in its reduced form is the major antioxidant in
cells, protecting them from free radicals. Glutathione level was
significantly decreased in prenatally stressed rats, while it was
alleviated by the aqueous extract of O. gratissimum with the
dose of 100 mg/kg showing better preventive effect against
prenatal stress-induced neurodevelopment in all investigated
parameters, as compared to the higher dose. Low levels of
GSH also noted by Sanda et al.17 are  accompanied  by 
neurodegenerative  diseases such as  multiple  sclerosis, 
Alzheimer’s  disease,  Parkinson’s disease  and  others .

Superoxide dismutases (SODs) are a group of
metalloenzymes that are found in all kingdoms of life. The
SODs form the front line of defense against reactive oxygen
species (ROS)-mediated injury33. The SODs constitute a very
important antioxidant defense against oxidative stress in the
body. The inhibitory effect of prenatal stress on SOD activity
was significantly alleviated by administration of the aqueous
extract of O. gratissimum with the dose of 100 mg/kg showing
a better preventive effect against prenatal stress-induced
neurodevelopment, as compared to the higher dose. This
finding coincided with that of Liaudat et al.40.

Thiobarbituric Acid Reactive Substances (TBARS) is a
biochemical parameter used to measure lipid peroxidation
products  in  cells,  tissues  and  body  fluids.  Prenatal stress
significantly increased the level of TBARS compared to the 
normal  group  while  administration  of  the  aqueous extract

of O. gratissimum inhibited TBARS levels showing a preventive
effect against prenatal stress. Previously, it has been reported
that prenatal stress increased TBARS (estimated by TBARS
level) in temporal lobe homogenates41.

Total oxidative stress (TOS) and total antioxidant defense
(TAD) are both parameters used to determine the level of
stressful conditions. The level of total oxidative stress is usually
higher in patients that have undergone prenatal stress
without treatment (distilled water) and lower in patients with
treatment  and  while  the  total  antioxidant  defense  was
higher in prenatally stressed rats that were treated with the
aqueous extract of O. gratissimum and lower in prenatally
stressed exposed rats. Similar findings were documented by
Saha et al.22.

In current study, the aqueous extract of O. gratissimum
(100 mg/kg) restored the activity of the antioxidant enzyme
SOD, GSH, TOS and TAD.

The results showed that prenatally stressed rats treated
with the leaf aqueous extract of O. gratissimum had cortisol
levels significantly reduced at almost to normal values while
prenatally stressed rats treated with distilled water had cortisol
levels significantly increased compared to normal. The HPA
axis is made up of an assembly of stress responses mediated
by the brain, pituitary and adrenal gland. The endocrine
activity of the hypothalamus causes the production of the
corticotropic releasing hormone (CRH), a compound that
stimulates the production of Adrenocorticotropic Hormone
(ACTH). The ACTH is liberated into the circulatory system and
causes the adrenal cortex to secrete corticosteroid hormones,
particularly cortisol. Cortisol increases the availability of
refueling  the  body  with  substances  necessary  for the
body’s response to prenatal stress. Stress alleviation using a
plant extract was also observed  by  Dornhorst  et al.42,  Kyrou 
and  Tsigos43  and Fotsing et al.44.

The cerebral cortex also known as the gray matter is the
outer layer that lies on top of the cerebrum. It plays a key role
in memory, thinking, learning, reasoning, problem-solving,
emotions,  consciousness  and  functions  related to senses.
The cerebral cortex is divided into; the frontal, parietal,
temporal and occipital lobes. This   confirmed   the   works  of
Amin et al.45.

CONCLUSION

This study suggests that O. gratissimum  prevent motor
incoordination, anxiety-like behavior, depressive-like behavior
and brain oxidative stress induced by prenatal stress. This
protective   effect   may   be   attributed   to   the   antioxidant
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properties and the maintenance of acetylcholinesterase
activity, cortisol and the brain cellular organization. Further
study of O. gratissimum should be done identify the
molecule(s) (the  active ingredients) responsibles for its
protective ability against prenatal stress toxicity. Also the
specific   mechanism   of   action  of  the  aqueous  extract  of 
O. gratissimum in relation with prenatal stress should be
conducted. The application of the results of this study is that
the plant extract of O. gratissimum is a potential candidate of
a source of new, safe and cheap molecule that can be use in
the management of prenatal stress.
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This study is coined at developing new molecules from the
aqueous extract of O. gratissimum to solve the problem of
motor coordination and behavioral impairment in the
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