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ABSTRACT

Background : This study aimed to investigate the antioxidant and antiproliferative activities of extract from different parts of water
chestnut (Trapa japonica Flerow).

Methods and Results : The total polyphenol content of pericarp and seed extract was 438.31 mg/g and 25.32 mg/g respectively.
DPPH radical scavenging assay showed that the half maximal inhibitory concentration (ICs, values) of pericarp and seed extract
were 5.28 pg/ml and 355.51 pg/mé respectively. In addition, the pericarp extract showed strong reducing power. In the MTT assay,
the pericarp extract significantly inhibited the viability of A549, AGS, HeLa, PC-3, HCT116, HT29 and SW620 cell lines compared
with the seed extract.

Conclusions : These results suggest that 7. japonica Flerow extracts have significant antioxidant and antiproliferative activity.

Key Words : Trapa Japonica Flerow, Antioxidant, Antiproliferative, Cancer

O al, 013, $2) LA LA 2 A4 B9 A9 2
R0 ArE YA S LEAYS Fol] BHOR 5

2 drlelse] K Feidlahe Phow A AKle) e i ol ) Gsiel olg At (Kang e al.
2 AFgRRlols Seiulel 9ol AT 5BF 1Fel A 1999). 22 olw) BekdaA AAE FeAl Y A
o ol ARGl (Kim, 014y oI B3, AUE, 4] A W AES SIE Asielel P kel PYLA)

HH, F1 59 o8 7] dRIER OJ‘H dAze] B4 IAEY 2w Wil H= Aot} (Kim e al., 2013).
gt AIEREE A 24 7150] Al 715S A ZsHl Ha A ANSZ AME w5 (Trapa japonia Flerow)y 4% <]
o|ZHH A2t A A R BES AR WA AlE AE oSk S vhedelw dAXolu AgR|olA 2t
S FAsA He A& dZE=T (Chung, 2003). o2t e FAAER (Kim ef al, 2014b) A3 ALgEojx &
e FoxA B ANE s tE 77 Holall vk vl woizte] wEslal e 2zlo] Wate] JAAYE F]

A QAle] B3Rl 712 “}H]’\]ﬂ—w— 2l APgeR o2 H 7] & o] B 9 RE 2L def WiRel 14
Al ke Ao E BF AT (reactive oxygen species, o] FHIR TAF Qlom AQiel Mol v 5 E3

ROS)l| ¢Ja] Ho] =0 11‘4—1 A ATt (Anwar et I3l AY (Nam et al., 2014). dZ2HEH FA= 7= o
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2 olgsi3lon dulE B, 9AY, AAY, AES A
g 5ol o]&3std KT} (Choi ef al., 1997).

H7kME 2pgot Ak F T F-919] A EAE AL
|G wEguiol thatk 39t Aol AAH] A vH]
gl & dAFelMe redd FEE0] ddRAE A6t
7] 91sted Hk, e, AT, AEAY, s A2
QA EHE SR, AF E oE T HAAXAZA 9 A
WS skt gt

Az
1. Aes
1) F&22 M=
B Ao AMRE vlE (Trapa japonia Flerow)Evl+=

20133 897 AL IAoA AHE AL ARSI o
FE=9 28 vwgAs] flal E9E A9 (pericarp)@t
T (seed)ZE 22 90.19 g&F 72.01 g¥ F-2]3F92H 100%

methanolell FA|8te] A+ 71AC R 33] wHy FZ330t)
FZ %o filter paper=Z &3} A]F rotary evaporator (N-
1100 and N-1000, EYELA Co., Tokyo, Japanyg ©]-&3}o]

7w s5ee 1 Ad) 9] 589 A 3.2¢9 FEE

2) A<t
Folin-Ciocalteu's phenol, gallic acid, quercetin, 2,2-diphenyl-
1-picryl hydrazyl (DPPH), potassium ferricyanide, ferric

chloride, ascorbic acid 2 butylated hydroxy anisole (BHA),
butylated hydroxy toluene (BHT), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) %2
Aldrich (St. Louis, MO, USAYI] AL FUst] AMESIRL
o, ME A AFEE Dulbecco's modified Eagle's
medium (DMEM), RPMI 1640 medium, fetal bovine
serum (FBS)3} 1% antibiotics (penicillin and streptomycin,
100 U/mly= HyClone (Logan, UT, USA)PIA T3l ARE-
&t}

Al kS Sigma-

2. E Y= U _3:;_ =ZIgs0|c a2t =A
ZF dl= 2 Liu 20049} Taga 5 (1984)00] 23] Bg
o)z Folin—C1ocalteau‘ﬂJ‘?.jq < WY st FAFsAUT FEE

100 128 ©l Folin-Ciocalteu reagent 50 /£, 20% sodium carbonate

3004 718k 158 F FFF 1nlS Ho] &3 3 Uv-
Vis spectrophotometer (V-530, Jasco Co., Tokyo, Japan)S

___Jal-Eg _];}_Oi]:]_ _\’j.“lr_ 33:]_%1_% 3]_31:
FFEA gallic acidE AM&3le] ZHAE B3 AP 4

23190 gallic acid equivalents (GAE)Z YERHSATH

o]-g-sted 725 nmof| A

KN
.
xQ
L
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(Hong et al., 2011).

% ZgHeo]= - Moreno 5 (2000)2] HPES WY
sto] S48t —r%% 100 /£ °] 10% aluminum nitrate
20 /4, 1 M potassium acetate 20 /0, 80% ethanol 860 (/4 &
AR TFete] Eetstal A2olx 4087 ?l@ﬂ"‘]ﬂ T
415 o|X FF=E SG38IATh TE quercetinS
AR MRSl 2dE BT A FAldd 285t @%bﬁ:%
243t T2 quercetin equivalents (QE)E YERM AT (Hyun
et al., 2011).

g

3. DPPH radical &2s =3

DPPH radical 24% 742 Blois (1958)2] WHH-S W s}
of 273ttt DPPH €9 100 Lo o8] F=9 AR
100 1 & ZHzy &9ste] 3027F d2ollA HhEAIZ] $of
microplate reader (Model-680, BIO-RAD, Hercules, CA,
USA)E o]&ste] 517 mellA F3=E SAsleH, 3783
S g3 72 4S5 0|83l EDA (electron donating
ability, %)= AF&E3SH & ICs (the half maximal inhibitory
concentration)gt o2 ERISIFTE o|uf AAF ] H]
3k A HFFOZE ascorbic acid®} BHTE ARE-3F

AE 9

EDA (%)= (1 - ABSgmpic / ABScontror) X 100
ABSgmpie: Absorbance of the experimental sample
ABS_ oniro1: Absorbance of the control

(reducmg power) 342 Oyaizu (1986)2] WHS
LPO% =439tk 25, 50, 100, 250 pg/ml o] FEEE 3
F Zb2Ee] AR 100 49 02M sodium phosphate buffer
6.6) 100 /&, 1% potassium ferricyanide 100 (& 7}t
SF7HTF 400 LS 3 313 0.1% ferric chlorideZ 50 (4
A7kt Edteh wkg A5 700 m oA Sl o F
e A g ARt Sy 24 HwE A%
A RO 2= ascorbic acid?t BHAS AME-sliath.

I“O“ ofh
ol

0% o rulru -{Ol' 6 > B

5. MIZZHHQE

B Ao A8 o]zl HKE293 (Human normal kidney
cell), A549 (Human lung cancer cell), AGS (Human
stomach cancer cell), HeLa (Human cervix cancer cell),
HCT-116 (Human
colon cancer cell), HT29 (Human colon cancer cell) Z2]
3 SW620 (Human colon cancer cell) 2= SHAXFS
8] (KCLB, Seoul, Korea)ollX] EoFdtol ARE-3}9 om AL
Wk Al ARFEEl DMEM 2 RPMI 1640 WA= 10% FBS$}t
A7vsted ARSSISIAL 5% CO, 37C 22

PC-3 (Human prostate cancer cell),

1% antibioticsE %



skl -

2 CO, incubator (NU-4750, NuAire,
USA)lIA vfjFate] A3 skt

Plymouth, MA,

6. MTT assay

MTT assay= FAHIE 52 A 5
Z Mosmann (1983)3} Kim 5 (1995)2] *
A3ttt 96 well-plate] 1 x 10° cell/welliﬂ ue=
£ wgsla 24407F 3 plateol] 10, 50, 100, 250, 500 rg/ml
FEE 10048 NEE AEsen 2487 iR E A
olUlZZ 1000 pg/mé F=2] MTTS 100 1% 2|5} 44]
} ¥ dimethyl sulfoxide (DMSO) 100 /£ S *J2]sIHomH,
microplate readerS ©]€3l] 540 nm oA FFEE SN
I, EAE o 22 241 ©]-8-31] inhibition rate (%)=
2F&3F U3 ICs) (the half maximal inhibitory concentration)
o= Felsiint

—9o
=

Inhibition rate (%)= (1- ABSgmple / ABScontrol) X 100

7. SAHX

RE AL 33] ke =435t means + standard. 2 L}E}
ylem FAX 2= SPSS (Statistical Package for Social
Sciences, version 22.0, SPSS Inc., Chicago, IL, USA)E ©|

43t one-way ANOVA ®41S 4AAIgE ¥ Duncan's
Multiple Range Test (DMRDZE 242 p <0.05 F5olA
A5 skl
2ot 9 o3

E H=d sl ¥ FeR0lc o

Unbg o 2 A& £2)3= polyphenol 3FE-L hydroxyl
715 7P W SRMEEA Ais), A9t &4 5 ohss
Ag|gdo] o] st (Stankovic ef al, 2012) ol £
s SHET tEA 249 ZTHE0lE=E CeCy-Cell

7|EFRE A, EEtEso| =9 polyphenolicf:f} e
superoxide, hydroxyl radical¥} 72 M2ZEAS 2=
free radicals A|Ash= FAkst A4S vIRste] 3¢, At
5 okt AEAdS RIg 43A ot (Im and Lee,
2013).

Z d=A S
2} quercetine ]

lo

sheko. 7y7)

& 3 FefHeolE RS 717} gallic acid
—?E%é‘i sl NS Ade $ Table |
of vehhdet. Zéﬂr I FE= T s SR
4 ZgtH o= GP S 43831 mg - GAE/g9} 61.40 mg - QE/g
o= H=A ﬁ}fﬁ“ﬂl HHH ole] Lok STt ol Sl
xR Bil= FLe SRS HYy R} F2E5E9 = H:

A 31HE dheke 2532 mg - GAE/gS 2 43831 mg - GAE/g®)

-
i

HET - =
Table 1. Total phenolic and flavonoid contents of extracts from
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Trapa japonica Flerow.

Total phenolic Total flavonoid

Extracts contents contents
(mg - GAE"/g) (mg + QE%/g)
Pericarp 438.31+1.75 61.40 £5.92
Seed 25.32 £ 0.15 -

YGAE; Gallic Acid Equivalent. ?QE; Quercetin Equibalent. All values
are means * standard of triplicate determinations.

G wol 3] 22l vlsl) AL YL AT IS
o Feheols e TR v siof 2 57k HelsA o
itk o= Kim (2012) 50| 400359 A2 23} Aok
%%94 :;-’-_ﬂ;]]l-‘— E}ELO]E 6]—31: Ul E‘P\}g} 5]—}\‘12 =l
P ERINE fA ARE Rasigi BAARS
AR Esls, Sehuieol= Faol tid AFL Aulu
7k ARl the Edelis el Fehwols o
} ]71~ guls ol =5
THE AL opehs
e, 214 9] AE &g
317k ohd 57 5
B7aa 9 HEo] Thol 7Lt
AR 77} o o]ol
Ao™ (Han et al, 2015; Park, 2011; Ahn et al.,
2007; Jeong et al., 2010; Lee, 2008), w2t 7] Ax=
AEA Y] et F-91E ol8shke 71E AFellM e 712A]
257} © Zolgka ALEHE T (Table 1).
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2. DPPH giC|Zt 2ot

Free radical?] DPPH= S5AR}0l o8] EgaollA] 713t
FTE Holu HAFAAS} WA HW X
hydrogen radical& ¥} phenoxy radical2 AJA3sHAl FaL
]7]_037442_; ﬁ%L‘]- ;(%;(]. :‘I:g]_ H]gﬁ"g}oq FJ—}\“ ]1:]. (Sharma
and Bhat, 2009). o]t} A&7} free radicals - A7) A
AN 7= 5o I =& 3RS S 2 FAAAE v
F3 T2 radicalol] tisk 2AGAALS 71N = Y3 A W
o] g ke gt ksl Alghe HERE ol8E Ut
(Lugemwa et al., 2013). & QA wlge] Rl FE2&F
o] shilsl g3E Hrishy] 9lske] DPPH free radical 4271
T ABE AN, AAgTe] HwE fe UL
O 2= ascorbic acid, BHTS ©]&3}th. 24 A3+ Table
20F Zgkom Rolo) wet duf FEEC] & SAAIE B
Atk 10 gml o] L X3 e} Fa} ZZEo|A 9
A T 77} 86.02% 9 7.98%2 2 FRAFACH ICsk
528 pg/ml 9k 35551 pg/ml 0.2 3y FFEo|A ] DPPH
radical &24%°] A FE2E vl3] 78] A= =2 &4

T
EE
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Table 2. DPPH radical scavenging activity of extracts from Trapa
japonica Flerow.

Extracts ICs0"(1g/me)
Pericarp 5.28 £ 0.02
Seed 355.51 + 8.89
Ascorbic acid 12.42 £0.12
BHT? 23218 £4.15

Mean values + SD from triplicate separated experiments are shown.
YICsp; Half maximal inhibitory concentration. ?BHT; Butylated
Hydroxy Toluene.

S o} T SR RE ARESE ascorbic acid®] ICs,
12.42 pg/md 2F BHTS] ICs, 232.18 pg/ml Hrtie= oF 2ujjo}
400 A= =2 A4S BAT o9 A A3E Kang 5
(2009)] A-FAlA methanolZ F&3F nfEgrl9] Ay o} &
A= 200 pgml o] FE2 23S W radical AA%5°] 7+
7} 94.6%, 22.7%= 9] FEEA ] il Dol U
o] Birxojzl v} ATt (Table 2).

At oz FAgxle] & free radical AFEES
BoA G} 7152 = reductones®] EAI9F HH Ut
Reductants®] EA1E= Fe¥'/ferricyanide EFE2] 7HAS Uo7
£ olo] "t} (Lue et al, 2010). =, ferricyanide E3H-&0]
Fe*'2 ZAZ=HA =ehiofr] 02 M= prussian blue

o] 4L dEeln I9EES 3= o= vk Zon.

Fio] tg Azke Fig 1o UEpigen £ dgdMe

Fy @ F2} FEE AFE 72 005, 0.1, 0.25, 0.5 mg/ml
o] TR AFst] @At 4 A A9 o A F
TE oEHo= Y] Bolxoy Ay FEE
TA FEEAE vl B g s Holow

5 BT

ol wsjed

N
n
]

g
o
1

-
73
1

Reducing power (abs)
s

= L T

EZE Pericarp Seed B3 Ascorbic acid [0 BHA"

Fig. 1. Reducing power of extracts from Trapa japonica
Flerow. "BHA; Butylated Hydroxy Anisole. Mean
values £ SD from triplicate separated experiments
are shown. Statistical difference (**p <0.01).
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HMESA

oK =

A ¢k DPPH radical &A% 2383 A8 Axp=z kst
97 e ko] AdS SIS (Suh er al., 2015).
E3) 223 A8 F% 0.05, 0.1 mg/ml oA 3] FEEo]
Abs 0.23, 0.719] FAZ FY2FO= ARE-SH BHA Abs
0.18, 0.44 XK} oF 2u)] o]}e] 93t SlH S HIlow
2L FEENIME Abs 0.09, 0.12 FX2 B U S B
At 9 Ax= Park 3 Lim (2009) 223 Park®} Lee
(2015)2] HoMe} 7] HEA agEe] o] Bes
5 E2 sl 4 9 IHES rRIte A7 A9E s
Hsl= o2 AlsET (Fig. 1).

4. YMIZ B2l =0t

MTT+  colorimetic  assay=  mitochondrial ~ succinate
dehydrogenase®l] 2J&l MTT7} Bd=e A=E S4s= A
o= M F2 A aHRE AT Ao
(Bruggisser et al., 2002). A2 ApHo] zu] 4l
=0 AE=A 7Iteke AA &Rlstr] fls)
47AI Q1 HEK2939l 2+ F+==-2 250, 500, 1000 pg/ml &
T2 gAste] AEg H AE AEEE AU JloR
A A2l F= 1000 pg/meol M= BEE] S vIAA &

ko™ (Fig. 2), WA o]F UAME Aeix] Hgoa 2zt
FEE0] Ax &9 JF2 PXA] e w10, 50,

100, 250, 500 xg/ml 2 3]A38te] A8 TE AS49, AGS,
HeLa, PC-3, HCT-116, HT29, SW620 & 729 = F
o NE 32 A3l A=E gt 2o 759 o AE B
T L A AFE BN T FEERY A9 3=
o] A3 &do] aHolrt. Ay FEES AHs ¢
Alxzel T2 A& 1Cs #eZ Yedile = PC-3

HEK293
150-

o
(4
<

N
(=]
1

Cell viability (%/control)

(]

U
Pericarp

EA 250pyml B3 500ugml BB 1000pg/ml

Fig. 2. Cytotoxicity of methanol extracts from Trapa
japonica Flerow on human embryonic kidney
cell, HEK293. Mean values = SD from triplicate
separated experiments are shown.
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s &
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3! 2 =
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g g = £
0- 0- - =
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_ 100 * 150~
° 2
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£ 804 = ns
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= 401 E / = =
% = % £ s0] g
2 = % 2 B
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= = / = =
o || | o] = |
o = % o = E
P P S

S

E3 10pgml B3 50pgml BB 100p g/ml @D 250y g/ml 500p g/ml

Fig. 3. Antiproliferative effect of methanol extracts from Trapa japonica Flerow on human
cancer cell lines. Inhibitory effect of methanol extracts from Trapa japonica Flerow on
proliferation of A549 (Human lung cancer cell), AGS (Human stomach cancer cell),
Hela (Human cervix cancer cell) and PC-3 (Human prostate cancer cell). Mean
values £ SD from triplicate separated experiments are shown. Statistical difference
(*p <0.05, **p <0.01, ns; no significantly different).

HCT116 HT29

150+ 150+

3 3

-} i ns
= =

8 00 ] 100

2! 3

z z

£ 501 £ 501

. 2

= =

S o]

150+

1004

504

Cell viability (%/control)

ANMMMINNNS.

10p gml EE3 50p g/ml BB 100p g/ml @D 250 g/ml 500p g/ml

Fig. 4. Antiproliferative effect of methanol extracts from Trapa japonica Flerow on human
colon cancer cells. Inhibitory effect of methanol extracts from Trapa japonica Flerow on
proliferation of HCT116, HT29 and SW620. Mean values + SD from triplicate separated
experiments are shown. Statistical difference (**p < 0.01, ns; no significantly different).

18



Ojg FE20| SMSEy

(85.95 1g/ml) > A549  (90.29 yg/ml)>HeLa (129.82 sg/ml) >
HCT116 (114.92 g/ml) > AGS (163.41 1g/ml) > HT29 (204
21 ug/ml) > SW620 (236.55 ug/ml)e] o2 FA4S Bt
(Fig. 3, 4). 2159 3] FE o|&3lo] PC-3 AlE2 54
A A= IS An (2004)52] =4 80% ethanolZ
=3 ] #9¢] polyphenol EFE-S 500 pg/ml & FEE
A B9 W 20%2] AlE AEES Bon B AoA
= J9 FEZEE 500 pgml o] FEZ B wl 22%°]
AZ BEES UePd o2 AR 3k &4S gRlsie
o, dtslel ot 2Hg Tol axtEolgla U emAlE
(Kim ef al., 2014a) ©]-&3 Moon (2012)52] =0l wl=d
methanol2 F&3F 2|z} A|§Z PC-3 AlES] 100 pg/ml &
FTEE APES Wl 70% o] MEAEES HIA, &
AL M= w2 ] methanol FEES 100 g/l &) F%
2 A 39S W 31%2 AE BELS B wEhd &
u|z} Hoh vige] vt o gt 39 @498 A ik
3 gk FA) ovlgel gk A 2 ] FEEC] I
7173} ol #Hofste A T A7 Bl o|FoixA] &
2 v AE 7o Ae] Faido] Q7Y TIYEH Holol A
o] gH XA ek nigdnle] 3] F915 &gt it
st 2 QAIE 2] Aol A 7154 AF 2 QekE Ul
WhsdS Al

ulolt} (Fig. 2, 3, 4).
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