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Evaluation on Anti—oxidant Activity and Anti—inflammatory
Effects for the New Formulation of Gamisoyosan

Hye—Min Choi# Se—dJin Kim, In—Su Kim, Ji—Beom Lee Jong—Beom Kim,
Sung—0Ok Moon, Hwa—Dong Lee

Korean Medicine Preparation Team,
National Development Institute of Korean Medicine (NIKOM), Republic of Korea

ABSTRACT

Objectives . Gamisoyosan (GMS) is a useful prescription for treating insomnia, dysmenorrhea and infertility
induced by a stress. Also, GMS has been used traditionally to improve systemic circulation and biological energy
production, The purpose of this study was to assess the anti—oxidant activity and anti—inflammatory effects of
Gamisoyosan Formulation (Soft extract, GMS—SE).

Methods : The biological activities such as anti—oxidant and anti—inflammatory effects were measured through cell
line—based in vitro assay. We investigated the anti—oxidant properties of GMS—SE on the 1,1-diphenyl—
2—picryhydrazyl (DPPH) radical, contents of total flavonoid and polyphenol, GMS—SE compared to butyl hydroxy
anizole (BHA), Furthermore, based on this result the anti—inflammatory effects of GMS—SE have verified by
mechanism from LPS— treated Raw264.7 macrophages.

Results : The anti—oxidant activities of GMS—SE increased markedly, in a dose—dependent manner, The GMS—SE
showed significant scavenging activity (GMS—SE 500 ug/m¢ : 32.77+1.65%, GMS—SE 1000 ug/m¢ : 45.06+1.04%
and BHA 100 ug/ml : 39.25+2.41% for DPPH assay). and, The total phenolic compound and flavonoids contents of
GMS—-SE were 73.93+6.87 ug/mg and 698.75+6.78 ug/mg. GMS—SE which is LPS has diminished in the
LPS—induced release of inflammatory mediators (NO, iNOS, COX2 and PGE2) and pro—inflammatory cytokines
(TNF—a, IL-6 and IL—1B) from the RAW264.7 macrophages. Moreover, GMS—SE inhibited the activation of
phosphorylation of p38 and ERK MAPKSs by induced LPS,

Conclusion : The present results indicate that GMS—SE has an anti—oxidant and anti—inflammatory properties,
therefore may be beneficial in diseases which related to oxidative stress—mediated inflammatory disorders,

Key words : Gamisoyosan, New formulation, Anti—oxidant, Anti—inflammation
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2) MEZAE 2A Al

A2 wjoFeH¢l fetal bovine serum (FBS), dulbecco’s
modified eagle’s medium (DMEM), penicillin—streptomucin,
phos—phate buffered saline (PBS) 52 A|ZujF& A2k
S<2 hyClone (USA)olA Y8ttt ARl AHEE AloF 5
sigma (USA),
aqueous one solution cell proli—feration Assay (MTS)
kit ¥ agarose= promega (USA), TNF—q, IL—-6, IL—18,
PGE2 enzyme linked immuno sorbent (ELISA) assay
kitE R&D system (USA)ollA L3t AHgstatt, Thufz
A Agof ARESE 12} &4 9] iNOS monoclonal antibody
(mAb)+= BD biosience (USA)°}|A], COX2, P-ERK, P—P38
mAb¥E cell signaling techonolgy (USA)A T3t
B—actin 1,22} &A= Santa Cruz Biotechnology (USA)oj|A]
TASHEATH AR AMEE BE Aok £4& 55 odeR
ARg-SHT

lipopolysac—charide (LPS), griess reagent2
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Table 1. The content and dosage of Gami soyo—san Soft extract
(GMS-SE).

Soft | Dry matter
Pharmacopoeia | Yield
Herbal Name extract content
(1] (%)
(2) (%)
Angelicae Gigantis Radix 125 230 048 60.0
Paeonize Radix 1.25 17.0 0.33 65.0
Hoelen 1.25 1.0 0.03 400
Atractylodis Rhizoma Alba 125 23.0 0.41 70.0
Gamisoyosan Bupleuri Radix 125 103 | 020 65.0
Soft extract
Gardeniae Fructus 125 216 0.68 400
Moutan Cortex Radicis 125 225 0.51 55.0
Glycyrrhizae Radix et
. 125 16.9 0.33 65.0
Rhizoma
Menthae Herba 0.63 124 0.10 75.0
Total 10.63 3.07
Content Ratio
Name
(= (%)
Gamisoyosan
3.07 307
Soft extract
D.W 582 582
Sodium benzoate 0.006 0.06
Excipient y-Cyclodextrin 0.50 5.00
Xylitol 0.50 5.00
Stevia 0.02 0.20
Citric acid 0.03 0.30
Jujube aroma 0.04 0.40
CMC-Na 0.03 030
£ 10.00 10.00

2) MI=HHQt

ul QA 0] thAN|EZFEQ] RAW264,7 A ZL SHEA|ZFS
(KCLB)Ol A &< wgtem, Al sigS fa A 9 &
TFAI¢l 1% penicillin—streptomucin, 10% FBSE Z7}5t

DMEM A& Aoz sto] 37C, 5% COy ZAA HY
staict.
3) MZ=4E7t
GMS—SES] RAW264.7 A 2o tat 54 =g gotr7)
ol5te] MTS assay= 238tk WA 1X10° cells/well)
RAW 2647 | £& BF3}3 GMS-SEE %% ¥ (0, 31.3,

62.5, 125, 250, 500, 1000 ug/m0)Z A s}e] 24 A7+ =)
Falht, 2 &, MTS solution 78] 37C, 5% CO,
incubatorollA 2 AJ7t <t HF$A]# microplate reader
(Tecan)E 450 nmollA FF=E St AZE] F=e
NBE HEstA] & 27 (CON)T & Ao HE&=2
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treated samlp
Non — treated sample (CON)

Cell viahility (%) = 100 x

4) Nitric oxide (NO) AMz2F =X

GMS—-SEQ] AFAAaRE ERlstr] Yol AlZujegd
Nitric oxide (NO)ZFE =A3}Hth AW264.7 AZ (1X10°
cells/well)o] GMS—SE "S‘ Z+Zy 50, 100, 200 ug/ml B=Z
AA st 2 AlF &, LPS (0.1 ug/ml)E A=ste] 18 AIZF
wj kst NO2J l"—E—': HH° 9] nitrite =EE Griess
Reagent System ©]&3}o] &A3}gct =, AlE8|Fd
100 weol Eak«] Griess reagentS Y1 wH7|o)A 10 £7F
H2 X171 & microplate reader (tecan Infinite M200)S
o]%. 570 nmoA EF=E =A39 . sodium nitrite?)
FEE RETAE o] &sto] MiY¥d e NO =5 245
.

5) 24 ZHAZHY (ELISA)M| [ cytokine £

RAW264.7 Al (1X10° cells/wel)o] GMS—-SES 7tz
50, 100, 200 wg/m¢ HE=E 2 A7+ AXYS 3 ¥, LPS
(0.1 ug/m0)E Aste] 18 A7k vjFst & A|ZujFHE 5=
A8t} cytokine &7l ol-&stTh. HiFA-L 2zt cytokine
ZHo| AT =2 FJ4FT &, TNF-—q, IL-6, IL-15,
PGE29] %% & ELISA kit (R&D System, USA)E ©|&3}
o ZAst4t}. ZF cytokined] FE+=
w3 AAirstet.

standard curve®} H]

6) A

Cytokine
GMS- SE—E— Z+Z+ 50, 100, 200 ug/ml =2 2 A|ZF HA
2& 3 & LPS (0.1 ug/ml)E 5 A7+ HjAFSH RAW264,7
=2 7-13} RNAiso (Takara, Japan)E ©]-&38}4] total
RNAE H5t4t, £23 total RNAE 1 ug2 AT}
oligo—dT, DEPCS} 7 70T elA 5 £7F ¥hgAIZ & upz
icedl A W& FA ALY, o7]9] ANTP's, RT bufferet
reverse transcriptase= d7Fet €% ¥ (Promega, USA)
< go] 45TlA o 60 B7F ¥h-gAIZl & 72Tl A 10 B3
A 2ste] cDNAE 43ttt ©] template DNAS Taq
polymerase 5°] ZgH HHg- &N (itron, USA)T} Z+2+9]
Primer sequuence?] GGC AGG TCT ACT TTG GAG TCA
TTG C (forward), ACA TTC GAG GCT CCA GTG AAT
TCG G (reverse); TNF—a, CCG GAG AGG AGA CTT
CAC AG (forward), GGA AAT TGG GGT AGG AAG GA
(reverse); IL—6, CCA AAC CTC TTC GAG GCA CA
(forward), AAC ACG CAG GAC AGG TAC AG (reverse);
IL-18, AAA GCC ACG AGG CTC TGA CA (forward),
GTG AGA GGC AAA GGA GGA GA (reverse); iNOSZ
PCR ZZ 3 1.5% Agarose gel A7|g95 08 BA435tqc}
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RAW264.7 AE (2X10° cells/wel)e] GMS—-SES Z+z
50, 100, 200 ug/m¢ TEZ 2 A7+ AXES 3 F, LPS
(0.1 ug/n0)& A2l3to] MAPK Z4& Z3al7) gistel 2t
cytokine®] Azt H=E W3Sttt 1X PBSE A& £,
protease&phosphatase inhibitor cocktail® Zgst= RIPA
buffer (PIERCE, USA)Z #3233} 3} tt. Protein content&
BCA¥ e 2 A3t 50 ug®] ddS
sulfate poly—acrylamide gel electrophoresis (SDS—PAGE)
2 He3la, PVDF membranel @ TS HolAF T}
1 %, 5% Skin milkE At v] Fol]A ] dEidof it
blocking& 391, Z+Zk9] 1A} &A] iNOS, COX2, P-ERK,
P—P38, p—actin primary antibody (1:1000 dilution)®
4°Col|lA overnight §H-&-8F &, TBS-T= 33%] A|2|s}t1L, HRP—
conjugated secondary anti—body (1:1000 dilution)& 1
ATHEt A4 whEAIFT, 33 Al
positive bandst enhanced chemi—luminescent (ECL,
Thermo Scientific, USA)®] 2]l Z=FA]A chemiluminescent
detection system= ©]-&3to] AT

10% sodium dodecyl

% immuno—

8) 1, 1—diphenyl—2—picryl hydrazyl (DPPH)

2715 &8

Shahidi DPPH ¥%*& ¥gste] GMS-SES 100, 200
500, 1000 wg/m0?] HE=2 100 WS 96 well plated] 5
shlch A Z Ao Az 0,01 mM DPPH £4& 7}t
25 coﬂH 30 B2 HbSAZ F, 516 nmollA FHEE &3
sto] 2AFE Ty Ao oty A&t g2 A
BE 7*‘7]'41] B2 E2 St 7 A& th§ DPPH 2t

4 2A% JAAE= FHANRZLZ butylated hydroxy—
anisole (BHA) 100, 1000 ug/m(E A-&-3te] ¥| mwal¢ict.

2tol

treated samlp

Activity (%) = 100 x Non — treated sample (CON)

9) & Edlul= & &Y

GMS-SES 1000 ug/me STz % Zojvis ke
Folin—Ciocalteu reagent’} +&%2| £ #H&A 3=
o5 BUE A7 Bend PYoz WL AL dolz
AT & Zajvis RS BEREAR gallic acid (Sigma,
USA)E ©]-&3to] A& ZHdsto] Vel it

10) & Z2tEL0|E &2 =5

GMS—SE<Z 1000 ug/m¢9] &= Z ZgE kol
3eFe Singleton VL 5 V9] g A= wAsle] 2435}
st #2EE=E quercetm (Sigma, USA)E o]gste] &
EotH ol & 3EF AFAAE Ak

o g4
1=}
5

S
= E74 A2 SPSS packageS o]-&dtgoH,
2E =270 mean+SEM (n=3)2 EA|SIH T B4 it
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1. RAW264, 7|32 digt GMS—-SES] A Z%54

GMS-SE Aol &gt N 2E5A FAALE YA RAW264,7
Az GMS-SE F=9 = AHeste] 24A7F wekst &
MTS assayE +3stath(Fig. 1). RAW264.7 Ao gt
GMS-SE9] NZEAL GMS-SES AHa|slx] x wjekst
2o AZYEE 100%S 7|222 500 ug/ml FE7HA]=
95% A= E 1 o] AEES Hol AxEHo] A9 gl
Aoz AR, 1000 wg/ml AT FANAE 80% o]3t=
ZAaEeh o]F B A3 ¢bddt 200 ug/me o3k H=
9ol A =3g3tTt,

——(iMS-SE
120 4

100 -
80
60

40

Cell viabillity [%]

20

33 625 125 230 a00 1000
[zg/mL]

Figure 1. Effect of GMS—SE on the viability in of RAW264.7 cells.
Cells were treated with indicated concentrations of GMS—SE for
24 h. The values of independent experiments are expressed as
means £ SEM (n=3).

2. GMS—SE®] NO, iNOS A4 Ao g &3

NOE= &44ta 5 shtoln, T 45 el 548
d2 st oz LA k. weEkd NO AAe i
GMS-SE¢| 53712 Zolr 7] 23] Griess assay WL o
£3to] 243514 GMS—SEE 100, 200 ug/mo] A s
NA ZZk 29.86%, 46.15%% F= EHo|1, FAYRTL
¢l Dexamethasone (DEX)2] 32.58%°] 4-2&@ o2 NO A}
gol A== Aoz byt (Fig. 2A). NO= 1Nosoﬂ of3f
A=l 45 Aol 8 B, BE 5 Sl
EAAZ Bt op gt AFuisRA Y] A 57%}04 ‘a
AT 7= A er FA ok mebi] NOE AA5HA o}t
iNOS®| mRNAS} g Wag 2A3stgict 1 A}, LPS
Aol s FAHEHE iINOS mRNA T2 200 ug/ml =
oAl 47.30%, A & 100, 200 ug/mloA 24.84%,
57.62%= @A AA| ¥ vetddck(Fig. 2B, C).
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Figure 2. Effects of GMS—-SE on lipopolysaccharide (LPS)—
induced nitric oxide (NO) production and inducible NO synthase
(INOS) expression in RAW264.7 cells.
Cells were pre—treated with GMS—SE (50, 100 or 200 ug/md) for
2 hr and then stimulated with LPS (0.1 pg/md) 24h. The culture
medium was to Quantify the production of NO (nitrite) levels (A) and
the Cells were lysed for mRNA extraction and the expression
level of INOS was analyzed by for GAPDH expression was used
as an internal control for RT—PCR (B). The cell lysates were
obtained, and the iINOS protein levels were analyzed by western
blot analysis. f—actin expression was used as an internal control for
western blot analysis (C). The values of independent experiments
are expressed as means + SEM (n=3).
*P€0.05, **P<0.01, ***P{0.001 vs. LPS. DEX (Dexamethasone) :
Positive control.
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3. GMS—SE®] PGE;, COX2 A Aol gt
a7

NO¢}t 3 Z8st 45 WHEdR A8ste 2oz 21
Ejo] 21 PGE9F COX2 Aol thgt GMS-SES] &35 dot
H7] 9J8f oFeetH)l a5 B7HE skt 1 23 LPS
o] o8 Z7Fe COX2 H&AL 100 ug/ml H= OIAPOM
Gz DEXO| Aoz dAAGA AA == AL &2
stg Tt (Fig, 3A). o]¢t Zo] GMS—SE+= 100, 200 ug/ml2)
Ag B& oA ZZ 70.93%, 91.34%% L EHOZ
PGE; A4Jo] A= DEX 87.11 %°] vlwste] {2 A
AA == AL 1T 4= AU (Fig. 3B).

A . . . 50 GMS-SE (ug/mL)
LPS (0.1 pg/mL)

+ - - - DEX (10pM)

cox2

B -actin

150+
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501
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| p-actin
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Figure 3. Effects of GMS—SE on lipopolysaccharide (LPS)—
induced protein production of pro-nflammatory cytokines COX2
(A) and PGE2 (B) in RAW264.7 cells.

Cells were pre—treated with GMS—SE (50, 100 or 200 ug/mg)
for 2 hr, and then stimulated with LPS (0.1 ug/m0) for 24 hr. The
cell lysates were obtained, and the COX2 protein levels were
analyzed by western blot analysis. f—actin expression was used
as an internal control for western blot analysis (A). and, the
culture medium was collected to quantify the production of PGE2
proteins by ELISA (B). The values of independent experiments are
expressed as means + SEM (n=3). *P{0.05, **P{0.01, **P{0.001
vs. LPS. DEX (dexamethasone) : positive control,

4, GMS—SE®] TNF—q, IL-6, IL—18 A 2iA°]

o3 53
TNF—q, IL-6, IL-18= AZ A A F32 4T
of

o ¢HA Aok, wEkA TNF-e, 1L-6, IL-18
GMS—-SE¢] 535 dolE7] 93 o]=2] mRNA H& o

2 @
et
of o



6 PN N .

3t a5 E2ls7] §35t9 RT-PCRS 433191, ELISA
£ o]83lo] AE vkl 2o 2R e Yk 2 zqo}ﬁ
ot I 23, mRNAZEAAN= LPS A59E A2 stie o
TNF—a, IL-6, IL—18 AAo] dA3] F7F5t9 1, GMS—SE
£ AE3¥S ¥l TNF—a, IL-6, IL-18 =% 200 ug/ml9]
T FYA e HAEE UEAT (Fig. 4A). EF,
LPS A3l o8] AZ wjorolom HuEe gujgwe
TNF—a+= 25.64%, 48.98%, 84.19%, IL—6+= 89.33%,
99.45%, 99.40%2 A= 50ug/mle] F=ANAEY =
gzzoz foy A gastdy, IL-16t AFEEA
200 ug/me2] FZA 47.09%2 F24 Ade TS UErY
AcH(Fig. 4B).

A - - - 50 100 200 GMS-SE (pg/mL)
+ + + + + LPS (0.1 pg/mL)
DEX (10pM)
IIIIIIII=IIIIIIIIII::II::::IIIIII IL’IE
m _amn
1504
H
2
.-’55 e
-‘-E" e
5 soq -
- W
=
o
XX Sunt it 20uen
150+
g8
E-
B
£
-E
-
_I" -
0

DEX ao-.g-mr_loo /i 200 ugrmi

150+

UWI%HHW

DEX :yl)ugni_ 100 ug/nd. 200 ug'ml

IL-1p Protein Secration

Figure 4. Effects of GMS—SE on LPS—induced TNF—a ( ), IL—6 (B)
and IL—18 (C) in RAW264.7 cells. Cells were pre—treated with GMS—
SE (50, 100 or 200 ug/md) for 2 hr, and then stimulated with LPS
(0.1 ug/mQ) for 5 h (for MRNA) or 18 h (for ELISA). Following treatment,
the cells were lysed for mRNA extraction, and the gene expression
level was analyzed by RT-PCR (A) and the culture medium was
collected to quantify the production of corresponding cytokine by
ELISA (B). The values of independent experiments are expressed
as means = SEM (n=3). *P{0.05, **P(0.01, ***P{0.001 vs. LPS.
DEX (dexamethasone) : positive control.
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5. GMS—SE¢] MAPKs®] Q14ts} A lof) dfgl &y}
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«l oz JA 5= AL Tt tHFig. 5A, B).
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Figure 5. Effects of GMS—SE on I|popo|ysaochar|de (LPS)—induced
phosphorylation of mitogen—activated protein kinase (MAPK)—
associated molecules in RAW264.7 cells.

Cells were pre—treated with GMS—SE (50, 100 or 200 ug/m) for
2 hr, and then stimulated with LPS (0.1 ug/mQ) for 30min. The
cell lysates were obtained, and the p—ERK protein levels (A), the
p—P38 protein levels (B) were analyzed by western blot analysis.
B—actin expression was used as an internal control for western
blot analysis. The values of independent experiments are expressed
as means = SEM (n=3). *P{0.05, **P<0.01, ***P{0.001 vs. LPS.
DEX (dexamethasone) : positive control,
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% E2Y9 = &L gallic acidE £F
01'01 3% J—]r 73.93+6.87 ug/ml, & SR o]E
T BZEZ quercetin®® AP =A3}o] 698,75+
78 ug/mlEAN T2 P43 EF FFE UEL (Fig
6A), DPPH o)z 275 goti7] $13) 34 T4 =2
Z 4R BHAS v|wet 23}, Fig 6BL Zo] GMS—SEY]
DPPH 2tz £7%52 w2 3o 2 F7Hgen, 500
ug/m0 9] F= o]4ol A BHA 100 ug/mi9t F-AMSE A5 1
e it (Fig 6B).

A
. Total polyphenols | Total flavonoids
Decoction N
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Figure 6. Correlation coefficient between the contents of anti—
oxidant and anti—oxidant effects by DPPH radical scavenging
activity of GMS—SE. Total polyphenol equivalent to gallic acid of
GMS-SE (A), Total flavonoid equivalent to quercetin of GMS—SE (A).
DPPH radical scavenging activity of GMS—SE and the positive
controls BHA (B). The values of independent experiments are
expressed as means = SEM (n=3).
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