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ABSTRACT
Neonatal rat pups (7 days old) were given different doses of fresh leaf juice of Centella asiatica (CeA) orally
for different periods of time. These rats were then subjected to spatial learning (T- Maze) and passive avoidance
tests along with the age matched normal and saline control rats. The results showed improvement in spatial
learning performance and enhanced memory retention in neonatal rats treated with higher doses. These results
indicate that treatment with CeA fresh leaf juice during growth spurt period of neonatal rats enhances memory
retention. Neuroanatomy; 2005; 4: 18–23.
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Introduction
A characteristic feature of animals and particularly of
humans is the ability to alter their behaviour on the basis
of experience or learning. Learning is an acquisition and
storage of information as a consequence of experience.
Memory is a relatively permanent storage form of the
learned information [1]. The hippocampus and amygdala
are two important regions involved in learning and
memory.
In the ayurvedic system of medicine “Medhya drugs”
are a group of medicines known to act on the nervous
system. In the texts of Ayurveda, many medhya drugs
have been claimed to improve mental ability [2]. Some
of the drugs, which act on the nervous system, include
Bacopa monnieri, Ashwagandha (Withania somnifera),
Jyotishmati (Celastrus panniculatus) Shankapushpi
(Clitoria ternatea), Jatamansi (Nardostachys jatamansi),
Vacha (Acorus calamus) and Mandukaparni (Brahmi,
Centella asiatica) [3–6].
Among these, Centella asiatica (CeA) is a herb growing
in wet and marshy places throughout the country. It has
been used in ayurvedic preparations either in the fresh or
in the extract form [2]. Centella asiatica is shown to be
very useful in improving learning and memory [4–6]. It
is also used as a brain tonic for promoting brain growth
and improving memory [7]. In addition, the plant is also
used in mentally retarded children to improve general
mental ability [5, 8–10].

Though the fresh juice of CeA has been claimed to
improve learning and memory in different clinical
studies, there are no direct neurological studies to show
the action of fresh leaf juice of this plant on improvement
of behaviour especially learning and memory in neonatal
rats.
Thus this study was designed to find the effect of CeA
fresh leaf juice treatment on learning and memory in
neonatal rats. This experiment was carried out on neonatal
rats, since, active brain growth occurs in them during pre
and post-weaning period (growth spurt period) [11].
Materials and Methods
Animals and experimental groups
7 days old Wistar rats of both sexes maintained under 12
hours dark and 12 hours light cycle, provided with food
and water ad libitum were used in the experiments.
Rat pups were divided into three major groups: 1) two
weeks, 2) four weeks, 3) six weeks treatment groups. In
each of these groups there were subgroups:
a. Normal control (NC): These animals remained
undisturbed in their home cage till other groups completed
their saline/CeA fresh leaf juice treatment,
b. Saline control (SC): These animals received
equivolume of saline,
c. 2ml/kg CeA group: These animals received 2ml/kg
CeA fresh leaf juice every day,
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d. 4ml/kg CeA group: These animals received 4ml/kg
CeA fresh leaf juice every day,
e. 6ml/kg CeA group: These animals received 6ml/kg
CeA fresh leaf juice every day.
The experiments were carried out after the approval from
the animal ethical committee.
Extraction and administration of Centella asiatica
leaf juice
The plant, CeA was identified by Mr. P. Venugopal Tantry,
Professor of Botany, Department of Botany, Vijaya
College, Mulky, Karnataka, India and has been entered
in and given the voucher specimen number “525PP” by
the department of Pharmacognosy, Manipal College of
pharmaceutical Sciences, Manipal, India. These plants
were specially grown in uniform soil and water conditions.
Fresh leaves of CeA were collected in the morning. Care
was taken to collect the leaves of uniform growth (15–20
days old). After washing, air drying and homogenizing
by grinding, the juice was extracted by squeezing the
paste like homogenate using a piece of clean cloth. The
fresh juice so obtained was administered as such or after
appropriate dilution with saline by gastric intubation,
using a capillary tube attached to a tuberculin syringe.
The volume of juice to be given to the individual rat was
calculated based on their body weight.
Behavioural tests
Following treatment, all the groups (NC, SC and CeA) of
rats were subjected to behavioural tests. The behavioural
tests included, 1) spatial learning (T- Maze) test and 2)
passive avoidance test.
Spatial learning (T–maze) tests
The purpose of this test was to assess the spatial learning
ability of the rats. This test included spontaneous
alternation and rewarded alternation tests.
The wooden T–maze apparatus consisted a stem
(35x12cm), a choice area (15x12 cm) and two arms
(35x12cm). The start box (15x12 cm) was located at the
beginning of the stem. The goal areas were at the ends of
the two arms (each 15x12 cm) containing the food well.
The stem and start box were separated by a sliding door.
A cloth curtain separated the arm and goal areas. The
height of the sidewall of the apparatus was about 40 cm.
The apparatus was kept in a sound attenuated normally
lit room.
Spontaneous alternation test [12]. Two days prior to the
starting of the test, the rats were deprived of food in order
to motivate them for the food reward. Subsequently, the
food was restricted so that the animal’s body weight was
maintained at 85% of pre-test weight. This was followed
by orientation, which was done to familiarize the rats
with the T–maze. During orientation, the rats subjected
for food restriction were placed in the start box for sixty
seconds. The sliding door was then opened to allow
the rat to explore the T–maze for thirty minutes, and to
eat fifteen pellets (10 mg each) in each goal area. After
thirty minutes the rat was returned to the start box. This
procedure was carried out for two consecutive days for
all rats of the group.

After the orientation, six trials were given daily for the
following four days. In each trial, the rat was first placed
in the start box. By opening the sliding door it was
allowed to enter into the stem and allowed to choose any
one of the arms. A rat was considered to have entered
into a particular arm only when it entered that arm with
all its limbs. Once the rat ate the pellet in the goal area of
that arm, it was replaced back in the start box for the next
trial. The intertrial interval was one minute.
In each trial, the arm chosen by the rat was noted. At the
end of four days i.e. twenty-four trials, the total number
of alternations were also noted. The percentage bias was
calculated for each rat using the following formula.
Percentage bias =

Total number of choices of more frequently chosen side x 100
Total number of trials

More number of alternations and less percentage bias was
considered as an index for improved learning ability.
Rewarded alternation test [2]. This test was started on
the day after the completion of spontaneous alternation
test. During this test, six trials per day were conducted
for four days. Each trial had two runs namely, a forced
run and a choice run. In the forced run, the animal was
forced to one of the arms by blocking the other arm and
was allowed to consume the pellet in the goal area. Once
the animal ate the pellet in the goal area, it was placed
back in the start box for a choice run. In the choice run,
the goal area of the forced arm was kept empty and
pellets were placed in the goal area of the opposite arm.
But both the arms were kept free for the rat to choose.
Between each forced run and the choice run, a gap of
one minute was given. Similarly there was a gap of one
minute between the two trials again. The sequence of
the forced arm was predetermined and was same for
all the rats for a given day. On subsequent days it was
alternatively changed. For example on the first day of the
test, if the animals were forced to the right arm of the
T–maze, on the second day they were forced to enter the
left arm. On the third day, again forced to the right arm
and on the fourth day to the left arm. During the choice
run, if the rat entered the arm opposite to the forced arm,
then that response was considered as “correct response”.
If it entered the same arm to which it was forced during
forced run, it was considered as “wrong response”.
Percentage of correct responses was calculated for each
rat by using the following formula.
Percentage of correct responses =

Total number of correct responses x 100
Total number of trials

Increase in percentage of correct response was considered
as an index of improved learning and memory.
Passive avoidance test (Modified from Bures et al. [13])
The passive avoidance apparatus was fabricated
locally. It had two compartments, a rectangular larger
compartment with a 50x50 cm grid floor and wooden
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walls of 35 cm height. It had a roof, which could be
opened or closed. In the centre, one of the walls had a
6x6 cm opening connecting the larger compartment to
a dark smaller compartment. The smaller compartment
had 15x15 cm electrifiable grid connected to a constant
current stimulator, wooden walls of 15 cm height and a
ceiling, which could be opened or closed. The connection
between the two compartments could be closed with a
sliding door. The larger compartment was illuminated
with a 100 W bulb placed 150 cm above the centre.
The experiment included three parts, 1) exploration test,
2) an aversive stimulation and learning (passive avoidance
acquisition), and 3) retention test.
During exploration test each rat was kept in the centre of
the larger compartment facing away from the entrance
to the dark smaller compartment. The door between
the two compartments was kept open. The rat was
allowed to explore the apparatus (both larger and smaller
compartments) for 3 minutes. In each trial, the total time
spent by the animal in the smaller compartment was
noted. At the end of the trial, the rat was replaced in the
home cage, where it remained during inter-trial interval
of five minutes.
After the last exploration trial, the rat was forced into the
smaller compartment and the sliding door between the
two compartments of the apparatus was closed. Three
strong foot shocks (50 Hz, 1.5 mA, 1 sec duration) were
given at approximately five-second intervals. The ceiling
was then opened and the rat was returned to its home cage.
Retention test was carried out after twenty-four hours
of acquisition test. The rat was kept in the centre of the
larger compartment facing away from the entrance to
the smaller compartment. The sliding door between the
two compartments was kept open. The rat was allowed
to explore the apparatus for three minutes. After three
minutes the rat was kept back in the home cage. With a
gap of five minutes the trial was repeated for three times.
In each trial, the time spent by the rat in the smaller
compartment was noted.

Decrease in the time spent in the smaller compartment
during retention test was considered as good memory
retention performance
Data analysis. Data was analyzed using analysis of
variance (ANOVA) followed by Bonferroni’s test (posttest) using Graph Pad In Stat (GPIS) software, version
1.13.
Results
Spatial learning (T-Maze tests)
Table-1 shows results of the T-Maze tests. In 2 weeks
treatment group, during spontaneous alternation test,
animals treated with 2ml of CeA fresh leaf juice did not
show any significant difference in their performance.
However, animals treated with higher doses of CeA
fresh leaf juice (4 and 6 ml) showed significantly higher
number of alternations when compared to normal control
group of rats (10.1 ± 3.66 in normal control vs. 17.85 ±
2.34 in CeA 4 ml group, P< 0.01 and 17.95 ± 3.0 in CeA
6 ml, P<0.01).
Similarly, rats treated with higher doses (4 and 6 ml)
of CeA showed significantly lesser percentage bias in
comparison with normal control rats (69.59 ± 13.32 in
normal control group vs. 51.18 ± 2.02 in CeA 4 ml group,
P<0.05 and 50.56 ± 2.87 in CeA 6 ml group, P<0.05).
During rewarded alternation test also, only rats treated
with higher doses (4 and 6 ml) of CeA fresh leaf juice
showed a significant increase in the percentage of correct
response when compared to the normal control group
rats (63.68 ± 19.79 in normal control vs. 87.49 ± 9.62 in
CeA 4 ml group, P< 0.01 and 90.47 ± 6.68 in CeA 6 ml
group, P<0.01).
In 4 weeks treatment group, during spontaneous
alternation test, the animals treated with 2, 4 and 6ml of
CeA fresh leaf juice showed significantly higher number
of alternations when compared to the normal control
group of rats (12.62 ± 2.13 in normal control vs. 15.85
± 0.89 in CeA 2 ml group, P<0.05, 19.0 ± 0.70 in CeA 4
ml group, P<0.001 and 16.37 ± 2.13 in CeA 6 ml group,
P<0.01).

Table 1. Results of spatial learning (T-maze) tests
2 weeks treatment group
Groups

Normal control
(NC)
Saline control (SC)
CeA-2ml
CeA-4ml
CeA-6ml

n

8
8
8
8
8

Spont. alt. test

4 weeks treatment group

6 weeks treatment group

Rew. alt. test

Spont. alt. test

Rew. alt. test

Spont. alt. test

No. of
alternations

% Bias

% of correct
response

No. of
alternations

% Bias

% of correct
response

No. of
alternations

% Bias

Rew. alt. test
% of correct
response

10.1±3.66

69.59±13.32

63.68±19.79

12.62±2.13

66.24±5.89

69.78±16.02

12.0±2.88

69.48±4.64

65.1±5.29

15.0±1.00

57.49±4.56

76.66±11.25

13.37±1.76

56.24±4.45

76.03±9.38

15.16±2.31

64.85±5.52

66.1±6.26

14.71±2.62

55.35±2.03

82.13±8.9

15.85#±0.89

50.14##±3.96

92.85#±9.22

18.42##±2.69

56.51##±5.8

93.42###±5.3

17.85**±2.34

51.18*±2.02

87.49**±9.62

19.0***±0.7

52.49***±2.27

92.49*±15.43

19.5***±2.07

55.2**±6.58

95.83***±5.89

17.95$$±3.0

50.56$±2.87

90.47$$±6.68

16.37$$±2.13

50.12$$$±4.31

90.14$±9.22

18.62$$$±2.06

55.2$$±4.85

88.01$$$±10.55

Each value represents Mean±SD. (NC vs. CeA 2ml: # P< 0.05, ## P<0.01, ### P<0.001; NC vs. CeA 4ml: * P<0.05, ** P<0.01, *** P<0.001;
NC vs. CeA 6ml: $ P<0.05, $$ P<0.01, $$$ P<0.001; CeA: Centella asiatica; n: Number of rats)
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Similarly, the rats treated with 2, 4 and 6 ml of CeA fresh
leaf juice showed significantly lesser percentage bias in
comparison with the normal control group of rats (66.24
± 5.89 in normal control vs. 50.14 ± 3.96 in CeA 2 ml
group, P<0.01, 52.49 ± 2.27 in CeA 4 ml group, P<0.001
and 50.12 ± 4.31 in CeA 6 ml group, P<0.001).

Figure 1. Graph showing the time spent in small compartment in 2
weeks treatment group. (Normal control (n= 8), Saline control (n=
8), CeA 2 ml (n= 8), CeA 4 ml (n= 8), CeA 6 ml (n= 8). Each bar
represents Mean + SD. NC vs. CeA 2 ml: ### P<0.001; NC vs. CeA 4
ml: *** P<0.001; NC vs. CeA 6 ml: $$$ P<0.001)

Figure 2. Graph showing the time spent in small compartment in 4
weeks treatment group. (Normal control (n= 8), Saline control (n=
8), CeA 2 ml (n= 8), CeA 4 ml (n= 8), CeA 6 ml (n= 8). Each bar
represents Mean + SD. NC vs. CeA 2ml: ### P<0.001; NC vs. CeA 4
ml: *** P<0.001; NC vs. CeA 6 ml: $$$ P<0.001)

Figure 3. Graph showing the time spent in small compartment in 6
weeks treatment group. (Normal control (n= 8), Saline control (n= 8),
CeA 2ml (n= 8), CeA 4ml (n= 8), CeA 6ml (n= 8). Each bar represents
Mean + SD. NC vs. CeA 2 ml: ### P< 0.001; NC vs. CeA 4 ml: ***
P<0.001; NC vs. CeA 6 ml: $$$ P< 0.001)

21
During rewarded alternation test, rats treated with three
different doses (2, 4 and 6 ml) of CeA fresh leaf juice
showed a significant increase in the percentage of correct
response when compared to the normal control group rats
(69.78 ± 16.02 in normal control vs. 92.85 ± 9.22 in CeA
2 ml group, P<0.05, 92.49 ± 15.43 in CeA 4 ml group,
P<0.05 and 90.14 ± 9.22 in CeA 6 ml group, P<0.05).
In 6 weeks treatment group, during spontaneous
alternation, test animals treated with all the 3 doses (2,
4 and 6 ml) of CeA fresh leaf juice showed significantly
higher number of alternations when compared to normal
control group of rats (12.0 ± 2.88 in normal control vs.
18.42 ± 2.69 in CeA 2 ml group, P< 0.01, 19.5 ± 2.07 in
CeA 4 ml group, P< 0.001 and 18.62 ± 2.06 in CeA 6 ml
group, P<0.001).
However, all the three groups of rats treated with CeA (2,
4 and 6 ml) showed significantly lesser percentage bias in
comparison with normal control group (69.48 ± 4.64 in
normal control vs. 56.51 ± 5.8 in CeA 2 ml group, P<0.01,
55.2 ± 6.58 in CeA 4 ml group, P<0.01 and 55.2 ± 4.85 in
CeA 6 ml group, P<0.01).
During rewarded alternation test, rats treated with all the
three different doses (2, 4 and 6 ml) of CeA fresh leaf
juice showed a significant increase in the percentage of
correct response when compared to normal control group
(65.10 ± 5.29 in normal control vs. 93.42 ± 5.3 in CeA
2 ml group, P<0.001, 95.83 ± 5.89 in CeA 4 ml group,
P<0.001 and 88.01 ± 10.55 in CeA 6 ml group, P<0.001).
Passive avoidance test
Results of passive avoidance exploration and retention
performance are shown in figures 1, 2 and 3. All the CeA
treatment groups showed good memory retention.
In 2 weeks treatment group (Figure 1) during exploration,
there was no significant difference between animals
treated with the CeA fresh leaf juice (2, 4 and 6 ml)
and normal control animals in total time spent in small
compartment. However, during retention test, it was
seen that animals treated with CeA fresh leaf juice
spent significantly less time in the smaller compartment
(218.16 ± 20.94 sec in normal control vs. 77.66 ± 12.35
sec in CeA 2 ml group, P<0.001, 59.0 ± 5.28 sec in CeA
4 ml group, P<0.001 and 18.28 ± 2.88 sec in CeA 6 ml
group, P<0.001).
In 4 weeks treatment group (Figure 2) during exploration,
there was no significant difference between the animals
treated with CeA fresh leaf juice (2, 4 and 6 ml) and
the normal control animals in total time spent in small
compartment. However, during retention test, it was
observed that the animals treated with CeA fresh leaf juice
spent significantly less time in the small compartment
(287.0 ± 74.35 sec in normal control vs. 39.0 ± 14.24 sec
in CeA 2 ml group, P<0.001, 48.6 ± 18.95 sec in CeA 4
ml group, P<0.001 and 25.14 ± 18.77 sec in CeA 6 ml
group, P<0.001).
In 6 weeks treatment (Figure 3) group during exploration,
there was no significant difference between the animals
treated with CeA fresh leaf juice (2, 4 and 6 ml) and
the normal control animals in total time spent in small
compartment. However, during the retention test, animals
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of all the three groups treated with CeA fresh leaf juice
spent significantly less time in the small compartment
(297.3 ± 71.94 sec in normal control vs. 37.71 ± 12.31 sec
in CeA 2 ml group, P<0.01, 10.1 ± 1.92 sec in CeA 4 ml
group, P<0.001 and 15.28 ± 22.69 sec in CeA 6 ml group,
P<0.001).
Discussion
In the present study the results of T-Maze tests of rats
treated with lower doses of CeA (2 ml) for shorter
duration (2 weeks) were not significantly different than
the normal rats. However animals of higher dose groups
(4 and 6 ml) showed significant improvement in the
learning behaviour even in shorter (2 weeks) duration
of treatment. Rats when treated for longer duration (4
and 6 weeks) showed significant improvement in the
learning behaviour in all (2, 4 and 6 ml) dose groups.
In the passive avoidance tests, there was no significant
change in behaviour during exploration. However, during
retention test, animals of all the three dose groups (2, 4
and 6 ml) spent less time in the smaller compartment
suggesting improved memory retention. This enhanced
memory retention was observed in the animals treated
with CeA for 2, 4 and 6 weeks.
These results clearly indicate that oral administration of
fresh leaf juice of CeA improved learning and memory in
neonatal rats. This effect was marked in animals treated
with higher doses of CeA. Use of CeA in preventing
radiation induced behavioural changes during clinical
radiotherapy has been reported before [14]. Asiatic acid, a
triterpine of CeA is used in the treatment of dementia and
as an enhancer of cognition. Three derivatives obtained
from CeA are found to be efficacious in protecting
neurons from oxidative damage caused by exposure to
excess glutamate [15]. Aqueous extract of CeA has an

enhancing effect on cognitive functions [16]. Centella
asiatica is also reported to improve general mental ability
and behavioural pattern in mentally retarded children
[5, 8–10]. Nalini et al. [17] have reported the memory
enhancing effect of aqueous extract of CeA in adult rats.
But the results of present study is the first experimental
evidence regarding the memory enhancing property of
CeA fresh leaf juice during growth spurt period of rats.
Treatment with Clitoria ternatea root extract has
been shown to enhance memory in neonatal rats [3].
The exposure to the new learning experiences [18],
intracranial self stimulation [19], living in enriched
environment [20–22] and environment within pyramid
model [23] has been shown to alter the cytoarchitecture
of hippocampus which is a part of the brain concerned
with learning and memory. Similarly fresh leaf juice of
CeA has been shown to improve dendritic arborisation of
amygdala and hippocampus [24–27]. Improved learning
behaviour and enhanced memory retention in the present
study is probably because of the structural changes in
these brain regions [18, 28, 29].
It has been observed that CeA treatment increases the
level of neurotransmitter GABA that is known to act on
hippocampus [30, 31]. Similarly CeA may also affect
the biosynthesis of other neurotransmitters involved
in learning and memory like Ach, noradrenaline, 5HT,
dopamine [32–34].
However these morphological, neurophysiological and
neurochemical changes need to be investigated.
We conclude by saying that oral administration of CeA
fresh leaf juice in neonatal rats (during growth spurt
period) enhances their memory, which is probably due
to the structural, neurochemical and neurophysiological
changes in the brains of these rats.

References
[13]

Bures J, Buresova O, Huston JP. Techniques and basic experiments for study of brain and behavior.
Elsevier, Amsterdam-New York. 1983; p: 148–160.

[14]

Shobi V, Goel HC. Protection against radiation induced conditioned taste aversion by Centella asiatica.
Physiol. Behav. 2001; 73: 19–23.

[15]

Lee MK, Kim SR, Sung SH, Lim D, Kim H, Choi H, Park HK, Je S, Ki YC. Asiatic acid derivatives protect
cultured cortical neurons from glutamate-induced excitotoxicity. Res. Commun. Mol. Pathol. Pharmacol.
2000; 108: 75–86.

Dash PK, Mistry IU, Rao AR, Patel KS. Role of Medhya Rasayana in school children. Ayu. 1996; 12:
15.

[16]

Veerendra Kumar MH, Gupta YK. Effect of different extracts of Centella asiatica on cognition and
markers of oxidative stress in rats. J. Ethnopharmacol. 2002; 79: 253–260.

[6]

Satyavati GV, Gupta AK, Tandon N. Medicinal plants of India. 1st Ed., Indian council of medical research,
New Delhi. 1976; p:18–21 and 216–220.

[17]

Nalini K, Aroor AR, Karanth KS, Rao A. Effect of Centella aciatica fresh leaf extract on learning and
memory and biogenic amine turnover in albino rats. Fitoterapia. 1992; 63: 232–238.

[7]

Anbuganapathi GA. Synergetic effect of Vallarai and Brahmi on learning ability of albino mice and school
children. Paper presented in International seminar on Recent Trends in Pharmaceutical Sciences,
Ootacamund, 18-20 February 1995.

[18]

Mahajan DS, Desiraju T. Alterations of dendritic branching and spine densities of hippocampal CA3
pyramidal neurons induced by operant conditioning in the phase of brain growth spurt. Exp. Neurol.
1988; 100: 1–15.

[8]

Rajagopalan V. Effect of Ayushman 8 in manasa mandata (mental retardation). Paper presented in
seminar on Research in Ayurveda and Siddha, CCRAS New Delhi, 20-22 March 1995.

[19]

Rao BS, Desiraju T, Raju TR. Neuronal plasticity induced by self-stimulation rewarding experiences in
rats- a study on alteration in dendritic branching in pyramidal neurons of hippocampus and motor cortex.
Brain Res. 1993; 627: 216–224.

[20]

Kempermann G, Kuhn HG, Gage FH. More hippocampal neurons in adult mice living in an enriched
environment. Nature. 1997; 386: 493–495.

[21]

Nilsson M, Perfilieva E, Johansson U, Orwar O, Eriksson PS. Enriched environment increases
neurogenesis in the adult rat dentate gyrus and improves spatial memory. J. Neurobiol. 1999; 39:
569–578.

[22]

Moser MB. Making more synapses: a way to store information. Cell Mol. Life Sci. 1999; 55:
593–600.

[1]

Vander AJ, Sherman JH, Luciano DS. Human physiology. Boston, McGraw Hill. 1998; p: 365–368.

[2]

Sharma PV. Dravyaguna vignana. 13th Ed., Chaukhamba Vishwa Bharati Academy. 1992; p: 3–5.

[3]

Rai KS, Murthy KD, Karanth KS, Rao MS. Clitoria ternatea root extract treatment during growth spurt
period enhances learning and memory in rats. Indian J. Physiol. Pharmacol. 2001; 45: 305–313.

[4]

Sivarajan VV, Balachandran I. Ayurvedic drugs and their plant sources. New Delhi, Oxford and IBH.
1994; p: 97, 289–290.

[5]

[9]

Shah LP. An open clinical trial of Mentat in hyperkinetic children. Probe. 1992; 31: 125–129.

[10]

Appa Rao MVR, Srinivasan K, Rao KT. The effect of Mandookaparni (Centella asiatica) on the general
mental ability (Medhya) of mentally retarded children. J. Res. Indian Med. 1973; 8: 9–16.

[11]

Dobbing J, Sands J. Comparative aspects of the brain growth spurt. Early Hum. Dev. 1979; 3:
79–83.

[12]

Dunnett SB, Low WC, Iversen SD, Stenevi U, Bjorklond A. Septal transplants restore maze learning in
rats with fornix fimbria lesions. Brain Res. 1982; 251: 335–348.

23

Centellia asiatica induced behavioural changes in neonatal rats
[23]

[24]

[25]

[26]

[27]

Bharathi H, Rao MS, Murthy KD. Pyramid environment enhances learning and memory–a behavioural
and morphological study. Paper presented in International congress on frontiers in Pharmocology and
Therapeutics in 21st century, All India Institute of Medical Sciences, New Delhi, India, 1-4 December,
1999.
Rao Mohandas KG, Rao Muddanna S, Rao Gurumadhva S. Effect of Centella asiatica on the dendritic
morphology of hippocampal neurons in adult rats. Paper presented in 36th National Conference of Indian
Pharmacological Society, Vallabha Bai Chest Institute, New Delhi, 5-7 December, 2003.
Rao Mohandas KG, Rao Muddanna S, Rao Gurumadhva S. Effect of Centella asiatica on the dendritic
morphology of amygdaloid neurons in adult rats. Paper presented in 35th National Conference of Indian
Pharmacological Society, DRDE, Gwalior, India, 26-29 November, 2002.
Rao Mohandas KG, Rao Muddanna S, Rao Gurumadhva S. Effect of Centella asiatica on dendritic
morphology of amygdaloid neurons in neonatal rat pups. Paper presented in National Conference of
Association of Physiologists and Pharmacologists of India, Armed Force Medical college, Pune, India,
21-25 December, 2001.
Rao Mohandas KG, Rao Muddanna S, Rao Gurumadhva S. Role of Centella asiatica leaf extracts in
enhancing the dendritic arborization and memory retention in rats. Paper presented in 33rd National
Conference of Indian Pharmacological Society, K B Institute of Pharmaceutical Education and Research,
Gandhi Nagar, India, 28-30 December, 2000.

[28]

Maren S. Long-term potentiation in the amygdala: a mechanism for emotional learning and memory.
Trends Neurosci. 1999; 22: 561–567.

[29]

O’Keefe J, Nadel L. Hippocampus as a cognitive map. Oxford Clarendon Press, London/New York.
1978.

[30]

Chatterjee TK, Chakraborthy A, Pathak M, Sengupta GC. Effects of plant extract Centella asiatica (Linn.)
on cold restraint stress ulcer in rats. Indian J. Exp. Biol. 1992; 30: 889–891.

[31]

Ji WQ, Zhang CC, Zhang GH. Effect of somatostatin and GABA on long term potentiation in hippocampal
CA1 area in rats. Zhongguo Yao Li Xue Bao. 1995; 16: 380–382.

[32]

Hatfield T, McGaugh JL. Norepinephrine infused into the basolateral amygdala posttraining enhances
retention in a spatial water maze task. Neurobiol. Learn Mem. 1999; 71: 232–239.

[33]

Farr SA, Banks WA, Morley JE. Estradiol potentiates acetylcholine and glutamate-mediated post-trial
memory processing in the hippocampus. Brain Res. 2000; 864: 263–269.

[34]

Cho YH, Friedman E, Silva AJ. Ibotenate lesions of the hippocampus impair spatial learning but not
contextual fear conditioning in mice. Behav. Brain Res. 1999; 98: 77–87.

