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ABSTRACT

Thisstudy aimed to evaluate the effects of Centellaasiatica(CeA) onAD-
like cognitive deficiency in NBM-lesioned ratsinduced by ibotenic acid.
The learning and memory functions were examined by the Morris water
maze performance. Twenty four male Wistar ratsweighing 380+30 gr at the
experiment were used that were divided randomly into three groups (n=8).
Control; Lesion and CeA+lesion. NBM was bilaterally lesioned by
stereotaxic microinjections of ibotenic acid. Theresultsindicated that the
rats with NBM lesioned showed significant reduction in spatial learning
and memory in the water maze performance. The aqueous extract of CeA
dieting (6 weeks, 100 mg/kg, orally) followed by NBM lesioning in aged
rats could be alleviating pre-lesion memory impairment. The percent of
time spent in goal quarter was decreased significantly (p<0.01) in lesion
group when compared with control group and was also increased
significantly (p<0.05) in CeA+Lesion group when compared with lesion
group. The present study demonstrated that Centella asiatica extract
prevents memory deficits induced with NBM lesion in rats. The finding
suggested that the aqueous extract of Centella asiatica had potential uses
of the neuroprotective actionin NBM lesioned ratsinduced dementiaand
an antioxidant mechanismisinvolved.
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INTRODUCTION ampal neuronsareespecialy vulnerabletoinjury in-

duced by Alzheimer’s disease!®. Damage to the hip-

Alzheimer’s disease is an age-related disease char-
acterized by dementiaand theloss of neuronal cellsin
the brain™. Alzheimer’s disease is a progressive
neurodegenerative disease, age-related discasethat is
associ ated with neurobehavioral destructionin brainf@.
Hippocampus has been recognized asanimportant in-
tegration center for learning and memory™4. Hippoc-

pocampal formation hasbeen showntoimpair explicit
memory functioning aswell as spatial and contextual
learning ability!®. Thededineincognitivefunctionscan
belargdy rdated to cholinergic dysfunction arisingfrom
disruption of basd forebrain cholinergic pathways(cho-
linergic hypothesis)"8,

The correlation between the progressiveand irre-
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versibledeclineof memory and thelossof cholinergic
neuronesin theforebrain cholinergic projection system
(FCPS) led to the cholinergic hypothesisof learning
and memory declineinAlzheimer’s disease!® excitotoxic
lesionsof the NBM induce specific memory deficitsin
ratsasevauatedin severa tasks'®, Thecholinergic
projection neuronsof thebasa forebrainand upper brain
stem, contain six groupswhich were named Ch1-Ch6
onthebasisof cytoarchitetonic criteriaand patterns of
connectivity!™., Inthe basd forebrain arefound cholin-
ergic neuronswithinthemedia septa area(Chl), ver-
tica limb nucleusof thediagonal band of Broca(Ch2).
they arefound dsowithinlatera part of horizonta limb
nucleusof thediagonal band of Broca(Ch3) and inthe
nucleusbasaismagnocd lularis, substantiainnominata,
nucleus praeopti cus magnocel lularis (Ch4). Thecho-
linergic neuronsof theupper brain gemarefoundwithin
the nucleus peduncul opontinus (Ch5) and laterodorsal
tegmental nucleus (Ch6)1*54, Three of these sectors
wereshowntobeinvolvedinlearningand memory func-
tions, contain Chl, Ch2 and Ch4 whichLesonstothese
areas produced severe mnemonic deficits in ro-
dentg*"18,

Centdlaasaicaisasmdl herbaceousplant growing
predominantly inthe southern hemispherethatisclosely
related to Hydrcotyle speciesand producesacharacter-
isticessentid oil andflavonoids™d. Theplant of Centela
as aticahasbeen shownto bebeneficial inimproving
memory and learning®”. Preliminary studiesonthe cen-
tral nervoussystemeffect of Centellaas aticasuggest thet
extracts of this herb are well tolerated and may have
pro-cognitive effectsin humansand rodents. Centella
adaticaimprovesmemory retentionin rodents?-% and
increases performanceand behavior inmentaly retarded
children?, CeA hasbeenindicatedinvivoto prevent
thecognitivedeficitsthat occur following trestment with
streptozotocin and to protect cholinergic neuronsfrom
thetoxiceffectsof duminium®.

The present study aimed to eval uatethe effects of
CeA onimproving learning and spatid memory deficits
inNBM-lesionedrat induced by ibotenicacidto mimic
theAlzheimersdisease.

MATERIALSAND METHODS

Plant material and preparation of theextract
Centellaasiaticaplant was collected during spring

from Anzali wetland region, Iran. The sampleswere
then authenticated for their correct botanica identity by
the Chief Botanist, Department of Biology, inthe Fac-
ulty of Science, Yasouj University, Iran.

Thewhole plant was dried and coarsely ground
with agrinder. For the preparation of aqueous extract,
the coarse powder of the plant (5g) was extracted with
8 partsof double- Distilled water under boiling for 5h
and cooled. The supernatant wasthen filtered through
a 400-mesh cloth to Collect the extract and rotary
evaporated at 40 °C for 30 min. Later the product af-
ter flash evaporation was Lyophilized toyield agreen-
ish brown powder (total yield _1.50).

Animals

Healthy maleWistar rats used in this study were
fed food and water ad libitum and maintainedinal2:12
hdark and light cycle. Theroom temperature waskept
congtant at 25 °C. All behavioral tests were performed
between 9:00 and 13:00 h. All experimentswere car-
ried out with prior approva fromtheingtitutiona anima
ethica committee. Only the minimum required number
of ratswere used and they were handled in ahumane

way.
Groupingof animals

Animaswererandomly divided into three groups
of eight animaseach, such as:

Groupl: Aged control rats (above 24-months-old
weighing 380+30 g, intact rats).
Groupll: agedratswithNBM lesion+normal diet.

Thelesonwasinduced bilateraly by using
theibotenicacid (0.5 pg/site/5 min) infu-
sioninto nucleusbasdisof magnocdlularis
(meynert) (NBM).

Group I 11 aqueousextract of CeA dieting (6 weeks,
100 mg/kg, orally) followed by NBM
lesoninginagedrats.

Extract of Centellaasiatica(100 mg/kg body weight/
day) wasdissolvedin 0.89% physiologica sdineand
administrated orally. Control animalsreceived physi-
ological salineaone. On completion of experimental
period, animaswerekilled by decapitation.

NBM lesioning

Anima swereanesthetized withintraperitoned (ip)
injectionsof Ketamine (100 mg.kg* body weight) and
Xylazine (10 mg.kg* body weight) (Alfasan, Woerden-
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Holland). NBM lesion wasinduced by themethod of
Wang et d., [ 2005]12¢ with some modificationg?. Af-
ter fixing thehead of animalsinagteriotaxicinstrument
(Narishige, Tokyo, Japan), thelesion wasinduced by
injection of ibotenicacid (0.5 ug.0.1ul* for 5minin
eachsde, Sgma-Aldrich Chemica Co., USA) dissolved
indigtillated water into NBM bilateraly (AP; -1.3,L;
+2.3,V; -6.6). coordinates were chosen based on a
rat brain atlas?®. Injection was made through 2 ul
Hamilton syringe connected to ashort piece of poly-
ethylene tube and ainjection needle (gage 27). All
animaewereallowed to recovery period (7-10 days).

Trainingappratus

Toinvestigate the effects of the above agentson
the memory and spatial learning, Morriswater maze
test wasused (29). Themazeconsstsof acircular meta
pool with black inner lining and adiameter of 145cm
and 80cm height. The pool wasfilled with tap water
(22+2 "C) with adepth 60 cm. Themazewasdivided
geographically intofour equal size quadrantsand re-
| ease pointswere designed in each quadrant asnorth
Q1, Q2, Q3 and Q4. A meta escape platform with
dark color and 12 cm diameter was placed in afixed
location inthetank, 2 cm below thewater surface. The
platformwasnot visblefrom just abovethewater levd.
Onthetrainingtrias, theplatform remainedin acon-
stant location inthe center of onequadrant (Q2) equi-
distant from the center and the edge of the pool. Some
fixed visual cuesincluding computer, desk, shelves,
postersandillumination lightswereplaced onthewalls
around the pool. A camerawas positioned abovethe
center of the pool which was connected to acomputer
to record the animal motions. An automated tracking
system (Radiab ver. 2, Tehran, Iran) was used to mea-
suretheescapelatency, swimming distance and speed.

Training procedure

From 24 hours after thelast receiving of agueous
extract of CeA dieting (43" day) animals were sub-
jected to thetraining procedure of one session of four
trias(block) daily for four consecutivedaysinthewa
ter maze. Ineachtria, theanima swereallowed 60 sto
find the platform, after then were allowed to remain
therefor 30 s, If did not find the platformwithin 60 s
anima swere gently guided to the platform by the ex-
perimenter. After thecompletion of atria, animaswas
returned to aholding cagefor anintertrid interva of 60
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S. 24 hours after thelast training trial on the probe day,
the platform was removed from thepool, theanimals
werealowed to swim for 60sin thepool andthetime
spent inthetarget quadrant Q2 (thequadrant inwhich
the platform was placed during training) was recorded.
The percentage of time spent inthe previoustraining
quadrant Q2 was used as anindex of memory?,

Satistical analysis

Datawere expressed as mean =SEM. Data ana-
lyzed by SPSSversion 15.0. Thegtatistical test include
one-way ANOVA to comparegroupsfor total sessions.
Post-hoc Tukey'stest was performed for inter-groups
comparisons. Vauesof p<0.05wereconsdered sig-
nificant.

RESULTS

Escapelatency

The mean Escape Latency to find the hidden plat-
forminfour consectivedayswasincreased significantly
(**p<0.01) inlesongroup (ratswithNBM lesion) when
compared to control group inwater mazeand thela
tency was shorter significantly (**p<0.01) in
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Figurel: Effect of Centellaasiatica extract on scapelatency.

CeA+Lesion groupthanlesion group (Figure1).
Path length

Comparing the mean swimming path length be-
tween thevariousgroupsindicate significant increase
in lesion group when compared to control
(**p<0.01), but it was decreased significantly
(**p<0.01) in CeA+Lesion group comparing to le-
sion group (Figure 2).

Suimming speed
The mean speed of lesion ratswas decreased sig-
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Figure?2: Effect of Centellaasiatica extract on path length.

nificantly for total acquigtiontriadsintowater mazedur-
ing 4 consecutive trai ning Sessions comparing to con-
trol group (* p<0.05), whileit indicated significant in-
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Figure3: Effect of Centellaasiatica extract on swimming
speed.

crease (* p<0.05) in CeA+Lesion when compared with
lesongroup (Figure 3).
Probetrial

The percent of timespent ingod quarter whilees-
cape platform removed during probetrial 24h after 4"
training sesson wasdecreased sgnificantly (** p<0.01)
inlesiongroup when compared with control group (Fig-
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Figure4: Theper centage of timespent swimming within the

trainingquadrant duringtheprobetrial.

ure4) and wasa so increased significantly (* p<0.05)
in CeA-+Lesongroupwhen comparedwithlesiongroup
(Figure4).

DISCUSSION

The present study demonstrates that Centella
adaticaextract preventsmemory deficitsinduced with
NBM lesioninrats. Inthiswork, learning and spatial
memory among ratswith NBM lesion have decreased
significantly. An impairment of cholinergic and
somatostati nergic neurotransmiss on have been reported
in dementid®. The concentration and function of few
brain transmitters, particularly acetyl cholineand soma
tostatin, reduceinAD inthecerebral cortex, aswell as
insubcortica structures, e.g., the hippocampusand the
hypothdamus™.

Theresultsof thisstudy showed that 100 mg.kg*
daily by oral administration of Centellaasiatica (C.
asatica) for 6 weeksenhanced thelearning and spatia
memory in aged maleratswith NBM lesioned asas-
sessed by the Morris water maze test. Morris water
mazetestisextensively used totest spatial memory.

Kumar and Gupta (2002) have reported that C.
as aticahasmemory improving effectsinnormd rats?.
Sulochanaet al., (2005) also reported that C. asiatica
treatment during postnatal period enhanceslearning and
memory inmice™3. Theresult of the present sudy con-
firmthiseffect C. asaticain aged maeratswithNBM
lesioned. Inthe present study, rats administered with
CeA (Centellaasiatica) showed asignificane decrease
to find and |l ocate the hidden platform and the swim-
ming path length was also decreasedin CeA+Lesion.
The speed was decreased in lesioned rats compare to
control group. But it was increased significantly in
CeA+Lesion group to comparewith lesion group. As
well asthe percent of timethat rats spent ingoal quar-
ter during probetria wasdecreased significantlyinle-
sion group compare to control group, but increased
sgnificantly in CeA+Lesiongroupwith comparetole-
siongroup.

Thewholeplant of C. asiaticahasbeen shownto
be beneficial inimproving memory®24 and hasalso
been reported to improvethe general menta ability of
intellectualy disabled children1. Nalini et d., (1992b)
have shown that fresh leaf juiceimprovesthe passive
avoidance task in ratg®l. Recently, the Kumar and
Gupta (2003) have demonstrated that an agueous ex-
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tract of C. asiaticahas cognitive enhancing properties
in different paradigms, such as the shuttle box, step
through, step down and el evated plus-maze, with as-
soci ated decreasesin brain oxidative stressparameters,
innormal rats®.

Centellaasiaticahas recently been showntoim-
provethementa cgpabilities/function of rodentsaswell
ashumang®.

The Kumar and Gupta (2003) demonstratesthat
C. asaticaggnificantly prevented cognitiveimpa rment
and attenuated the oxidative stressinduced by brain
olucosemetabolisnimparmentini.c.v. STZ-tregted rats
by its neuroprotective property!®l. However, the pos-
shility of aneffect of C. asaticaon neurotrangmittersin
improving cognitive deficitscannot beruled out.

Centdlaasiaticahasbeen showninvivoto prevent
the cognitivedeficitsthat occur following trestment with
streptozotocin and to protect cholinergic neuronsfrom
thetoxic effectsof duminiumi®., Inaddition, Centella
asiati catreatment decreased protein carbonyl produc-
tionin the brains of aged ratg*"). These data suggest
that Centellaasiaticamay reduceAlzheimer’s disease
neuropathol ogy.

Alzheimer’s disease is one of the most prevalent
neurodegenerative disordersin the United States™.
Severd studiesprovideevidencethat Centellaasiatica
has mechanismsof actionrelevant toAlzheimer’s dis-
easetherapeutics. A neuroprotective effect of Centella
asiaticahasbeen demonstrated following exposure of
cultured neuronsto glutamate™. In addition, Centella
asiati catreatment decreased protein carbonyl produc-
tioninthebrainsof aged rats[2005]. These datasug-
gest that Centellaasiaticamay reduceAlzheimer’s dis-
ease neuropathol ogy.

Thereisanother interesting finding that chronic treet-
ment with CA extract reversed theAChE activity of D-
gal actoseinduced aging micewhich reflectsthat this
compound may improvedysfunction of thecholinergic
system long term exposed to oxidative stress*.

Central administration of colchicine produces
marked destruction of hippocampal granule cellsand
septohippocampd pathwaysresultinginlossof cholin-
ergic neuronsand decreased activities of acetylcholinest-
eraseand choline acetyltransferasg®y. In one of study,
colchicine caused a significant increase in the
acetytlcholinesterase activity thereby leading to learn-
ing and memory deficits. CA wasableto andioratethe
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colchicineinduced decreasein AChE activity. Chronic
adminigtration of CA preventscol chicine-induced cog-
nitiveimpairment and associated oxidative stresg*2.

Cognitive effects of the agqueous extract of CA
(100-300 mg/kg/day) have been evaluated in severa
rodent studiesusing standard testsincl uding shuttle box,
step-through paradigm, elevated plus maze and pas-
siveavoidancetests. CA extract markedly improved
learning and memory of wild-typerats?, ratssubjected
to CNS toxicity (intracerebroventricular
streptozotocin)i?® and pentylenetetrazole (PTZ) kindled
rats?1. When admini stered to neonatal micefrom day
15to 30 postpartum, the extract caused significant en-
hancement inlearning efficiency and spatiad memory with
no effectson locomotor function®. Direct neurotropic
effects of CA have also been reported. CA agueous
extract caused Sgnificant increasesin dendritic arboriza-
tion of apical and basa dendritesin hippocampal neu-
rons of neonatal mice*d and both adult*4 and neona:
tal rats. These studies, performed in diverse settings,
show that CA water extract hasbiological effects of
relevanceto memory, learning and aging and poten-
tially to disease progression in Alzheimer’s discase
(AD).

CONCLUSION

Therefore, thepresent findingssuggest that theagque-
ous extract of C. asiatica has potential uses of the
neuroprotective actionin NBM lesioneeratsinduced
dementiaand an antioxidant mechanismisinvol ved.
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