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Evaluation of the antiamnesic effects of Phyllanthus amarusin mice

HANUMANTHACHAR JosHI, M. PHarM., PH.D, D.N.1, MiLino ParLE, M. PHARM., PH.D.?2

SUMMARY

Alzheimer’s disease is a progressive neurodegenerative disorder characterized by a gradual decline in memory. Phyllanhus
amarus is commonly known as bhumi amla in Indiaand is traditionally used since centuries in ayurveda medicine. The present
study was undertaken to investigate the effects of Phyllanhusamarus(PA) on cognitivefunctionsand brain cholinesterase activity
in mice. Elevated plus maze and passive avoidance paradigm were employed to evaluate learning and memory parameters. Three
doses (50, 100 and 200 mg/kg, p.0.) of aqueous extract of PAwereadministered for 8 successive daysto both young and aged mice.
PA(50, 100 and 200 mg/kg) produced adose-dependent improvement in memory scores of young and older mice.PAa soreversed
successfully the amnesia induced by scopolamine (0.4 mg/kg, i.p.) and diazepam (1 mg/kg, i.p.). Interestingly, brain acetyl
cholinesterase activity was al so reduced. The underlying mechanism of action for the observed nootropic effect may be attributed
to pro-cholinergic activity exhibited by PA in the present study. Therefore, it would be worthwhile to explore the therapeutic
potential of PA in the management of patients with cognitive disorders.
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Evaluacion delos efectos antiamnésicos de Phyllanthus amarus en ratones

RESUMEN

Laenfermedad de Alzheimer es un desorden neuro-degenerativo progresivo que se caracterizapor unadisminucion gradual
delamemoria. El Phyllanhusamarus (PA), se conoce cominmente comobhumi amla enlalndia, y tradicionalmente sehausado
durante siglos en la medicina ayurvédica con diversas indicaciones. Este estudio se hizo parainvestigar los efectos del PA en
lasfuncionescognitivasy enlaactividad delacolinesterasacerebral . Seemplearonlaspruebasdelaberinto complejoy €l paradigma
deevitacién pasiva afin deeva uar los pardmetros dememoriay aprendizaje. Seadministrarontresdosis (50, 100y 200 mg/kg via
oral) deextractoacuoso dePA durante8diassucesivos, tantoaratonesjovenescomo adultos. El PA (50, 100y 200 mg/kg) produjo
unamejoria que depende de ladosis en los puntajes de memoria en los ratones jovenesy en los adultos. EL PA también revirtio
con éxito laamnesiainducida por escopolamina (0.4 mg/kg, i.p.) y diazepam (1 mg/kg, i.p.). Es deinterés anotar que asimismo
disminuydlaactividad delaacetil colinesterasacerebral . El mecanismo de accion subyacente parael efecto nootrdpico observado
sepuede atribuir alaactividad pro-colinesterasademostradaen el presente estudio. Por tanto, sejustificariaexplorar e potencia
terapéutico del PA en el mangjo de pacientes con desordenes cognitivos.

Palabras clave: Amnesia; Memoria; Escopolamina.

Phyllanthus amarusLinn. (PA) isan annual weed of
the family of the Euphorbiaceae commonly known as
bhumi amlainIndiaandistraditionally usedto treat flu,
dropsy, diabetes, and jaundice. It is also used to treat
hepatic and urolitic diseasesand havediuretic, antiviral?,
anticancer?®, hepatoprotective?, antioxidant anti-
inflammatory® activity. PA mainly contains phyllnathin

and hypophyllanthinasactiveingredients®’. Theaqueous
extract of PAhad been employedfor treatment of nervous
debility, epilepsy, asmedhya (intellect promoting) andin
vata disorders. In the present study, the potential of
antiamnesic effects of PA was investigated.
Enhancement in the life-span of human beings in
developed and developing countries has resulted in
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proportionateincreaseinthenumber of patientssuffering
from seniledementia. Alzheimer’ sdisease (AD) issaid to
betheleading causeof dementiainelderly individuals. AD
individua sexhibitdeteriorationinmental functionsrendering
them incapacitated to perform normal daily activities.
However, evidence showsthat AD can also afflict young
individuals as early as 40 years of age®®. AD patients
exhibit marked declinein cognitive functionsand severe
behaviora abnormalitiessuchasirritability, aphasia, apraxia,
agnosiaand restlessness'®*™. Neuritic plaques (consisting
of a core of b-amyloid aggregates covered by dead
neurons, microgliaand apolipoprotein E) and neurofibri-
Ilary tangles are the major pathological lesions of an
Alzheimer brain'2. Sincetheallopathic system of medicine
isyetto providearadical curefor Alzheimer’ sdisease, it
isworthwhiletoexploretheutility of traditional medicines.
Inthelight of above, the present study wasundertakento
investigate the influence of PA on memory of mice. The
effects of PA on brain acetylcholinesterase activity were
alsostudied.

MATERIALS AND METHODS

Collection of the plant material. Leaves and stems of
PA Linn. werecollected from Dehradun, Uttaranchal and
weredried at 50°C. A voucher specimen of the plant was
identified by taxonomists at botanical survey of India,
Dehradun. Thevoucher specimen (HKJPA-23) hasbeen
kept at Department of Pharmaceutical Sciences, Guru
Jambheshwar University, Hisar, Haryana, India.

Preparation of aqueous extract. Powdered PA (500
g) wasextracted twice overnight with 2000 ml of distilled
water at roomtemperature. Thesupernatant wascollected
and evaporatedtodrynessat 50°C under reduced pressure.
The yield of the extract was 10.4% wi/w.

Animals. All the experiments were carried out using
male, Swiss Albino mice procured from the disease-free
small animal houseof CCSHaryanaAgricultura University,
Hisar (Haryana), India Y oung (3-4monthsold) miceweighing
around 20 g and older (12-15 months old) mice weighing
around 35 gwereused inthe present study. Theanimalshad
free access to food and water, and they were housed in a
natural (12h each) light-dark cycle. Food given to mice
consisted of whest flour kneaded withwater and mixed with
asmall amount of refined vegetable oil. The animals were
acclimatized for at least 5 days to the laboratory conditions
before behaviora experiments. Experiments were carried
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out between 0900 h and 1800 h. The experimental protocol
wasapproved by thelngtitutional Animal EthicsCommittee
(IAEC) and the care of laboratory animalswas taken as per
the guidelines of CPCSEA, Ministry of Forests and
Environment, Government of India.

Chemicals. Thedrugsusedinthisstudy wereobtained
fromfollowingdrug houses. Scopolaminehydrobromide
(Sigma-Aldrich, USA), diazepam injection (Calmpose®,
Ranbaxy, India), 5,5-dithiobis-2-nitrobenzoicacid (DTNB),
acetylcholineiodide, eserinesalicylate, sodiumdihydrogen
phosphate, disodium hydrogen phosphate (Hi-Media, In-
dia). Scopolaminehydrobromideand diazepaminjection
were dissolved separately in normal saline and injected
i.p., volumeof i.p. injection was 1 ml/100 g of mouse.

Experimental protocol. In the present investigation,
themiceweredividedinto 52 different groupscomprising
of 6 animals each for investigations using various
interoceptiveaswel | asexteroceptivememory model sand
for biochemical estimations. PA (50, 100 and 200 mg/kag,
p.o.) wasadministered toyoung and ol der miceof different
groups. These mice were exposed to the training session
using elevated plus maze or passive avoidance apparatus
on 8" day after 90 min of the last dose. Retention
(memory) of thelearned task wasrecorded after 24 hours
i.e., on 9" day. Amnesiawasinduced in separate groups
(interoceptivemodel) of young miceby scopolamine(0.4
mg/kg, i.p.) or diazepam (1 mg/kg, i.p.) on 8" day after 90
minutes of the last dose. Piracetam (200 mg/kg, i.p.), an
established nootropic agent wasinjected for eight daysto
positivecontrol group of animals. Thewholebrainswere
collected after 9 days of administration of PA.

EXTEROCEPTIVE BEHAVIOR MODELS

Elevated plus-maze. Elevated plus-maze served as
theexteroceptivebehavioral model toevaluatememory in
mice. The procedure, technique and end point for testing
memory wasfollowed as per the parametersdescribed by
the investigators working in the area of psycho-
pharmacology®*. The elevated plus maze for mice
consisted of two open arms (16 cm x 5 cm) and two
covered arms (16 cm x 5 cm x 12 cm) extended from a
central platform (5cmx 5cm), and themazewaselevated
to aheight of 25 cm from thefloor®. Onthefirst day (i.e.
8" day of drug treatment), each mouse was placed at the
end of anopenarm, facing away fromthecentral platform.
Transfer latency (TL) wasdefined asthetime(in seconds)
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taken by theanimal tomovefromtheopenarmintooneof
the covered arms with all itsfour legs. TL was recorded
on the first day (training session) for each animal. The
mousewasallowed to explorethemazefor another 2min
and then returned to its home cage. Retention of this
learned-task (memory) was examined 24 h after the first
day tria (i.e. 9" day, 24h after last dose). Significant
reductionin TL valueof retentionindicated improvement
inmemory.

Passive avoidance paradigm. Passive Avoidance
Behavior based on negative reinforcement was used to
examine the long-term memory***. The apparatus
consisted of abox (27 cm x 27 cm x 27 cm) having three
wallsof wood and onewall of Plexiglass, featuringagrid
floor (made up of 3 mm stainless steel rods set 8 mm
apart), with awooden platform (10 cmx 7 cm x 1.7 cm)
inthecenter of thegridfloor. Thebox wasilluminated with
al15W bulbduring theexperimental period. Electric shock
(20V,A.C.)wasdeliveredtothegridfloor®. Training (i.e.
30" day of drug treatment) was carried out in two similar
sessions. Each mouse was gently placed on the wooden
platformsetinthecenter of thegridfloor. Whenthemouse
stepped-downplacingall itspawsonthegridfloor, shocks
weredelivered for 15 seconds and the step-down latency
(SDL) was recorded. SDL was defined as the time (in
seconds) taken by the mouse to step down from the
wooden platformtogridfloor withall itspawsonthegrid
floor. Animalsshowing SDL intherange of 2-15 seconds
during thefirst test were used for the second session and
theretention test. The second-session was carried out 90
min after the first test. During second session, if the
animal s stepped down before 60 seconds, el ectric shocks
were delivered once again for 15 seconds. During the
second test, animalswereremoved from shock freezone,
if they did not step down for a period of 60 seconds and
were subjected toretention test. Retention (memory) was
tested after 24 h (i.e. 9" day, 24h after last dose) in a
similar manner, except that the electric shocks were not
appliedtothegridfloor observing an upper cut-off timeof
300 seconds®®, Significantincreasein SDL valueindicated
improvementinmemory.

BIOCHEMICAL ESTIMATIONS
Collection of brain samples. The animals were

sacrificed by cervical decapitation under light anesthesia
onthe8™day, 90 minsafter administration of thelast dose
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of PA. Immediately after decapitation whole brain was
carefully removedfromtheskull. For preparation of brain
homogenate, the fresh whole brain was weighed and
transferredto aglasshomogenizer and homogenizedinan
ice bath after adding 10 volumes of 0.9% wi/v sodium
chloride solution. The homogenate was centrifuged at
3000 rpmfor 10 min and theresultant cloudy supernatant
liquidwasused for estimation of brainacetylcholinesterase
activity.

Estimation of brain cholinesterase. Brain
cholinesterase activity was measured by the method of
Ellman et a with a dight modification®#. 0.5 ml of the
cloudy supernatant liquid was pipetted out into 25 ml
volumetric flask and dilution was made with a freshly
prepared DTNB (5.5-dithiobis-2-nitrobenzoicacid) solution
(10mg DTNB in 100 ml of Sorenson phosphatebuffer, pH
8.0). From the volumetric flask, two 4 ml portions were
pipetted out into two test tubes. Into one of thetest tubes,
2 drops of eserine solution was added. 1 ml of substrate
solution (75 mg of acetylcholineiodideper 50ml of distilled
water) was pipetted out into both thetubesand incubated
for 10 min at 30°C. The solution in the tube containing
eserinewasusedfor zeroing thecolorimeter. Theresulting
yellow color is due to reduction of DTNB by certain
substances in the brain homogenate and due to non-
enzymatichydrolysisof substrate. After having calibrated
the instrument, change in absorbance per min of the
sample was read at 420 nm?=.

Statistical analysis. All the results were expressed as
mean * standard error (SEM). Datawere analyzed using
one-way ANOVA followed by Tukey-Kramer’s test. P-
values <0.01 were considered as statistically significant.

RESULTS

Effect on transfer latency using elevated plus-
maze. Transfer latency (TL) of second day (day 9" of
drug treatment) reflected retention of learned task or
memory. Theyoung animal streated with PA (50, 100 and
200 mg/kg, p.0.) showed dose-dependent reductionin TL
of 9" day, indi cating significantimprovementinmemory,
when compared with control group. Theseconcentrations
of PA (50, 100 and 200 mg/kg, p.o.) also produced
significant improvement in memory (p< 0.001) of older
mice(Figurel). Scopolamine(0.4mg/kg,i.p.) anddiazepam
(Iml/kg,i.p.) injectedbeforetraining significantly increased
(p<0.01) the TL of 9" day indi catingimpairmentinmemory
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Figure 1. Effect of P. amarus (PA) on transfer latency of young and aged mice.
Piracetam (200 mg/kg, i.p.) was used as standard drug

Values are mean + SEM (n=5), ANOVA followed by Tukey-Kramer test. * p<0.01 compared to control (young mice), a. p<0.001 compared
to control (young mice), b. p<0.01 compared to control (aged mice), c. p<0.001 compared to control (aged mice)

(amnesia) Themicetreated with PA (50, 100 and 200 mg/
kg, p.o.) for 9 successive days reversed successfully the
amnesiainduced by both scopolamineand diazepam (Fi-
gure 2). Piracetam (used as the positive control) at the
doseof 200mg/kg, i.p. improved memory (p<0.01) of both
young and ol der miceand reversed theamnesiainduced by
scopolamine and diazepam as expected.

Effect on step-down latency using passive
avoidance paradigm. Step Down Latency (SDL) of
second day (9" day of drug treatment) reflected thelong-
term memory of animals. Various concentrations of PA
(50, 100 and 200 mg/kg, p.0.) administered to young and
older micefor 9days, showed dose-dependentincreasein
SDL values as compared to respective control groups

(Figure3). PA (50, 100 and 200 mg/kg, p.o.) administered
for 9daysreversed memory deficitsduetoageinginduced
amnes g, it a soreversed scopolamineand diazepaminduced
amnesia (Figure 4). The groups of mice, which were
treated with piracetam (200 mg/kg, i.p.) for seven
successive days showed improvement in memory of
young as well as older mice.

Effect on brain acetyl cholinesterase activity. PA
(50, 100 and 200 mg/kg, p.o.) showed a remarkable
reduction in brain cholinesterase activity in young and
older mice, as compared to respective control groups by
using Ellman’ skinetic colorimetric method (Figure5). PA
(50, 100 and 200 mg/kg, p.o.) reduced cholinesterase
activity in young and older mice as expected.
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Figure 2. Effect of P. amarus (PA) on TL in scopolamine and diazepam induced amnesia.
Piracetam (200 mg/kg, i.p.) was used as standard drug

Values are mean + SEM (n=5), ANOVA followed by Tukey-Kramer test. a. p<0.01 compared to diazepam, b. p<0.001 compared to
diazepam, c. p<0.01 compared to scopolamine, d. p<0.001 compared to scopolamine

DISCUSSION

There has been asteady risein the number of patients
suffering from Alzheimer’s disease (AD) all over the
world. AD is a genetically heterogeneous neuro-
degenerativedisorder, whichisslowinonset but relentless
inprogress®. Therearearound 35 millionpatientssuffering
from AD al over theworld, out of which United States of
Americaaone has around 4.5 million patients®. Despite
theseverity and high preval enceof thisdisease, all opathic
systemof medicineisyet to provideasatisfactory antidote.
Therefore, neurobiologistsall over theworld arelooking
for new directionsand alternativestrategiesfor managing
this disease of senior citizens. In India AD patents are
estimated to be less than 3.5 million®. These prevalence
figures however, point out that the numbers of patients
suffering from AD are considerably small in Indiawhen
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comparedto USA. Therefore, theauthorsweremotivated
to explore the potential of certain nutrients from Indian
dishesresponsible for this protection against AD. In the
present study, P. amarusadministered for 8 daysimproved
the memory of mice as reflected by diminished TL and
enhanced SDL values as compared to control animals.
Furthermore, pretreatment with PA for 8 days protected
theanimal sfrommemory deficitsproduced by scopolamine
and diazepam. These findings suggest the possible
neuroprotectiverolefor PA.

Acetylcholine is considered as the most important
neurotransmitter involved in the regulation of cognitive
functions. Thereisextensive evidencelinking the central
cholinergic system to memory® . Cognitivedysfunction
hasbeen shownto beassociated with reduced cholinergic
transmission and the facilitation of central cholinergic
transmission with improved memory®. Selective |oss of
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Figure 3. Effect of P. amarus (PA) on SDL of young and aged mice.
Piracetam (200 mg/kg, i.p.) was used as standard drug

Values are mean + SEM (n=5), ANOVA followed by Tukey-Kramer test. * p<0.01 compared to control (young mice), a. p<0.001 compared
to control (young mice), b. p<0.01 compared to control (aged mice), c. p<0.001 compared to control (aged mice)

250 7
200 1 b
150 - b

d

100 -

Step down latency (sec)
o

50 |

Control Dia Piracetam+ PA 50+ PA 100+ PA 200+ Sco Piracetam+ PA 50+ PA 100+ PA 200+
(Young) Dia Dia Dia Dia Sco Sco Sco Sco

Figure 4. Effect of P. amarus (PA) on SDL in scopolamine and diazepam induced amnesia.
Piracetam (200 mg/kg, i.p.) was used as standard drug.

Values are mean + SEM (n=5), ANOVA followed by Tukey-Kramer test. a. p<0.01 compared to diazepam, b. p<0.001 compared to
diazepam, c. p<0.01 compared to scopolamine, d. p<0.001 compared to scopolamine
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Figure 5. Effect of P. amarus (PA) on AChE activity of young and aged mice.
Piracetam (200 mg/kg, i.p.) was used as standard drug. Phenytoin was the negative control

Values are mean + SEM (n=5), ANOVA followed by Tukey-Kramer test. * p<0.01 compared to control (young mice), a. p<0.001 compared to
control (young mice), b. p<0.01 compared to control (aged mice), c. p<0.001 compared to control (aged mice).

cholinergicneuronsand decreaseincholinacetyltransferase
activity was reported to be a characteristic feature of
senile dementiaof the Alzheimer’ stype™. Other research
findings using Glycyrrhiza glabra, Myristica fragrance
and Zingiber officinale have displayed a link between
memory improving effect and cholinesteraseinhibition®.
Inthepresent study, the PA whenadministered for 9 days
to young and ol der mice showed significant reduction of
brain acetylcholinesteraseactivity thereby probably facili-
tating cholinergi c transmission andimproving memory of
animals.

Inthepresent study, it wasobserved that PA inhibited
brain acetylcholinesterase enzyme, thereby elevating
acetylcholine concentration in brain homogenate and
ultimately improved memory of bothyoungandolder mice.
Hence, acombinationof neuroprotective, anticholinesterase
andnootropiceffectsexhibited by PA may al beeventually
responsi blefor thememory improving effect observedin
the present study. Therefore, it would be worthwhile to
explore the therapeutic potential of P. amarus in the
management of Alzheimer patients.
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