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Scavenging Property of Pyungwi-san Herbal-acupuncture Solution
on ROS and RNS

Hyo Seung Yi, dJin Young Moon *

Cardiovascular Medical Research Center and Department of AM-Pointology, College of Korean Medicine, Dongguk University

Pyungwi-san(PWS) have been using as a basic prescription of digestive disorder in Korean traditional medicine.
This study was performed to examine the in vitro antioxidant activity of the extract using different antioxidant tests
including by 1,1-diphenyl-2-picryl-hydrazil (DPPH) radical scavenging, superoxide anion radical scavenging, metal
chelating hydrogen peroxide scavenging, lipid peroxydation protective effect and scavenging effect of nitric oxide and
peroxynitrite. Herbal-acupuncture solution of PWS(PWS-HS) exhibited a concentration-dependent inhibition of DPPH
radical adduct formation and it showed dose-dependent free radical scavenging activity onto superoxide anions. In
addition, the result of metal chelating hydrogen peroxide scavenging and ammonium thiocyanate experiments showed
that PWS-HS was an active scavenger of hydroxyl radicals. Furthermore, it was also found to be effective in
scavenging nitric oxide and peroxynitrite, well-known cytotoxic species that can oxidize several cellular components

such as proteins, lipids and DNA.
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Bl om, L-ascorbic  acid Q),
1,1-diphenyl-2-picrylhydrazyl (DPPH), EDTA, ferric chloride
(FeCl3), (H202),
hypoxanthine, linoleic acid, nitro blue tetrazolium (NBT),
(TCA), 2-thiobarbituric (TBA),

aminomethane, oxidase,

(vitamin deoxyribose,

hydrochloride,  hydrogen  peroxide

trichloroacetic  acid acid

tris[hydroxymethylj xanthine
3-morpholinosydnonimine(SIN-1), 4,5-diaminofluorecein
(DAF-2)= Sigmail (St. Louis, Mo, US.A)olA] TFQIHAC
Agarose, ethidium bromide (EtBr)¥} 6X orange-blue dye:
PromegaA}l (Promega, Madison, WI) A &< 0123|910™, L
ol A1BE AlFES BF Merck (Merck KGaA, Germany)A}
A Junsei (Junsei Chemical Co. Ltd. Japan)AlQ] E& H=g +

slo] ArESINrt

2.8 H
1) Az

B2 Atractylodis rhizoma(#7ft), Magnoliae cortex(FFA),
Citri  pericarpium(B5s), radix(H#),
rhizoma recens(4:5), Jujubae fructus(AZ9) R FAEE KLY (Table 1).

2z HR
Zingiberis

Glycyrrhizae

Table 1. Component of Pyungwi-san.

ENCE £5E SEHY

B Atractylodis rhizoma 315

SR Magnoliag cortex 25

94 Cttri- pericarpium 25

HE Glycyrrhizae radix 10

TE Zingiberis rhizoma recens 375

KE Jujubae fructus 375

Total 100

2) AR EZ

ZOIKE HHPWS-HS)S s LaaR o 2Asle] &
ABICk BA B 10052 ELEH 1000 mLol EHSE 7}
Bt F 3 A7 FESl FE6LT oIet & 4T, 3,000 rpmoll A
10 B7F JABrlsie 42 45de AEk 200 mLt e 7
& =E5ICE o] & 90 99.9% ethanolZ 715l 75%,
85%, 95%2] ethanol 8d¢] HA sld AHES JEshL, pH
748 BESE 5 H2oA] 24 Al7} 9ER)EKY membrane filter 2
AFBINCEL 01 SZEUE 3l AF 6%2] BUS 45l 4
Elol Ar&slIrt
3. DPPH free radical®] A 24 &8

PWS-HSQl DPPH ZMg7l A4 F3E d&ch] {8k
Gyamfi et al’.9] @S we} é:%%}%;} MA 50 uLol

XE/

PWS-HSS i) =55 ZE4o] =0]T (0.01 to 8 ng/mL), &
710] 1 mLY 0.1 mM DPPH (dlssolved absolute ethanol) &*
T} 450 uLe] 50 mM Tris-HCl buffer (pH 74)E Z H3Yck o]

EFES A0l 30 27 B B = BIATH (UV2120',
MECASIS, Korea)ol 4] EHE 517 nm SH3I9Ch A8lo) ALS

oly
Ao

02

QO O
EEn=+

8 T2 L-ascorbic acido|m], DPPH radical®] o1A)
inhibition= £l E716H4T
4. Superoxidae anions®] HAH & &£H

PWS-HS2| superoxide radicals (O -) A &4
et al PO WS AR 4H5l0 AIESINEE 24 Tike
(0.05 to 10 mg/m¢)Q] PWS-HS 30 pLE 100 pL 2 30 mM
EDTA (pH 74} 50 mM9 NaOHol %01 30 mM
hypoxanthine 10 uL, Z2]31 100 plL9] 3 mM nitro blue
tetrazolium (NBT)E Al HollA] 2 &o] FQCh o] 8ag 4
204 3 #7F EA1AIL, 100 pLe) 0.5 U/mL xanthine oxidase
718t & 50 mM phosphate buffer (pH 74)& o]23l A&
g 3 mLE ZF0INCE EES 42004 20 27} 8184l

711, BT 560 nmollA HA &4 S192Ch

A

Gotoh
sk

g

3 O.

=

=3

5. Deoxyribose®] &4 W3} &7
PWS-HS2] ZFAEQl hydroxyl radicals (non-site-specific

MG} AU chelate iron ions MA &F
(site-specific scavenging assay)S Halliwell ct al'™.Q] 9 S 11
#510] UBBI1Om, PWS-HSS] F4sl SEE T} (pro-oxidant
effect) 17 ZFS 919 YHE YE FEsI0 AHE3IICH

1) Non-site-specific scavenging assay (hydroxyl radicals directl
y.- OH)

50 uLel AlEE reaction buffer (0.1 mM FeCl, 0.1 mM
EDTA, 15 mM HO, 25 mM deoxyribose, and 0.1 mM
L-ascorbic acid, pH 7.4) 1 mL3} 431, 0]& 37CollA 1 AT &
O} BIZ A1ZiCk TIE)3 1 mLY) 05 % TBA in 0.025 M NaOH
91 mL9) 2.8% TCA Z F7I5t £ 80T SH2fXollA] 30 27t
AT PRI R Z3Hes 4T A 3olX gige A 4l
713, H#%E 532 nmollA{ - OHEl A F3E ZFsI0rt

2) Site-specific scavenging assay (chelate iron jons)

scavenging assay)®]

= =

PWS-HSQ] chelate iron ionsT} hydroxyl radicals generation
9] & ZHsk 4E 9 nonssite-specific scavenging
aqsayoﬂ/\-] AM2E reaction bufferollA] EDTAE &AL & 0]
£ ¢IEole UEsint
3) PWs-HS2| F4tksl R oAl g1

Fe”-EDTA complex7} Fe”-EDTA complex@ ZH4T]o] &}
37t APxl= Aol PWS-HS7E rlAlE 7 g 8l8l] 9151,
non-site-specific assayol] AFE% EgM2ol L-ascorbic acidE |
Qe g8 & FFEIrE dasl & Chea} 22 ZAld)

w2t TEMAC).

=5
5

2o
T8

% stimulation = {(ODsample - ODcontrol) / ODcontrol] x 100.

6. Linoleic acidE 0] &8 AZAINAIE} dx £F
ANAISLE AMEh= PWS-HSO &4 & 2538 45k
ferric thiocyanate assay Wz om 235l A5} 100 ul

9 s A (05 to 10 mg/mL)St 50 uLo) 3

acid (25 mg/mL 99% ethanol), Z2]21 50 mMS] phosphate

3]X3% linoleic
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buffer (pH 7.0) 100 pLE E8EIFCE 0]F 40T, dark screw
cap AlEolA 158 S0t ukEsH dlsith AlEel AA IS
oA 2 £H2 3 mLY 70% ethanolo| E0iE Al o] &
gt S 100 pLE BEF61, 100 pLe] ammonium thiocyanate
(300 mg/mL distilled water)@} 100 uLO] ferrous chloride (245
mg/mL 35% HC)E 2zt Hrieh & d2oli 3837 A6l
500 nmojlA] EBEE SFBINMCh

7. Peroxynitrite &A1& &8

Crowe] @l gl ONOO 4AZEE ZFBIICE
96-well microplatecy sampleg SEHE #8611, 90 mM Nadl,
5 mM KCI 2! 100 pM diethylenetriaminepenta acetic acid®} 10
uM DHR 1238 3331 sodium phosphate(pH 74)E 713IC)
211 10 pM ONOO'E Zrigt & dIZEE olgskd
excitation (485 nm)¥} emission (530 nm)& ZE3IFCH ONOO
AMLIOZE= AJTHE= peroxynitriteE R T AMESl oA &

H58 HESICh

8. Nitric oxide ~A &M =3

E0}H¢l NOY indicator®! 4,5-diaminofluorescein(DAF-2)
7 ARG 2779] ojl=7] Alo] I NOE ZF5}o, 490-495 nm
9] oJ7|atEte A} greend] EHE BHESHS triazolofluoresceing
THETE @39 Al7]= DAF-20 /IBH EEE NOke] ESH
T} PWS-HSol DAF-27F 1 mgo] =oRlE AE 50 mM
phosphate buffer(pH 7.4)% 400 Wl & 344515 cE NO A S&2
@l SIN-19} DAF-2(3.14 uM)E& 96-well plateol] H7151919H,
DAF-2¢} NOQ| Higd] odf w&Exe dE2 10 =
excitation wavelength 485 nm %! emission wavelength 530 nm
ol EHBACH?.

E7 B2 SPSS Ver. 12.0 package program 0| &35}
7 T o # E‘ﬂ'—z ﬁ%é}ﬂ = Y Aol #EE
one-way ANOVAE E¢l 5 a=0.05004] 3918 Aol e
A TurkeyH & 0]83l /\}—“?—7::4704 ACt
A9

1. DPPH radical®l 4~ &1t

AG7] AA aHE EEE) 96l DPPH radicalS o8
S AEollA] PWS-HS= B QIS A €48 LERIRCE A8
0.01 to 8 mg/mLE X2IBIU S ul PWS-HSE= 212} 3, 4, 17, 38,
67, 77%9] 2A 42 RYICh ol= DPPH radical®] AAHo] ¢k

r

A RS E & &R L-ascorbic acid (vitamin O)2) 4~A &
S Hlusng W g8 sE olddAles vlsdh auE Wl
Aolm, B3] PWS-HSS =5ol AEFQ A4 aite past
4 UATE (Fig. 1). T2} 8 mg/mL 0]419] TsTo)A o =&

4A 42 W EA 29t (data not shown).

-8-PWS-HS
—k—Ascorbic acid

Inhibition (%)

L] d

0 4 — i S
0 0.01 0.1 1 2 4 8
Concentration {mg/ml)

Fig. 1. Free-radical scavenging activities of PWS-HS measured
using the DPPH assay. The direct scavenging activities of PWS-HS(MD and
ascorbic acid (AJon DPPH radicals 1s expressed as the inhibition 76%. The
concentrations tested ranged from 001 10 8 mg/mL. The results are the means
of three separate experiments. Values with the different letters are not significantly
different (p<005).

2. Superoxide Anions®] AA G

PWS-HSQ] superoxide anions A @4 xanthine
oxidase-mediatedo] 2]+ hypoxanthine®] ZAEH WAHE =
superoxide anionso] THSF NBT RIECZE ZEFHEICH
Superoxide:= 47| oAl cietet 48l G408 HER[T|IAL
245} ol HOZ WHA s Aol WElel, PWSHSE olF
7o UA dlol st AL E UERITE (Fig. 2),

50
40 a
30

20

Inhibition(%)

0 o i L —
0 0.05 0.1 1 2 8 10

Concentration{mg/mL)

Fig. 2. Inhibitory effects of PWS-HS on NBT reduction. The inhibitory
efiect of PWS-HS wAS tested by monitoring NBT reduction caused by
superoxide anions using the hypoxanthing-xanthine oxidase system, as described
in the Materials and Methods section. The results are the means of three
separae experments, Values with the different letters are not significantly different
(p{0.05).

3. Hydroxyl Radical®] 4~ g3t
PWS-HSS] 415} 8H9 & DPPHS} superoxide®) oM E3
oAl 4uE nlel o] hydroxyl radicaldlA: &Xe #1,
PWS-HSE T}t oAl ZIFA O 2 hydroxyl radicalS 7t
AlZich (Fig. 3). gt chelatmg metal ionsol] Q)] M5} &
< hydroxyl radical®] &~AHE Z2FHAA = L =2 2H &
2 FRAC (Fig. 3). Fig. 3014 LIERA 1ol o] PWS-HSE &

),
T OEHQ] Aol 43 Ber, 21 70%0) 7itE 4
g8¢& HHTh PWS-HSoll 9t H4tgl fE8 AMojslke a3
& WEs 23 ZE 5EolA pro-oxidant vt #HE H A
OrokT} (Table 2).
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Fig. 3. Inhibitory effects of PWS-HS on hydroxyl radical-mediated
deoxyribose degradation. Hydroxyl radicals were generated by Fenton's
reaction using a deoxyribose assay system, and the non-site-specific (B) and
site-specific (M) scavenging activities of hydroxyl radicals by PWS-HS are
expressed as the inhibiion % . The concentrations of PWS-HS tested ranged
from 05 to 10 mg/mL. The results are the means of three separate experiments.
Values with the different letters are not significantly different (p¢0.05).

Table 2. Pro-oxidant effects of PWS-HS on Iron-dependent hydroxyl
radical generation.

ol
Ha

amount of PWS-HS optical density %
(mg/mi} (A7 nm) stimulation

control 0.030+0.006 0

05 0.029+0.006C 0

1 0.029+0.006C 0

2 0.033+0.006C 0

4 0.039+0.006C 0

8 0.040+0.006C 0

10 0.040+0.006C 0

ZARBIGATE AlEEE ONOOE A%
AMESH] ONOOE HdA1714L, 0.50141 100 gg/mL 7HAQ)
THE PWSHSE Azlgldl 44 g4 dsdrh Iz
ONOQ9] scavengerz ZH U2l penicillamine®] 4~H 411
vlas] HUAckFig. 5). 05014 50 pg/mLeY AZFoAls
positive control®] @37} I LL#|AIT, 1 01419 sLold=
FAISE E9E Hol PWS-HS HA] £4:51 ONOO scavenger !
ok = AACE

PWS-HSS 47

gde
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Inhibition(%)
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25 50
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Fig. 5. Peroxynitrite scavenging activity of PWS-HS. The concentrations
tested from 05 to 200 wg/mL. The results are the means of three separate
expenments. Values with the different letters are not signif:cantly different (50.05).

6. Nitric oxide 4~ &3}

Experiments were conducted essentially as described by Hl\w'eH et al except that
L-ascorbic acid was omitted. The resulfs are the mean values of three Separae
experiments. Values with the different letters are not signdicantly different D(COo

4. Linoleic acid®] K& zgE Oa F3t

XZuS A o}b 23235} Aehtl UEQ] linoleic acid9)
ABLE oFisle a0E BEs] Y5l PWS-HSE sRHE
Aelskn 3Rolghe o A2 Al B¢ HISsIE uk,
PWS-HSE =& 9 At YEHOE A3lE Al AeR
PRI (Fig. 4).

25 |
20 | b i
g 15 s g i
st
0 SN
0 0.5 1 3 5 8 10
Concentration(mg/mL)

Fig. 4. Inhibitory effects of PWS-HS on hydroxyl radical -mediated
linoleic acid oxidation. The concentrations tested from 05 to 10 mg/mi.
Absorbance of PWS-HS by FTC methed with 3 min. incubation time, The results
are the means of three separate experiments. Values with the difierent latters are
not significantly different (p<0.05).

5. Peroxynitrite 4~A &3}

RNS £ 71 =do] 248 Aoz ¢edd ONOOo| tht

SIN-12 NO&t - O % MMM 222 ONOO
B} SIN-10l gJa] 4] WA NOE PWS-HS7E A8 =
DAF-2E o]&3dlo EEBIACE 5014 50 pg/mLY] wte
AT E 90% ol =2 AMEES VEM O EMN, PWS-
EHQ! NOg| scavengerd! & ¢F 4= JQICi(Fig. 6).

O

100

2 8

a
=]

Inhibition(%)

20

50

25
Concentration{m/ml)
Fig. 8. Nitric Oxide scavenging activity of PWS-HS. Tre concentrations

tested from 5 to 50 ug/mL. The resuits are the means of three separate
experiments. Values with the different letters are not signif:cantly different (p(Q05).

U
ROS2} RNSol| 9]&} oxidative stresst= QFZ H]ZEd)] -3l

o BEE o WY uHl 7)Ho| BoIsL = AOE o
A slow Ebl,

autommune disease®}t 7+ AWy RIFSH TEo] vty B

myocardial infarction, Alzheimer’s disease,

=12 i’ ROSH|E= superoxide, H;O; & hydroxyl radical &
o] A1, ol8 g A IRIZIEOILL EATHIA, Wa Rl
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olgRIAIZA EFE NOZ H=
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A 1,1-diphenyl-2-picrylhydrazyl (DPPH) S8t 74
77 free radical &, MA HEoA A HEREE Hrbt e
A2 Yol ¢rd" F22 Hadsh 3W A2g 9A =He 43

ZHEIEF®. ol HES o|83le] PWS-HSS] DPPH radicals 4

AsS £88 a0, vl =2 4o 248 LIERICHFg 1)
Superoxlde amonsE ‘-23‘*0 Al &3] Hdh= Xeraylt A1 4

ol
uHighE, WUl ZE BY4

&o8 H]i HH superox1de: Fg2  UEEEriot
(mitochondria) (¥ lo] AZE (microsome), IE| L 3t 59
HE 71004 YEEe, ARNECE B2 Zer hydroxyl
radicalg YHAV7 = AFEEEA 53¢ Ags ggotA =
T} ol2id HE & Bl MET W ME A BAtel ZIEE]
&£ae o7l ohm 2ed Ui, PWS-HSE superoxide
anions radical@ A& 311CM, AL 10 mg/mLY ETolA
30% oldg AdAigkE FHE UEMACHFig. 2). TR

superoxide radicalell Q8 M W} =218 GRS SAloll X
Il TEE UG HEE WRE A AR AlRErh
L2 O ® hydroxyl radicald]l 951o] #5
7+ site-specific 2] non-site-specific assays 504 483
3 A EHE LIERIQCHFig. 3). o]E21g Zuh= Fe3+-9 &Y
uh g Arshs ZHEe EAE Btk &

PWS-HS7} Fe*'-EDTA complexof A Fe’'-EDTA complex3% FR7)

= deoxyribose
9

hydroxyl radical®]

Sh= 41 5E S AEEdARE Ish7iA ciekstA 48
Ay BT S BEd = gidici(Table 2).

F2 AZHRG PHEIT A AAEHY BES} ARl
#AE GF O FH fatty acid radicalo] $85FH, o]BA &4
sk NEo) Ata 2A1S Zedehe dHg) Bee Skl
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