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Comparison of the Antioxidant Effects of Diallyl Sulfide, Capsaicin, Gingerol and
Sulforaphane in H,0,-Stressed HepG2 Cells*

Lee, Soyoun - Wi, Haeri - Lee, Myoungsook'

Department of Food and Nutrition and Research Institute of Obesity Sciences, Sungshin Women's University,
Seoul 136-742, Korea

ABSTRACT

Oxygen is necessary to sustain life, yet cellular oxygen metabolism creates destructive elements called free radicals.
Free radicals are chemically unbalanced and carrying free electrons that can damage molecules, potentially damaging
the cell itself. For this reason, many antioxidant products, including supplements and functional foods, are being devel-
oped. In particular, natural products are rich sources of pharmacologically active compounds. The purpose of this
study was to investigate the antioxidant effects of target biomaterials in Korean traditional spices such as diallyl sulfide
(DAS), capsaicin (CAP), and gingerol (GGR), and to investigate the response of the antioxidant defense system to oxi-
dative stress by hydrogen peroxide (H,O,) compared to sulforaphane (SFN) in HepG2 cells. After the analysis of the
cell viability using Cell Counting kit-8 (CCK-8) assay, we determined that the optimum levels were 200 uM DAS, 25 uM
CAP, 50 uM GGR, and 12.5 uM SFN. Antioxidant enzymes were measured and protein expression was detected by
Western blotting. All treatments showed a significant decrease in antioxidant enzyme activity such as superoxide dis-
mutase, catalse, and glutathione peroxidase in HepG2 cells. Additionally, DAS, CAP, GGR and SFN increased the anti-
oxidant system-related transcription factor Nrf2 which was found to be regulated by the activation of MAPK-JNK in
this study. In conclusion, these results indicate the protective effects of DAS CAP, GGR, and SFN against H202-in-
duced oxidative stress. (Korean J Nutr 2011; 44(6): 488 ~497)

KEY WORDS: antioxidant, HepG2 cells, diallyl sulfide, capsaicin, gingerol, sulforaphane.
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lipid peroxides, LPO)2 &/d4k4 ufj 7§A|71 Al 2EARA ]
=2AQ0 Wo] 71 2aghe 2 WAst= Al EAAY
T4 e = OH-, 0,, H,0, 5ol AEIAIeHE Fsh= 2
o7 BuEek” 2719 free radicalo] AgA|ete] ¢li= B
3} 2] g-methylene” | S 54514 lipid radical (R-)©]
HAE 1, lipid radical> Ak49} A¢slo] peroxiradical
(ROO -)o] A=, o]A- thE a-methylene”|E 543t
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o] lipid hydroperoxide (ROOH)2} AHZ-2- lipid radical®]
Eok AR A2 Aot AARARES S 2 A efrzho] A
JEH AsAupir-go] AL 02 Yojuar x| e] M}
7H52 0 &2 A= Fo] EAo|t’ B3] 5714 A&, A%
gt Alz= ALH o R ARAS $5te] oUAE e
oF 3l2 & ROS (reactive oxygen species)2] JAlo] £7}u]
st A|azuako] x| Aut halE] sake] el S HItA7 A
= Ao|t}. olegh AR e AlatA &R wslet 3 &
W7As), s A7 Ak oF 5& 2gste] ofy 7
A A= ZfsA Bl Aok

A2 S BlEske] A W AlZe A dTAEe] AW

= A7) Al 12; o7 o= | 4A Aksho

7174& B33kl @1t superoxide dismutase (SOD), H,O,
£ A|73k= catalase 2 glutathione peroxidase (GPx) 5
= Wotm At} Ay ofg] FEox SolHe s A
sto] 22)o] pAkEHE AL Ty ojwdh FgeA
= Wol7|2e] mgAdo] sl EH ALl EAE AL,
2 5 Qlrk? Aol Alsta Ed 2o
olate] wIzkalA BFalsts AYA| AR p38, ERK, INKS-2]
Mitogen-activated protein kinase (MAPK)ZS A|ekst 4= )
oL 53] 7| o 9] AStAEd s A5 Whgake A
AetAl AT Aol MAPKEHH 9ok 4thia s
= NF-E2- related factor 2 (Nrf2)Q} Z-& HARRIZLE 11 9
2 5 Z 9k 2 BaAg)e X829 sulforaphane
o] ABPAEHARIE NEE HS3= phasell #5353+ &
491 glutathione S-transferases (GSTs)@] FQ ZAQIA}2l
Nrf2E A3tk B 19 GSTs: reduced gluta-
thione (GSH)2] family®. A& diphenols, quinones, isothio-
cyanates, peroxides, vicinal dimercaptans 59 W4E2
B2HE 71 31 59 22o] oot I vAAdS
243 oyt 2429 B-carotene, 41E2] D-limonene
9 D-carvone, sulforaphane (4-methylsulfinyl butyl iso-
thiocyanate) 5©] o]} T E|o] Qiokar ghet

e g2 H ¢Jof| A= human hepatic carcinoma?l HepG2
Aol HOARIAEE 3t & gha]e] 2okl vhg, 115
A7ro) paksl x| #5291 diallyl sulfide, gingerol, capsaicin
£ A5} sulforaphane®] FAIA A8 9 bl 1A
Hlasto] 7F &40 o aukS eRlstarat g

e
A
—

!

tlo 1

A7y

M S AA|
Sh=A| 3E5=-28) (KCLB: Korean Cell Bank, A&tk &
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sl At A) oA A ZFIAE (Human hepatocellular
liver carcinoma cell line) & +48+e] 10% FBS (fetal bovine
serum)2} SYA] (penicillin-streptomycin)7F A7Hel RPMI-
1640 media® wjeFetch A= AT 5 FAISH:=
37C 2] incubatorolA 371 (95%)} CO, (5%)2] 237 |AE
ALEH o 82 FastaA HiYAZ|aL 2 wieh BiA]E ksl
T3 3~4% with Al wjFst trypan-blues o83t A&
EZA = AAgt) Pilot studyoll A= E8432] confluency
of] =gt AefollA =/do] et AStAEr| IR HO.5
AR|BIAL g, 215, 7] kel A =21 diallyl sulfide
(DAS), capsaicin (CAP), gingerol (GGR), sulforaphane (SFN)
= sEHE 27 A HAste] BEE (CCK-8)S 4T

= 712t gt ARAR] FE AsHinh Al
Wl kst agy 571 Aatalst oA aa 9
71AAEE 913 AR E=EE DASE 200 umol/L, CAPE
25 umol/L, GGRE 50 umol/L, SFN- 12.5 ymol/L2.& ZA
=] e

Cell proliferation

TBHP2} diallyl sulfide, capsaicin, gingerol, sulforaphane
= A &2 27 AR = Al e] 4ES CCK8= 574
St AJoR2 AolQlE Alszol A NAD7} NADHE A/d% =
A o] &5Fo] WST-8 Alefo] o] & Ajitsl Al7]= Aol
A7) A HIFRE 450 nmollA FFEE SEFZA] Al

EZAES ohugltt

Superoxide dismutase (SOD) 2AZY

Superoxide dismutase (SOD) &% &2 Cayman SOD
assay kito & ZH%E 450 nmollA] =435}, Superoxide
radical& 50% dismutation 3=t Z.23F SODZF2 1 unit
© 2 sfo] B SIS ol | mg TR VERHICE”

Catalase (CAT) 2AEY

Catalase activity %= =72 Cayman Catalase assay
kitE o]8-3slo] 4= 540 nmollA &4 en AT
1 nmol®] Formaldehyde& AJ435l=t] & Q3 Catalased] %
< 1 nmol® sto] 5 SAAEE Thild | mg T E e}
Wolck”

CAT activity (nmol/min/mL) =
Fomaldehyde uM

X dilution factor
20 min

Glutathione (GSH) 24 level
GSH (glutathione; L-y.-glutamyl-L-cysteinylglycine)-
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ol DNAS] 3Hdat Ajzzate] o]&Fof AA% = =51
WS ARGl R HE HSsl=t 543 IS st mA0]
t}. Glutathione peroxidase= GSHE AR AF-8-5}o]

Az o] IR A S W TS gt o AkEkE GSH
= GSSHzIAL 31 total GSHY AFsIH GSHE] #fo]=
A= GSHE| %S GSH kit (Arborassay, MI, USA)Z éxé
SFACE” atshE o] H21H cell lysate @x109942] A
Z Ao A 2-vinylpyridineE A&|8}] free GSH HH-5-2 A
AR o2 AkslE GSHE =451 total GSH =&2-2] 2}
O|2 free GSHE &= 405 nmol|A £43tH o]& Tzl
1 mg &2 ARk

GSH = Total GSH levels - Oxidized GSH levels

Glutathione Peroxidase (GPx) activity
GPx &4 A2 GPx assay kit (Cayman, MI, USA)ef 2]

3] ZA=[9ich o] B4 GPxoll 23l GSH7F Akhe
ee]l GSSG7| 2HE v 4M|E= NADPHO =&
FeE olgste] SAshe delolch Aol /\}&EJL AJoF
NADPH, glutathione, glutathione peroxidase ¥ assay buffer
(5 mM EDTA, 50 mM Tris-HCL, pH 7.6)2] &3-52 -4
FQioh Bk-8-9] 7§A|= GPx cumen hydroperoxide2] Z7}o]
ofal} o]H 2 GPx E4d-> NADPH Ak} Hl-&& 4] 340 nm
oA SFEE 120ttt Holw 534 A3t S4H 2
= 3t unite] GPx7} 18 52 NADPHE NADP + 2 AF
A7) FE 1 nme 7|52 & o] ARFEQICE”

FIO II101< 091.’

GPx activity (nmol/min/mL) =
AAs/min 0.19 mL

X
000373 uM’ 002 mL

X dilution factor

LPO product

T A EE AR EE A
rous ions¥} 7] HH-5-5}¢9 ferric ionS A4l o] & thio-
cyanate ion¥} ¥H-3-3H= AEE detectdl= AHSksh k-39
Y= ]85k LPO kit (Calbiochem, california, USA)&
7513k ﬂ/‘]@}%@"] 22 E cell lysate (5x10°0014 =

E2oHg3t LPO7} fer-

EREIXEO0R 22E LPOS 500 nm SLEAES 0|85}
243931 A3= standard curveol] 9Jslo] AXlE A=
M2l | mg @ nmol/L/mg® YERHICE?

Western blotting
DAS, CAP, GGR, SFNof| &Jgt gAts} ke ohia hale

wasE] $45ked western blotting A¢ 3

CAP, GGR, SFN& HA|sAL &2 %

M|3EZE BioF3t & lysis buffer (50 mM Tris, pH 8.0, 1% Triton
x-100, 150 mM NaCl, 1 mM EDTA, 0.1% SDS, 0.5% Sodium
deoxycholate) & *2|slo] A5 4=78F A 3298-8- 14,000
gollA 20427t AR ste] S-S Al AHg-SFITh
e A5l & %‘ﬁé‘%} 20 ug)e 8%7 SDS-PAGEZ
olgste] X7|P = el TS nitrocellulose mem-
brane®]| transferO}‘ﬁE} Transfer® nitrocellulose mem-
branes 5% BA| &80 2817k =<t blockingdt tF2, 1X} &
A (caspase-3, cytochrome c, bcl-2, NFkB, p-ikB, MAPK
(JNK, ERK, p35), NrF2; Santa Cruze Biotechnology)&
membraneX} ¥1-5-A17]13L TBS (Tris-buffered saline/Tween
20, TBS)Z washingdlil 12} gAlo]l st So|2 22} A
£ A2ofA 1 A7 F3F 9ESAIF L Membrane washing 5
ECLE (Biorad) 2 & 4 & X-A L& (Kodak XAR)O| =
ZAA FAFSI. 2, Bio Image J Analyzer (NIH, Bethesda,
USA)= 235 A5k

& A=

& AgolA e B 2Y+= SPSS SWe
l9ic). Wt + EEHA} (mean + SD)R 319, ANOVA
test & p <0.05 Fo A 2 A ZF &2 wij A

o5 Lpehigict

olgsto] £4]

o & i

SFNZ} DAS, CAP, GGR MA[°| [ME HepG2 MESAE
H|

HepG2 Mo H,O, ASIAEHAS FEg & 2219
chemical& #] gt th-5 BE2ES S75H3 L 23t= Fig.
1o YepigIct, 1 Axt HONHS Aejgh e o] A&
o] Zrastglon DASS] A3 Ea = 12414 100,
200 uMe] 7} =9kon CAPS] A3 E a7 1247F
ol A 50 uM, 24A17kolA] 25 uMe] &3} =94tk GGRY
AEZSEFTI= 1247 D 24A7F TR0l A 50 uMe] &}
7} 744 Utk SENS| A9 BE A7k A 12,5 uMe] At
7F =071 Wizl olel fARRE HeY] AHEES Hel T
(DAS 200 uM, CAP 25 uM, GGR 50 uM, SEN 12.5 uM)
£ AAste] ZF chemical® dHikst a4 A= 9 7| &F
4 staratsielt.

SFNZ} DAS, CAP, GGRS| BAIst2A gy Hiul
HepG2 Aol DAS 200 uM, CAP 25 uM, GGR 50 uM,
SFN 12.5 uM2 H2]3}o] 12417 @ 244|7F Bof| gHAks} 7
& 7} SOD, CAT, GSH, GPx &4 B2 243l0] 1
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FE doprotrt 1 A3t H,ORRS A2gh Al2Zoj|4 SOD
A8Ho] thtol 8 75.2%% 743 ukdol H,0,2t
7 DAS, CAP, GGR, SFNE #2|3H4] 12A4171jF 3 A| %
o] A9 SOD f4 &84S 72+ SFEN (1299%) > GGR (120.5%)
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> DAS (107.8%) > CAP (1059%) <22 Z7}F=131c} (Fig. 2A).
Z1efut 24X 7Rk Sofl = H,0,42] -2tk CAP, GGR, SFN
9t 108.2%, 114.5%, 104.7%% SOD&EAZAJ0] Z71EQlaL
DASE HO A 420 2 74319tk CAT &42 249

DAS
*kk
Fokk
b
1.5 =
NS
¢
T
a
[a) s b b a a
o 1.0 4 a
S [] control
% ] N.control
= [ 100 uM
O 0.5
© I 200 uM
0.0
H202 (200uM) — + + + -+ + o+ - 4+ + o+
DAS (um)  — — 100 200 - - 100 200 - - 100 200
Ohr 12 hr 24 hr
GGR
*kk
ok
d
NS —T
1.5 4
c
¢ b
L a
8 10 b [] control
é ’ @ ] N.control
B [ 50 um
>
o 05 B 100 uM
O
0.0
H202 (200uM) - + + + -+ + o+ - 4+ + o+
GGR(um) -~ ~ 100 200 - - 100 200 - - 100 200
0hr 12 hr 24 hr
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ok
ok ’—‘
) d
_ NS
1.5 e c
1 d d
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a
8 1.0 7 ©
O$. ’ a [ control
=
3 ] N.control
[¢]
> B 25 uMm
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0.0
H202 (200 UM) — + + + - 4+ + o+ -+ 4+ o+
CAP (um) - — 25 50 - = 25 50 - - 25 50
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SFN
ok
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c
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c
b b
8 10 - a [ control
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Q
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(@)
0.0
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SFN (um) - - 125 25 - - 125 25 - - 125 25
Ohr 12 hr 24 hr

Fig. 1. Cell viability of DAS, CAP, GGR and SFN in H.O; induced Human Hepatoma HepG2 Cells. DAS: diallyl sulfide, CAP: capsaicin,

GGR: gingerol, SFN: sulforaphane.
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Fig. 2. Anfioxidant effects of DAS, CAP, GGR and SFN on the activities of SOD (A) and CAT (B) in H.O. induced Human Hepatoma
HepG2 Cells. DAS: diallyl sulfide, CAP: capsaicin, GGR: gingerol, SFN:sulforaphane. Data are presented as mean + SD. a, b, ¢: Signifi-
cant difference between the groups were tested by ANOVA. *: p <0.05, **: p < 0.01, **=: p < 0.001: Significantly different each

groups compared to negative control (only H205).
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g 1.0 I DAS 200
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Fig. 3. Effects of DAS, CAP, GGR and SFN on the levels of GSH (A) and GPx activity (B) in H.O2 induced Human Hepatoma HepG2
Cells. DAS: diallyl sulfide, CAP: capsaicin, GGR: gingerol, SFN: sulforaphan, Data are presented as mean =+ SD. a, b, c: Significant
difference between the groups were tested by ANOVA. *: p <0.05, **: p <0.01, ***: p <0.001: Significantly different each groups

compared to negative control (only H2O»).
H,0,& A2|A] ti2+t9] 76.8% =2 BAdo] As ot GGR
3} SENS 124171 j9Fs CATEA0] 111.6%, 123.3%= %7}
51 24417 vk So = GGRYF CAT 2H4do] 118.6% 7}
stk (Fig. 2B). GSH 425-& 573 A3h= Fig. 3Al UEt
Wlom HONHS A23h Al2zo| A= th22] 90.4% =+
2 ZAEct 224 DAS, CAP, GGR, SENE 124]7H)
747} 110.4%, 124.0%, 112.4%, 130.9%= GSH 4=Z0]
71tk 24X 718lSF A] DASHE 112.4% % GSH7} ?7}1‘4
- GPx :@L/\Ag _z_xh;} ﬁJ,Jr HZOZX4X]7} q.] :,194 86.3%
F2319. 0 DAS, CAP, GGR, SFNE ¢ Z|2]A] 124]
vloF B 217} 118.2%, 130%, 111.9%, 146%= GPx E4Jo]
7He] It (Fig. 3B). 24417 HliQF ol = 12417kl okket oF
SEANE K= Fof| A H,O A Ak et AREA]] S7HE Haich
EATe] AR = GPxel /42 GSHE| Fo vl o= 4]
o]lal ARkA 0 2 SENO| ghiteta w7} 71 oyt

SFNZf DAS, CAP, GGR® LPOY Hjuw

HepG2 Aol H,O.8HS 1087+ A2] gt A|3Zol 4] DAS 200
uM, CAP 25 uM, GGR 50 uM, SFN 12.5 uM< 34| 124]
7F W 24X 7keF Fof] LPOAAS ProbRgith (Fig. 4).
H,0, 1082 A% 12A17F, 2441789 A] I tj =yt v]s}
o] oF 125% A% LPO7} AA=Sict. 12y DAS, CAP, GGR,
SENZ 12417k v Zof|= SENZ} DAS7E, 24417k wljoF =
GORUF tj 2 4220 2 P07} A5k ik

SFNI} DAS, CAP, GGRS WNSHRIZ! Erymurs By

H,0,2 ASIAEHAE G96F HepG2 Al3E A DAS,
CAP, GGR, SN 27} 200 uM, 25 uM, 50 uM, 12.5 uM
3027F A3l western blotting analysis® A5} th
(Fig. 5 and 6). A1 Akst AE AR QI AA} Q1A Wt
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g [ cont

2 25

3 [ N.cont

1S
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S Il CAP25
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hel

o [IsN 125
Q

g 1.0

H202 -+

o+ o+ o+ -+ o+ o+ o+
Treat — — DAS CAPGGRSFN — — DAS CAPGGRSFN

12 hr

Fig. 4. Effect of DAS, CAP, GGR and SFN on LPO reduction in
H20- induced Human Hepatoma HepG2 Cells. DAS: diallyl sul-
fide, CAP:capsaicin, GGR:gingerol, SFN: sulforaphan. Data are
presented as mean = SD. g, b, ¢ : Significant difference be-
tween the groups were tested by ANOVA. #: p<0.05, **: p<0.01,
#+x. p <0.001: Significantly different each groups compared to
negative control (only H.0>).

24 hr

ArE &olr 7] 98 nuclear factor kB (NF-kB)&&l-2
zOz‘j}£ AEgt MlEzof| A= NF-kB &do| f
1/]’ SFN > DAS = CAP =GGR &«2.2

= XéOP@l p-IkB
=4l H.0, A El AJazof| A th et

}a}% Ptﬂ0ﬂ SFN > GGR > CAP > DAS
+£0 2 folAQl wrawk A7 W= (Fig. 5A). o2
2 ABAEY A A1 9] up-stream FEIAE FRI5H|
$8ted MAPK &S glgh A3t INKQ] QlAkstg el
pINKZ} GGRE A|€)3F SEN > DAS = CAP &0 & Z7}3}
%31 ERK®} p38-2 zto]7k §loiet (Fig. 6A). o] INK2]
3= Nrf2E HEA7| 22 o5 2Ig 23} DAS, CAP,



GGR, SENZ A &gt HepG2 Al|3Zol|A] Nrf2 2&o] Control
o] njate] foHo 8 Z71atglar, Nrf2d] QlAIS}gE o)~}
230l pNrf2 2Hé 3 SFN = GGR = CAP > DAS &
2 {9291 Z71= et (Fig. 6B and C). TNF-0.9
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i

2 A= AL Al2"lolA HO2 8 ARtAEY A

wrHEF GA] plkBo2) W3t ASFS UERG oY NFkBY W 7F &£A4ko 225 E DAS, CAP, GGR, SFN9 25 gi&
g KA NP2 ALY AL & S el S, 8 I 4 9
TolA= & 4= gltt (Fig. 50). AlRfAE|2of O3 B 315 93t 7| e 2A F4AR S-S 3sk] witel 4
=)o} AT S A7) Q8) caspase-3, cytochrome ¢, bel-2  SHAE#H AL HE gyE wash| ¢oh giitoz A ’6‘}
B2 AT E ALE HolA] Yot AaL, QA 2l ZHAAIES] HepG2 A|22E AFE-819IT] &
plkB-a NFkB NFa [ "
—————
@okoo) N GE) N TN W . (40kDa)  — (7kDa) |- -
kB-a = B-actin B-actin
(39 kDa) m (45kDa) e S (45kDa) - ———— -
& H202 - + + + + + H202 - + + + + o+
B-actin Treat — DAS CAP GGR SFN Treat — DAS CAP GGR SFN
e — —
s5kpa)
H202 - + + + + +
Treat = — DAS CAP GGR SFN
p<0.001 o . p<0.01 p<0.001
3 120 ° 2 10 5 0
= de cd 5 b b S 140
8 10 be 5 120 > o 120
g © N & 00 | ® ? &
E— < £ 100
8 w0 5 8 § e
=% = ==Y
3 20 g @ 560
% 0 Z 40 Z 10
H:02 - + + + + + H02 - + + + + + H:02 - + + + + +
Treat - - DAS CAP  GGR SFN Treat = = DAS CAP  GGR SFN Treat = = DAS CAP  GGR SFN

Fig. 5. Effects of DAS, CAP, GGR and SFN on the expression of oxidative stress markers, plkBa (A), NFkB (B), TNFa (C) against H2O»-pre-
freated HepG2 cells. Actin levels were compared to ensure equal amount of protein loading. DAS: diallyl sulfide, CAP: capsaicin,

GGR: gingerol, SFN: sulforaphan.

pJNK A S IR Nrf2 B e v pNrf2
(46/54KDa) ~ T S (57 kDa) _f_'gz"i'_;_s -L B . (17kpo) - DD
JNK S e e - B-actin B-actin . . i
(46/54kDa) B EED D WS "= = (45 kDa) — — — — — — (45 kDa) —— N —— —
B-actin — _
H20: + + + o+ + H202 + o+ o+ + o+
(45 kDa) Treat - DAS CAP GGR SFN Treat - - DAS CAP GGR SFN
H202 - + + + + +
Treat DAS CAP GGR SFN
p<0.001
_ 250 p<0.01
[<} = C
£ 3 200 g ¢ ¢
200 < S
: : o
3 o o
% 150 N 10 8 1% ab
:g E £ a
T o Q
3 100 3 100 g 100
z < N
3 £ z
50 zZ 50 g 50
H02  — + + + + + H:02  — + + + + H:02 - + + + + +
Treat - - DAS CAP GGR SFN Treat - - DAS CAP GGR  SFN Treat - - DAS CAP GGR SFN

Fig. 6. Effects of DAS, CAP, GGR and SFN on the expression of antioxidative signals, JNK and pJNK (A), Nrf2 (B), pNrf2 (C) against H2O2-
pretreated HepG2 cells. Actin levels were compared to ensure equal amount of protein loading. DAS: diallyl sulfide, CAP: capsa-

icin, GGR: gingerol, SFN: s ulforaphan.
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