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ABSTRACT

Purpose: Many studies have suggested that neuronal cells protect against oxidative stress—induced apoptotic cell death by
polyphenolic compounds, We investigated the neuroprotective effects and the mechanism of action of Momordica charantia
ethanol extract (MCE) against H,0,—induced cell death of human neuroblastoma SK—-N-MC cells, Methods: The antioxidant
activity of MCE was measured by the quantity of total phenolic acid compounds (TPC), quantity of total flavonoid
compounds (TFC), and 2,2-Diphenyl—1—pycrylhydrazyl (DPPH) radical scavenging activity, Cytotoxicity and cell viability
were determined by CCK—8 assay. The formation of reactive oxygen species (ROS) was measured using 2,7-
dichlorofluorescein diacetate (DCF—DA) assay. Antioxidant enzyme (SOD—1,2 and GPx—1) expression was determined by
real—time PCR, Mitogen—activated protein kinases (MAPK) pathway and apoptosis signal expression was measured by
Western blotting. Results: The TPC and TFC quantities of MCE were 28 .51 mg gallic acid equivalents/extract g and 3.95 mg
catechin equivalents/extract g, respectively. The IC5, value for DPPH radical scavenging activity was 506.95 ug/ml for MCE,
Pre—treatment with MCE showed protective effects against H,O,—induced cell death and inhibited ROS generation by
oxidative stress, SOD—1,2 and GPx—1 mRNA expression was recovered by pre—treatment with MCE compared with the
presence of H,0,. Pre—treatment with MCE inhibited phosphorylation of p38 and the JNK pathway and down-regulated
cleaved caspase—3 and cleaved PARP by H,0,. Conclusion: The neuroprotective effects of MCE in terms of recovery of
antioxidant enzyme gene expression, down—regulation of MAPK pathways, and inhibition apoptosis is associated with
reduced oxidative stress in SK-N-MC cells,
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o} WG e 2EH AR Qe AP Aot A
AU SZo] AGEE A 2EHAE fUsh o
2013 N E AVE FEE 315 251 HAEs A
A A%, G, o 58 FU3I0T E3) HE Al Eet) &
FA L R, T, ofd 59 Fgolo] T8t
Ak 8] HFE7] wiiol] AkslE 7] 491, 4ksh=
o= Qg =abA Alsxdol os AlxzAbde] o
oh EESE ] 2212 &4 HY 715AR1 3Eo]
7] ool AkshA 2~E# 2 JElE fFE3k= ROS A
QA = FAAATIE Fe ARG AS sl w
H P JAAFNE ek ABARES] &4 e AL
HERE AFANEE Boske Adiatdes F83t
o} & 5= giep 8

AA Hell= ROSY 548 Haslelal AXg S
sl7] 9gk ksl WAl ~]lo = Cu/Zn superoxide
dismutase (SOD1), Mn superoxide dismutase (SOD2),
catalase (CAT), glutathione peroxidase (GPx) 52| &1+3}
G402 7HAT k2 weba o] E4Ee) Uy 2 243}
3712 fxdhs AL ROSEHEH AELE HEsla vo}
7} 7AW Aghe] x| 57 glAlo] 2 4= ik

S Ot in virro ZEOX H,0,5 o83t 4kt
2 2EHAE skt fad Ash 2E 2 9
3)| extracellualr protein regulated protein kinase (ERK), c-
Jin N-terminal kinase (JNK), p38S ¥3$}3}= mitogen-
activated protein kinases (MAPK) pathway”} 433} =t}
o] AIZE-L apoptotic cell death?] Q3+ Z&A} = st
2 A8A 2Ed2ol 95 MAPK pathway’} 245}
H Ao = HABAME APdo] fEHIl o] HAgH
Fate] 91910 H= AoE dA k.M gk Akal
2Ed 2 AJEoA= pro-apoptotic?]AFR] bax, caspase,
poly (ADP-ribose) polymerase (PARP) 52] 43} 2 o]
A= BAskE 3 AEW pathway 713 F3l Al
Fapgo] k17 wheb MAPK pathwaye] 21448}
Z JAAZIAY pro-apoptotic SIAFES] BA3LE AlE}
BAE Uehlle A9aA /a7t aks] xle9s
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&S (Momordica charantia L.)= 1%, S, %o
g7llMe o] RIZEeH XESAEH ARE|A|1L
A= B HJEFAEZ HIEMIC, B-carotene, glucoside,
saponin, alkaloid, terpene, protein, Fe, K 52 3h-3Hc}.!8
&3k TGl HERRIC, HIENTIASL H 5o 3% F
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Oz 275 AZAESE 4 QA a3t S B
sIAh 1ejy AFFEES] ksl 549 1o wE A
IR gk 7[R 7= PHUe Aol
AT}, &gt o529 phenol acid A& % protocatechuic
acid’} C6 glial cellol| 4] 2+8}2 2~E g 2~0of Tl 7| X a3}
7} D8-S B 127814 01} chemicalS T8kl A2 A
F=o]tt. 2 glol] FERDS ]85} in vivo ATE?Y
ol M= ofFol|l A = polysaccharide’d o] EEAIH
g S el HEAtSs AL B
313kar 9ok

SK-N-MC neuronal M¥& & AT F24
(homogeneity) <] g3do] o, G=slo|=gs Lgst
A7 g Aske] v (pathogenesis)d #4124 717 A
£ 93} in vitro modelE g2 o] &5 o] g} 3031
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Human neuroblastoma SK-N-MC A|3+= American
Type Culture Collection (ATCC, Rockvill, VA, USA)lA]
TS AlEa kel AFE-E Eagle's Minimum Essen-
tial Medium (EMEM)$} fetal bovine serum (FBS), trypsin-
EDTA, antibiotics, HBSSi= Well gene (Daegu, Korea) A
F5 T3t ARSIt B Aolx AMeS ksl
A (Hy0,)% HIESH gil A|9F52 Sigma-Aldrich (St
Louis, MO, USA)IA 43kt Cell counting kit-8
(CCK-8) AJek2 Dojindo molecular technologies Inc.
(Gaithersburg, MS, USA)®] A|&-& A18-3}aL, intracellular
ROS assay kit= Cell Biolabs, INC. (San Diego, USA)°ll
A F-43F ) TRizol (invitrogen, Groningen, Netherland)
£ o]83le] RNAS FE3)9911, cDNA 442 TaKaRa
(Shuzo Shiga, Japan)®] PrimeScript Ist Strand cDNA
Synthesis kitZ ©]-8-3}$c}. Real time RT PCRS Roche
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Diagnostics (Mannheim, Germany)2] Universal Probe-
Library Probe®} LightCycler480 Probe MasterS- ©|-8-3}
ATt Total INK (INK, #9252), phospho-JNK (p-JNK,
#4668), total p38 (p38, #9212), phospho-p38 (p-p38,
#9215), caspase-3 (#9665), cleaved caspase-3 (#9664),
PARP (#9532), cleaved PARP (#9546), GAPDH (#2118)
primary antibody®} anti-rabbit IgG-HRP (#7074), anti-mouse
IgG-HRP (#7076) secondary antibody:= Cell Signaling
Technology (Danvers, MA, USA)IA] 83t

=9 MZE (Momordica charantia extraction)
oAF= %‘u T2} (Geumsan, Korea)oll 4] A= o), A%
B 58 FYSIAT 7 458 1) HES ) Do}
T 779 A o5 4 g8 200 ml9] 70% ethanololl
Yol 108 Fob 283 Har]E olgsle] s B
2,150 rpm, 37°CoIA 6A7HS HpEH 3 Ay ol 7o)
W =, THA] 200 m1e] 70% ethanoks ¥ 3L, 150 rpm, 37°C
4] 18417152 BA3ISIeh. of wl kA AolullEl 45
A M BASATh FE53 SAES BF IR

S 5691 BA71S oletel ol SIgke o178
’3}9&@ o] 8-A-g tubedll &7 Fo} 3,000 rpmel| A 3
1AEeE AIAFUT 2 F o] 895 0.22 pm,
PVDF syringe filter (Millipore, Bedford, MA, USAY&
o183} oI, ofniet Solg AxAHOlENS ol
galo] AAE HLAZ. Golo] w5 Fwlo} 1]
= 27| 100% ethanol: ]88 ]88l 2121 & BhA]
AaAYdEelHRE ARE AZA Y. vEe] AlsrE &
o] X, 200 mg/ml®] FEZ dimethyl sulfoxide (DMSO)
o A&al A7l F -30°C AW EaLel] Aste] ALE-

M Mo r-1rn _|
oY é.é
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9|
1= (total flavonoid contents) &2
ﬂiﬂ 3}-S Folin-Denis’s phenol methodZ =
2 o}gﬂ;u}.ﬂ =3 /\]E 200 mg/mk 10 mg/mlo] H ==
MR £, o] BATE AR 100 pl o SFF= 114 34
3} 2N folin-ciocalteu reagent 750 W A Y11 4 &
SEZF XS 2 3 4% Na,CO; 750 s golxE &
4#01*1 WS 2paste] 1A17HES WIS & 725 nmollA

T2 =43 Gallic acid® ¥FEZE ARE-3lo]
FAE M FEEY T Feuse] TS ALkt
=

T ZhHeo|= ke AsldFulEe] Bl wkEt
=243t 3223 A|F2 methanol2 208 3]493}

£ Z2|H= (total phenolic contents)zt
1ok

L°l

l:lO

38 n\‘

10 mg/mle] ¥%=5 THEIH}. ALL 25 plol] 254 125 ul
E 91 5% NaNO, 7.5 ut 91
th 1% 10% AICI; 15 piE 231 1:}/\] =33 & 5871

2)3kdth 2 % 1M NaOH 50 pke- 22 tF&- 510 nmell A
FEE SASA Cateching FF=EE AR
FAE TN FEEY T S cl=l] S AN

sk

DPPH 2IC|Z A7{S &% (DPPH radical scavenging
activity)

FZ59] free radical &7 4S =Hs7] 95t
DPPHE ©]8-3} Blios®] #P-S AM&-3143T}3 DPPH (2,2-
diphenyl-1-pycrylhydrazyl)S methanolel] £3JA]7 0.1
mM DPPH%‘%‘E THEQlt), o] &9 | miS ThE B
o] Alg 1 mlo] gol & EJ I3 ol A 30811 \F
SA1A 517 nmol|A FBES =) 2 Alg HE
DPPH radicalE- 50% FQBHO = &%2] ICy, (half-maximal
inhibitory concentrationy 73}Hth thET2 ascorbic
acide] B2 2431 1Cq 92 24545k

MIZ B

Human neuroblastoma cell lineQl SK-N-MC A|2&
EMEM HZ]ell 10% FBSS} 1% antibioticsE 3713k vl
g AMgste] lstTh Wl 48N T2 A
stpom, oFE2ES A AHYst T ElEA HEE
Ea) 2814 ~EHAE G,

O

o83ttt SK-N-
AFEE 10* cell/100 pl= 96well plateo] E—%@}
04 24A7F FRE v &, AFFEE A E
=¥ AzPEE AL 37°C, 5% CO, incubatord] 1
Hjoksl & CCK-889 S 10 ul Xjg)ale] 2X)7F v =
450 nmol| A microplate reader (Sunrise, Tecan, Grodig,
Austria)Z |88t =5t ATh A= 28] 2= Al

FFEES0, 1,5, 10 pg/ml 552 217} 6A)7F52F A
A2l &, IS 500 pME 18A1XF A E)ate] 4ksA]
ZEYEE FESHL CCK-8 AokS o] &3l AFFE=
S A EAEEL] Afo| & Hlwate]th

AJZU] ROSY] 54 =5 HF3H7] 93] SK-N-MC Al
FZ 4% 10*cell/100 plE 96well plated]] F-5=3}1] 24| 7F
Wi & FFEES e Agske] 37°CHA 64
HE2t vl g3t AT Al vl A& Al A3kal HBSSZ 23] Al
2 3 HBSSZE 3|43} 10 uM DCF-DAZS A9 2]2)s}

NzZzMEE 2 MZLf ROS S8
3—%@ =742 CCK-8 assay kits
Y= 2X
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o] 37°ColA] 4583t wjYsiSitt. DCF-DASAS A AT
T HBSSE 23] A3 jr TS 500 pM FEE
A, AEY B3 F=o) HalE FPFEAE o
83514] 485 nm<} 530 nmoﬂ A S5k

Real time-reverse transcriptase polymerase chain
reaction (RT-PCR) assay

Z) 2] 8F SK-N-MC A Eof| A trizolS ©]-83}4 total RNA
£ FZ3}93L, PrimeScript 1st Strand ¢cDNA Synthesis
kitZ ©]83} total RNAS cDNAE 4513t cDNA
+= 3493 & Table 12] primer2} Universal ProbeLibrary
ProbeZ LightCycler 480 Probe Masterol] €4 &35l
LightCycler 480 multiwell plateol] 55} LightCycler
480 (Roche Diagnostics Ltd. Rolkreuz. Switzerland) 73]
Z 0]-83} real time PCREA]-S A3} T

Western blotting analysis

23k SK-N-MC A Zol| ujkA-S #| A3}l PBSE Al
23} & RIPA buffer (100 mM tris-HCL, 0.5% triton X-
100, 1 mM sodium orthovanadate, 100 mM NaCl, 10 mM
sodium fluoride, protease inhibitor cocktail. Sigma-Aldrich,
USAYE olgste] diids FE3190a, dild she
BCA (Thermo scienrific, Rockford, U.S.A) ¥io & =
Al A= Al g9 5 X SDS sample buffers 7))l
100°Coll A 5% 3220 %, 12% SDS-PAGE gel2- ©]-83}
A719%5S A3 B7)9% § SDS-PAGE gelol] ¥
¥ oo PVDF membrane (Merck Millipore,
Darmstadt, Germany )| transfer 3+ % 5% (w/v) skim milk
powder (Sigma-Aldrich, USA)S 83jA]7] TBS-T-8<
= blockingS AAIFAT. 3% (w/v) fat-free BSA (Sigma-
Aldrich, USA)ZE 832171 TBS-T-2Y9l| primary antibody
= 1:1,0009] H-&-E 3AA)1AH 4°Coll A 18 hr < ¥RS-A]
Z3a1, TBS-TZ 33] 4|2 3 HRP-conjugated secondary
antibodyS 1:2,0000.2 3]4J5}e] 24L-04 1A|7F F2t vtk

Table 1. Primer sequences used for RT-PCR

SAIZTE TBS-TZ 33] M3 & ECL-western blotting
substrate (Thermo scienrific, Rockford, U.S.A)S *|2]g+
5 A= gRlsdnk

EAEN
o =
B8 S 38 o) EHSINITL, SPSS 20.08 0183}

o] student's t-test == one-way ANOVA test 3~ Duncan's
testE A3 p < 0.05 T4 iz 7F A+ 7t
o] FoJAE HS3IN e BE A= mean = SDOE 3
AlstaaTt

Z

OiFFE=2 & EolH=n F S2AEL0E A
2iC|E ANS 2 ’é

0% AR F=3 AF52E W T v F
S o|E s SASIAL, FEE g A 285
+ 1.75 mg gallic acid®} 3.95 + 0.92 mg catethmo]oql:}
(Table 2). 772]3 DPPH ]2 2% 1Cs,S 506.95 +
31.29 pg/mlZ YEPRGT) (Table 3).

(

i
o

SK-N-MC cello MEYZEE &

SK-N-MC cell®|] H,0,9% 45555 (MCE)S *I2]3}
o] CCK-8 assayS F3l AXAEES =390 (Fig.
1) A3l ~EYAE {3l Y% H,0, A8 Axt 200

M FEAAMFE] o3l AZASENAE BT 1
EM 200 uMA IS T1FollA] 7HAse] Fo] 5% U] (94.5
+ 2.5%)% PRSI, 600 pME H2]e LFolAME oF
56.0%] AE YEES HAAT o= IG5l 7R &
52 AFFEE9] Ax Reaas RIS g &~
Efx FHE fEske d7Edde kit ad
SHATE WebA] 68.5 + 1.5%9] MZAEES Hol= H,0,

Table 2. Total polyphenols and flavonoids contents of Momordica
charantia

Total polyphenols  Total flavonoids

- (mg Galllic acid/  (mg Catechin/

Gene Primer Sequence extract g) extract g)
SOD-1 forward  5-GCATCATCA ATTTCG AGC AG-3 Momordica charantia extract 28.51+1.75 3.95+0.92
(EF151142.1)  reward  5-CAG GCCTIC AGT CAG TCCTT-3
SOD-2 forward  5-TGA ACGTCA CCG AGG AGA A-3 Table 3. DPPH radical scavenging activity of 70% ethanol extracts
(BCO12423.1) reward  5-TGA AGA GCTATC TGG GCT GTA A-3' fromm Momordica charantia
GPx-1 fooward  5-TTC CCG TGC AAC CAG TTT-3' DPPH radical scavenging activity
(M21304.1) reward  5-AGG GAATIC AGA ATC TCTTCG TT-3 (ICs0, ug/ml)
GAPDH forward 5-GCC CAATAC GAC CAAATCC-3 Ascorbic acid 28.51+1.75
(BC025925.1) reward 5-AGG CAC ATC GCTCAG ACAC-3 Momordica charantia extract 506.95+31.29
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Fig. 1. Protective effects of Momordica charantia ethanol
extracts (MCE) on H,O,-induced cell death and cytotoxicity in SK-
N-MC cells. (A) Cell viability was determined by CCK-8 assay. SK-
N-MC cell wre treated with increasing concentrations (100~600
pM) of H,O, 500 uM for 24 hr. (B) SK-N-MC cell were treated with
increasing concentrations (1~50 pg/ml) of MCE for 24 hr. (C) The
cell pretreated with MCE at the indicated concentration (1~50
pg/ml) for éhr, and then treated with H,O, for 18 hr. Value repre-
sent the mean £ SD. *p < 0.05, *p <0.01 compared with control.
#p <0.05 vs compared with H,0O, treated cell

control 0 1 5 10 20 50

500 uME- HF A == Gt (Fig. 1A).

MCEZ A3} 23} controld Blusled MCES] A&7}
A3 AEE] A YT HXA] 24Ut MCE 20 pg/ml
TE o[HE AE AEEo] ke AES HAA
SAIROE FoslAl= dth (Fig. 1B).

A5l AEYAZRE MCEY 93 AERIEAE
313171 93l MCEE 641382t A A 2)gt &, H,0,Z 18

] w F=Y
L ! J

=
|

intracellular ROS (fold of control)

AN

MCE Control

(ng/ml)

H,0, - + + + +
(500pM)

Fig. 2. Intracellular ROS scavenging activity of MCE. Cells were
treated with H,O, and/ or MCE as described in the legend of Fig.
1C. The generation of intracellular ROS was determined by DCF-
DA methods using a fluorescence spectrophotometer with exci-
tation and emission wavelengths of 485 nm and 530 nm, respec-
fively. Value represent the mean = SD. Means with different letters
(a~c) at each mRNA are significantly different (p <0.05) by Dun-
can's multiple range test.

AZFEet 2HElE 2~EYAE RIS W AEAEES
gl A}, MCES A A3k 15 1, 5, 10, 20 ug/ml &
oA Z+ 2+ 85.8 £ 2.1, 859+ 1.3, 80.5 £ 0.4, 76.5
0.6%= H,0,7F x{a]wl T1E (59.6 + 2.2%)K.C} oF 17~26
%= AZAEEC] B2 2 IR 4= e B
Ao 2w fo)HQl At YERT (Fig. 10).

MCEi1a|o1| olgh MZLH ROS &4

AZAZEE A9 vlEloZ MCEQ HZY] ROS| t
g 4 B9 gRIs] S8 MEW ROS 3 A=E
Attt 578 Ay o Als AEslA] %2 control#
Haate] Hy0, 500 pME A 2|3k 1514 Al ¥ ROS7H
oF 3uf A53}al, MCES 1, 5, 10 pg/ml 552 A A
gk 25l Hy0, 500 pM ¥+ A2 gt 157} Blarste]
ooz 7had ANE HPom 1 3k 7} 7} controlt)]
H] 2.1£0.1,2.0 0.1, 2.0 = 0.1¥] AT} (Fig. 2).

Shtsta A Walol it MCEQ| 5= St
A}g}qke] ol § A He)7171Q0 Saksla ol
3k mRNA 0|4 29] B3-S real time PCRE 53] H]

WatHTt. tizEAQl g4ksl §4-Q1 SOD-1,2 (superoxide
dismutase-1,2)2} GPx-1 (glutathion peroxidase-1)2] &3
X+ Fig. 39149} 2¢] H,0, 200 M-S 2|3+ 159l
A @] 71 wekow MCE Z A2ell oJsl] $71=%d
L controFrE 2.2 3B E= o8 et

MCE 5, 10 pg/ml =2 2§ 1F14 H,0, 200
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A B> 12 4
— 12 g d
3 d d = £
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B 5 2
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Z 02 - & 02 E 0.2
E

o 0
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Fig 3. Effects of MCE on H,0O,-induced mRNA expression levels of antioxidant enzymes in SK-N-MC cells. Cells were freated with H,O,
and/ or MCE as described in the legend of Fig. 1C. The mRNA levels of antioxidant enzymes were determined by real-time PCR analysis.
(A) SOD-1, superoxide dismutase-1; (B) SOD-2, superoxide dismutase-2; (C) GPx1, glutathione peroxidase-1. Value represent the mean

+ SD. Means with different letters (a~d) at each mRNA are significantly different (p < 0.05) by Duncan's multiple range test.

My S wjo} Hlwsle] FAZ SR FoHQl Wy
712 HyoH, E3] 5 ng/ml F5& A3 1A=
control #5207 3|& 3L} 1 o|Ake ' =7} (5 pg/ml

o2} SOD-2 &2 1.12 + 0.04. Fig. 3B)&& Ao
et (Fig. 3).

MCEZ2| MAPK pathway2| QIAt5tH x|
MAPK pathway$] ERK, INK, p38<] ¢12ks}e] st &
A w3} oJE F8)7] 18kl MCES 6A 1363 21 4]

25 &, H,0,2 18X]7FE1E 2ksh2] 2Eg 28 F s & 3
ol 28 =%510] western blottingS E3f Tl WlE S
] EmACiSS = 2]

H,0, 500 pME- #]2] 3+ 4 control} Bl nl3}e] MAPK

Bp-p38/p38 @ p-INK/INK

~
)

Protein expression(fold of control)

cd
bc
b
ab
a
1 | h
0 4 T — T - T 1

o} 2 5 10

1 4
pathway®] QIAB}A =7} Z=71E A%, MCE A 28|& J—‘
oA RIS oAl He RS SR 5 AT 535
MCE 5, 10 pg/mlellX] Hy0, 500 uMell Hlsf frojzoz W0, control

w2 Qs AR E v o H, p389] Ql4kstE T INKS)
g} oAl o) EAHUE L Aloiﬁ} (Fig. 4). =18
U MAPK pathway = 3h}2] ERK®] 7$- MCE A #]g]
ol ola Q148} oA E3he H,0, 500 M Aele 15}
Hwaked 9] & o) 2] ek} (data not shown).
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Apoptosis signalo] ™3+ MCES] &3} #<1s <3|
caspase-3, cleaved caspase-3, PARP, cleaved PARP]
S 1S Blwsk. H,0, 500 uM ol oJsf
cleaved caspase 39} cleaved PARP 2] @& o] S/} 031,
MCE 2 Aje] ¥ 2814 ~Ed2% f= 32 v v

H;0; — + + + +
(500uM)

Fig. 4. Effects of MCE on H,O,-induced phosphorylation of MAPK
(p38 and JNK). Pathway in SK-N-MC cells. Cells were treated with
H,O, and/ or MCE as described in the legend of Fig. 1C. The pro-
tein levels of MAPKs pathway signals were analyzed by western
blotting, and normalizes to the GAPDH level. The density of each
protein band was quantified by using Bio-1D imaging software
(Vilber Lourmat, Marne-lo-Vallée, France). Value represent the
mean * SD. Means with different letters (a~d) at each mRNA are
significantly different (p <0.05) by Duncan's multiple range test.

o2 7hasEe Ans Yehlglen o= MCE A g7}
*&5}3’1 2xEd|2o] o3 apoptosisE olAIFTR= Avte}
2 %= 9itk (Fig. 5).
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Fig. 5. MCE attenuates H,O,-induced cleavage of caspase-3 and
PARP in SK-N-MC cells. Cells were treated with H,O, and/ or MCE
as described in the legend of Fig. 1C. The protein levels of
caspase-3, cleaved caspase-3 (A), PARP and cleaved PARP (B)
were analyzed by western blotting, and normalizes to the GAPDH
level. Value represent the mean + SD. Means with different letters
(a~e) at each mRNA are significantly different (p < 0.05) by Dun-
can's multiple range test.
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