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Abstract

Introduction and Objective: Oxidative stress has been implicated in pathogenesis of neurodegenerative
diseases. Phyllanthus emblica L. (Makham Pom in Thai) fruit has potent antioxidant activity and may be used
to alleviate oxidative stress-induced neurodegenerative process. This study was designed to investigate the anti-
oxidative and neuroprotective activities of P. emblica fruits on hydrogen peroxide (H,0,) and glutamate-induced
neurotoxicity in N1E-115, mouse neuroblastoma cell cultures.

Methods: P. emblica fruit juice (PE-J), water extract (PE-W) and ethanol extract (PE-E) were used in this
study. All samples were evaluated for antioxidative activity using hydroxyl and superoxide scavenging assay. The
neuroprotective activity was investigated using hydrogen peroxide (H,0,) and glutamate-induced neurotoxicity in
NI1E-115 cells. Cell viability was evaluated using 3-[4,5-dimethylthiazol-2-yl1]-2,5-diphenyltetrazolium bromide
(MTT) reduction assay. Moreover, we also determined the protective effect of P. emblica fruits mediated via
mitogen activated protein kinase (MAPK) or phosphatidylinositol 3-kinase (PI3K) sinaling pathway. Inhibitors of
intracellular signaling cascade were used in this study.

Results: PE-J, PE-W and PE-E exhibited efficient antioxidant activities. Pre-exposure of cultured neurons
with PE-W or PE-E before H,0, exposure could protect cell injury from H,O, while co-exposure of cultured neurons
to H,O, with each sample did not show this beneficial effect. Both pre-exposure and co-exposure with all samples
did not prevent glutamate-induced neurotoxicity in cultured neurons. In addition, PI3K inhibitor prevented PE-W
and PE-E-induced neuroprotection, but MAPK inhibitor failed to counteract their protective effects.

Discussion: P. emblica fruits exhibited efficient antioxidant activities which are consistent with previous
studies. Pre-exposure of cultured neurons with PE-W or PE-E before H,0, exposure could protect cell injury from
H,O0,. It is possible that the protective effect might at least partly result from their antioxidative properties. PI3K

inhibitor prevented PE-W and PE-E-induced neuroprotection against H,0O,, suggesting that the neuroprotective
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mechanisms might involve PI3K signaling pathway.

Conclusion and Recommendation: This study indicated that P. emblica fruit extract showed the neuropro-

tective effect on H,0O,-induced neurotoxicity. The neuroprotective mechanisms might partly involve an antioxidant

property and PI3K signaling pathway. It is suggested that further studies on other degenerative models and animal

models are required to clarify its efficacy and delineate the underlying mechanisms prior to the development as

herbal health products.

Key words: Makham Pom (Phyllanthus emblicaL.), antioxidant activity, neuroprotective activity, hydrogen

peroxide-induced neurotoxicity, glutamate induced-neurotoxicity
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Figure 1 The tree, flowers and fruits of Phyllanthus emblica (Linn.)
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pension uwdnhluiulaefiedasiusiinanuau

auind (Sorval RT7, USA) @ae@aisa 1,200
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soustaw i gaumnnd 20°C Wuaan 5 wift udh
cell pellet 3ifist DMEM #i] FBS 10% wasvh
il cell suspension TSN WTAATIETAREE
hemocytometer I@ 235 trypan blue exclusion
wavhmadlumzisasaiiias (passage) Lo
AN A EITAS IR 75 UGS
s weed WasuamaEsgadn 2-3
Hh LaTIEALITENeEIing dlanviay 1 A
vl madiRad usEano: 80-90% vasiui
476)
2) MELASUNTARFNSUMSNATaUNS

\Hoawaszadszam

2.1) e s Ay
msnedaumsidanvasimassramanlalasian
wadaanlad: 1Apad N1E-115 13 48 well
plate (flat-shape) I@EJWNN%%WLMWH@GL%M% L‘%N
i 3 X 10° waa/mnamuiiwes meldanig
CO, 5% uian 48 #2las nEsnnTauae,
asaemadiiuy et salssnaudae
DMEM-high glucose (Sigma-Aldrich, USA,
Cat.No. D1152) ﬁﬁ sodium bicarbonate 3.7
fadnSu/daddes enUTauy uway N2 supple-
ment \15 ILN sodium selenite (Na,SeO,) 30 uﬂu—
I&Im% human transferrin 301341@5?1%34/53655@15
bovine insulin 101341@3?1%3\1/53@55@? progester-
one 20 WIS Lag putrescin 100 ulas a3
fnmaﬁwu%mﬁiﬂﬁumw@aamé’amﬁm&ql
& 48 Tavs

2.2) N1SLOSHNLTAS LWIZL A
udumanasaumsidenzasirasiszamain
NYALAG: JAeNiad N1E-115 i 48 well plate

(flat-shape) N@RBLA&ET poly-D-lysine 100

lalasnSu/iiadaes louanunnuinansad
Gud 4 x 10" wad/mmamuimes meldaniy
CO, 5% e 24 1l wEsnTauAeue s
Lgmlﬁﬁaﬁ‘lﬁ% DMEM-high glucose (Sigma-
Aldrich, USA, Cat.No. D1152) ] sodium bi-
carbonate 3.7 XaanNITH/Naaaes FBS 0.5% Lay
eNURTue UAAAN dimethyl sulfoxide (DMSO)
1.5% luamnsiasasadiie lfaadiaswammn
(differentiation) maldamizAsiasuduas
DMSO™ ™ IngiAeiraddaanasy 96 $21as 39
s il lunmamesns
3) maneseuluuuusiassmsidanaas

wasdszamannlalasauadaanlae®”

3.1) NsnasauAN NI NS
lalasiuiladoanladsamaduszammmwizidns

Waasasararelalasauas-
oan ¢ 30% (Feuwhtiu 9.794 Iuans) ¢he Phos-
phate Buffered Saline (DPBS; Sigma-Aldrich,
USA) 75t MgCl, 0.100 NSN/A615 dalildnna
Wadusha o Adiaans hueed N1E-115 (3 x 10°
LTRR/MTINTURLNGT) D) 48 Flus ifinas
avanellalemanloSoan lodianudd 25, 50,
100, 200, 300, 400 W& 500 hulasluans aslwrad
wazl,gml,l,@iawqm,é"g Aensiafiunan 24 $2la
drumasngueduauliids PBS TudSaas
Wi nEsNTLaTITe cell viability @2&73
MTT reduction

3.2) NMINAHAUNAVBIIAL PE-J,
s8R0 PE-W wat PE-E daigadissamimiziies

AYANENNEL PE-J LaYaNTaie PE-W
Iw sterile distilled water hazazaeiaIaio PE-E

3 A
s DMSO 155 W i30a196ne sterile distilled
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water Wio b l§anudadiushe ) Adaens (e
Wndugaveovos DMSO siifiv 0.1%) vhiwas
N1E-115 (3 X 10* W8&8/MT 19 GUANAT) D)
48 $2l319 MGsTNE PE-J, 613870 PE-W 930
PE-E fiensidiades 0.5, 1, 5, 25, 50, 100 L@y 200
lalasnsu/iasaes aslwaadimnsidausay
vauuEAesiofiuem 24 Falae daeadngs
AILANLALAN sterile distilled water atFanas
i TS AEELNAYE e PE-J LALES
&79 PE-W %138 1fisl DMSO 2.5% ui/Sanesivh
A (ensudisdugerhemas DMSO 1aifin 0.1%) Tu
AAFOLHNAYEIENIETNA PE-E NasaniunTa
4o cell viability ¢&3% MTT reduction

3.3) NMSNAFOUNAVANINGY PE-J
§198ia PE-W wag PE-E aaanaiiunsaas
wasdszamiieanlelasewdaseanlad

11988 N1E-115 (3 X 10° 0aa/61319
TUGLNAT) Dg) 48 Falug snifiarindu PE-J vid
96 PE-W i0aidiadie 0.1, 0.5, 1, 5, 25 uay
50 lalasnS/fiadans viaalfinensatia PE-E 7
ANNENTI 0.05, 0.1, 0.5, 1, 5 e 25 tlasnSn/
fadans srwzaanguaILaNian sterile dis-
tilled water WU NGSWNTUlUMINasoUNaTa
Yhéu PE-J uazansafia PE-W #3ai1dis DMSO
2.5% Twlsaswhiu (enudndugaveves
DMSO itfits 0.1%) lumanesaunaesanIarieo
PE-E wiantuidinlalesiaudasaanlas 200
IalasTuans luzadimnsdsusiasman waunds
PBS It Fanamyhiulsadnguaiuam uda A

3 o a ! v a
sl 24 sﬁ’ﬂNQ aﬂﬂqmmi‘wmaauimm\lm

v
9

A [ dl ¥ v [ 1 [~
AUNTDENTENANANNLANIUGINA LAY 24

T NI AEe NS A TR N AN
lalasraudasoanlas 200 lulasluans wauida
PBS luSsnaswhiulwzadnanaiueu winh
wadliAessiohunm 24 s vidsnniunsae
6 cell viability @835 MTT reduction NITHNL
Héhethafigrsuntlearadlsramaznaseyude
I@mmilﬁmaﬁé’ué’qmwwgeiamiﬁaﬁiytywmaﬂaq
GaG)

3.4) N1SNAFDUNAYDIFFTULS
W12 MEK inhibitor (PD 98059) #%a PI3K
inhibitor (LY 294002) dagnsunilasizad
Useamaasd1sana PE-W wag PE-E 1NN¥2a9
lalasianladaanlas (Msfudassaiaanna
szasdlonnanlalasiaulasaanlad)

arane PD 98059 L LY 294002 T
DMSO M ldanudade 50 Jadtuars ol
stock solutions 7igaunndl -20°C uazFoeE
DMSO il lgemadadididansms vhiradinng
e N1E-115 (3 x 10° cell/om?) 21g) 48 Falass
$NfnE1T PD 98059 (30 lastuans) wda (LY
294002 40 hlesluans) visaidis vehical iuam
2 #1309 UEIFANENTERA PE-W A 50
lalasnsa/Aasans viae PE-E Aensdiadu 25
lalasnSu/fiadans nionvudnasiuds
e 24 $las nEsINTILIABUENTIAENITAS
Aowdin lalasumasaanlas 200 lulasluas
wWhoafGNaN Tt uazidia PBS Tt Banasiv
AulradngauaILau wEnhgedlidesstadiu
e 24 Falus wENTUeTITA cell viability

@8A% MTT reduction
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4) manesauluuuusaasmsidanas

L‘naéﬂsza‘mmﬂngmmm[“]

4.1) msnadauaNtd Ny
ngmmmiawaa‘ﬂﬁzmmwmgm

avanungasauaz nadul sterile
PBS (DPBS #ls1ea1n MgCl,) wdidoansgie
PBS Wio b ldanadsdiuehg ) idasms vhized
N1E-115 (4 X 10° 198@/MT9audas) a1y 96
T LL@iasmanm@mq@nmﬁmmﬁwﬁu 1,
10, 25, 50, 75 WAL 100 Aadkias wianmLdx
Inaduienudnd 2 faaluas udasadaiv
e 24 $las uasdis PBS luFanaswinmili
IEAANGNAILAN NEsMUeTIa TR cell viability
@835 MTT reduction

4.2) MINAFOUNAIAW PE-J,
safie PE-W wae PE-E daigaddszamimiziies

11988 N1E-115 (4 X 10° saa/6n379
\TUGLNAT) B 96 Falaa LLGiaqumL@s\lﬁw%u
PE-J, §156e PE-W 9130 PE-E fiemaidasin, 0.5,
1,5,25, 50, 100 bag 200 blATNIN/A0RAAT L7
Aesstoiuam 24 Falae daugadnauaaunsils
\fix sterile distilled water MAUSaN&IWITlA
PANeEELNAYES N PE-J WavanTatia PE-W
WsaLdis DMSO 2.5% uSanaswiriu (anudia
Fugevheas DMSO 13itfins 0.1%) Tumsneseou
MAYDITNTENG PE-E MaAINEuaTaie cell
viability #3&35 MTT reduction

4.3) MANAFOUNAUBINAW PE-J,
#9800 PE-W wag PE-E eaanuidunwuas

6 i a
L‘.ﬁaaﬂ‘igﬁ'l'ﬂﬁ LNAAINNYATLNG

Jhiaraa N1E-115 (4 X 10* cell/cm?)

218 96 T Lwiawqmm@mﬁwé’u PE-J, &9
&fie PE-W w30 PE-E fimnsidindn 1, 5, 25, 50,
100 way 200 tulaansu/dadans sruaasngs
PILAN AR sterile distilled water Wt/5anas
Wi lunIesoUNaYDINE PE-J WaLET
10 PE-W v3a1din DMSO 2.5% lui/5anesivi
i (ensdndugavheans DMSO Tl 0.1%)
lumneaaunarasssaiia PE-E nianmuds
naeLae 50 Aadluas uazlnadu 2 fadlums lu
Lsﬁaét,wwséw,wiawqm wawidn PBS TwlRines
whitwlwradnguaIuau wEiasesiauiunm 24
il Bnngumaaseulfifumnsaiaiemud
Fugianan e 24 #2lus nEMuLAew
mmil;gmL%aﬂmiﬁawﬁm@mmLLagvl,ﬁa?ﬁu,
uwazids PBS TutSaneswhiuluaadnguaiues
whead dsssiodiuna 24 #2lus wdsan
‘1%%(9’1’5’3’50’37@ cell viability @835 MTT reduction
5) M3UsLAUANN LAZN1TATI0

ANNDYTDAVBITAS

5.1) N191U52L8% cell morphology

G]i’a’%a@@n&lﬂﬁl,ﬁ’gEJ%LL‘U@GEIHN
(morphology) PDTAd LA L d N E DY
ﬁ;a“/lﬁ?’imi"ﬁﬁ@ﬁ’méj‘]_l (inverted microscope,
Axiovert 200, Zeiss, Germany) I@ﬂ%mﬂﬁ@
phase contrast

5.2) M5A53aTAUIMTAANITIR
#2835 MTT reduction assay

@37930 MTT reduction #31jsuan
ANNDELTOAYDINTAR LIS colorimetric Loe

[59] &

FaLUadanniseas Mosmann (1983)°Y ¢1adi

W@naTavale MTT 10 ulasdas (5 Sadnsn/
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faddaslu PBS) aslwraduosusiazrgn (A

¥ Y 2%

Wadugavine 100 lalesn3n/fadaas) udnh
wadnsanslaludoumnzde grmgfi 37°C
e 173l wﬁamﬁﬁu@@mmﬂgmLsziaas‘ﬁa
wazdia DMSO 200 lalasang asludazigu Qe
ssazanuvpsdaziqldl 96 well plate Wan
W laehmsganfuusssig Multi-detection
microplate reader (SynergyTM HT, Biotex,
USA) fienaiemnan 570/620 161 lwiaies ¢ MTT
reduction Wans luglvnsfoazilSauiaufiy
wjaﬁL‘WWsL%&Jdﬂ&jwmuqmmﬂéﬁmaﬁw@ﬁa‘u
(untreated control) fefunan (EMIgaAN&Y
Lmﬂamdmﬁiﬁ%umw’%aa;gu‘lvﬁ X 100) / $NM3
QANAULFITDINGNAILEON
2.4 MAeNEAdayaMIFDa

1) m's"‘aLﬂiwzﬁ%’agam‘mmaauqﬂéﬁm
AUNRDHIE

FoyamamaReLnnEe gD
@hﬂnauaslugﬁ@hmﬁm (Mean) = MANNAFIA
Lﬂé@%m(ﬂiﬁﬁu (standard error of the mean,
SEM) I@&J@hmﬁ'madLm'azﬁaagammﬁ 3 M3
nasasfifudasysiatiu (n = 3) maFuuifien
ANNLANGIITEWIN 2 ﬂ&jmmiwwamﬁﬂuﬁmz

o

sloriu 1% unpair t-test @ p kBN 0.06 ¥i30

'
A [

A5LAUANNTDINU 95% DNHANNLANFIIDENI

Friweeinyymaahial

2) m's"’aLﬂs'\zﬁiau”amswmaanqwé
Untlasizadszam

Fogarnemiiae gtlen \¥a (Mean)
+ @hmmﬂamméaummgm (standard error,
SEM) loeiehind B ILGIRETDANIAIN 6 §1DE19
(n=6) FiThBamzeinis LasLsaLsnaEhvhanae
MR LA NLANGTaIFIRAN NN
2 ﬂaq'm % analysis of variance (ANOVA) N3
Waeandoyafiuanshaiu nadienaudam
099 2 naalaluaneeuld Scheffe multiple
comparisons LLaSLLGmGi’MﬁuSL% Tamhane’s T2
multiple comparisons m p ﬁﬁaaﬂdw 0.05 %58
FsvdemaIFasiu 05% Aahilemuuanshinths
Frrudhenyymasnia

HaMsANE

1. HANTAIVANAMAINETANA

AMIFNHENANBRINIIANYDINANLIIN
HonlaeAs TLC nuLUAMmaashdn PE-J ans
&N6 PE-W Uay PE-E e199NULDLY0IeTarae
W33 gallic acid AN chromatogram WU
9810 PE-W Janadayadnuannningsana
PE-E 2msfihens PE-J Sunufans % (Figure 2)
wanslriiuasataderh i Sinos gallic acid
snnENsERAdIsEIUea drwhausitnn.

gallic acid luiSsnoutias
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hRy
100

- e |
- -
— 0
GA  NPO1 NP02 NPO3 GA NPO1 NP02 NPO3
Detection | Detection Il

GA = gallic acid 1.5 mg/ml

NPO1 = juice of P. emblica fruits (PE-J) 50 mg/ml
NPO2 = water extract of P. emblica fruits (PE-W) 50 mg/ml
NPO3 = ethanol extract of P. emblica fruits (PE-E) 50 mg/ml

Figure 2 TLC chromatogram of juice, water extract and ethanol extract from P. emblica fruits compared with

gallic acid as standard

(A) detected under UV at 254 nm (Detection 1)
(B) sprayed with Iron (Ill) chloride TS (Detection II)

2. HAMMAdOUgNEAEYYADdsE
mﬂmicﬂfnaaamw’%é’ﬁuamﬂavlamaﬂ%a
WUTHNE PE-J 61367 PE-W Ua% PE-E 994
wasznadlonfioyissuavya lansendaman s
Saduiildnesoy Tagdlen 1C,, whi 7.41 + 4.26,
10.98 +1.14 gy 10.37 + 1.30 IulasnSu/Aaaaes
NNAAL FIUATINNTI trolox Hen ICs, Whriu
184.87 £ 26.02 WlAIn3a/Rad58615 wana Widiuih
ranzanNioadhuaya lansandalddann uaglu
USnausfiusanin trolox Taedlemsusslunsdns
maiaUfisenaon@eds 1 24.95, 16.84 ag

17.83 wh aifeuriy trolox ¥30auiusImAus

(trolox equivalence/ o-tocopherol equivalent
antioxidant capacity) §iaNSNYIAIDLIFIENE

Ly I3 &
'eummimwaammmua%asqﬂLﬂmaaﬂvlfm
NWUIMNAW PE-J §1981® PE-W ey PE-E 2849

A Ko I I3

wamﬁnmﬂamqmmm%as@Lﬂaﬁaaﬂiﬁmmwm
e dnesay Toaflen 1C,, Wiy 22.91
+0.62, 20.02 + 2.03 UaY 18.08 + 0.37 lulasnda/
TadanT mMua ey §Ims138NaIg 1 gallic acid
Fen 10, wihiiu 11.71 = 1.80 WileanSu/fiadaen
uaeslifininmanzantlonduayyaglilas

oon 7@ LG ARNILLLA EITUENTNNGITTIN
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3. namsnagevgnsUnileswaduszamly
llU‘lJ’Ii’lﬁﬂ\‘]ﬂ'ﬁlﬁ'ﬂﬂl‘UﬂQ l%aéﬂigﬁ'l‘nﬁnﬂ
lalasuleseanlsa

3.1 wazaslalasiauilasaanlaacaiaas

Yszammnzies:  nulalesauedoonlsd

witte i iead N1E-115 eneuuy concentra-

tion dependent manner 1o cell viability 29843

nauiiduiarulalasauwasoanlosiinam

Wdwlugae 100-500 lulastuans dunan 24

#laa WANFINAMNNGNAILANDE SN TF ATy

NEDE (p < 0.05) (Figure 3a) NNITHILNGONE

I¢indnsqanszent numaslsyamiigleiie

6 &

1néd loarad anuusiin W3auaen winKe
[~ o‘A 2 % €4dlv./ Ada
WU NEHE 8NN UL UNNULTaa N gaNT e
98 Uz neurites Aanugnduasuazlaifiannu
I . A
daifioy Walunungueluan annkaundi
NAAUNSaNAUTUNITAAaIY cell viability
Wiasanlalasuasean ladNanuidiugs 200
6 o % 6 % =3
Talasluans vlvaadeneszanndauas 50 39
= £ % % (9 1 dl o LY a
Ban Manudntuesnan luwmawdiesih A
mIsneandaaLsEam lumaneansse i
3.2 wavasnzaNtlancaaslssa NG
£ | £ 2
vRYe: Wawas N1E-1156 duianuiindw PE-J

§15870 PE-W Wag PE-E N0NN@Nt 0.5, 1, 5,

25, 50, 100 wa¥ 200 hulasnSn/Aadaes dunm
24 31318 WU MTT reduction 989 5a8naa
Srlaruninéu PE-J WiuSeway 103.67, 103.21,
103.93, 99.51, 94.84, 78.96 U@z 67.42 eNNAAU
(Figure 3b) MTT reduction YDA AANAITN N
fuasane PE-W Hudaeaz 103.31, 106.08,
104.48, 103.83, 89.04, 65.27 L1ag 63.05 FNHNAGO
(Figure 3c) LaLHAITNNENUATETR PE-E 1n

$puay 105.83, 106.31, 100.28, 97.63, 84.38,

'
A

64.31 Wag 54.87 uA1eU (Figure 3d) Waiiey

Y v
o

(100%) Ua@I UG PE-J

o '

NUNYNAILE)

q q
'

Aenadandis 100 wae 200 hulaansSu/aadans &
Naaa cell viability 2eIRBafAUnana (p <
0.05) lnanasdauay 21.04 Lay 32.58 enNAGL
LaranTaTe PE-W fensudadis 100 uaz 200
1ulesnsn/Aaddns Awaa cell viability a9l
TedfvnIatia (p < 0.05) Ineanadioray 34.73
ey 36.95 enua1e (Figure 3b ey Figure 3c)
Lﬁal,ﬁauﬁunﬁjmmuqm (100%) FIUEI&NA PE-E
Femaudiadi 50, 100 uar 200 lalesnsafiaaans
fnaan cell viability aesRtifanmsiia (p <
0.05)1@&18@60%@&163 15.62, 35.69 Liag 45.13 oA

MO WaWaLAUNGNAILAN (100%) (Figure 3d)
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Figure 3 Effect of hydrogen peroxide, juice (PE-J), water extract (PE-W) and ethanol extract (PE-E) of

P. emblica fruits on N1TE-115 cell cultures

N1E-115 cells were cultured for 48 hours and then exposed to various concentrations of hydrogen
peroxide (25-500 uM) (a) for 24 hours or incubated with different concentrations of PE-J (b), PE-W
(c) or PE-E (d) (0.5-200 ug/ml) for 24 hours. After incubation, cell viability was determined by

MTT reduction assay. Data are expressed as Mean + SEM of six samples (n = 6) from independent

experiments, each performed in triplicate.

*statistically significant difference from control cultures (p < 0.05)

3.3 Na2RNIAY PE-J, #5816 PE-W Wa
PE-E saanaiiunsvaigadissamiiioan
lalasiauladaanlaa

lolwiaad N1E-115 udafuriidu
PE-J Warasaia PE-W finnsuiduds 0.1-50
IalnsnSu/fiaaans Wiodusaiuansafa PE-E 7
s 0.05-25 lalasnSu/fiadaes wianfu
alomau-asaanladnanudadu 200 lulns-
Tuand e 24 $2lus wudshdn PE-J, 13

8716 PE-W 18y PE-E llfinasiomalasuilas

MTT reduction Lﬁalﬂauﬁmﬁmmuammﬁ%u
lalosimmaseanladiothaden (kinansdoys)
LEOS I AwazEIat e NaNz N Tan
dl v 1 [ 1 dl U 2 (Y 6
Aemudndusanaiiie inwdantiu lalasaues-
1 6
aan e ldasnInannITensaaas Uszan
Aveanlalasamdaseanlae e o lFaas
N1E-115 §NNa L6 PE-J 5ad13a8n e PE-W
Aenudadie 0.1-50 lulaanSu/dadans waoudis
15870 PE-E fiensidudis 0.05-25 talasnss/

fFaddes nowlilalasauiasoanlys wuiih
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& PE-J laifinasionTiaswntlas MTT re-
duction Wasuiungueuealesulalasau
wadeanlodoehadien (Figure 4a) luniiians
&0 PE-W Aemsidisdn 50 lslasnsa/fadans
AN3NTOAN cell viability 8eRTEEYMIE D@
(p < 0.05) InenfisduSosas 19.40 Woweuiungs
Mesvlalemanafoonladachadien (Figure
4b) UaLEN3ETe PE-E Aesudadi 25 lslasnsay
finaans sansnuiis cell viability aesftiseny
N9E06 (p < 0.05) Teifiadudasay 17.00 e

Weuiungad ldsulalesimmlasoanladatha

120

I
v A

e (Figure 4c) Gﬂa;ﬂaw‘lé’ua@ﬂﬁﬁmwmﬁu
PE-J fianadaudis 0.1-50 ulasnSu/fadaans
Tananlalauanilasaanlad amnsnanns
@ A I3 A a
IO UNTONITA DT A UTEFNALAAIN
lalasmdaseanladlé luvmiansatio PE-W
Aenudsdi 50 IulasnSu/fadaas wavansano
PE-E finmaidates 25 Tulasnsu/Sadans inot
6 6 < A
lalawantlasoanlad snsnsnanmatnaSurae
msnerasraalszamiiieain lalasiames-

aaﬂvL"ﬁGﬂéf (Figure 4a 9 Figure 4c)

100 =

80

60

40

20

Control 0 0.1 0.5

1 5 25 50
PE-J (ug/ml)

Hydrogen peroxide 200 uM

-
N
o

B o ®
o (=] o

MTT reduction (% of Control)
N
o

o

*
| I I I I I I
T
0 0.1 0.5 1 5 25 50

PE-W (ug/ml)

Control

Hydrogen peroxide 200 uM

C

120

2

€100

(<}

o *

% 80

8 " "

- 60

L

G 40

K]

E 20

20

Control 0 0.05 0.1 0.5 1 5 25

PE-E (ug/ml)

Hydrogen peroxide 200 uM

Figure 4 Effect of juice (PE-J), water extract (PE-W) and ethanol extract (PE-E) of P. emblica fruits on
hydrogen peroxide-induced neurotoxicity in NTE-115 cell cultures

N1E-115 cells were cultured for 48 hours and then pretreated with PE-J (0.1-50 ug/ml) (a), PE-W (0.1-50
ug/ml) (b) or PE-E (0.05-25 ug/ml) (c) for 24 hours and further incubated with hydrogen peroxide (200 uM)
for 24 hours. After incubation, cell viability was determined by MTT reduction assay. Data are expressed as Mean
+ SEM of six samples (n = 6) from independent experiments, each performed in triplicate.

#statistically significant difference from control cultures (p < 0.05)

*statistically significant difference from hydrogen peroxide-treated cultures (p < 0.05)
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Figure 5 Effect of MEK inhibitor (PD 98059) or PI3K inhibitor (LY 294002) on neuroprotectivity of water
extract (PE-W) and ethanol extract (PE-E) of P. emblica fruits against hydrogen peroxide-induced

neurotoxicity in NTE-115 cell cultures

N1E-115 cells were cultured for 48 hours and then pretreated with PD 98059 (30 uM) or LY 294002 (40 uM).
Two hours later, PE-W (50 pg/ml) (a) or PE-E (25 ug/ml) (b) was added to the culture medium for an additional
24 hours. After pre-incubation, culture medium was changed and replaced with fresh medium containing hydrogen
peroxide (200 MM) for 24 hours. Then, cell viability was determined by MTT reduction assay. Data are expressed
as Mean = SEM of six samples (n = 6) from independent experiments, each performed in triplicate.

#statistically significant difference from control cultures (p < 0.05)

*statistically significant difference from hydrogen peroxide-treated cultures (p < 0.05)
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Figure 6 Effect of glutamate, juice (PE-J), water extract (PE-W) and ethanol extract (PE-E) of P. emblica fruits

on N1TE-115 cell cultures

Differentiated N1E-115 cells were cultured for 96 hours and then exposed to various concentrations of glutamate
(1-100 mM) (a) for 24 hours or incubated with different concentrations of PE-J (b), PE-W (c) or PE-E (d) (0.5-
200 ,ug/ml) for 24 hours. After incubation, cell viability was determined by MTT reduction assay. Data are expressed
as Mean *+ SEM of six samples (n = 6) from independent experiments, each performed in triplicate.

*statistically significant difference from control cultures (p < 0.05)
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