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Antioxidant Activity of Black Panax ginseng

Sook-Young Lee, Dong-Hee Kim‘*, Won-Hong Woo

This study was performed to investigate the antioxidant activity of extracts of black Panax ginseng (BGE) and
its crude saponin (BGECS). The antioxidant activities of BGE and BGECS were evaluated for free radical scavenging
activity against stable free radical (1,1-diphenyl-2-picrylhydrazyl) DPPH, nitrite, hydrogen peroxide and superoxide. In
addition, the antioxidant activity of BGE and BGECS against peroxyl radicals, hydroxyl radicals and peroxynitrites were
determined by the total oxy-radical scavenging capacity (TOSC) assay. As a result, BGE and BGECS were found to
have a strong inhibitory activity with >90% against the DPPH radical at 1000 g/m¢ concentrations. Also, BGE and
BGECS exhibited strong inhibitory activity with >80% against hydrogen peroxide at lower concentration (125 ug/mf).
Moreover, specific TOSC values (405 and 473 TOSC/mM) of BGE and BGECS against peroxynitrites were higher than
GSH (347 TOSC/mM) used a positive control. These results suggest that BGE and BGECS could be useful to develop
functional foods against disease related oxidative stress.
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AUCS} Hlu o 24 TOSC s Aldbehct. T3 gl & Q) it
3 E49l glutathione (GSH)E EFEZZ AH§do 2N FH
Ao g st &S APzt Hlad F vk mebA o] Wy
S AEHA A AsdEA e kst S AHgHoR
4% 4 Y TOSC assay= @4tsh &4 2lol= 2Z o,
8%, 93 SolA Fits HE S5t sty 2EH 29

+9%
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1. A=

20099 g FAtelA 1090 S AMF 5T FakE
FARNFEHoRRE TSt 3B FollA 33 AHsta &
w3 AH7IA 33 AHSAT (XS o] 8dte] Fabs

ste} o] 25-30% FEE RFE F F T

Alefez  AH8¥ DPPH, GSH,
ethylenediaminetetraacetic acid (EDTA), ferrous ammonium
sulfate, HO,, 2,2 -azobisamidinopropane (ABAP),
3-morpholinosydnonimine  (SIN-1), KMBA,  tBHP,
tetraethoxypropane (TEPP), diethylenetriaminopentacetic acid
(DTNB), NADPH, sodium nitrite, acetic acid, hydrochloric acid,
sulfanilic acid, naphthylamine, 2,2-diphenyl-1-picrylhydrazyl,

ascorbic  acid,

butylated hydroxy-anisole (BHA), nitro blue tetrazolium,
xanthine, xanthine oxidase, potassium phosphate monobasic,
potassium phosphate dibasic, PBS, peroxide %<& Sigma
Chemical Co. (St. Louis, MO, USA)ol| A, ol &h-&-& (F)4td oA
T, 71712 A3 GC= ShimadzeAl (Tokyo, Japan)
9 GC-20105 AH&-3FAT

3. st 24 =4
1) DPPH 2% &A%

DPPH free radicale] 3 A A&42 BloiseWH>S W3
st 243 At 2+ A1F 20 0o 0.1 mM DPPH 180 (S ¥
vortex3F ¥, 30% F<F W3 t}2 560 nmol A THES =A

&9tk DPPH gz 2A%S o8 Aoz Yeudr.

DPPH 2iC|Zt 275 (%)
[=]

= =29l ET= - WS EYT/HERY EFE] <100

2) Nitrite &~A 2§
ol A A2 AZEL Kato B¢ Wef we} oS3 2ol
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434t &, 1 mM9 NaNO; &9 30 woll ASFZES 60
wWE A7Vt o37]el] 01 N HCl €9 210 & 7tete] HAE
300 w2 3ttt 2E]la 37CoAA wﬂio} WA A d2 ut
SHG 40 w A HakaL 7)ol 2% A & 200 W HUVE o

2

S Griess A% 16 WS 7138t EFAA AL A 1587 ¥

AR F FF EREEAE AHESY 520 nmol A FAEE S
Aokl ZESE oA EY WMESE YUY ITAFS
GriessA|oF 4] S/RTE 7hete] & oz PeiAdot
N(%) = [1-(A-B)/(C-D)] x 100

-N: OFEA 27S5(%)

AT AR EEE

‘B AE OiE=Ze 3%

-C : Control?| &=

-D : Control iZF2| S&E
3) Superoxide anion &A%

Superoxide anion 4784 Okamuras>¢] WHS W

3t =43t = AR 20 W, 2 mM xanthine® 0.1lmM NBT
Ed 160 wWE 005 mM EDTA”} *x3® 50mM
potassium phosphate buffer (pH 7.4)°ll l—"‘ﬂ xanthine oxidase
(0.5 unit/me) 20 W& H718ted 37TAA 308
&, of7]o] 25N HCl 80 ulE H7bste] o
560 nmoll X FF=E 339
4) Hydrogen peroxide &A% &%
Hydrogen peroxide &A&/32 Park =200 wl¥of ulg}
96-well microplate®] phosphate buffered saline (PBS) 100 ul,
BIE 20 wE ¥ 1 mM HO0E 7F3le] 583 3 o2,
1.25 mM ABTS 30 09} PBSO =<1 peroxidase (lunit/ml) 30 e
S 71t 37Tl A 1087 ¥ESAIZ] F 405 nmoll A F3 =5
a3t
5) TOSC W< o] &3 T3t 24
TOSC assay= Winston?'ol] 93] A= 2 ARES
o&f 38 W e Agste] 489 Peroxyl radical e
2,2’ -azobisamidinopropane  (ABAP)E 35T ol 4]
homolysisAl 7 28 A1 A H. Hydroxyl radical> Fe} ascorbate
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£ o] &g Fenton reaction® &, peroxynitrite=
3-morpholinosydnonimine (SIN-1)¢] A1 g2 & T3 LA
ARG #AT Zh7+e] oxy-radical> KMBAS} ¥Hg-3HH

ethyleneS EA3lH o] o] TOSC #e LAHY WolHe &
To] & ol yehfA & AeE Bud b g W
o1 e WAL R Z D E 15 ml £7)9 o] WY
A7 o A HE ethylene §H3-87]19] head space 37 0.4 ml
< F3t GC (GC-2010, Shimadze, Tokyo, Japan)Z & 45}
AZ3A . Oven, injector?} flame ionization detector®] =&
27} 60°C, 180CE A3+ Supelco SPB-1 caillary column(30
m x 032 mm x 025 mm)E 423 gas chromatograph FX| &
AH8-3l G th. Carrier gasZ+ heliumS AH8-319.2. 9 split ratio
30112 A3tk TOSC & TOSC=100-(SA/CAx100)2] 2]
2 TG, SAE A7l WE sampled] ZE gholx, CAE Al

-

el w2 control®] A& gkolth Control2E 3% FHFE 4
g3t om ARRE 34 70% AES %2 (BGE) o 34
AFEY (BGECS) 9ol Atz T o2 GSHE AH&atqth o
e 22 Rahs AR
JSA/ [ CA =10] €% TOSC = 0¢] g< ZEth Hgj2 [SA
— 0¥ "= TOSC %2 1009 38}, Specific TOSC 32 4
o] 7 TOSC #& AREA F=d wet HZxE3leta A3 3
24 (linear regression analysis)& 3 7] €715 A& % o] g
ANPEA & pro] 34t TOSC Fe ETIA
o 33 Nl HEE 2oz 779 TEuy AMEAle,
FIgFs A Feh

=z

o 1

A} oxy-radical scavenging capacityS

4. BA A
e A¥AYE g + EFAXRE FAZoH A

SAAA FoAe GraphPad Prism program (version 4.0)% o]

&43te] One-way ANOVA-test ¥ Dunnett's Multiple
Comparison TestZ 213}9] T}
2 7}
1 ke Az
% 579 WS o] gdte] FAHS o] gl Fake Alxs}

A=

Sake] AR A F5 A4k 500 g & A& 70%
e FEE 1787 g & Q3 o] RS I A}%ﬁ}@l T3}
ge FEEQ 34 ZAIEY 235 g (47%)S LAt

3. 3ikst &4
1) DPPH 2tz &A%

Free radical2A] ®lnl& <+ 3k
ZToF AN AEe gitst 848 Jehle FH9EAQ
BHAS Z4F 70% ol&+¥ F%E (BGE) ¢ IS4 ZAEW
(BGECS)9] free radical 2AE&4E A3t T) Table 10149}
Zo] A Z7¢ BHAE 250, 125, 62.6, 31.25 2 15.62 ug/ml
o] ExolX Ztzt 70.82+0.67, 42.90+0.29, 25.65:0.20, 9.76:0.17
2 4.64:0.82%9} o] FEEHOE 73} free radical &~
A& e AT ofo HIE|A S4t 70% &g FEE (BGE)S
e B Fst F9S YERJAAT 1000 B 500
pg/mist 2L =L FEolMe 97.87+0.17 E 92.45+0.77% 2] 7
23} free radical 2AZAE Ve AT

I 250, 125, 625 % 313 wg/ml wZAME 7}
61.76+1.17, 37.85+0.41, 21.59£0.77 L 12.88+0.50% ¢} 70| F%E<]
Zz# o2 vuF 73 free radical 2AZAE Ve AT A,

4 ZAFE A (BGECS)Y] 79 &4 70% ©-& FE+ (BGE)
T A 553 FF O 2 free radical 2AZAS YIS A F

39 THFig. 1).
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2) Nitrite 27 24
Table 2049} 7ol FAZT BHAE 25 125, 6.25,
312 9 156 pg/mle] FEONA Zbzb 92.97:0.94, 51.08+0.47,
25.95+0.94, 10.45+0.86 2 3.76+0.94% %} o] T oEHoZ 7}
3k nitrite 2AZAS JERRATH DPPH radical ] o3k
AgATE 2 Hu A = 25 pg/mbel M= 90% ol
ZE3 2AEHES g o T Atk ol HIsjA]
34 70% oS F2E (BGE)S ¥AUzT vl e <3
A4S UehRAT 3125 2 1563 pg/mle]
04+1.27 L 81.6+1.27% ) 7 & nitrite 2HA TS
o} ®3 781, 39, 195 2 9.8 pg/ml 5= A
493156, 11.8+1.56 2 15+1.23% %} Zo] &
# 7} nitrite 2AEEE YER ST Fig. 2). 94,
' (BGECS)Y] 7% 34 70% oleh&

B8 FFOZ nitrite 2784
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Table 1. Scavenging activity of BHA on DPPH free radical
DPPH Radical Scavenging Activity (%)

Sample Conc. (ug/me)
250 125 62.5 31.25 15.62
BHA 70.82 + 4290 + 2565 + 9.76 4.64
0.67 0.29 0.20 + 0.17 + (.82

BHA : Butylated Hydroxy-Anisole, Data are means + S.D. of 5 experiments.
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Fig. 1. Scavenging Activity of BGE and BGECS on DPPH Free
Radical. BGE : Extract of black ginseng with 70% EtOH, BGECS : Crude saponin
of black ginseng extracted with 70% EtOH

& 100 |
g —+— BGE
S go| |—— BGECS
g
2 60
(=]
5
2 40 -
[}
®
o 20
Z o/
9.8 19.5 39 781 1563 3125

Concentration (ug/ml)

Fig. 2. Scavenging Activity of BGE and BGECS on nitrite. BGE :
Extract of black ginseng with 70% EtOH, BGECS : Crude saponin of black ginseng
extracted with 70% EtOH

Table 2. Scavenging activity of BHA on nitrites
Nitrities Scavenging Activity (%)

Sample Conc. (ug/mf)
25 125 6.25 3.12 1.56
BHA 9297 51.08 + 2595 + 1045 + 3.76
0.94 0.47 0.94 0.86 + 0.94

BHA : Butylated Hydroxy-Anisole, Data are means + S.D. of 5 experiments.

3) Superoxide anion &A%
Table 30149} Zo] YANZETF BHAE 100, 50, 25, 12,5
6.25 pg/mle FZolAM  Z}Zt 96.95+1.57, 42.13+1.32,
27.10£0.52, 12.5621.04 L 4.98+1.34%%} #o] F& &&Z o7 7}
St superoxide anion radical &~ &4& Ye T o]l 13
A Bk 70% ee FEE (BGE)S YFART vside
& Z4E JERHAAT 1000 pg/me FEoA

59.62+1.11% 2] ®Ix& k3t superoxide anion radical &=AE43
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< Yeh A th(Fig. 3). T3 500 € 250 pg/ml =M= 247}
10% v Rke] "] eksk superoxide anion radical 4~ A4S YEM
ATHFig. 3). 3, Z4k ZALEY (BGECS)Y] H$ 70% ol
gg FEE (BGE)o WA 43 72 superoxide anion

1= T=a2=2
radical 2784 LA 255 0HFig. 3).
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Table 3. Scavenging activity of BHA on superoxide anion radical

Superoxide anion radical Scavenging Activity (%)

Sample Conc. (ug/me)
100 50 25 12.5 6.25
BHA 96.95 + 4213 + 27.10 = 12.56 4.98
157 1.32 0.52 + 104 + 1.34

BHA : Butylated Hydroxy-Anisole, Data are means + S.D. of 5 experiments.
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Fig. 3. Scavenging Activity of BGE and BGECS on superoxide
anion. BGE : Extract of black ginseng with 70% EtOH, BGECS : Crude saponin
of black ginseng extracted with 70% EtOH

4) Hydrogen peroxide &A%

Table 40149} 2o] FAh=F BHAE 50, 25, 12.5, 6.25
2312 pg/mle EEA ZHZ 9236+1.76, 68.45+2.15,
46.87+0.96, 25.43+0.99 2 10.75+1.87% ¢} #Zo] & o&Ho =T
743 hydrogen peroxide 2A&4-S UERATE olo] HISA
A 70% g FEE (BGE)S FAUzT HsiNE o

YERHAAIRE 125 pg/mee] &= M= 89.98+0.37%2]
H&3& Uer AthFig. 4).
SEANE 474 6287:055 %
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36.05+0.10% 2] hydrogen peroxide &A&4& YEU Ath(Fig.
3). &4, Z4 ZALEY (BGECS)2 A 54 70% dge &
E (BGE)dl| HI3IM A9 53 F 22 hydrogen peroxide 2
AGALE YEE S #F3HSATH(Fig. 4).

Table 4. Scavenging activity of BHA on hydrogen peroxide
Hydrogen Peroxide Scavenging Activity (%)

Sample conc. (ug/me)
50 25 12.5 6.25 3.12
BHA 92.36 + 68.45 + 46.87 + 25.43 10.75
1.76 2.15 0.96 + 099 + 1.87

BHA : Butylated Hydroxy-Anisole, Data are means + S.D. of 5 experiments
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Fig. 4. Scavenging Activity of BGE and BGECS on Hydrogen
Peroxide. BGE : Extract of black ginseng with 70% EtOH, BGECS : Crude
saponin of black ginseng extracted with 70% EtOH

5) TOSC 3ol 93 oxy-radical &AE

Peroxyl radical, hydroxyl radical % peroxynitriteol] o]t
4 70% ¥ FEE (BGE), 34 2AMEY (BGECS) ¥ %
AozTog AREE GSHe 2724<S TOSC WS ol &3)
o H7}8}H th(Table 5).

Table 5. Specific TOSC Values of black Panax ginseng and its
crude saponin against Peroxyl Radicals, Hydroxyl Radicals and
Peroxynitrites

Sample Peroxyl radicals ngiggl Peroxynitrites
TOSC/mM

GSH 940 + 19 335 + 12 347 + 34

BGE 433 + 16 198 + 11 405 + 39+

BGECS 476 + 91 312 + 10 473 + 23+

GSH : Glutathione, BGE : Extract of black Panax ginseng with 70% EtOH, BGECS :
Crude saponin of black ginseng extracted with 70% EtOH. The results are expressed as
the means = SD of 5 experiments. Linear regression was calculated using GraphPad
Prism, version 4.0. = p<0.05, *: p<0.01 significantly different as compared to positive
control(GSH)[One-way ANOVA followed by Dunnett's Muttiple Comparison Test].

WA, peroxyl radical £2AE4S S 23 FPdNETL L
2 A3 GSHY] specific TOSC= 940419 TOSC/mMo.2 738
gt peroxyl radical 22AE4 YeER AT o]dl HIsiA S 70%
&S %5 (BGE) & 34} ZALEY (BGECS)9 TOSC e

Z}7} 433816 2 476291 TOSC/mM ZM FAt 29 GSHE
e AR BlalA 73 peroxyl radical £AEAFS e
Rib=g

Hydroxyl radical 2A&43& 43 49 FAUzTFo=

AL8-3 GSHE| specific TOSCE 335+12 TOSC/mMo 2 7 3
hydroxyl radical &84 YeER At o]ol] Bls|A =4t 70%
AEE FZEE (BGE) 9 specific TOSCE 198+11 TOSC/mM.L.
2 JAURTFOE A3 GSH Buhe oF st 2424 el
Ak 9, 34 ZAFEJ (BGECS)] TOSC e 312410
TOSC/mM ZH FAUZ72 GSHe A9 558 7oz 7
3 hydroxyl radical £2A84-& e A

Peroxynitrites A4S &4 A9 JAFNRTOZ A}
£3F GSHY specific TOSCE 347434 TOSC/mMo.2 783t
peroxynitrites 224 &A4 YERA AT o] Bls|A Z4F 70% o &
£ F2E (BGE) 9 specific TOSCE 405:39 TOSC/mMO. &2 %
Aoz o 2 AHES GSH Bt f9d oz st AAZHS U
BRI THP<0.05). 38, 4k ZAFEY (BGECS)S] TOSC #<
473+23 TOSC/mM 22X FAtlz79 GSH Bt} foldog 7}
St peroxynitrites &~A &3-S YER A THP<0.01).

o

A2 QA AaNAEe £25UR 75 A40 FPH
A= AEa e AFS aFsn Uk %, 48, 998 0
MEEE 204 Aske AUA 583 Arvige) 87 57
of %Fol A2 A AFH SFEE AFL A
At} & wolstark. el s Aol AN, E, B,
HrEe2 5 OE Fu) 434l AR o oY
B hEANES AR2d GUd Fue) AaAE] AL 9
oh olel g AR Qe W A FANA Fio] Au
Aolth. B4k 9%, M SRR 5 T A BIL
Uehflo] Be 02 wR g 7h3etelth el 9lbel A
28 Axdo] #43 BE Jrhdge Bn®Y7) 9oy
Sate] G418 BA) B A7 AS AR et meA
B AFE obg A7k o) FolAA R AE Fi) G5 B
e AFFnA S

Al

N¥ A} Fig. 10149} 2Zo] DPPH free radical A8
AU ETS BHAC HI3|A A A T BGE ¥ BGECS
1,000, 500 pg/mle} 2L =L FEAAE 90% ©1/d<] 4
AZAHE Vel dukg oz oatoe QAAALEUS ¥dha)
of AATHRA, A Hsg 24 50 g 2
gt d#lA A= BGE B BGECSS] &740] A9 §5
Ao Hol kel gas &S veille 22 itz d
d Aoz HadEd. uvlAJIAZE  nitrite, superoxide %
hydrogen peroxide 224 &4 9A] BGE ¢ BGECS7} A9 5%
st Aoz Hol Site] EAste AMATEL ] EA4E YE =
Ao 2 WHHETHFig. 24). £3] BGE ¥ BGECSE DPPH free
radical, nitrite, superoxide®] WA= HlWH F& FZoA
2AE4E YEFI AT, hydrogen peroxided] tlalA & vl 3
B F59l 125 pg/mAME 90% HE AAIFS AR o

fu
.
o
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@9, AAZ ARl TAE 454 BRY peroyyl
radical, hydroxyl radical ¥ peroxynitriteo] gt 7l A<l 4t
3} 8AS A=3517] 9138 Total oxy-radical scavenging capacity
(TOSC) W& o] 83t BGE ¥ BGECSY dtsl A4S 543}
At A2 peroxyl radicaldll ti3lA BGEE ddUlEZTFo=
AR AW A kst EX191 GSHell BlsiA = <FatiA
ok GSHY) 50% AT HlmA 73 8448t &S e ot
(Table 5). =g BGE= hydroxyl radicalsol] tiafx] ¥ o)z
GSHel Hlsjx= <3l AA W, BGECSE A 6 #79 3
23t #A4S JehRthTable 5). He] AFZAzo] w2
ginsenoside Rg37} hydroxy radicalell tjst 3H4itsl a3 e}
doe Bask Qo dubgow ik ]E Zatel mls A
ginsenoside Rg3<] &aFo] 10u] o]/ 57}= 2 & BGES} BGECS
7} hydroxyl radicalsell thaix g+ &iks} %*é
ot w=E S4ke) AFE Ul BGECSE 3
o Hisjx Fe st S Uehlle Ao
2 349 Fgrts 42 4k EA3ke QAL
l2ezl=
g, BGE ¥ BGECST® peroxynitritesell tallA] &4 o=
Q1 GSHel| HIsj A 73t 3kt &4 vrehl Slth(Table 5) &
WOz AN A BALLYE BAY AL B

[‘4

i)

O

N
ok o,

AL Aol fElE singlet oxygen, superoxide radical,
AF8l4=4  (hydrogen peroxide), hydroxyl radical, peroxyl
radical, alkoxyl radicalZ} A&olA f#E nitric oxides}
peroxynitrite 183X myeloperoxidase®] 4] A==
hypochlorous acid %°] itk ©ol& Asd EZ FollA
superoxide radical? nitric oxidex ¥H&-/go] wro} Ao Al
BAE A7 8 Hoy T E-o] whEste AAEHE
peroxynitritee W%~ ¥H&-/do] A3t AEe] 545 gt
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