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Abstract: Problem statement: Oxidative stress has been implicated in the pdthsiplogy of many
neurodegenerative diseases such as Alzheimer'sagis@AD). In traditional practices of Ayurvedic
medicine, numerous herbs have been used to tregnitee disorders.Terminalia Chebula
(Combretaceae; TC), is a well-known Ayurvedic hérbemedy which possesses an antioxidant
activity. The scientific literature strongly supfmitsin vitro exerted acetylcholinesterase inhibitory
and has suggested developing this herb as a patémtihe treatment of AD, However, tle vivo
neurophamacological activities of this plant haeger been studied\pproach: Adult male Sprague-
Dawley rats were orally given the different dosésqueous extracts of TC (10, 20 and 40 mg)kg
once daily at a period of 2 weeks. The series tdbdished neuropharmacological tests including
elevated plus maze, forced swimming, open field aader maze tests were assessed after single
administration, 1 and 2 weeks of treatmdtesults: TC at a dose of 40 mg Kgtreated rats exhibited

a significant cognitive enhancing effect at alatraent duration. Unfortunately, this substancesthtb
show dose dependant manner and the other efféotglusion: With the above data, it can then be
primarily concluded that aqueous extracts of TCutthde further investigated about possible active
ingredients and developed in line of other antibdiimer herbal drugs or herbal brain booster.

Key words: Terminalia chebula neurodegenerative diseases, ayurvedic medicine,nitoay
enhancing  effect, neuropharmacological  activitiesantioxidant  activity,
acetylcholinesterase inhibitory activity

INTRODUCTION Among various herb extracts, the fruit of

. , ) Terminalia ChebulaRetz {T. chebula TC), a member
_Accumulating lines of evidence reported thatqot ihe family Combretaceae, is a very popular
oxidative stresses such as generation of damaging,jitional Ayurvedic medicine that has been used f

reactive oxygen s.pecies are spepulat,ed o bfareatment for various diseases in Asia (Patkal,
pathophysiologically important in Alzheimer’'s Disea 2011). The dried ripe fruit TC has widely been uaed

(AD) and other neurodegenerative diseases (Cebss the treat t of h throat "
al., 1987). Furthermore, oxidative stress involvefore 1€ treatment  of ~astma, sore fhroat, - vomiling,
signaling to molecular mediators of inflammation Niccough, bleeding, piles, diarrhea, gout, heardl an
pathways, which induce further neuronal cells daeagPladder diseases (Reday al, 2009). The scientific

(Ritz et al, 2008). literature strongly supports it$n vitro possessed
External herbal supplementation throughantibacteria, anticarcinogenic and antimutagenic
antioxidants and anti-inflammations were activities (Malekzadekt al, 2001; Saleeret al, 2002;

recommended to protect neuronal cells from theKhan et al, 2007). Also, it is a strong antioxidant,
deleterious effects of such oxidative stress casait  which might  prove useful  for  treating
(Ishigeet al, 2001; Phachonpat al, 2012). neurodegenerative  disorders by inhibiting the
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production of Reactive Oxygen Species (ROS), whictgauze and given to the animals via the intragastric
has been implicated in the pathophysiogenesis ef agfeeding tube. All administered substances includirey
related diseases such as AD (Chestgal, 2003). TC suspension were freshly prepared.
Moreover, recent findings reported that TC extract
exerted acetylcholinesterase inhibitory and ha$Experimental protocol: All rats were randomly
suggested developing this herb as a potential én thassigned to 6 groups (n = 8 in each gro@oup I:
treatment of AD (Sanchett al, 2010). Naive intact control rats. Group Il: Vehicle tredhte
In view of the complexity of herbal medicines and group. Group llI: Positive control treated group elach
their inherent biological variations, it is necayséo  test, the positive control group was treated whi t
evaluate their neuropharmacological activities (@as standard drugs used for treating the related déserdn
et al, 2009). Thus, it is of interest to study the order to determine anxiolytic effect, the animalerev
neuropharmacological effects of this medicinal plém  treated with diazepam (2 mg Rp In addition,
all respect mentioning, we hypothesized that thefluoxetine (20 mg kd), was the positive control of
aqueous extract of TC might also possess thanti-depressant effect while during the determaratf
neuropharmacological activities. Therefore, thislgtwas cognitive function, the positive control group was
carried out to determine the effect of the plartazt on  treated with donepezil (1 mg K Group IV-VI: TC

anxiety, depression and cognitive function. treated group, the animals were treated with differ
doses of the aqueous extracts of TC (10, 20 antglO
MATERIALSAND METHODS kg™ via oral route for 2 weeks once daily throughout
the experimental period.
Source of the plant material and preparation of the The animals in all groups were assessed all

plant extract: The fruits of TC ripen from November pehavioral tasks except that in the assessment of
to March and fall soon after ripening. The fullpei  spontaneous locomotor behaviors, there was noip®sit
fruits were collected from the ground as soon &y th control treated group.

have fallen and shade dried. The herbarium was

authenticated by Assistant Professor Dr. Nathidagehaviors evaluation: The rats were divided into
Weerapreeyakul, Faculty of Pharmaceutical Scienceyarious groups as mentioned earlier. The behavioral
Khon Kaen University, Thailand. _ profiles were assessed both after the single dose a
The dried fruit skins were hammered in to smallafter the repetitive administrations of TC extréicand
pieces and heated in 800 mL distilled water foh24 2 weeks). Each animal was subjectedhe following
water bath at 4. This process was repeated twice.pehavior task forces: (a) Spontaneous locomotor
The final yield of the aqueous extract used foss thi activities (b) Elevated plusmaze test (c) Forced
Study was 47.6%. The dried extract was stored @t 4° Swimming test and (d) Morris water maze test.
prior to use.

Spontaneous locomotors activities: In order to assure
Animals: Healthy male Sprague-Dawley rats weighingthat anxiolytic, anti-depression like behavior and
180-220 gm and aging 8 weeks were obtained frongognitive enhancing effect which determined by vasi
National Laboratory Animal Center, Salaya, Nakorntests just mentioned earlier were not false pasitue
Pathom. They were housed in group of 5 per cage ifb the effect of TC on motor behaviors, we also
standard metal cages &t- 22°C on 12:12 h light-dark  determined the effect of TC on the spontaneous
cycle. All animals were given access to food antewa |ocomotor activities by open field test (Hawisatal,
ad libitum. Experiments were performed to minimize 2011). The open field apparatus was an arena 8 cm
animal suffering in accordance with the internadiyn  diameter with a white, opaque wall 30 cm high. Rats
accepted principles for laboratory use and care ofvere individually placed in the center of the arema
European Community (EEC directive of 1986; |ocomotor activities including the number of grooi
86/609/EEC)and approved by the Ethical Committee Jicking and rearing were scored within 5 min.
of the Khon Kaen University.

Elevated plus maze test: The elevated plus maze for
Drugs: Diazepam (2 mg tablé), fluoxetine (20 mg rat consisted of open arms (50x10 cm) and two
tablef') and donepezil (10 mg tabi8t (Government enclosed arms (50x10 cm) with 40 cm high walls,
Pharmaceutical Organization) were used as standaksktending from a central platform (10x10 cm). The
drugs in this study. All drugs and TC extract werearms were connected with a central square, 10x10 cm
dissolved in saline solution which used as vehiol@ to give the apparatus a plus sign appearance. Hze m
desired concentration. Then, they were filteredugh  was raised to a height of 50 cm above floor. Theana
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floor and walls were constructed from dark opaquethis test, the platform was removed and the ratewe

wood. Each rat was placed on the center of thégptat  placed into the water maze for 60 s. The time spent

facing an enclosed arm. Animals were testedhe target quadrant, which had previously contathed

individually and only once for 5 min according teet hidden platform was recorded. The time spent in the

following parameters: Number of entries in the opentarget quadrant indicated the degree of memory

and closed arms and time of performance in each afonsolidation taken place after learning. Any

them (Wattanathornet al, 2007). The time of enhancement of cognition would be reflected by a

performance measures the time spent by the animal decrease in escape latency and increase in retdintie.

the opened and closed arms. The maze was cleaned

following each trial to remove any residue or od&ach  Statistical analysis: Data were presented as mean *

rat was assessed individually 30 min after thetrineat. Standard Error of Mean (SEM). One-way Analysis Of
Variance (ANOVA), followed by Duncan’'s test. A

Forced swvimming test: In order to assess the anti- probability level less than 0.05 were accepted as

depression like behavior of the plant extract, thesignificance.

modified (Tong-Unet al, 2010) test was conducted.

The apparatus used in this study is the cylindasgl RESULTS

aquarium (22 cm diameter X 40 cm high) filled te th

depth of 20 cm with fresh water at 25°C. After 3lvm Effect of TC on cognitive enhancing effect: In order

of drug administration, each animal was placedio determine the cognitive enhancing effect of Bihg

individually into the cylinder for 5 min-test and Morris water maze test, a valid test which is s@resio

observed for immobility (by keeping the head of thethe spatial learning and memory abilities or

animals above water in the way that animal made ndippocampus-dependent memory (Mehrdad al,

further attempts to escape and neither hind leg wag008). The present results showed no significant

moving; the rats were slightly hunched forward) bychanges in escape latency and retention timesnitralo

blind observer who has been trained for theand vehicle treated group. However, rats which

observation. Upon removal from the water, rats werd€ceived either donepezil (a cholinesterase irgmpir

towel-dried and finally returned to their home cage ~ the @gueous extract of TC at a dose of 40 mg kg
significantly decreased the escape latency while

increased the retention time (p<0.05 all; compavitd
control and vehicle treated groups) as shown in Fig
and 2 respectively. This indicates that the aqueous
extract of TC could produce cognitive enhancingetf

Morris water maze test: Learning and memory of

animals were tested in Morris water maze (Morris,
1984; Phachonpait al, 2012). It consisted of a circular
water tank (170 cm diameter X 60 cm height) thas wa

partially filled with water (25:2°C, 40 cm deep). A Effect of TC on anxiolytic effect: To determine the

non(—;oxic p?";)t Id(;Vidl\eld r:/iguallglEintonour ;qual effect of TC via oral administration on anxiolytic
quadrants, labeled North-South-East-West by tWOactivity, the results depicted in Fig. 3 and 4 sadvhat
imaginary lines crossing the center of the pool. An

latf 10 in di i hidden 2 oral administration of saline or vehicle producea n
escape platform (10 cm in diame gr) was hidden CrIgigniﬁcant changes in both the number of openeasar
below the surface of the water on a fixed locaiioone of

i, entries and time spent in the opened arms aftglesin
the four quadrants of the pool. The platform remaim - P . P ol
: . . and repetitive doses. Diazepam, a standard drud use
the same quadrant during the entire experiment.

Before the training started, rats were allowed tofor the treatment of anxiety, which used as positiv

swim freely into the pool for 60 s without platform control in this study s_lgn|f|cantl_y mcreaseq thember
They were given four trials (once from each staytin of opened arms gntrles and time spent in the opened
position) per session for 5 days' each trial ha\ﬂng arms at all duration of treatment (p-Value<0.05' all
ceiling time of 60 s and a trial interval of appiroately ~ compared to that of control and vehicle treatedigs).
30 s. After climbing on to the platform, the animal On the other hand, all dosage ranges of TC extfialct
remained there for 30 s before the commencement afot produce the significant changes on this paramet
the next trial. If rat failed to reach the escapegfprm
within the maximum allowed time of 60 s, it was fgn  Effect of TC on anti-depression like behavior: The
placed on the platform and allowed to remain thiere effect of TC on anti-depression activity was detieed
the same interval of time. The time to reach tilléh  using the forced swimming test, a valid tool usfog
platform was recorded as escape latency. In additio the screening the effect of substances possessiilg a
the acquisition test, the determination of retemtio depressant activity and the neurobilogical mechmanis
memory was carried out on the next day. Accordng t related to depression.
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Our results demonstrated that all rats subjected to DISCUSSION
vehicle and TC supplementation did not produce
significant changes in the immobility times in fect Recently, the interest in the use of herbal prtgiuc

swimming test throughout the observation time whilehas grown dramatically in the western world as \asl|
the rats treated with fluoxetine, a standard dregdu iy developed countries. Althougferminalia Chebula
for the treatment of depression, which used as thercy extract is extensively used in Ayurvedic hérba
positive control in this study significantly decseal | odicine and Asia, it lacks scientific grounds ftr

the immobility times at all treatment duration oo harmacological activities and to the besouf
g?;&g?:su’sﬁgwﬁ?r:eggwgh control and vehicle teea knowledge_this is the first study to report its gioke

T effectsin vivo on the CNS. Herein, we demonstrated
Effect of TC on spontaneous locomotor activities: In that the TC extract significantly exhibited the niiye
order to assure that the anxiolytic, anti-depresdike ~ enhancing effect in normal healthy male rats.
behaviors and cognitive enhancing effect which Learning has been defined as the process
determined by various tests just mentioned eanl&ne  acquiring the knowledge while memory is the

not false positive induced by the effect of TC ooton  etention of the acquired knowledge that can be
behaviors, we also determined the effect of TCI@n t o yjeveq (Kandekt al, 2000). Our results showed

spontaneous locomotor activities including grooming _ .
licking and rearing. Our results showed that thef[hat TC extract at a dose of 40 mgkgould exert its

spontaneous behaviors as mention earlier did riterdi nfluence on both escape latency and retention.time
significantly between the control, vehicle and TcC Therefore, it indicated that this plant extract may
treated groups throughout the experimental period aaffect on learning and memory process including
shown in Fig. 6-8 respectively. acquisition, consolidation and retrieval.
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The importance of central cholinergic system inproperties may have beneficial effects in  AD.
cognitive function is well established (Bartes al, Treatment with TC exhibits a beneficial cognitive
1982; Blokland, 1995). Thus, many therapeuticenhancing effect and thus provides a rationalettier
strategies to combat miseries of cognitive disofdare  use of TC in Ayurvedic herbal medicinal treatment.
been aimed to improve Acetylcholine (ACh) activity.

Among the various approaches attempted to CONCLUSION
increase cholinergic activity, the inhibition of
Acetylcholiesterase (AChE) is the most successfidd o With the above data, it can then be primarily

(Giacobini, 1996). Cholinesterase Inhibitors (Ch&ig¢ concluded that aqueous extracts of TC should be
the only class of compounds consistently provebeo further investigated about possible active ingretie
efficacious in treating the cognitive and functibna and developed in line of other anti-Alzheimer hérba
symptoms in patients with neurodegenerative dissrde grugs or herbal brain booster. However, further
such as AD, Parkinson's disease, senile demetdxiaa researches about possible active ingredients and
and myasthenia gravis (Sanchet al, 2010). In  Hharmacokinetic of the extract are still requireddoe
addition, new findings show that both AChE andmoving forward to clinical trial study.
Butyrylcholinesterase (BChE) are involved in the

breakdown of acetylcholine in the brain and, thiisl ACKNOWLEDGMENT

inhibition of these enzymes may prove efficient in
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