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ABSTRACT : In order to find out anticancer activity of Korean pepper (Capsicum annuum L.), the cytotoxicity against 8
cell lines including 293 (normal kidney cells) and A-431 (epidermoid carcinoma cells) of extracts by extraction solvents and
plant parts were investigated using MTT assay. Also the correlation between content of capsaicin known as anticancer
ingredient and cytotoxicity of extracts from pepper were analyzed. The distilled water extracts from seed and germinated
seed showed very high cytotoxicity against 6 cancer cell lines including A549 (lung carcinoma cells), AGS (stomach adeno-
carcinoma cells), HeLa (cervix adenocarcinoma cells), HepG2 (hepatoblastoma cells), HT-29 (colon adenocarcinoma cells),
and MCF-7 (breast adenocarcinoma cells). But 80% ethanol and methanol extracts showed cytotoxicity against 293 and
AGS. The RCs, that was, the concentration of sample required for 50% reduction of cell viability, of seed and germinated
seed extracts against AGS were 33.4 ~389.1 pg/m{ and 63.9 ~ 1,316.7 ug/mé, respectively, so anticancer activity was higher in
seed than in germinated seed. In capsaicin contents, seed with high cytotoxicity and pericarp with a little cytotoxicity con-
tained 47.4 ~ 1,260.0 zg/g and 58.3 ~ 1,498.0 ug/g, respectively. As these results, the correlation was not between cytotoxicity
and capsaicin content.
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olgale] v%, FAAZSL A7e] Gulo] AF FEE 5
A5to] ARE-SIATE B3 capsaicing dihydrocapsaicin®] Al 3
S48 Qolu A 25~ 125 pgnle] FER Nl AL
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Alge] AHgE 8% MEFE FHAEFTLE (KCLB,
Seoul, Korea)ol|A] & FREgk 293 (B AFAANT)=
Dulbecco’s Modified Eagle Medium (DMEM; Gibco, Grand
Island, New York, NY, USA)+25mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES)(Gibco) ¥i=]ol, A-431
(FHFLAZF Y= DMEM HIA], A549 @FAH2F), AGS (F
UAEF), MCF-7 (FrAHESF), HeLa (RFEQA E5)=
RPM1 1640 (Gibco) ¥iA], HepG2 (7FHHIEF)Y= Minimum
Essential Medium (Gibco) +25mM HEPES ¥®j#], HT-29
(A EF )= RPMI 1640 +25 mM HEPES ®jA|ol] Z}z}
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1% (Capsicum annuum L.)
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(Wilkinson et al.,
2005; Yoon et al., 2012). 315

1996; Kim et al., 2002; Lo et al,
5255 fuekel way

o tigh A A3 HaFR FaF ), HEYIF =3,
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2% EHES} FToEHQl MEEAo] BaE v 9o} (Yoon

et al., 2012) ¥ Ao AgH F52 A}l FApe] vg
< FE=olMe= MCF-70 gk AlZ5/do] YeptA] eofF &
Tolv AsAEe] wE o2 AZEt ES Jung T
(2011)— o A & oy 13 SAAES mes 3

Eo|X MCF-7 AXZFo tgt S2A4] &4 Aol w
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et dl., 2007).
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Table 1. Cytotoxicity of methanol extracts from Korean pepper by extraction solvents, cultivars and plant parts.

Extraction . Plant Cell viability (%)*
Cultivars

solvents parts 293 A-431 A549 AGS Hela HepG2 HT-29 MCF-7

An anticancer drug

. . 59.2+2.7 912439 575+3.0 23.5+20 658+ 89 755+49 585+09 422+52
Adriamycin 2 pg/mé

Distilled Gangryuk —Pericarp ~ 114.2+10.2° 1216+ 69 925+38 1028+57 1562+122 122.5+127 97.5+94 1273+59
water  daetong Leaf 1126+£9.0 1289+ 74 1052+63 1300+39 189.9+9.1 12294113 1064+9.0 1034+58
Seed 355+60 937+ 67 864+ 22 262+14 849+33 826+31 661122 846116

Germinated
seed

Muhanijilju  Pericarp 1021+44 1260+ 32 1159+£29 105.7+£11.7 1321£92 1173+£99 1162+89 108.7+7.2
Leaf 101.9+£57  1222+102 113.8+£95 1220+£39 1266%15 1280+81 1163+85 946+54

50.5+5.7 941+30 879+18 f16+24 787+£37 715+ 17 613+25 903+29

Seed 686+57 1065+20 722+67 389+06 932497 785+ 33 630+41 862+26

Gerg”;g‘dated 748+51 972+ 76 758+73 379417 774+50 796+30 608+10 969+ 62

Wongi 1ho Pericarp 942438 1156+ 7.7 1029445 1197473 962+47 12164113 1193+7.1 1042457
Leaf 909+30 1198463 1095+36 1304+7.6 12314120 1161+99 1450+122 967 +6.6

Seed 238411  923+40 684422  286+06 777+ 24 738+ 43 586+24 845+22

Gerg";g‘dated 519443  874+46 704+81 330+ 58 820+99 749+51 658+16 981+15

80%  Gangryuk Pericarp 92.7+84 1047+ 6.0 89.1+8.1 91.3+49 109.7+124 940+41 904+ 18 89.7+43

Ethanol  daetong Leaf 904+47 1173+ 53 900492  687+45 1298+7.7 948+83 113.0+77 648+44
Seed 7374119 1137434 1099+44  466+30 1108+40 1139+13 1115469 712+ 50

Gerg”;g:jated 742+ 37 1063494 1326+86  961+11.1 1033+2.8 1368+7.0 150.1+122 1043 +11.2

Muhanjiiu Pericarp 993444 1060+ 12 865+ 80 759%26 1098+ 63 947+21 921443 1000+ 2.7
Leaf 544432 1116+ 31 10124130 83.6+48 1260+ 98 948+42 1218+117 66.1+40

Seed 735497 1114+ 43 893+34  63.6+25 9 39+ 44 1401+40 1071467 645455

Gerg”;g:jated 717484 1111427 1257+27 821451 1041+87 142.5+51 1243+44 769486

Wongi Tho Pericarp ~ 854+72 1092+29 899+97 712484 107.5+46 1018%24 1065+06 936+ 8.1
Leaf 403499  763+25 1159444 570+ 46 1062+ 68 460+ 07 1138423 4204523

Seed 326+68 1072+ 25 979+ 49 439426 1042+ 81 1058+52 117.6455 704455

Gerg”;g‘dated 857469 1122+ 48 1153445 564+ 56 981+ 55 1304+7.6 1655+3.6 103.6+8.7

Methanol Gangryuk  Pericarp ~ 1309+3.0 1102+ 49 944+ 43 873+29 977+73 103.0£63 745+80 99.0+ 8.1

daetong Leaf 87.7+22 109.0+11.6 1121+119 771+ 35 123.0£81 105773 994+60 668+0.8
Seed 47.6+4.3 1004 +3.3 103.9+36 366+ 34 988+ 50 101.2+6.0 759424 1039+0.7
Germinated

seed 43.7+£9.3 90.2+5.1 109.2+46 582+32 726+ 42 109711 783%57 474+48

Muhanjilju  Pericarp  116.6£1.6  107.5+24 1103 +£5.0 90.8+3.1 1233+ 3.7 101.2+£93 110.2£9.7 1105+5.3
Leaf 1078+£24 1306+6.2 120.6+6.8 827+ 36 1226+55 1090+£29 892£33 780%5.1

Seed 570445 1154422 1062+18  406+15 948+ 34 103.6+0.6 656+37 940+22
Ger:e]'er;jated 9Q1+61  1122+49 1138446 548+ 65 734+ 19 1138+44 851+19 107.2+40
Wongi Tho Pericarp 117335  1090+1.8 789+ 09 99157 1200+98 1022436 1064+44 1144+36
Leaf 947405 1086+ 40 1097+3.1 850+ 9.7 1345+70 969+ 51 1032468 722+72
Seed 600+11  899+56 715431 41.6+17 855462 1035409 1213+45 100.6+2.5
Germinated

seed 68.3 £5.1 91.7+£55 971+ 49 646+x13 840x49 1127£06 1172+9.2 1106+6.6
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Table 1. Continued.

1= (Capsicum annuum L.) ==29| M|

==V Q|
o

Extraction . Plant Cell viability (%)*
| Cultivars
solvents parts 293 A-431 A549 AGS Hela HepG2 HT-29 MCF-7

Source of variation

Extraction solvents (A) ok NS Rk HEx * ok ok ok
CUItiVarS (B) * %k ok * %k ok * %k ok * %k ok * %k * %k ok * %k %k NS
Plant pan-s (C) * %k k% ok * %k * %k k% k * % * %k k * 3k %k
A X B * %k k k% * %k * %k * %k * %k %k * %k %k k% k
A X C * %k k% ok * %k * %k %k * %k * %k %k * %k %k k% k
B X C * %k %k * %k * %k %k * %k %k * %k %k k% %k kK ¥ * 3k k
A X B X C * %k %k kK ¥ * %k %k * %k %k * %k %k * %k kK ¥ * 3k k

JSampIe concentration was 250 pg/mé.

> Mean £ SD (n = 3).

NS # x#, #%%|ndicate non-significant and significant at p < 0.05 or 0.01, 0.001, respectively (n = 3).

Table 2. The RCs of cytotoxicity against AGS of seed extracts by extraction solvents and germination status in Korean pepper.

Extracton Culivars Seed germination RCio ()’

Distilled water Gangryukdaetong Non-germination 69.6 + 4.4 kj”
Germination 169.6 £ 6.5 g

Muhanijilju Non-germination 1112+ 5.0 hi

Germination 1339+ 9.8 h

Wongi Tho Non-germination 334+ 78 I

Germination 63.9+11.5 jkl

80% ethanol Gangryukdaetong Non-germination 229.4 £14.2 f
Germination 1,210.4 +15.9 b

Muhanijilju Non-germination 389.1 £ 11.1 C

Germination 1,316.7 £ 20.0 a

Wongi Tho Non-germination 48.2+1.3 kl

Germination 413.3+12.5 C

Methanol Gangryukdaetong Non-germination 104.6 £ 8.3 hi
Germination 299.5 +18.8 e

Muhanijilju Non-germination 179.6 £10.8 g

Germination 332.2£26.2 d

Wongi Tho Non-germination 91.4+t4.6 ij

Germination 165.7 £7.3 g

An anticancer drug
Adriamycin 0.4+0.0

Source of variation
Extraction solvents (A)
Cultivars (B)

Seed germination status (C)
AxB

AxC

BxC

AxBxC

’RCsp value is the concentration of sample required for 50% reduction of cell viability.

> Mean £ SD (n = 3).

#Mean separation within by DMRT at p = 0.05 (n = 3).

***|ndicate non-significant and significant at p < 0.001, respectively.
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Fig. 1. Cytotoxicity of capsaicin and dihydrocapsaicin by

concentration. Vertical bars mean standard error
(n = 3).

ojell Holskz Aol sl A=e AEIF R ook Pt

2. Capsaicinoid®| MIZ=H

Capsaicinoide} 215 FEE2] M54 2lolE dolR izt
B oM = capsaicin?} dihydrocapsaicing 25 ~ 125 1g/ml2]
FTEE AT & PHEFY BEES o= Hx TaAE
A ZAFSI . Capsaicin?} dihydrocapsaicin + & =57 4
ol AMEE 293 T 859 MEF] i8] TRoEA R =
< AlE=Ao] AFHJEH 53] 125 gl FEIA A ZA
T2 AS499] 739 25.8~263%, AGSS 37.4~384%, HT-
29& 20.5~21.2%, MCF-72 154~ 163%2 ¢ Yo} ¢t
I 919k, e, el ¢ a3t oS & Bles A7t
=t (Fig. 1).

Capsaicinoid= AEOZ  capsaicin}
o] Fm 7h-2-l
capsaicin> Aa-%, Wy Sl g &
& B w2 Ao t} (Wilkinson et al.,
1996; Lo et al., 2005, Erin et al., 2006, Tsou et al.,
2006; Huang et al., 2009).

Kim 5(2002)& th&Al £5 CoLo320DM3 LoVodl
capsaicing 0.5mM FEZ AL o] 16.8 ~17.2%°] &
AZAEES BT 8I3oH o= capsaicin®] A7H} &
F oJEH 0w Axo AEHE AT, AEY F52
DNS #4-8 o718t DNA &S 744AA dojue a4
olgkaL 3tk ESH capsaicin $19A
apoptosiss Y 27]:=H| pro-apoptotic Bax©ll

o

apoptotic Bcl-22] H]-&-2S

dihydrocapsaicin o]

EF<] SNU-6682
3k  anti-
HAAA MEE APEAIZ]AL, DNA
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=4 Al SEAAFHA p532 Gl cyclin-dependent  kinase
(CDK)9] SAIARR] p21 f2dxke] HdE =38l A5 Gl
71elM K& FANTIL B EFTE 2, ps3dl
A7} G55S S7HA AE Abdo] dojdtia HiE7|
= AT (Kim e al, 2008). T2 A7) Z capsaicin
o] SHIE U] SANEFTS TAUNA AE APES
AE F718 A BaEo] (Oyagbemi et al., 2014)
AEZF5 &3 capsaicin®] & 71o] tFet WS &

Rt A

R A
3. F=20, 35 % ¥91¥ capsaicinoid

5 EApe}E wolEAlolA YERt M EEA o] capsaicinoid
o ofaf WRlEe AERIA LotRzt FE80), APES B
F-21¥ capsaicinoid ¥HE-S ZAFSFSIT

Capsaicin?} dihydrocapsaicin I o} A} FEEMA 4
ZEAom ok} elM= Aol e A (UL F A
£ 7} capsaicin®] dihydrocapsaicin®t} =2 $HS 2
T} (Table 3). 53] 80% OE-E FEA] =2 capsaicinoid &

F2 Bilon SR FE2A W FEE Bol AxsAe]

EIE SHF FEE0] 238 capsaicinoid ge] AA o
ittt F5 7F Aol gol Alm|wrt Zhgh AFEuiErolA

capsaicinoid $&#°] Ekom 7] 13 AFs] e gk
S Byt MEEAo] = FAkel HolEAke] capsaicinoid
SheFs v sk A3 capsaicine FSALOIA] 47.4 ~ 1,260.0 1g/g
=] dlon WolEAtl = 323 /g PITOE A
S Ho] MEEAH capsaicingke] AAEES 3] ofF
Aok, 3] FA] capsaicin S 583 ~1,498.0 pg/gC R =
KXo} MEFAS A YEA] eob 150 B I=
capsaicn ¥RF ofu]e} thekg RS oJgk Aom P
ok & ARolx a1 FApe} WolgAtell A vERd AGS Al
EF AEE oA 239} capsaicinoid FE9Fe] AR S A
Algk A3t FAe} oAt Wl capsaicin 3 AGS A

o]

rlo

FF AEEF] ABATFE 0.03 (p>0.05F Folilo] <
A A ko dihydrocapsaicin2] FHAFE 0.07

(p>0.05)2 JER} A & Alo]o] AR 2 5 YTt
(A vAA).
a3 HEEA

=7 AEE ATE Kwon 5(2005)S 735
Z2 guAe)

Ql lunasin peptideE FA 3=l lunasin

-1 =2
peptide> TF FAA7E Hold Alxe] 24 AL AN
A &g didls A4S 7L e FAE Al9d tE

Folel EASHA 7] Wil i1F FE=C] dY ade
lunasin peptidedl] 2]3+ Zolglxl B I3INY. F SAZFE
2] #2]% lunasin peptide= murine®] Ad-FoPM| 2L} 7IA 3,
AL QIZke] Aok MES] AMAl 27tshd X &8l 5
S dodl= AeE dHA Ut} (Galvez and de Lumen,
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Table 3. Capsaicinoid content by extraction solvents, cultivars and plant parts in Korean pepper.

Capsaicinoid (ug/g)

Extraction solvents Cultivars Plant parts
Capsaicin Dihydrocapsaicin Total
Distilled water Gangryuk Pericarp 486.6 + 6.9’ 1159 £5.5 602.5 +12.2
daetong Leaf 0.0£0.0 0.0£0.0 0.0£0.0
Seed 503.5+54 130.5+7.4 634.0+11.4
Germinated seed 0.0+0.0 0.0+0.0 0.0+0.0
Muhanijilju Pericarp 928+ 2.4 38.0+6.5 130.8 £8.9
Leaf 0.0+£0.0 0.0+0.0 0.0+£0.0
Seed 751+ 2.1 21.8+£1.7 969 £ 3.6
Germinated seed 0.0 £0.0 0.0+ 0.0 0.0+0.0
Wongi Tho Pericarp 58334 139+1.6 722 +49
Leaf 0.0+ 0.0 0.0+0.0 0.0+£0.0
Seed 474+38 104 +0.4 57835
Germinated seed 0.0+ 0.0 0.0£0.0 0.0£0.0
80% ethanol Gangryuk Pericarp 1,498.0 £39.5 667.1+£12.7 2,165.1 £ 48.9
daetong Leaf 0.0 £0.0 0.0£0.0 0.0+ 0.0
Seed 1,260.0 + 48.0 4713 £11.6 1,731.3 £ 58.7
Germinated seed 283+1.2 2.0+0.0 303+£1.2
Muhanijilju Pericarp 255.8+£6.2 125.1 £ 10.1 380.9 £ 16.0
Leaf 0.0+0.0 0.0+0.0 0.0+£0.0
Seed 182.1£5.0 1101+ 7.6 2922 £12.5
Germinated seed 27.4£1.2 15.7 £ 2.3 431 £35
Wongi Tho Pericarp 158.6 £ 2.4 90.8 +1.9 2494 £0.7
Leaf 0.0+0.0 0.0+0.0 0.0+£0.0
Seed 1140+ 6.7 62.5+ 3.8 176.5+£10.4
Germinated seed 323+£1.8 126 £1.2 449+£29
Methanol Gangryuk Pericarp 1,111.9 £ 6.5 494.2 £15.6 1,606.1 £ 22.1
daetong Leaf 0.0+0.0 0.0+ 0.0 0.0+ 0.0
Seed 685.6 = 26.7 274.4+£12.0 960.0 + 29.6
Germinated seed 0.0+0.0 0.0+0.0 0.0+0.0
Muhanjilju Pericarp 270.1 £ 11.7 145.2+7.0 415.3 £18.1
Leaf 0.0+0.0 0.0+0.0 0.0+£0.0
Seed 100.1 £ 5.3 517+ 33 151.8 £ 5.7
Germinated seed 0.0+ 0.0 0.0£0.0 0.0£0.0
Wongi Tho Pericarp 161.8 £ 6.6 92.8+7.5 2546 £11.7
Leaf 0.0+ 0.0 0.0+0.0 0.0+£0.0
Seed 93.6 4.4 57855 151.4£10.0
Germinated seed 0.0+ 0.0 0.0+ 0.0 0.0£0.0
Source of variation ok kak Rk
Extraction solvents (A) ok ok ok
Cultivars (B) rk xk xk
Plant parts (C) * %k k * %k k * Kk
A X B X C * %k %k k% k k3 k

’Mean + SD (n = 3).
***|ndicate non-significant and significant at p < 0.001, respectively (n = 3).
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1999). e} B Ao A= lunasin peptide’t THFEIo] UA] on the comparison of antioxidant effects between hot pepper

e e} doME R dAEF tigt MESAo] el
7] wiEel] MESA Bl dofshs E tE Edo] &4
st Aoz AzFATE H luteolin, quercetin, apigenin 5
i o=t HIEWIC gheFo] =9kd Fe] ol et Al
E391 MCF-73 MDA-MB-231 AI¥9] 2] oA a7}
B3 bl 9lew (Yoon ef al, 2012) SAAIE F91 1530
A e Aol theh 52 oA Sk} capsaicinoid &
el s Az FaASG gl v Sot capsaicinoid
ATt o2} theFst polyphenol ¥ 71E} phytochemicalo] Al
ApEe] #ofete AoR FHEHAT (Jung er al., 2011).

el Axp a0 3, ¢, FA), oA T o] FY
A} Wolgate] SR FEEOIM A9 T TE o
Foll disll MEEAdo] e 80% ol ek} wighe:
FEEL 293, AGSO) el W& AEAEES B HT-29
. 53] AGS

=
ST AT TTow

M e

°|

X of\

|
o} MCF-70 tiair= g4 MlxEdo] Yebs:
of thall A|lZA=Eo] Yol fI9MIE it et a7t 7]
ER=d FAel doleake] AGSel sk RCsps 2AKSH
A FA FFHF FEE RCyo| LolEA FEERT 4
of AulF oz FAplA =2 AEEAo] AN 53] Al &
% 7kl Q7] 150 w9 22 RG> Bk T3k 98
80% olere MerE= FEJS o MCF-70l| tial] AlE A}
3 a37F ATk 22y st MESES Ad Ae=w u
A capsaicing} LF FEE MEEAF] ABAe vE)
WA eFof 1 FAfel oAkl HMIE APHol= capsaicin
Rk ol thksl AiEso] dolste ZoE A7E

2Nl =

B A7e sEITH0IN Fasks 2FH ol 8SHE
gAY B 8 IFATE A e R

PJ907171) AA70] x|Yo 7 3% Az oo A=}
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