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Effect of Zingiber officinale Roscoe Extract on Antioxidant and Apoptosis
in A2058 Human Melanoma Cells

Tae-Eun Guon and Ha Sook Chung'r

Dept. of Food and Nutrition, Duksung Women's University, Seoul 132-714, Korea

ABSTRACT

This study investigated the effects of ginger (Zingiber officinale Roscoe) on antioxidant and antiproliferative activities in
A2058 human melanoma cells. The antioxidant and antiproliferative activities of 70% ethanol extracts of Zingiber officinale

Roscoe were identified based on DPPH and ABTS free radical scavenging capacities.

Treatment of cells with Zingiber

officinale Roscoe at concentrations of 0, 0.2, and 0.4 mg/mL for 24 hours significantly reduced cell viability as determined
by Hoechst 33258 nuclear staining, apoptosis analysis, and Western blotting analysis, respectively. In our study, 70% ethanol
extracts of Zingiber officinale Roscoe exhibited antioxidant activity and inhibited A2058 cell growth in a dose-dependent
manner. Concomitant activation of the mitochondria-dependent apoptotic pathway of A2058 human melanoma cells by Zingiber
officinale Roscoe extracts was mediated via modulation of Bax and Bcl-2 expression, which activated cleavage of caspases-3,
caspases-9, and poly ADP-ribose polymerase. The findings of study indicate that Zingiber officinale Roscoe extracts induce
apoptosis in A2058 human melanoma cells, and this phenomenon occurs via the death receptor-mediated and intrinsic pathways.
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A7 (Zingiber officinale Roscoe)< 2733 Zingiberaceae)©ll
&ole thdA 2EEN SR I ofrJobr} dikx] o, o}
Ao}, ok ] 7}, op2] 7t & thi-Eel Aol AulE 3 gl
tHKim JS & 1991; Kim WJ & Choi HS 2006). ™3 Zrofl 4]
A= I:jo]§7]35. ol 55 }]._a]-/\ﬂ 2E A = Tﬁ_o_}\ﬂ
o] t&doln, s R MAX R de] ARSEI 3l
(Chung YK & 2012), &1+2] A=5491 3 4821 ginge-
rol, shogaol, zingerone 5l 7|91%|™, o] ¢]ol|% flavonoids,
terpenoids 5 TFUer A& FgHEo] EAjsleE How B
2= 3 2 tH(Yoshikawa M 5 1993; Nakazawa T & Ohsawa
K 2002; Ryu MJ & Chung HS 2015). 7] F8 ke 2-&
omE 3, Ak} e e, TE, WH], nEsh Al
4, X|u) Sl 27} dvkar delA 9th(Chang WS 5 1994;
Sheo HJ 1999; Thomson M -& 2002; Shukla Y & Singh M
2007; Stoilova I & 2007; Ali BH 5 2008; Butt MS & Sultan
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2000). 23 SAF Tz o) =7t
7hssHAIRE, SAI7F B EAY AR - 5HE 2 8
o] gl& W ofe}, b V|#e R Ho|rt we dXA A%
o]thMarkovic SN 2007; Siegel R & 2012). ©|& TUHAH 2=
slsta Al Zret SA17 okEd] tigk WAdo] 73Sl = 2 (Chen
J 5 2008), ¢F= A= A] FAgo= Q19 HvhS fHAaAA
{r ofdel, HIEZ A Bee S F e A A

=ol] A A7 #E8] o|FolA| i UthKang HS &
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3l A2058 AlZAPE I BE 7112 sk e, 1A &
AFAE A A zAe] Aol &8 7sds B
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1. Ak & BRX|

Aol A18-H WX DMEMZ} fetal bovin serum(FBS),
penicillin-streptomycin(PS), Trypsin-EDTA+ GIBCO BRL
(Gibco, Grand Island, NY, USA) A &S A1-8-3}1tE DMSO,
2,2-diphenyl-1-picrylhydrazyl(DPPH), 2,2-azino-bis-(3-ethylben-
zothiazoline-6-sulfonic acid)(ABTS), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide(MTT), phosphate buffered
saline(PBS), Folin-Ciocalteu’ phenol reagent, gallic acid A]<F<
Sigma*K(Sigma Chemical Co., St. Louis, MO, USA) A &<
AH8-3193 31, 12} antibody®] Bel-2, Bax, caspase-9, caspase-3,
poly ADP-ribose polymerase(PARP) &9} 22} antibody$!
goat anti-rabbit IgG-HRP, goat anti-mouse IgG-HRP, rabbit
anti-goat= Santa CruzAKSanta Cruz Biotechnol. Inc., Santa
Cruz, CA, USA)°lA stttk

2. Al &4

A7 20124 59 A& s Al FF PR vlEd
A Fajste] ARESFATE 7ol RS S HES YA
%S AHE oA 2 B ARAIZ F AA He A
E 10 g= 70% ethanol = 80C water bathol| X 1A]7F &
3, o] H5 33] RHESIATE 3592 o] FX|(Whatman
No. 1, Whatman International Ltd, Maidstone, UK)% <] 3}3F
5, AFE FE2AE 60T Dol 2U5571(N-1000S-W,
Eyela, Tokyo, Japan)= &% $ &4 x5tk 54 A=
H AR FAE S HF5EF 15635 ), AEE
M2 —20C W@EaLel] A7gati em, 100% 32+ S/l &

¥ $3N7 F 49 A AP SER ALl Agsarh

2£1-N&

3

% Zg9E 3EE &3 phosphomolybdic ac1d9} Elass
k] A AlS Uehl= ¢2]E ©]-83F Folin-Denis
CRF 5 1992)°. 2 =439tk 10 mg/mL &= methanol o]
231 A1Z1 A& 50 pLel| Folin-Ciocalteu’ phenol reagent 50 pL
= Hrlsle]l £33 & 387 AedA vrSAIZI H, 10%
sodium carbonate &< 150 uLE 7}ate] oA 1A17F ¥EX]
. ELISA reader(SpectraMax Molecular Devices, LLC, CA,

1H (Florence

Bl o} RS

USA)E 760 nmollA] FFE=E S5t TTF gallic
acidSs o1 83e] AN AT, B Eelslx BTS2
Z A8 F% T mg gallic acid equivalent(GAE/g dry weight,
DW) = eItk
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1) DPPH Free Radical &= &4
ksl g4L 1, 1-diphenyl-2-picrylhydrazyl(DPPH) S A}
g3te] Al5e gz ~2A&NE 5%t DPPHRH(Blois
MS 1958)5 &-833ith Al FZE 100 L 7fetan Ao
01]/\1 30-‘?L HE2-Al71 ISA reader® 515 nmol|A &%
= ollle] e tisiste] 2
oz 2434 29 HrlekA] e A o)
Z HEY 50%—4 A& Holg FEE2] F(half maxi-

mal effective concentration, ECsp, mg/mL)2 3EA] 3}

A—-B
C—-D

(A: sample + A<k, B: sample, C: blank + A|

Radical scavenging activity(%) = (1— )>< 100

¢k D: blank)

2) ABTS Free Radical &= &4

ABTS F/M%} 227832 Fellegrini N 5(1999)2] ¥
2 =339tk &, 7 mM ABTSS} 2.45 mM K,S,052 410

& FellA 16’\]7& WXAIZ] & o] & absolute ethanol &
3|4y &le] ELISA reader® 734 nmol|A] F3=2 =431
olu 2] FF= Fho] 0.7£0.0027} =2 A3 ABTS
solutionS AFE-319tE 2 E TJ =2 ofgfe] Ao tels}
o gz 2AGYE Alsla, FEES H7BR &2l
2 FET 50%2] S Bole FEEC] FX(ECs, mg/
mL)Z FA| 331,

g0

Radical scavenging activity(%) = (1 é g)x 100
(A: sample + A]2F, B: sample, C: blank + A]<F, D: blank)

5. A2058 M|=ZHl|2t 2 MEZSA| 4 E(MTI' Assay)

Q1A melanoma A EZFQ] A2058 A|3EE American Type
Culture Collection(ATCC, USA)C.ZHE] AlFgigton] R ut
& A|XFE 10% heat-inactivated FBS9} 1% penicillin strep-
tomycine 37}t DMEM H|A| & AL&-3810] 5% COE &
3t 37T WlF71(MCO-15AC, Sanyo Electric Co. Ltd, Osaka,
Japan)oll A 7131, 257 o] Alth wlj Fste] v ol 2
3] ASAIZ] F AELET} 70~80% F == E3FEH 0.05
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% Trypsin-EDTA & o2 Ath wjkalnix A&l A3}
Ak Al AEZZ22 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl te-
trazolium bromide(MTT) assay & 7 3}, A2058 A3
Z 96 well platesel] 1.5x10*%2 EF-3Fo] 24417k wj ket Foj
MTT A]2FE 2.0 mg/mL %_‘T:i 50 uLE 2} wellol] *]2]3}koq
37Tl 4A1ZE FH-3-A1Z1 & iR & A A3laL, DMSOE 3
7¥ste] A4 H formazan 2] ~2-S 8347 ELISA reader
& 540 nmol|A] FBEE SIS AlXe] SHES AR
o FHEE gzre FPwe] Ug MEER Rl
(Guon TE & Chung HS 2014a).

6. Hoechst 33258 2444

A2058 Al EZ 6 well platesll 3x10° cellsymLZ 55}
2477 Bl F - A RS Al #iAE A7 ekl PBSE
23] ME TEE Aojdl & methanol 2 A-2ofA] 308 F<F
MEE 143k, PBSE 23] M &3} T} Hoechst 33258
% 57] 2 pgmlsh 5|22 pBSel] 3Mste] Alzel 7}
3L, 15 FSF o el A3 5 P dr|7d(Model
BX51, Olympus Optical Co., Tokyo, Japan)S.2 &35} t}
(Guon TE & Chung HS 2014b).

7. Flourescence Activated Cell Sorting(FACS) &%

A2058 A|3£2] apoptosis B &S S4317] £13 flow cyto-
metry 28-S 33T A2058 AEE 6 well platesol] 1x
0° cellsymL 2 #F3l0] 24417 vjfat & A8 FEES A
71tk M E @58 PBSE 23] oWl F trysin-EDTAZ
iial*‘é}@l 2,000 rppmellA] 1083F A4 Eelsta, XSS
F3 & Annexin V& Propidium lodide® J.Jf_?} 2 Flow
cytometry(BD Biosciences, NJ, USA)E A}-8-3}°] apoptotic
cell 5 ZH3IAh

8. CHEHZl b5 AlS{(Western Blotting Analysis)

A2058 A EZAPER} Al EZZH o] vhgete T 2 S
Western blotting analysis® 2FC18}Ith A2058 Al EZ 1x10°
cells'mL = 6 well platesoﬂ BFela, 7S sedEE Hulet
o] 24Xt W Fe F A XS BUTh A EE 2E woe A
7} PBSE A& & & cell & Fo} 2,000 rppmol| A 1087+ ¢
A1E-2] F protein lysis buffers 2ol A X2 3|5l 4T,
13,000 rppmell A 583F YAl & FSHS Bof AR R A}
833t ofolA @A AT - 12% SDS-PAGECA &%
o] @A S Joadingdte] 2417t FoF @S Elg T
nitrocellulose membrane®ll &t Te¥ldo] &AZ mem-
brane®l] 1% BSAZ blocking3t ¥, 12} antibody<] Bcl-2, Bax,
cleaved caspase-3, cleaved caspase-9, cleaved PARPE 4Tl
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2] overnight©. & HES-A]Z T}, ©]o]A] Tris-buffered saline con-
taining 0.1% Tween-20(TBST)2 M2 &, ThA] 22} goat anti-
rabbit IgG-HRP, goat anti-mouse IgG-HRP, rabbit anti-goat=
IXZF 2t ¥-g-A1A TBSTE Aol £, Western Bright ECL
solution®. &2 213} T},

9. SAIAz]

¥ A= SPSS Statistics Ver. 22.0(Statistical Package
for Social Sciences, SPSS Inc., IL, USA) BA Z213-Z o]

gato] 7 Aol Hitw REUAR ALk, p<0.05

Eow U AEAEA (one-way ANOVA)S S8t & =7
I Az e fFrelde Atk
o o o
1. ANzo| & Eolds et
Al de) FEslol e Fds agEe % /) o
9] phenolic hydroxyl”| & 71421 &= 3= EZ 3
}\]-:g]_ ‘6]—0]— ‘6]-03 .E./] 347]. /“ 7}\3; E.T’_Q.TL glq.
(Yu 5 2006). 7% FE2E] & Z2ve dH2 A8 v=

0.1 mg/mLo A 2.8 mg, 0.4 mg/mLolA] 11.6 mg, 0.8
oA 13.1 mg, 1.0 mg/mLoA] 18.9 mgo 2 UEh}, A7
= Tt UM E B EYulE el Svkske A

= SRIEATHFig. 1).
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2

o 4

2. A|Eof 25t DPPH, ABTS 2|zt
DPPHE & HpAS u]&= | wA <P 3 free radical =
gitsl 24 Zte ERRRE AR 52 FAE AT

o=a RT
R el wol

AQEA webloR Saslo] Gk 2

2748

gl

a
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Total phenol contents img GAE /g DWW)

Fig. 1. Total phenol compounds of ginger (Zingiber offi-
cinale Roscoe) extracts.
All values are mean.
a~® Different letters on the bars are significantly different at the
p<0.05 level by Duncan’s multiple range test.
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o] &5 1 ThKim % 2006). DPPH &}tz A7 &AL A7}

%% 0.1 mg/mL =04 1.9%, 0.2 mg/mLelA 7.0%, 0.8
mg/mLoA] 23.5%, 28]3 Ht) F=<1 1.0 mg/mLolA 27.5%
2 A7 Fwro ojEF o7 FUI8ItHFig. 2A). ABTSE Al
5o o3} 5] 5] BN E YEE o 45
o7 Jeh) dxsiie 245 98)S o83 vio g
(Wang MF % 1998), A1& %7} 0.1 mg/mLol|A] 8.4%, 0.2
mg/mL%} 0.4 mg/mLolA 242t 10.6%9}F 22.6%, 18]l &

¥w0l 1.0 mg/mLollA 27.5%2 2] 27%0] 7159
thFig. 2B).
3. AlZol|l 28t A2058 M SA[AK|
0,02, 0.4, 0.6,

E Aol A2058 Al A FEES
0.8, 1.0 mg/mL F=2 A &]|3}a, 2443t
7kste] FEE ST A4

T MTT A2k
A3} A2058 A E xg%—

30

a
1 a
b
T C
; - I
o Wl , , ‘
0z 04 0.8 1

0.1

- - [ [
=] o =] o

Radical scavenging activity (%)

5]

Concentration (mg/mL)

(A)
35 q

30 4

25 b
20
[

15 -

d
10 - e
S-J
0 - : ‘ : :

0.2 0.4 08 1

01

Radical scavenging activity (%)

Concentration (mg/mL)
B)
Fig. 2. (A) DPPH free radical scavenging activity and (B)
ABTS free radical scavenging activity of ginger (Zingiber
officinale Roscoe) extracts.

"¢ Different letters on the bars are significantly different at the
p<0.05 level by Duncan’s multiple range test.

Bl o} RS

o] 7}7} s6. 9%, 54.6%, 44.6%, 33.5% B 22.0% A8 BE7
fFoH oz A thFig. 3). 53], Al2%

-

Fras =7}
e 7g%oﬂﬁ A2058 A EZA 0] freA o2 oAlehe As
21 = ATk whebA A2058 A 22| F4] Aol lelA
A7y FZ2E0| & oEH o Fg3hS AT o]
o] A¥E ZAR dlo] 5 A== Hoechst 33258, Facs,

=
Western blot 23 2] A|lRFE=E 0, 0.2, 0.4 mg/mL=Z %3}
4. A|Eoﬂ

waaisc 1e Her g

Ak
=7} 0.2 mg/mLE FE A|E ’?‘éﬁﬁﬂ
mg/mL To| A e M2 &

Ely 4). Coiocaru SI 5(2015)< g
TEHE ‘13‘5}9\9\% o, T SAF A2
S5 31, AlxEdto] HslElom, Alg _11:_9} H] 7]

2 MES7F Ak vta Bagh b glon, B A3
=

Azt B,

9|5t A2058 MZAIHE R
A7 FEEl 23] A2058 Az F2lo] JA|= = A%
©] apoptosis®ll 71Q18H= ARIA] E= necrosisell 71913+ A
AAE E<213l7] 918l phosphatidyl serine(PS)ol] S-<]& o2
120

100

80
60 T
40 :
” In
0 . . . .
0 0.2 0.4 0.8 1

Concentration (mg/mL)

Cell viabllity (%)

Fig. 3. Cytotoxic effects of ginger (Zingiber officinale
Roscoe) extracts in A2058 human melanoma cells.
Cell viability at the indicated concentrations of ginger extracts in
A2058 human melanoma cells at 24 h was assessed by MTT
assay. * p<0.05, significantly different from control cells.
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Ginger(Zingibar offfcinale Roscoe) extract

0 mg/mL 0.2 mg/mL 0.4 mg/mL

Fig. 4. Induction of apoptosis by ginger (Zingiber officinale Roscoe) extracts in A2058 human melanoma cells.
The formation of apoptotic bodies (arrows) in Hoechst 33258-stained cells observed by fluorescent microscopy.

ZA3eH= Annexin V| popidium iodidie(PDE o] A48ta, U o] I ATHFig. 5). Akimoto M 5(2015)< #|7<t
Flow cytometery 2 % &5 F=3)alich A% A A7 A 3£9] total apoptosis’} A7 %5 0.1 mg/mL=} 0.2 mg/mL
FEES A2eA] &2 2T Ml EN| A= total apoptosis7} Al Al 242t 24.3%9} 31.0% LAY gTt . B aigh b) glom,
102% Ao, A|EE 0.2 mgmL H7FeF 499 total o] AFANME A7 F2r} S713] whgk A2058 A 2]
apoptosis= 33.8%, 0.4 mg/mL A S F =M= 59.7 %= e} total apoptosis’} 7l o, A ZAIE 3} 9L &

W A% FE2E sl vlEF R A2058 AlZAREC] o QlEsiTh
0 mg/mL 0.2 mg/mL 0.4 mg/mL
| ‘:"\ v |
-3 . \_:_r?:
o+ ) o )
=3 =7
T3 B
w7 w3
:.IIII'I'II|2 T i.l II‘IIIE:l I. IIII.III|l I.I IIIIII|s T :I.lllfl'i| U IIIIIII| .I IIIII'|I|.. T IIIIII| T
10 10 10 10 10 10 10 10
FITC-& FITC-&
Annexin V-FITC
(A)
100
g 80 -
=2 * -
g 60 A . L
“5 T
&
8 40 H = X
g T
& 20 - -
_ B 0 mg/mL
o ol . . ® 02 mgmL
Survival Early apoptotic Late apoptotic Total apoptotic 0.4 mg/mL
(B)

Fig. 5. Induction of apoptosis by ginger (Zingiber officinale Roscoe) extracts in A2058 human melanoma cells.
(A) Flow cytometric analysis of A2058 human melanoma cells incubated for 24 h. The right bottom quadrant represents Annexin V-
stained cells (early-phase apoptotic cells). The top right quadrant represents PI- and Annexin V-stained cells(late-phase apoptotic cells).
(B) Statistical analysis of apoptosis. * p<0.05, significantly different from control cells.
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6. Al27} A2058 MIZALHO| D|X|= A&
A2058 A 322] 522347} apoptosisell <7+ FFd & =<l
3k 5 A ZAPEO] Tojsls F2 QA9 Bel-2, Bax, caspases
o] HHH TS ThlA ol A FAsl7] 93] Western blo-
tting= Bttt Ad 2, Az APEE AAA T AY
AAlet= Ao 4Rl Bel2e A% 59 s=7F S0t
s Fdo] HlHA R Askelar, o9k W E, cyto-
chrome ¢®] W&} A ZAPE S %E‘??P—E Bax9] T F &
At S7Fek= Blo] ERl=Ank

TESE A2058 M EAPEC Hosles T8 TA F caspases
°} PARP®| "IRo]] 285t Alme] ek wae 23, A
g 527t 3715 caspases2] ZJ 3 el cleaved caspa-
se-3, caspase-9 & PARPS] ¥do| F718}9] S H(Fig. 6), ©]
23t P42 A2058 AEAPEO] intrinsic pathway©l] 28] Al
AEvh=s A AASkaL Sl ol= vEZ=eg]oke] Bt Fi)
A& ZA 3= Bel-2 familydl] 218} cytochrome ¢ ®&°] &
7F3FA A apoptosis F7go] 2 (Koesmeyer ST 5 1993)% 7]

9 Aoz A 4= Qo) A ZAPEL death receptorS
7] 2 SH= extrinsic pathway$} mitochondria©l] 9] %
T intrinsic pathway® T-%%| =0, ©] % intrinsic path- way
caspase-92| &4} Hwdo]

.
p
L

apoptosis initiator2 2-§-5}=

Ginger(Zingiber officinale Roscoe) extract

0 0.2 04 (mg/mL)

BAX | e— c— ——

1 1.3 15
1 0.8 0.4

Cleaved caspase-2

B
Cleaved caspase-3
p I
1 19 21

Cleaved PARP e d
1 20 25
p-actin M

Fig. 6. Effects of ginger (Zingiber officinale Roscoe) ex-
tracts on expression of apoptosis-related proteins in A2058
human melanoma cells.

Cell lysates were electrophoresed and Bax, Bcl-2, cleaved cas-
pase-9, cleaved caspase-3, and cleaved PARP were detected by
Western blot analysis with the corresponding antibodies.

Bl o} RS

¢ 2™ (Green DR & Reed JC 1998; Jin Z 5 2005), ©]9 ca-
spase-37} &3} © 24 apoptosis®] FENEE EA ol o]
3= PARP W&ol 93-S FH(Oliver FJ 5 1998), 47
50| olglg Bhge] #ofste Aoz SIEAUTh
A2Ho=z oWl A¥E Ed 70% ethyl alcoholZ F3
gk A7 A& 1.0 mg/mL E%914 DPPH, ABTS f2]7] &
5ol 7P 58l a, A2058 AlE AEE0] 0.4 mg/mL
FEoA 50% ©]F AAEJTHP<0.05). WA gitsl &
I = A2058 A EAVTE B3} 43F 70% ethanol S35
z‘ﬂ-%% ﬂ-xé% -ﬁl-tﬂ o E.;Q o xgﬂ—_q FQ %,:4

¢
shghee] el Zasit.

Y

H

bl

i)

=3 volatile oils 5 &5

7z o 29

xﬂiag Az gdJo] 9223k A3t 7%
(=4 u?uw *gﬂ 70% ethyl alcohol 5=

‘”F _125 l->

FMP:—;—S— 18.89 mg GAE/g a5
©w, DPPH 2}tZ 2753 ABTS g@olZ &7 &4 1.0
mg/mL FEolAM 27.45%% E& it} =25 L}EMRM
ek ok ZAE A EQ A2058 Aol A %% <02,
0.4, 0.8, 1.0 mgmL L2 A gjsle] AE 28 gelgt 4
2}, A2058 AIE AEEo] 22t 86.9%, 54.6%, 33.5% H 22.0%
2 AR 57} SRR A2058 Al EAPEC] F718kE A o]
RIFATE. Wt of e}, A5 FE7F S5 A2058 Al
32.9] apoptotic body & FENTA Ws}r} BEE A 0H, apop-
tosisoll <3l APEE = A2058 AlE2] Hl&o] Flehe AL
2 1At

oo} A A2058 ZAFA| Lo vh-g-ot=
9 9 FRls] fla HHE o] Hd S
ST} Anti-apoptotic @A Q1 Bel-2+ A& F=7) 71
= 734819 a1, pro-apoptotic ARl Bax= A8 F= 9
EHow ST o= RlEZEL o} v B2
= Bel-2 family©l] ©]3] cytochrome c2] W<Ee] S718FAA]
245 e Aoz 4T 4 St} E3 cleaved
S7kst

5ol

apoptosis7}
caspase-3, cleaved caspase-9%} cleaved PARP U3 =
o] mitochondria®l] 2]3 §=%|= intrinsic pathwayS
A2058 A|EAPEo] SutEle Ao FelET

2 AFANE 758 AALA EE2E g V|ERARR
AHEE g o, 2AEA Y FEAE 5o FUHE<

A7t 228 Ao w Algdh
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