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| ABSTRACT |

An Experimental Study on the Antioxidant and Anti-inflammatory
Effects of Goryeon-hwan

Ye-Seul Yun, Seung-Jeong Yang, Seong-Hee Cho
Dept. of Gynecology, College of Korean Medicine, Dong-Shin University

Objectives: The purpose of this study is to evaluate the antioxidant and anti-
inflammatory effects of Goryveon-hwan (GRH), which is mentioned in <Donguibogam>>
that treats leukorrhea.

Methods: In this study, the antioxidant efficacy of GRH was evaluated by measuring
the total polyphenol and flavonoid content, DPPH radical scavenging activity,
ABTS radical scavenging activity, and ROS production through RAW264.7 cells.
The concentration of GRH cytotoxicity was confirmed through the cell viability
of RAW?264.7 cells, and the production of NO, the production of Cytokine through
ELISA assay, and the expression of genes through Real-time PCR were measured
to evaluate anti-inflammatory efficacy. Protein phosphorylation and protein expression
were measured through Western blot analysis.

Results: As a result of the experiment, GRH contained polyphenol and flavonoid,
and concentration-dependent increased DPPH radical scavenging activity and ABTS
radical scavenging activity and decreased ROS production. The anti-inflammatory
efficacy measurement results showed a significant decrease in NO and Cytokine
production in the GRH administration group compared to the control group. In
terms of gene expression and protein expression, there was a significant decrease
in iINOS, COX-2, IL-18, IL-6, and TNF-a depending on the concentration, and
a significant increase in HO-1 and NQOL. Protein phosphorylation measurements
showed a concentration-dependent significant decrease in the GRH group at ERK
and p38.

Conclusions: As a result, the study experimentally confirmed the antioxidant and
anti-inflammatory effects of GRH, suggesting that it may be used as a treatment
for various gynecological inflammatory diseases including vaginitis.
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Table 1. The Prescription of GRH

Herbal

medicine Scientific name Origin Wfliht
name g
T Melia azedarach oy g,
Linné

e Foeniculum .

. valgare Miler 242 10
a  ue Angelica gigas

HOE Nakai Korea 10

Total amount 30

2) Al oF

2 ol gallic acid, quercertin, sodium
carbonate, aluminium nitrate nonahydrate,
potassium acetate solution, 1,1 - diphenyl
-2-picryl-hydrazyl(DPPH), 2,2"-azinobis
-3-ethylbenzothiazoline-6-sulfonic  acid
(ABTS), penicillin-streptomycin, trypan blue,
lipopolysaccharides, 2 .7 * -Dichlorofluorescin
diacetate(DCF-DA), protease inhibitor
cocktail, phosphatase inhibitor cocktail,
EZ-cytox, folin-ciocalteu’s phenol reagent,
ethanol, methanol, Dulbecco’s modified
eagle’s medium(DMEM), fetal bovine
serum(FBS), nitric Oxide plus detection
kit, total RNA extraction kit, acrylamide-Bis
Solution 30%, 1.5M Tris-HCI(pH 8.8),
0.5M Tris-HCI(pH 6.8), protein ladder,
10X Tris-Glycine-SDS buffer, 10X transfer
Buffer, 10X Tris-Buffered Saline(TBS)
with Tween 20, cyclescript RT premix
(dT20), prostaglandin E2(PEG2) Parameter
Assay Kit, mouse Interleukin(IL)-1 beta
& mouse IL-6 ELISA kit, mouse tumor
necrosis factor(TNF)-alpha ELISA kit,
Bicinchoninic acid(BCA) protein assay
Kit, RIPA lysis and extraction buffer,

10% ammonium persulfate 52 A}-&3}

ek,

3717

B o Fol|= extraction mantle, rotary
vacuum evaporator, freeze dryer, carbon
dioxide(CO2) incubator, autoclave, vortex
mixer, centrifuge, ice-maker, plate shaker,
micro plate reader, flow cytometry system,
nanodrop, polymerase chain reaction(PCR)

cycler, real-time PCR cycler, chemidoc
59 AulE AL

2. %
D Age o Hx2e
GRH¥-> 100, 200. 400 ng/mLe|

lipopolysaccharide(LPS) & *}2]3led <
FuheE festy zHAE 47 100,
200, 400 ug/mL ¥ =2 2|3 Ao
v, 222 AHS-E Controlv*< LPS

E AgsA o2 A¥EE LPSTE2 200

oy 7}stgdv}. of3%l GRH F3&2 rotary
vacuum evaporatorg &3 et
3 freeze dryers Sd| FAAZ3 A
TAAZx 98 F 031 g(£5F : 1552%)
o] g o] -20Te] B3 o,
A 92d 2% 9 FFFel &35t
AR-g-3k sl o

3) FAkst 2% Hot

(1) % polyphenol % =4

GRHE 1 mg/ml =& F0|3s3 2
M, A& 1 mlel 50% Foiln-Ciocalteu's




phenol reagent 0.5 mlE 33} A2
oAl 3EZF WFSA]Z £

(s}
=5 %73 3t9dvh. & polyphenol &
& + gallic acidg® =&
FEAE °]£5} AEFAAE o] &3kt

(2) # flavonoid = =A

GRHZ 1 mg/ml & 8|39 o
o, AJ2 0.1 mlet 80% l&tE 0.9 mlE
&3 29 05 mlel 1 M potassium
acetate 0.1 ml, 10% aluminium nitrate
9} olekE 4.3 ml& ©ste] 402 T3

Ao FolE ¥ 415 nm IFACAM F
F= SAE AP 2, quercetine
o] &3 EEFEFAUE o] 83t FHE F
5} o}

(3) DPPH radical &A% =#
#FH< GRH® s=7} 1. 10, 100,
1000 pg/ml7t ¥ =5 3MA715, 7+ A
2 100 ple}b oflgkZel &31A17 0.2 mM
°] DPPH &9 150 pl& &3gsle] 37T
A 30%7F WA ¥ 517 nm A
NN FA=E ZATF }ﬁ‘:‘r 2ol = "]
/1\__

(4) ABTS radical &271% A

#F#< GRHE =7 1. 10. 100,
1000 pg/ml7F = == 3 A A]7]32, ABTS
4H2 74 mM ABTSe} Atk 9&&
3= 2.6 mM potassium persulphateE
Az F, A5 Ao 37 T W
A ske] ofol= (ABTS +)& JAA A
o] F 732 nmell A F#x kel 1.5 o] 3t

7F HEE T S5 3435
ABTS'+ Sl 150 plell AlE
7Vekar, 1087 A2elA wt
732 nm Al A FHAEZE S

4) A E wloF

g M EF 23 (Korean Cell Line
Bank. KCLB)ellAl AF = AAA=E
Fe RAW264.7 MEE FY3le] A&
sl ew, DMEM wi=x]el| 10%°] FBS
Z F7}sbe] 37T, 5% CO2 27 o] #4]
He AEuiFrldaM AlxzE ket
o M Exe A mekS 2-3d F71E A
RIS As 3

5 AlE AEE A

RAW264.7 M ZZ 48 well plateel]l 2x104
cells/well2 #-F3te] 317 Tk w3t
2 GRH< 100, 200. 400, 600 pg/mle
T2 At gA st Fot e Fet
Aok B kel F53 Folv Wi
A 100 pld 10 ple] EZ-Cytox £H&

HA7bebed 308 Zob A Eujeks)o A ub
SA A ol F 450 nmel M FHEE =
Asle] LPSZe] st A zAZES
B&2 ZTA Y.

6) Reactive oxygen species(ROS) XA

F =4

RAW264.7 M ZZ 6 well plateol] 1x10°
cells/well2 E-F3be] 315 FoF wi kst
GRH< 100, 200, 400 pg/mle] =
2]star 200 ng/mle] LPSE F7}s)ed
SHA] B Fob wfekstadeh. BE ul kol
T2 ol ARt d2 HEE A
=] PBSE MA3 F, 10 uM® DCF-DA
T o] &3l 15F FF Al Euj kel A
w3271 Felsl= DCF-DAE A7
3171 A3l oAl A9 PBSE Al A 319
o ¢]% ROS AAF A4S 3 flow
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cytometry system= AM£3} o).

7) Nitric oxide(NO) A% =4

RAW264.7 Al E£= 48 well plateel]l 2x104
cells/wellZ EF3}e] 315 5<F wjF3tar
GRHZ 100, 200, 400 pg/ml®] %%
A28 & 200 ng/mle LPSE ZF7}st
o B} Tt oA ekt wl oFel
E’——‘v:— %—%% % N1 buffer 100 pl=S F7}
Aol A vESAIF A, vk
% N2 buffer 100 pl& F7}ske] ohA] 10
b A2l A b AR vhE $ 540 nm
NN FFE=E FAH3AC

8) Cytokine A4
RAW264.7 M ZE 6 well platee] 1x105
cells/well2 #F3ted 37 F<b = kst
2 GRHE 100, 200, 400 pg/mle] ==
A28 *, 200 ng/mle] LPSE F7}3}4
17 5ok oAl vl ekat st wicke] B
HAE #, 96 well plateol *ra]‘}
| 2 vkl 100 plE ¥ Aol A 24
7+ S w3 A FH Y vhE- $ plateel] o=
Alef& A Ast3 washing buffer® 43
A HstH k. o] F detection antibodyE
100 plA 7hsted Aol A 2A17F ¥4
Zow, =obA] plateol streptavidin-HRP
£ 100 pl¥ 7Fsted AdZellA 3027 b
<A FAY. ¥bs 3 TMB or pink-ONE
solution 100 pl® & ZF wellol Fo33 +

1587 ¥F-S-A)1 7] 37, 100 ul®l stop solution

ol

R O}N
Al
=3

& F7} Fo438t9] micro readers E3l
450 nmollAH EFEZ =Hslglon, o
+= standard curve® 7|Fo 2 s A4

oz el

9) AR WH=F A

RAW264.7 Al ZZ 6 well plateol]l 1x105
cells/well2 #F3) 3} F<k vkt &
100, 200, 400 pg/mle] ¥==2 GRHS
2 8tar, 200 ng/mle] LPSE F7}3}¢d
24A17F Fot Ajwlekstdeh. wioFe] 2R
Z223% & total RNA prep kitE AHE
st A EE st A2 Al ZelA RNA
£ FE3t9 e, o]gA FE3 RNAE
reverse transcription premixe} &3 F
PCR cyclerg AF&3ted 45ToA 60+
7k, 95CelA 587 ubgAlA cDNAE
FA st} o] F real-time PCRES #13)
sled A cDNAZREH B4 HA4x
% SZAIA stz e, 54

S A2t cDNAe] %E= primer, SYBR
green premixs =33 2% Tt 95TCel
A HESAIZ] 3, 95TelA 5%, 62.5Tel
A 304 el vbgA7IE BHE 40

S|




Table 2. Real-Time PCR Primer Sequences

Gene name  Size (bp) F/R* Sequences
iINOS' 197 F GCTCCAGCATGTACCCTCAG
R AAGGCATCCTCCTGCCCACT
COX-2* 198 F CCGTGGGGAATGTATGAGCA
R GGGTGGGCTTCAGCAGTAAT
1516 135 F GCCACCTTTTGACAGTGATGAG
R ATGTGCTGCTGCGAGATTTG
16 141 F CCCCAATTTCCAATGCTCTCC
R CGCACTAGGTTTGCCGAGTA
TNF-a! 129 F GATCGGTCCCCAAAGGGATG
R TTTGCTACGACGTGGGCTAC
Keapl! 134 F CAACTTCGCTGAGCAGATTGGC
R TGATGAGGGTCACCAGTTGGCA
N 112 F CACATCCAGTCAGAAACCAGTGG
R GGAATGTCTGCGCCAAAAGCTG
HO-1+ 84 F TCCTGGCTCAGCCTCAAATG
R CACGCATGGCTCAAAAACCA
NQOI* 123 F CCCTGCAGTGGTTTGGAGTC
R CTGCCTTCTTACTCCGGAAGG
B-actin 102 F CACTGTCGAGTCGCGTCC
R CGCAGCGATATCGTCATCCA

* F : forward, R : reverse, ¥ iNOS : Inducible nitric oxide synthase, ¥ COX-2 : Cyclooxygenase-2,
§ IL : Interleukin, II TNF-a : Tumor necrosis factor alpha, I Keapl : Kelch like ECH-associated

protein 1, ** Nrf2 : Nuclear factor erythroid 2-related factor 2, ¥+ HO-1 :
NADPH quinone oxidoreductase 1

## NQO1

[

10) = H3sF 54

RAW264.7 A E£E 6 well platee] 1x105
cells/well2 FF-3Fed 3}F F3b vl o3}
100, 200. 400 pg/ml 5x=2 GRHS A=
st & 200 ng/mle] LPSE F7}sle] 315
e A eFsta. wiFo] 2 F53 5
protease inhibitor cocktail I, phosphatase
inhibitor 11, M7} =3 % RIPA buffers
A-gate] fAEE| st A Ml EedA =
WS FZ319 . BCA protein assay
kitg ol &3 F&3 DA A=Fsial
©w, sample loading buffere} 41l 95T
oAl 5EZF WkEAA FH|EGH. T
H AL 10% acrylamide gele &
SDS-PAGEE Al3l3le] Z7|HE &+

J

Lo

Hemeoxygenase-1,

g om, PVDF membrane® 2 o] 5 A%
o} @A o] 7% PVDF membrane<>
3% BSAol =7} 2A17F FoF Aol A ub
A7 %, TBS-T bufferZ o] &3le] A
Aslgd o). o] & primary antibodyS ¥
16A17F 3F 4Tl A HHgAI7] a1 HHA] 33
A28k secondary antibodyE el 14]
7F EE A2l A vEEAIF o, oA
Al Z 8l ECL solutiong %3l
WA A Z e}, o] - whul ] iy
= chemidoc fusion FXE AF4-314]
il Qlabste] A9 s lAke] A
5} Abeql <14k3} 3 el (phospho form) <}
= Fell(total form)S BIwd He=z A
| R L LR s R i e e e T R

=
)

Meo g
12
2 e

\ﬂ-u
=

x

& g
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3. SAAF

A+ A3 A5 4= SPSS Statistics
Version 21.0(IBM, U.S.A)& o] 43}
mean=standard error of mean®.& u}E}
Wk EAA vl 9lel F IF Abele
B ¥+ independent sample t-testE A&
AL, o= IF Abele] M]ALE analysis
of variance(ANOVA)E AH&-3d et 2
A& Falslr] s+ Tukey's HSD
testE ]88 Fol4FEE 0.062 HdA 3
of AAL AlPstd e, p<0.05 p<0.01
2 p<0.0019] 37FA FoFFEoE YF
o] E7]3}% .

m 2 23

1. A3t &%

Galic acids ZFEAZ 3te GRHel &
A &= % polyphenol &< A 2}
31.21£0.53 mg GAE(Galic acid equivalent)/g
) & el om, Querceting TFEA
2 3] GRHell &3l % flavonoid &
e A3 A7) 11.18+0.54 mg QE(quercetin
equivalent) /g2l < epdo. DPPH
radical &271% 3 ABTS radical &7 %
< =43 23}, GRHe dHd = 9=
Al &27% S7H7F veb e (Fig. 1 2).

100

40
) .
0 e mmem | [
1 10 100
[of

activity (%)
3

nging
a
3

DPPH radical scaver

1000

oncentration (ug/mi)
Fig. 1. DPPH radical scavenging activity
of GRH.

enging activity (%)

ABTS radical scav

) I
o omem ,
10 100

1 1000

Concentration (ug/ml)
Fig. 2. ABTS radical scavenging activity
of GRH.

2. NME AEE

GRHZ 600 pg/ml °]Ae] 3= A
Controlwoll v]a| A £AJEE] 10%°]4
ZAaste] FA4 o] vehd o] F AfH A=
400 pg/ml 5 =7kA A 3tA=(Table 3).

Table 3. Cell Viability of GRH in
RAW264.7 Cells

Concentration Cell viability
(ng/ml) (% of Control)
Control 100.00+0.29

100 100.82+1.65

200 100.41£1.52

400 99.38+3.48

600 88.92+3.07
3.39=x &

3
1) ROS A=
ROS A =S A3 ZA3}. GRHE
100 pg/ml o] A FxolA Hx &3
o] i LPS<ell »la oA e Fa7t
vebdeh(+++ 1 p<0.001, * : p<0.05,
L p<0.001) (Fig. 3).




ontrol)

Reactive oxygen species (% of C
N o a 3
° 3 8 g 8 H

Control LPS 100 200 400

Concentration (ug/mi)

Fig. 3. Effect of GRH on reactive oxygen
species level in RAW?264.7 cells.

2) Nitric oxide ~J/J =
NO AA=HS 54T Z34 GRHE
100 pg/ml °)AHY] E oA % oEA

ol LPSF vl S9A 9= 247}
vhebdeh(H 4 5 p C0.001, **
#4505 (0.001) (Fig. 4).

60
40
20

0

Fig. 4. Effect of GRH on nitric oxide
level in RAW?264.7 cells.

fl

Nitric oxide (% of Control)

3) Cytokine 2y A &
(1) PGE2

PGE2 AA ke =x3 A3}, GRH=
100 pug/ml °]Ae] H=oA = oJ&A
o] LPSTe wvlal] S2oA = 747}

vebdoh(+++ 1 p<0.001, ** : p<0.01,
#HE 0 p<0.001) (Fig. 5).

1500

0 I I . .

Fig. 5. Effect of GRH on prostaglandm
E2 level in RAW264.7 cells.

S
3
3

@
S
S

Prostaglandin E2 level (pg/ml)

(2) IL-18

IL-18 A FS EA 2+ GRHE
200 pg/ml °]Ake] FEolA Fx oEZ
o] LPSwxell I3l #214 sl=
vebg ek (+++ 1 p C0.001, * ¢
. p<0.01)(Fig. 6).

100
80
60
40
20

0

entration (ug/mi)

Fig. 6. Effect of GRH on interleukin 1
beta level in RAW?264.7 cells.

Interleukin 1 beta level (pg/ml)

(3) IL-6

IL-6 =S A3 ., GRH®=
200 pg/ml o]Ake] FEeoA FE oJEA
o] 32 LPS¥oll ®l&l f9A4 & #
yepbgeh(+++ 5 p<0.001, * : p<0.05,
** 1 p<0.01)(Fig. 7).
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Interleukin 6 level (pg/ml)

o
*
400 %
300
200
100
0
Control LPS 100 200 400
C

oncentration (ug/mi)

Fig. 7. Effect of GRH on interleukin 6
level in RAW?264.7 cells.

(4) TNF-a

TNF-a A4 %& 543 4%, GRH:
400 pg/ml =4 LPSTol vl&l 24
= A7 Jepde(+++ ¢ p <0.001,
* 1 p<0.05)(Fig. 8).

3000

+H

2500

2000 *

1500
& 1000
4
8
2
5 500
A |
5
2

0 | i | ! i | i | !
100 200 400

Control LPS

factor alpha level (pg/ml)

Concentration (ugiml)
Fig. 8. Effect of GRH on tumor necrosis
factor alpha level in RAW?264.7 cells.

4, A LHF

Inducible nitric oxide synthase(iNOS),
TNF-a +42 #dxs SAHT 2,
GRHE 200 pg/ml |49 =AM 5
= o E&H o] LPSHel vlsl 44 3l
+ a7 JeERe. Cyclooxygenase-2
(COX-2), IL-1B8, IL-6, Hemeoxygenase-1
(HO-1), NADPH quinone oxidoreductase 1
(NQOD) izt wale<= 343k 2=k GRH
£ 100 pg/ml o]Ae] FxelA = oF
Aol LPSTel wlsl oA sle A

7} veby o}, Keleh like ECH-associated

protein 1(Keapl), Nuclear factor erythroid
2-related factor 2(Nrf2) Az} 2 f
< ZA 23, GRHE Controlel ¥
3 oAl WErE YeldA] ek

5. sz Wk

chil A b gk AR wE I f
Abst A#E Bk TNF-a @93 2
H2-s ZAst 23, GRHE 200 pg/ml
ool TxeAM Tx oEX e LPS

ol vlE §94 dE #HA7F JER
o}, INOS, COX-2, IL-18, IL-6, HO-I1,
NQO1l =i wazs A3 A,
GRHE 100 pg/ml ©]Ae] =AM &
5 o)&A o] LPST Hlsl f2A <
747 Yebsteh, Keapl, Nrf2 s 2
s 43 43, GRHE Control

o el SelMel W) vpeA g

A U

S QA 24 S whula wae
243 FYsht, A3} AE vn

o= Apel b oleh

1) Extracellular signal-regulated kinase
(ERK) ©t¥j o] <lAbstg A3 A3
GRH*= 400 pg/ml =olA LPSoll »v]3)
oA ols FAF JEbde(Significance
of results, +++ : p<0.001 compared to
control, * : p<0.05 compared to LPS)

(Fig. 9).
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PhosphoERK’ — | — —

Total ERK ‘ =

4

*
08
0.6
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0.2
o
100 200 400

Control [

ERK protein phosphorylation (Fold change)

Concentration (ug/ml)

Fig. 9. Effect of GRH on ERK protein
phosphorylation level in RAW?264.7 cells.

2) C-Jun NH2-terminal kinase(JNK)
A e <lakstE A3 243, GRHE
LPSwell wlsl fo]A- <l Wshr) veptA|
ook} (Significance of results, +++ : p
<0.001 compared to control) (Fig. 10).

Phospho JNK ’ — —

To,a,JNK’ —_——  —

|
Eaad
1
[X]
0.6
04
0.2 .
0
Control LPs 100 200 400

Concentration (ug/mi)

Fig. 10. Effect of GRH on JNK protein
phosphorylation level in RAW?264.7 cells.

orylation (Fold change)

osph

INK protein ph

3) p38 =izl <lAkstE 3k A3}
GRH*= 200 pg/ml °]AH9] ANA F
= oE&H el LPSwel vlsl 24 o+
a7 Jebs ek (Significance of results,
+++ . p<0.00l compared to control, *

p <0.05, **
LPS) (Fig. 11).

b o3

off Ay

p <0.01 compared to

Phospho p38 —

Total p38

12

1

Eees
*
0.8
o
0.6
0.4
) -
0
Control LPS 100 200 400

Concentration (ug/mi)

Fig. 11. Effect of GRH on p38 protein
phosphorylation level in RAW?264.7 cells.

P38 protein phosphorylation (Fold change)
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AdL 7| ZFal Trlchomonas vaginalis
of 23k Aoz FFdZA]el Metronidazole,
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