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Antioxidative Activities of Wen-pi-tang-Hab-Wu-ling-san (WHW®) in vitro

Jin-Ki Jung, Yong-Ki Park

Department of Herbology, College of Oriental Medicine and Oriental Medicine Drug R&D Center,
Dongguk University, Gyeongju 780—714, Republic of Korea,

Objectives: The objective of this study was to investigate the antioxidant effects of manufactured Wen-pi-tang-Hab-
Wu-ling-san (WHW®) in vitro.

Methods: WHW® was prepared by the pilot manufacture of WHW water extract from a GMP system appointed
company. Antioxidative activities were determined by in vitro tests as follows: the scavenging activities of oxygen
free radicals including 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, superoxide anion, hydrogen peroxide and nitric
oxide radicals, as well as ferrous ion chelating capacity and Trolox equivalent antioxidant capacity (TEAC).
Results: WHW® significantly scavenged oxygen free radicals such as DPPH (ICs5=115.28 + 0.25 ug/me), superoxide
anion (IC5p=8.56 + 0.08 ng/m¢), hydrogen peroxide (ICsp=240.36 + 3.41 pg/ml) and nitric oxide (ICs=162.28 + 0.21
1g/ml) radicals. WHW?® also showed ferrous ion chelating activity (ICs0=543.19 + 4.85 pg/ml) and Trolox equivalent
effects (ICso=45.311 pg/ml) in TEAC and ORAC assay, respectively.

Conclusion: This study demonstrates that WHW® has strong antioxidative properties through free radical scavenging
activity. These data suggest that WHW® be used as an antioxidant agent.

Key Words : Traditional Korean medicine, Wen—pi—tang—Hab—Wu-ling—san, antioxidation, free radicals
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oz watel 7zt F Aol Aglo] B, wt
A BgAaEe] AL AAls] Y9 FstER
o g A7 F2 =AY 4 F 2y
R A8A AL FHOE ojFolAm I’ A
de 7z F FY e By ohdsta gaksiaty
o] 4% A FASAZ fsly] Y A7}
wo] o]FoAx Ytk

IR L 55 G 7% (Wen-pi-tang-Hab-Wu-ling-
san; WHW)2 i fliRol A EHBE reise &
Zodo] R Wizo] skl wAyslE
o] 7)x8te] FUAHIQ TiZsol] ME LGS =9
WIS M Aotk M R 65
Do) FlAE Aoz Kb FAbvF kst
oFo B PN AR O] BENS] SALIEN
Bl Ha pEel Fokste] KPESHF 2ol
Ao AKIFE Mk /MEAF SEE S R T
EAILE 5 3739 MEBER A FAHAL
oS AEsted AHEste AoE dElA dx
S0 e Eao) fREHe] TE Awog BE
7} pAste] WEBEE 3k kol Lifdhs A
So AMgehe Ao dEA Yo izt
el B AE ATz AR Ade] gty
A A creatinine¥?} BUN 43¢ ZH4AS =
A AFEA A dig AR ER, FARE 3
o) AFEAGA TGE-B A2 53 A4 Ho &
FY, Gy ARAH FHoA dA s A
creatinine 2%|2] Zxax" = 2=z AR Ay}
HAE AF7F Baso] Qo) E=3k 34 AR 3
Ao AT Ak, AT S 4
ANTER, et wamsessc, 525 3w
wEH7e N8 At g Ruvt Qo A2 B
ATARE IREIS S E ] g ARATE
TGF-Bol &t A =dAEo] 53l A4 &z
0] FHNRA FHo X Gz Aeste)l Zet
Azt JAEH, d FEZEH Sl 5] Ba
g n} gl

B QAo AlE WHW SHA(WHW")9] ahabs) &
I} in vitro APES B3 QP oH, Fog 4

ol\

g om O E W orr oI
o =

e

#E Ad7]e] Bushs ulolt)

Mz 2 A

1, ¥4

1) %&b

B A% AL WHW ] 319 Auhjjgoz
TS (F)FHIARE d=HozHE
BAEGGMANA AT AFFES TFYsA AE-

3t

2) g

Aol AL8-H A]2ke- 1,1-diphenyl-2-picrylhydrazyl
(DPPH), nitro blue tetrazolium salt (NBT), phenazine
methosulfate (PMS), dimethyl sulphoxide (DMSO),
thiobarbituric acid (TBA), trichloro acetic acid (TCA),
sodium nitroprusside, sulphanilic acid, N-(1-Naph
thyl) ethylene diaminedi hydrochloride, Ethylene dia
-minetetra acetic acid (EDTA), 2,2’-azino-bis(3-ethyl
ben zthio zi o zline-6-sulphonic acid (ABTS), FeSO,
- TH,0, deoxyribose, 2,2’-azobis(2-amidinopropane)
dihydro chloride (AAPH), and trolox (6-hydroxy-2,5,7,8
-tetra methylchroman-2-carboxylic acid), vitamin C
508 R5F SigmarKSt. Louis, MO, USA)EH-E
Fstol Abgaieih

2. Bk

1) WHW"o] A=

Ago] ALgE WHW S T 10149 14717 &
FAE Y AP AT FAF AAE T
E7] g8l 9okE GMP AR (F)&HFA A
Z 3o ZHE ZF 50kg¥ 3 Batchd] B33 A
Za9 o2 Pilot A2slgT. WHW Y] 3 45
#& 24%g00, 4T 9 Baskn 49 29 3
A FHgol $H3] Fof ARkt

2) DPPH radical assay
WHW®9] DPPH AA&HE Gyamfi SV 9
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Table 1, Herbal prescription of WHW

e S oy
W Codonopsis pilosula (Fr.) Nanxe.
FrE Salvia miltiorrhiza Bgg.

P Pinellia ternata (Thunb.) Breitenbach
gl Coptis japonica MakiNo.

Ly Evodia rutaecarpa (Juss.) Benta.

RAEFE Epimedium koreanum Nakai
PN Rheum palmatum L.

SRR Perilla frutescens var. acuta Kupo
i Glycyrrhiza uralensis Fisch.

PRI Artemisia capillaris Truxs.

RS Poria cocos Worr

Flt Atractylodes japonica Koz.
£ Polyporus umbellatus Fries

FEAZ Cinnamomum cassia Pres.

S Ao SHIAT &, I sEE 34
2 2 mo)| absolute ethanold] 0.2 mM &

gk DPPH &9 1 S 7}ste] 37CoA 30
SAAT o] §EEAE 517 nmoj A
s9om Als H7b A $o FF
eR Aot

3

=R
L=
i

3) Superoxide radical scavenging assay

WHW®o]] 2]3}+ superoxide radical(O,) # 8] &4
o Robak 529 W B3 2454 2, Mg
1 m¢ o 20 yM PMS, 156 uM NADH, 25 uM nitro
blue tetrazolium®] X3+ 0.1M phosphate buffer(pH
74) 1.9 m& 9L & Ao 287 v-EA AT
o] §Hg-H-& 560 nmoll X FREE S5

4) Nitric oxide radical assay

WHW"dl| 2]8} nitric oxide radical(NO-) # 32
A& Marcocei 509 WS B3 24k 3,
sodium nitropusside 8212 10 mM sodium nitropr-
ussideZ 20 mM phosphate buffer(pH 7.4)0] =<
ALEEATE 2 ml A 89 0.5 mle) sodium nitropr-
usside NS 41L& F 25CeAA 15087 WA Z
t}. ¥kg-9l 0.5 meol| sulphanilic acid reagent 1 m{-&

Qe & SE7F HRSAIZI 1 mle] Griess Illosvoy
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£-94(0.1% naphthylethylenediamine dihydrochloride)
o] Ao 3083 WSAIAT o] ¥R e
BFEE 540 nmollA Z7g3} T

oo o

5) Hydrogen peroxide decomposition assay

WHW®e] 2]&+ hydrogen peroxide(H,0,) 3%
A& Marcocei 5779 WS Fa) Z4sgth %,
1 ml A8l 4 mee] 80 mM HO, €47 5 ml
phosphate buffers ¥ o] RE-GAIZTh #H-&-9 1 meol
2 mf9] dichromate/aceticacid 918 YW1 10 ¥3F

HFSA]7] & 532 nmol|l A EHEE AT

6) Ferrous ion chelating capacity assay

WHW" ol 9]8t F<:0]2%] 7% (ferrous ion chelating
capacity)S Decker $779] WS E3] =439}
HA 5 ml AFo) 0.1 me] 2 mM FeCl2 &3} 0.2
nl 5 mM ferrozineS ¥ 3% e =4S 93
methanole AHF EFF Tk ALolM 1087
WS A AT o] BRS-H 9] Fe2+/ferrozine-S 562 nm
AN FAEE FHSAT AR FH)lAAS
(ferrous ion chelating capacity; %)< A8 79
H A7 ST 2jolE WMEER FHAIEY YE
RiFe=g
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7) Trolox equivalent antioxidant capacity(TEAC)
assay

WHW" 9] % 8218152 TEAC B™e o83}
o ZHSAYT. F A4 pHIN TN BAY
2,2’- azinobis(3-ethylbenzothiazo-thiazoline-6-sulfonate)
(ABTS)= H.0:0l 9J3 HE219] ABTS+Z 413}
A HEZ Ag Wel FirskEdo] EAjstA HJd
ol Fxol Hl#ste] ABTS+= 2454 o
TEAC ¥H3-2 ¢J&f #A 2.45 mM K2S2089¢] 3}
¥ 7 mM ABTS €98 Azt ik 7oA
12-48 A7t =2t o1 3lkslHt). 3 o 24 ascorbic
acidE AMg3tgom, TroloxE ZTEAo T ALES}
Ak AlZ, 2N 2 FFHA 1980 ] ABTS®"
B9 Yo F dedd 6 FU WAz
734 nmo|A SHEE S E Alge TAC &
432 nmol Trolox equivalentZ 3 7]} t}.

8) Oxygen radical absorbance capacity(ORAC)
assay
ORAC assay= Cao S™9] wd|| uleg} Z43}4)
t}. ¥FEAZ = fluoresceing ARS8} 01, peroxyl
radical-2- AAJsl= 2,2 -azobis(2-amidinopropane)  di
hydrochloride(AAPH)E A}g-33t)k. WA A8 20
well 16.7 nM B-phycoerythrin 8- 120 S ¥&

ICs0=115xg/ml
70 7

60 —
50 1
40 4
30 1

20 H

(%) BuiBusreos [ealpel Hddd

100 150 200

s R

G2 S WHW) o] 8218t Fatel] tig A (783)

F AN 15 23 WAL T 32 mM
AAPH &9 60 (fZS Y11 excitation 7% 485 nm2}
emission 3% 530 nmol| A 2% 7HA o7 60% FoF
FAeE 28tk FF:A%CE 0, 0.02, 0.2,
1.0 ¥ 2.0 nmol®] TroloxE AFE3lR o™, XFA
oky} A]§9] AUC (area under the curve)E =343
Atk ORACE #FA1%F F29F AUC 7H9] 391
XS o] gsled nmol FEE E7]3HAUChet=
AUCsample/standard AUCblank).

—r’

9) E7%H4 214

Al&9 50% A7) AT o
HHEARA] ok Hif(mean) +
deviation; SD)Z YeRN$oH,
GraphPad Prism 4.0(GraphPad Software, San Diego,

g A 33
= @ Z}(standard

FAGH wae

RUSSS |

CA, USA)S ©]g3}4] one-way analysisS A A|5}¢]
pate] 0.05 o3kl A9 felgol = Ao B
At

2 o

1. DPPH radicals A7 &x}

WHW"o] 2tsl &32 Z4317] $)5to] DPPH

!
250 500 750 1000 Vit—C
WHW - (g/ml)

Fig. 1. DPPH radical inhibition activity of WHW®. Scavenging of DPPH free radical was measured by the basis of a
common antioxidant assay. All values are expressed as mean * SD of triplicate determinations. Vit-C,

vitamin-C(10 xg/mé)-treated group.
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Fig. 2. Superoxide radical inhibition activity of WHW®. All values are expressed as mean=SD of triplicate determinations.
xp<0.05 is significantly different by one way analysis of the differences between two groups (WHW® vs. Vit-C).

radicalso] &-¢x)o] &A] radicalso]] AAE Fo g
oZH A AMYE At 54S o83 U
o8 AREAZLES FASHATE WHW o] A%
5L 1000 pgml EE=oIA 68.84 + 0.53%Z vitamin-C
10 pg/ml EENA 2 69.41 + 0.47%9} SASE Ao
2 UERGTHICs=115.28 ugnl, Fig. 1).

2. Superoxide radicals A7 &1}

A Ak42] superoxide radical(O;)9] AL A

1Cs0=162.28 /ml
45 50 449

40 4
35
30 1
25 —
20 1
15
10
25
0

(%)BuIBUBABOS [BOIPEI BPIXO OLN

50

EAU oA o] £H59 ROSE HHYA7|E # o
A EM protono] F7}E]o] h8-Alo] =& perhydroxyl
radical(H20-)S 443} # 1} dismutation®] o] H,O,
2 AASA "o weld WHWS O, radicalso]
et 2ARHE 24 A3, WHW'Y sxd 9
EZoZ 0O radicals®] AAFEo] =rlstdch
(IC50=8.564 ug/ml; Fig. 2). WHW" 2] 1000 pug/ml %
oA O radicals &A% 94.83 £ 10.99%%C.
™, vitamin-C 10 pg/m¢ =N 5022 + 24.57%

75 100 150 Vit-C

WHW  (ug/ml)

Fig. 3. Nitric oxide radical inhibition activity of WHW®. All values are expressed as mean + SD of triplicate determinations.

Vit-C, vitamin-C(10 xg/mé)-treated group.

=p<0.01 and =+p<0.001 are significantly different by one way analysis of the differences between two groups (WHW® vs. Vit-0).
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1Cs0=243ug/ml

150

I
250 500 Vit-C

WHW  (ug/ml)

Hydrogen peroxide inhibition activity of WHW®. All values are expressed as mean + SD of triplicate determinations.

++p<0.,001 are significantly different by one way analysis of the differences between two groups (WHW® vs. Vit-C).

70
60 —
T
g) 50 — * KKk
w
8 40 < *kk
3
e 30
=}
«Q
. 20
&
10
0
75 100
Fig. 4.
Vit-C, vitamin-C(10 xg/mé)-treated group.
9] Oy radicals 2A&HE YAt

3. Nitric oxide radicals A7 &1}

Nitric oxide(NO)= WAAEZZRE EHl5E
ROSO| dFo2M AEEA ] B3le] GFol ¢
23 g HEshy 218 fishe AoE o4
2 Joi?. webd WHW®S] NO radicalsol] gt &
AEHE F4F d3(Fig 3), WHW'S] o] 9

1Cs0=543ug/ml

70

(%) Aunoe Bunejayo |, e4

100

200

EZ20o 2 NO radicals® AAEH7} =7HE Ak
(IC5¢=162.28 pug/mt). WHW" 100 pg/ml FZo] e
NO radicals®] A7 %5#o] 38.11 £ 2.33%¥oH,
vitamin-C 10 pg/ml EX A< 19.36 + 0.74%= 1}
EpsiT

4. Hydrogen peroxide A7 &1}

Superoxide radical(02--)Z 58 H,0,7} QA =3

*k

I
500 1000  Vit-C

WHW  (ug/ml)

Fig. 5. Ferrous ion chelating activity of WHW®. All values are expressed as mean + SD of triplicate determinations.
*p<0.05 and *p<0.01 are significantly different by one way analysis of the differences between two groups (WHW® vs. Vit-O).
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IC50=45.311g/ml

Trolox value = 25.551

- 100 7
o
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20 50

100

200 500 1000  Vit-C

WHW  (ug/ml)

Fig. 6. The equilvalent antioxidant capacity of WHW®. Data results were expressed as in terms of percentage of ABTS
radical inhibition activity. All values are expressed as mean = SD of triplicate determinations. Vit-C, vitamin-C(10

ue/mé)-treated group.

AAH o e dstade AT Holg4ol
EA1Z 7% Haber-Weiss == Fenton &5 %3]
AH BreAo] =& . OHZ A3 Dok wah
WHW®¢] superoxide radicald] t]ja+ AA&HE =
A3 Ak, WHW" 9] 250 pg/mie 500 pg/ml 5 =0l
A - OHZ 50% o4 AAsH: Aoz eyt
(IC5=240.36 pg/ul, Fig. 4).

5. 25012 MAH 5t

NO7} =M heme 9] F&:0]2(Fe)o] ferrous
JE 2 HEE o] AFAtsHautooxidation)E 38}
A Ak meby WHW' 9] a8} E3s Fole
AAS 54& B3l 2AF AAFig. 5), WHW e
oA ATl Ao, 025 mgml= 0.5 mg/me
Ero|A 5741 + 1.91%S} 60.72+ 0.266%= LFE}

WHW 1000 mg = 496.837 mmol

O —
S 6
Q
@
52 54
3
e o
o ]
=8 4
S o
o
o
><w 3_
83
S o
< > 2 -
o O
@ @
2 o
v% 1 -
QO
Q.
< 04

10 25

75

150 500 Vit—-C

WHW  (1g/ml)

Fig. 7. Oxygen radical absorbance capacity of WHW®. Data results were expressed as in terms of nmol Trolox equivalent.
Each bar represents the mean + SD of triplicate determinations.
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‘,{;\LG(IC502543. 19 ﬂg/[ﬂﬁ).

6. Trolox equivalent antioxidant
capacity(TEAC) assay

WHW 9] ZAF3}5(total antioxidant capacity; TAC)
S ABTS radical inhibition activityS ©]-83}¢]
TEAC assayH©. 2 =439t} 1 A3 WHW" 9
TAC<= 20, 50, 100, 200, 500 2 1000 pg/ml E=ol
Al 3224 + 7.82%, 53.84 £ 6.05%, 92.42 + 0.16%,
94.36 £ 0.83%, 95.60 £ 1.11% & 96.73 £ 0.12%=
Z4HQHICs=45.311 pg/mi; Fig. 6). WHW =
100 gg/m¢ FE=oA vitamin C&} FA}SH TACE
R AT

7. Oxygen radical absorbance

capacity(ORAC) assay

TEACS} T]Eo] ORAC assaye= AUCE =43
© 2 free radical =230l W3t JA| A7k JA &
< BT ugdste & ks 374 dgoltt wet
2] WHW"2] ORACE =43t A3}, WHW" 25, 75,
150 2 500ug/m¢ =4 4.77 £ 0.053, 497 +
0.154, 5.07 + 0.148 2 5.10 + 0.019 nmol2¢] ORAC
2 Jeh 2lal(Fig. 7), WHW"# ORAC 7+ 3] 7%
A(Y=4.715+ 0.1052X)S 33 Az, WHW"
1000 mg/ml-S 496.83 nmol?] & 3A4kslso] e A
o2 Yehgth

BAEEHS Qosin, Az
A

8, 9%, =5 ANMUGAS 5o 4% AL
orle Aox Teld Ao mebd BHNA
Polshs FABBAL oldd AYEY A

1=
il 1o o 2 &

it
N
Jr

ol #ale] el Hu . dx) AHEH
£ @25t 25 BHT, BHA 53 2o @4
}2ke}A| 9} a-tocopherol, vitamin C, carotenoids,
flavonoids, ¥hd F3} & AR A gitshA o
SOD9} 22 ksl gve] Fgke|o] Qe AHel
ok a2y o] & AtstAle A4, A8 % §xY
A 59 Y 7kA FARZ Aske] ALgol AsH
S w3 gof. H2 Ad FasA g A5t
o]FolA L et 53] thkdt kA AR T
B} Qbdska Ae|Ego] e HA FakstA A
e Qe AT @EE] FE ok

DRI A (WHW) - 7035l iR
S S Ao2A EBHEEAeEEY 855 S
o] HEPHER Whio] st WA s= A 71%
ako] FKAQD 7i%5Hel] MEPIEE =< W
& 711 oItk B DR & TS W
R A BA% 3EaF X5 ARR-SRAL QAT ik
W ) 08 AP2E A2 AR ol
TGR-Blol I3 APAE Afstol et 255
Y FAARA AN st aTel gz A
F3) AR, Py ARd AN BA
s A 2ok A9 2aaH?, 9 o4
AN FAZEN Fo] HuHgch & A7
A WHW Hibshase Fa4 48 a2
ArmRE AREAS HED 5 qleA FAH)
98] WHW" 9] 3248l BAS in virro WHOZ
7¥akatt.

Free radical®] ¥H3-A-2 AALEAAE v Al
XJ5E] superoxide radical(O2-), hydroxyl radical(OH:),
hydrogen peroxide(H20,), nitric oxide radical(NO-),
singlet oxigen('02)# & &8 A7HA thkabA &
AP Y. 888 free radicalS JAhe A E
S RE AAFAZE, Pt as(SOD) B kst
E-Z(GSH, vitamin C, vitamin E, WE}} 28, &
-7, el RN 5 FARA ol Aok kst
g T AAF AL AF8HA free radicalel] Ht
g Bolstol 454 o)Ak 7|5, SODY GSH
FARAL A ol AT WA B2 W
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o

4% 3}44 3 °] £ superoxide anion radicalS 4]
3

ARAATE ﬂqqﬁ” Azl

A3 PP B o] WHW E DPPH, super-
oxide, nitric oxide®} Z+-& A#3]Al free radicalsS &
HAoZ AAE Aoz Yty w3k WHW
+ hydrogen peroxide #3848 YelSa &
oA P AOZE FAHAT

1980t FR A7) AR EAY A S
et AgAA A AFadmld aste AR
=43t 1 ARE 84 vitamin E FEAIQ
TroloxE 2% ¥ A7k} H]a3= total radical trapping
antioxidant parameter(TRAP)® o] 7jats]cyh. o]
WS &8st 2 7R kst &4 Sl A
A= AlE9} tj2Tte] AUT Aol SAste
ORACS} TEAC &AW o] o] sfFH}.
el ks Edo] ZA)skd ROO - Y - OH7}
phycoerythrin (PE)o F= 3}8t3 £4-8 PEV} 4F
stEm WEete ¥3Y AR A HH
FFEA 20 & TAC A4S Trolox equivalent
2 ®7)3th B A7 E WHW S & gabs} &

25 ORACS} TEAC assay W o2 Z4351% =0
T A, WHW e 84 Aol o3k S4dol i3k
Aol e AR et £ AF4AHRE §
& WHW" = #3]A free radicalse E3H 07 A
Adozn s E4L e, ol WHW”
7b stst BA4E FalA ks 2EH 29 2
EFORFE AFE Est A 2 S BT
4+ 88 Inia.

WHW"S] el 3 ™, jpa, kos™,
e s adyt RaEgon, nEHS T
Jehe oFAl T RS fEEel WK 1ETE St
o ifbasell sk KR ] sk 283 &
Asio wnhey. B e 1540 o
3 A =24"3} gentamicin sulfateZ F3HE FA

=2
=
5 NE

Trolox+
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2 Aol e WHW SAI(WHW®)e] gbs} &

54l shlagin

1. WHW"= DPPH radicals 27%5<
THICs=115.28 sg/ml).

2. WHW": nitric oxide radicals 27%& e}
2 THICs=162.28 pg/m).

3. WHW"E superoxide radicals 2A%S e
2 THIC=8.56 sug/nl).

4. WHW"E ferrous ion chelating activityS €}
W2 THIC=543.19 pg/m).

5. WHW® 9] Z2H152 1000 mg/ml 5= 004
496.83 nmol = }E}lT]

= . Ken
U= in vitro AT L

JERn

ALl =

o] =Eo RABI7IER] ShubAl kAL G A
T8 A A(B070044)0l gk Aoz o] A=Y
Ytk
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