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ABSTRACT It has been reported that Centella asiatica (CeA) has neuroprotective effect on cognition and hippoc-

ampal neurons.  During early postnatal development and preventing cognitive deficits, the dendritic ar-

borization of hippocampal neurons is promoted.  Prenatal stress is known to adversely affect the learning

and memory abilities and also damage the neuronal proliferation in hippocampus during pre and postna-

tal development.  In this study, investigated whether leaf extract of CeA can protect against prenatal stress

induced cognitive deficit and neuronal loss in hippocampus.  Pregnant rats were subjected to restraint

stress three times daily for 45 min in day 14-21 of pregnancy.  The second group received (200 mg/kg

body weight dose) extracts of CeA fresh leaf during entire gestation period.  The third group received

both stress and CeA treatment.  Pups received both prenatal stress and prenatal CeA treatment was allo-

cated in two groups.  One group of pups was undisturbed and the other group of pups received CeA

extract treatment (20 ml kg-1 body weight/oral) from postnatal day 7-60.  At postnatal day 45 the learn-

ing and memory abilities were tested in the two compartment conditions of avoidance task.  After test,

hippocampal neuronal population was measured using cresyl violet staining.  The results of the present

study confirm that prenatal stress has an adverse effect on learning and memory abilities in rats and also

on CA3 and CA4 regions of the hippocampal neurons.  Administration of CeA fresh leaf extracts during

gestation period will not exert any protective effect against loss of hippocampal neurons or at cognition.

However postnatal treatment of CeA will protect the hippocampal neurons against prenatal stress and also

enhanced learning and memory abilities.
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ment of an individual.  Prenatal stress in rats results in
structural, physiological and behavioral alterations that
persist in adulthood.  A substantial body of evidence in-
dicates that prenatal stress adversely affects human de-
velopment, increasing susceptibility to diseases later in
life as well as altering behavioral and cognitive develop-
ment.  Prenatal stress is known to impair cognitive func-
tion1,2, increase anxiety and emotionality responses to
the open field, decrease tendency to explore3,4.  There
are many reports suggesting the possible mechanisms like
altered hypothalamo-pituitary-adrenal axis, neurotrans-
mitters, decreased brain cell proliferations and brain cor-
ticosterone level during prenatal development.  Further-
more, prenatal stress induced behavioral alteration in-
volves hippocampal neuronal proliferation5.

INTRODUCTION
Prenatal or intrauterine development plays critical

role in normal physical, mental and behavioral develop-
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CeA is a herb that grows in wet places throughout
India.  It is used in Ayurvedic preparations either as whole
plants or as leaves in the fresh or extract form6.  CeA has
been shown to be very useful in improving learning and
memory7-9.  It is also used as a tonic for promoting brain
growth and improving memory10.  In addition, the plant
is used in children with learning difficulties to improve
general mental ability and in people suffering from cog-
nitive disorders8,11-14.  Although the fresh leaf extract of
CeA has been claimed to improve learning and memory
in different clinical studies7,8,11-13, there is not any evi-
dence for the effect of this plant extract on the brain
regions involved in learning and memory, namely the
hippocampus15-17, amygdala and limbic cortex.  The
cornu ammonis (CA) region, particularly the CA3 sub-
region of the hippocampus, is the key structure of the
brain involved in learning and memory18-21.

From these reports it is clear that prenatal stress
impairs cognition in offspring which involves prolifera-
tive activities of neurons in hippocampus.  The
neuroprotective efficacy of CeA against prenatal stress
were not studied to the best of our knowledge.  Since
CeA is known to enhance learning and memory abilities
in adult rats and also promoting neuronal proliferation
in hippocampus, we hypothesize that treatment with fresh
leaf extract from CeA would enhance learning and
memory abilities and also bring structural changes in the
hippocampal neurons in young growing rats against pre-
natal stress.  The major part of neurogenesis occurs dur-
ing last week of gestation period in rats22 stress during
this period can affect the neurogenisis.  Thus, treatment
of CeA leaf extract during this period in stressed preg-
nant rats and also postnatal treatment (when there is
active brain cell proliferation during the preweaning
period) of CeA to the prenatally stressed pups could
affect neurogenisis and neuronal proliferations in hip-
pocampus.  There are many studies claiming the adverse
effect of prenatal stress on neuronal proliferation during
neonatal period, however we would like to evaluate the
long lasting effect (in adult rats) on neuronal population
in hippocampus and protective effect of CeA leaf extract.
We have aimed to conduct the experiment in the way
explained in the classic texts of Ayurveda6, i.e. using fresh
leaf extract rather than extraction.

MATERIALS AND METHODS

Animals
Inbred albino rats of Wistar strain of either sex of

90-120 days old, weighing 150-200g were selected.  The
rats were maintained in 12 hours light and dark cycle in
temperature and humidity controlled environment, and
were fed with standard food pellet and water ad libitum.
Breeding and maintenance of the animals were done as
per the guidelines of Government of India for use of
Laboratory animals (Government of India notifies the
rules for breeding and conducting animal experiments,
proposed in the gazette of India Dec 15, 1998: which
was reproduced in Ind.  Journal of Pharmacol 1999;
31:92-5).

Mating of rats and animal groups
Female rats (n=40) were divided into five groups.

Rats from each group were allowed to mate with one
fertile sexually active male for 4 hours per day (separate
male rats for each group).  At the end of 4 hours, fe-
males were separated and vaginal smears taken to detect
the presence of sperm for the confirmation of pregnancy
and the rats were designated as day 0 of pregnancy.  The
pregnant rats were housed individually in separate cages
and were randomly allocated into 4 groups of six each
(n=6).

Stressing procedure
The pregnant rats were stressed (restraint stress)

using a wire mesh restrainer23 for three times daily for 45
min from gestation day 14 to 21.  The wire mesh re-
strainer will have a wooden base and stainless steel wire
mesh restrainer hinged to the base.  A pad lock and latch
will help to secure the rat in the restrainer.  The restrainer
with dimensions 11 cm (L) x 6cm (B) x 6 cm (H) was
used for G 3-14 groups.  Restrainer of 11cm (L) x 8 cm
(B) x 8 cm (H) was used for G 14-21 group.  This type
of restrainer will only restrict the animal movement with
out any pain, discomfort or suffocation.

Animal groups: (Diagram 1)

Group-1. (Control) Pregnant rats received saline
throughout pregnancy instead of CeA.

Group-2. Pregnant rats received restrain stress
from gestation day 14 to 21.
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Group-3.  Pregnant rats received leaf extracts of
CeA (200mg/kg body weight) throughout the gesta-
tion period.

Six pups (3 male+3 female) from group 1, 2 & 3
were selected randomly for histological studies on post-
natal day 60.

Group-4.  Pregnant rats received restrain stress
from gestation day 14 to 21 and CeA treatment during
entire gestation period.

Group-4a.  Pups from Group 4 rats received saline
instead of CeA (equal volume) were undisturbed and
processed for histological study on postnatal day 60 (n=6,
3 male + 3 female)

Group-4b.  Pups from Group 4 rats received leaf
extract of CeA (20 ml kg-1 body weight/oral) from post-
natal day 7-60, then processed for histological study on
postnatal day 60 (n=6, 3 male + 3 female).

Extraction and Administration of CeA Leaf
Juice:

The fresh leaves of CeA were obtained locally and
were authenticated by Dr.Gopalakrishna Bhat, Professor
of Botany, Poorna Prajna College, Udupi, India.  Fresh,
15-20-day-old leaves of CeA were collected in the morn-
ing.  Fresh leaf juice was extracted from these leaves after
washing, air-drying and homogenizing in a glass vessel
and finally filtering through a sterile gauge cloth.  Leaves
were maximally extracted, so that from a given weight of
leaves (5.0 g), a known volume was extracted (1.63 ±
0.15 g, n = 6).  Since soil water was kept uniform we
could extract the same from a given weight of leaves on
different days.  Furthermore, we have established that
the dry weight of a given volume (1 ml) of juice pre-
pared on different days was the same (0.079 ± 0.01 g, n
= 6).  The fresh leaf juice so obtained was fed to the rat
pups through a gastric capillary tube attached to a 1 ml
hypodermic syringe.  Since the volume of juice to be fed
to each individual rat pup was very little, the dose (20 ml
kg-1 body weight/oral) was blended with an appropri-
ate volume of saline for convenient feeding.  Control
rats were fed with a volume of saline equivalent to the
volume of extract that the age-matched experimental rats
received on each day.  The dose selected for pups were
according to the earlier study by Mohandas Rao et al24.
Pregnant rats of group 3 and 4 received oral CeA leaf
extract (200 mg/kg body weight) every morning

through out the gestation period.  The dose for preg-
nant rats was selected as per the previous study by
Gnanapragasam et al25.

Since standard extraction procedures (which involve
boiling in water, ethyl alcohol or other organic solvents)
may alter the structure of bioactive principles, we avoided
them.  Although there may have been minor variation in
our daily preparations, it would have been minimal as
leaves of equal maturation were collected from the same
place on all days.  This minor daily variation would have
been compensated for by the long period (2, 4 or 6 weeks)
of treatment.  It has been shown in a recent study has
shown that a CeA plant extract obtained from ethanol
extraction was different from one obtained from water
extraction in terms of its biological activity26.

Conditioned avoidance test (shuttle box test):
The shuttle box consisted of a closed wooden box

with shutters in front.  The floor area was made up of
grids, which were separated into two parts by a median
grid.  Each part was connected to separate electric cir-
cuits and a buzzer was fixed inside the box.  Individual
rats were allowed to explore the test box for 5 minutes.
After 10 seconds, a discriminative stimulus was given
through a buzzer.  During that period, the rat could avoid
the shock by crossing to the other compartment.  If the
rat failed to respond during the discriminative stimulus
period, it received a shock of 2.5 mA for a maximum
period of 10 seconds, during which time it could escape
by crossing to the other side.  The contingency for avoid-
ing the shock was a single crossing over the median grid
from one side of the shuttle box to the other.  The test
consisted of 30 trials daily for 5 consecutive days.  The
number of shock avoidances increases from day 1 to 5 of
the test under normal circumstances.  The average shock
avoidance numbers on all 5 days were termed as the mean
score during 5 days of testing.  Any decrease in this score
is an indication of learning impairment.  Each rat was
retested one week after the last trial to assess retention of
memory.  A comparison of rat’s performance with its
previous performance gives the assessment of memory
and is presented as the retention score (RTS), which was
calculated as in Jensh et al27.

Mean of retest score × Mean scoring
        during 5 days of test

Mean score during day 5 of the test
RTS =
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Any decrease in the retest score and retention score
is an indication of memory impairment.  Each rat was
trained for 4 days before starting the test.

Histological study of Hippocampus:
Perfusion: Each animal was deeply anesthetized

with ether and secured on a dissection board, and its
chest cavity was opened to expose the heart.  About 15
mL of 0.9% saline was perfused through the left ven-
tricle at the rate of 1mL/min.  This was followed by
perfusion of 10% formalin at the same flow rate.  The
animal was decapitated and the brain was removed and
kept in 10% formalin for 48h (post fixation).  Paraffin
blocks were made in an embedding bath.  Coronal sec-
tions of 3-5-µm thickness were cut in the dorsal hippoc-
ampus using a rotary microtome (Jung Biocutt 2035,
Leica, Germany).  Twenty five sections from each ani-
mal were mounted serially on air dried gelatinized slides.

Staining: The sections were stained with cresyl vio-
let stain.  One hundred milligrams of cresyl violet was
dissolved in 100 ml of distilled water.  To this 0.5 ml of
10% acetic acid was added to give a pH of 3.5-3.8.  The
stain was filtered before use28.

Scoring: In each hippocampal section, cornua
amonis (CA1, CA2, CA3 and CA4; 200 µm length) of
hippocampus were selected (using an oculomicometer)
and the number of viable neurons were counted.  The
slides were screened using a light microscope (100X).
Ten sections from each rat were considered.  Slides from
different groups of rats were decoded to avoid manual
bias while counting the cells.  The cell counts were ex-
pressed as the number of cells per unit length of the cell
field (cells/200 µm).

Statistical analysis:
The data were expressed as mean ± SE.  The sig-

nificance of differences among the groups were assessed
using one way analysis of Variance (ANOVA) test
followed by Bonferroni multiple comparison test using
Graph Pad in Stat (GPIS) software, version 1.13.
P values < 0.05 were considered as significant.

RESULTS
Gestational period stress as well as CeA extract treat-

ment did not had significant effect on gestational length
(p=0.62, F=0.6557) and litter size (p=0.124, F=1.946).

The mean gestational length for group 1 was 22.6±0.2,
for group 2, 22.4±0.2, for group 3, 22.4±0.3, for group
4a, 22.5±0.4 and for group 4b, 22.6±0.4.  The mean
litter size of group 1 was 6.86±0.4, for group 2, 5.9±0.9,
for group 3, 6.3±0.8, for group 4a, 6.4±0.6 and for group
4b, 6.7±0.8.  There was no sexually dimorphic effect
was observed in assessed parameters, hence mean values
for both male and female were considered.

The mean score during 5 days of testing, the retest
score and the retention score decreased significantly
(p<0.001) in parentally stressed pups (group 2) when
compared with control offspring (group 1).  Similar re-
sults were obtained when prenatally CeA treated pups
(group 3) were compared with parentally stressed off-
spring (group 2).  This clearly indicates that prenatal stress
impairs learning and memory abilities in offspring.  Off-
spring which received both prenatal stress and CeA treat-
ment (group 4a) did not differ (p>0.05) from offspring
received only prenatal stress (group 2) in all the 3 pa-
rameters assessed in this test.  This result clearly indi-
cates that prenatal CeA treatment has not affected learn-
ing and memory abilities in offspring.  Offspring of group
4b (received prenatal stress, prenatal CeA treatment and
postnatal CeA treatment) showed a significant increase
in mean of 5 days score (p<0.01), mean of retest score
(p<0.01) and retention score (p<0.05) when compared
to group 4a.  This result demonstrates that postnatal CeA
treatment not only minimizes the prenatal stress effects,
but also enhances the learning and memory abilities in
offspring.  The memory retention and mean of 5 days
score did not differ between group 4b and control off-
spring (group 1).  These results indicate that postnatal
CeA treatment has maintained learning and memory
abilities in prenatally stressed offspring almost equiva-
lent to control offspring (Figure 1).

Prenatal stress has produced regional specific effect
on hippocampal neurons.  The CA1 and CA2 region of
the hippocampus did not show any significant structural
or numerical changes in response to prenatal stress.  Pre-
natal stress (group 2) has significantly (p<0.001) affected
in CA3 and CA4 hippocampal neurons when be com-
pared to control group (group 1) as well as prenatal CeA
treatment (group 3).  Pups received prenatal stress and
prenatal CeA treatment showed significant (p<0.00) de-
crease in number of neurons when be compared to con-
trol (group 1) and group 3.  From this result, it is clear
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Table 1 Number of hippocampal neurons (in 200 µm length area) in male Wistar rats. Values are expressed as means ± SD (n=60 slides). Group 1

-control, Group 2- pups received prenatal stress, Group 3- pups received prenatal CeA, Group 4a- pups received both prenatal stress and

prenatal CeA treatment and Group 4b- pups received prenatal stress, prenatal and postnatal CeA treatment.

Hippocampal region Group 1 Group 2 Group 3 Group 4a Group 4b

CA1 17.03±0.541 16.96 ± 0.919 17.05±0.528 16.78±0.691 16.93±0.606

CA2 14.23±0.582 14.0 ± 0.920 14.13±0.669 14.23±0.697 14.28±0.64

CA3 15.63±0.66 15.08 ± 0.65* 15.72±0.536 $$ 15.01±0.655 * # 15.51±0.567 $@

CA4 15.41±0.84 14.1 ± 1.02 * 15.53±0.56 $$ 14.02±0.75 * # 15.23±0.57 $$ @

ANOVA significance for CA1 neurons
P<0.0001, F=1.519, No significant difference between the groups

ANOVA significance for CA2 neurons
P=0.0045, F=1.475, No significant difference between the groups

ANOVA significance for CA3 neurons
P=0.3758, F=16.67
Group 1 Vs Group 2 * p<0.001, Group 1 Vs Group 4a * p<0.001
Group 2 Vs Group 3 $$ p<0.001, Group 2 Vs Group 4b $ p<0.01
Group 3 Vs Group 4a # p<0.001
Group 4a Vs Group 4b @ p<0.001

ANOVA significance for CA4 neurons
P<0.0001, F=55.08
Group 1 Vs Group 2 * p<0.001, Group 1 Vs Group 4a * p<0.001
Group 2 Vs Group 3 $$ p<0.001, Group 2 Vs Group 4b $$ p<0.01
Group 3 Vs Group 4a # p<0.001,
Group 4a Vs Group 4b @ p<0.001

Footnote:
ANOVA significance for mean of 5 days score, F=23.17, Inter group comparison - Group 1 Vs 2 * p<0.001, Group 1 Vs 4a * p<0.001, Group 2 Vs 3 $$ p<0.001, Group 2 Vs 4b

$ p<0.01, Group 3 Vs 4a # p<0.001, Group 4a Vs 4b @ p<0.01
ANOVA significance for mean of retest score, F=26.82, Inter group comparison - Group 1 Vs 2 ** p<0.001, Group 1 Vs 4a ** p<0.001, Group 1 Vs 4b * p<0.01, Group 2 Vs 3

$$ p<0.001, Group 2 Vs 4b $ p<0.01, Group 3 Vs 4a # p<0.001, Group 4a Vs 4b @ p<0.01
ANOVA significance for retention score, F=9.48, Inter group comparison - Group 1 Vs 2 * p<0.01, Group 1 Vs 4a ** p<0.001, Group 2 Vs 3 $ p<0.05, Group 3 Vs 4a # p<0.01

Group 4a Vs 4b @ p<0.05

Fig. 1 Observation of offspring performance in conditioned avoidance test. Values are expressed as mean ± SD (n=6 animal in each group). Error

bar indicates ± SD.
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that prenatal CeA treatment did not have any protective
effect against prenatal stress.  Pups which received both
prenatal and postnatal CeA treatment showed a signifi-
cant (p<0.001) protective effect against prenatal stress.
The protective effect is induction neuronal loss when
group 4a and 4b was compared.  Histopathological
changes characterized by densely stained, distorted cells
with pyknotic appearance were observed in CA3 and CA4
region of the hippocampus (Table-1, Figure 2a, 2b &
2c).

DISCUSSION
Results of the present study confirm that prenatal

stress impairs learning and memory abilities in offspring
with considerable damage to CA3 and CA4 region of
the hippocampus.  This study demonstrates that prena-
tal CeA treatment has no protective effect against prena-
tal stress in learning and memory abilities of offspring,
and also on neuronal population of hippocampus.  The
novel finding of the present study was postnatal CeA
treatment not only minimizes the prenatal stress effects,
but also enhances the learning and memory abilities in
offspring.  Postnatal CeA treatment has maintained learn-
ing and memory abilities in prenatally stressed offspring
almost equivalent to control offspring.  Postnatal CeA

treatment has enhanced the neuronal proliferative activi-
ties in CA3 and CA4 region of the hippocampus against
prenatal stress which induced neuronal loss.

Prenatal stress has impaired learning and memory
abilities in offspring.  Prenatal stress is known to increase
anxiety behavior and alter cognitive functions, in post-
natal life1,2.  The mechanism accounting for these neu-
rotoxic effects are not fully understood.  However, in-
volvement of stress induced corticosterone secretion,
brain cell proliferation, brain derived neurotrophic fac-
tor and brain amines are known.  The impact of prenatal
stress on neuronal proliferation may be the major cause
of neurotoxicity, such as learning and memory dysfunc-
tion which is often associated with hippocampal neuronal
loss.  In the present study prenatal stress has consider-
ably damaged the CA3 and CA4 region of the hippoc-
ampus.  Our findings were supported by findings of many
reports29,5,30.  Short-lasting, mild prenatal stress enhanced
neonatal neurogenesis and differentiation of processes
of hippocampal neurons, whereas long-lasting, severe
stress impaired their morphology5.  Similar effect was
also observed in hypothalamic paraventricular neurons31.
Prenatal stress resulted in an approximately 50% decrease
in brain cell proliferation just after birth in both genders
within the hippocampus at postnatal day 1 and at post-

Fig. 2 A. Coronal section of the rat brain showing different parts of

the hippocampus (Cresyl violet staining, under 40X)

B. Coronal section of the 60 day old rat brain (Group 4a)

showing CA4 region of the hippocampus (Cresyl violet

staining, under 40X). Scale bar indicates 30 µ length area

C. Coronal section of the 60 day old rat brain (Group 4b)

showing CA4 region of the hippocampus (Cresyl violet

staining, under 4X).

a

c

b
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natal day 532.  Both middle and late gestational stress
caused a significant decrease in the number of hippoc-
ampal neurons in the female, but not in the male off-
spring29.  Prenatal stress is known to decrease 5-HT re-
ceptor binding site in ventral hippocampus30 of 4-week
old rats.

It has been reported that CeA has specific
neuroprotective effect on hippocampal neurons.  Thus,
we investigated whether CeA can protect against prena-
tal stress induced neuronal loss in hippocampus.  In the
present study gestational treatment of CeA had not any
protective effect against neuronal loss in hippocampus.
It can be concluded that the protective effect of CeA
extract is not carried to the offspring.  Although a pre-
liminary study, the estimation of active constituents of
CeA in both maternal and offspring could give more in-
formation in this regard.  It is interesting to know that
postnatal treatment of leaf extract of CeA from day 7 to
60 in prenatally stressed rats showed a significant pro-
tective effect against prenatal stress induced neuronal loss
in hippocampus.  There are many reports supporting our
findings in which postnatal treatment of CeA had a sig-
nificant effect on neurons (increased neuronal prolifera-
tion) and enhancement of memory.  The memory-en-
hanced property of fresh leaf extracts of CeA in neonatal
rats has been reported before Rao Mohandas et al33.
Nalini et al34 reported the memory-enhanced effect of
aqueous extract of CeA in adult rats.  In addition to its
effect on behavior, asiatic acid, asiaticoside 6 and SM2,
which are the active components of the plant, have a
neuroprotective property.  A strong inhibition of beta
amyloid and free radical which induced cell death in B103
cell cultures and hippocampal slices was shown35.  The
changes taking place in the neuronal population of hip-
pocampus may be due to these neuroprotective active
components and the key neuronal basis for improved
learning and memory in these rats.

The neurons of hippocampal CA3 region receive
extrinsic and intrinsic inputs from the different parts of
the limbic system, which is concerned with learning and
memory.  The extrinsic afferents are mainly from the
entorhinal cortex, septal area, mamillary body and nu-
clei of the brain stem36,37.  Moreover, the CA3 neurons
also receive a significant number of intrinsic afferents from
the axons of dentate granule cells and the contralateral

CA3 region38,39.  Alterations such as increases or decreases
in neuronal cell population may result in alterations in
learning and memory behavior.

In the present study neuronal population of CA3
and CA4 region of the hippocampus in pups treated with
CeA was increased during postnatal development.  This
result suggests that such doses of plant extract were ad-
equate to retain the number of neurons against prenatal
stress induced neuronal loss.  Such a protection against
neuronal loss after prenatal stress may be effective in en-
hancement of learning and memory40.  Rao et al41 re-
ported that CeA treatment during postnatal developmen-
tal stage influenced the neuronal morphology and pro-
moted the higher brain function of juvenile and young
adult mice, which support our findings.  Centella asiatica
is also known to be a potent antioxidant and exerts sig-
nificant neuroprotective effect and proved efficacious in
protecting rat brain against age related by oxidative dam-
age42.  Aqueous extract of C.  asiatica has cognitive en-
hancing effect involving an antioxidant mechanism43.
CeA treatment has reduced corticosterone level in se-
rum and increase of the contents of serotonin, norepi-
nephrine, dopamine and their metabolites in rat brain44.
These factors could also involve the protective mecha-
nism of CeA against prenatal stress, as prenatal stress is
known to alter the brain monoamine level.

Thus, from the present study it is evident that ad-
ministration of fresh leaf extracts of CeA during gesta-
tion period will not exert any protective effect against
loss of hippocampal neurons.  However, postnatal treat-
ment of CeA will protect the hippocampal neurons against
prenatal stress which induced less loss.  Children with
congenital cerebral or hippocampal atrophy with delayed
milestones due prenatal insults like stress can be treated
with leaf extract of CeA.  The results of this study will
have impact in delivery of better health care which is less
cumbersome, more functional and would be within the
reach of common man from the economy aspect as well.In
view of developing cost effective remedy to behavioral
disorders in children with congenital cerebral atrophy in
poor countries, the utility of the plant product as thera-
peutic agent is in vogue.  The plant in the present study
was in use in this part of the world since decades without
much research.  This study is very relevant in delivering
the health care at the doorstep of the common man.
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