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Hoechunyanggyeok-san (HYS) is a traditional oriental herbal medicine widely used for treating inflammatory
disorders. Although there are numerous clinical results of HYS reported in the literature of oriental hebal medicine, it has
been rarely conducted to evaluate the immuno-biological activity. The present study was conducted to examine the
anti-inflammatory effects of HYS extract (HYSE) in vivo and in vitro. To determine the cytotoxic concentration of HYSE,
cell viability was tested by MTT assay. All four doses of HYSE (0.01, 0.03, 0.10 and 0.30 mg/ml) had no significant
cytotoxicity during the entire experimental period. In order to measure NO levels in culture medium, the cells were
treated with 1 pg/ml of LPS 1h before adding HYSE for 24 h and then culture medium were reacted with Griess reagent.
Increased NO production and iNOS expression were detected in LPS-activated cells compared to control. However,
these increases were dose-dependently attenuated by treatment with HYSE. LPS plays a key role in leading to the
massive production of pro-inflammatory cytokines such as TNF-q, IL-13 and IL-6 in macrophages. Thus, we next
determined the levels of these cytokines. HYSE reduced the elevated production of TNF-a, IL-18 and IL-6 by LPS.
Moreover, the effects of HYSE were in a dose-dependent manner. In vivo, histopathological study, HYSE effectively inhe
efed the increases of hind paw skin thicknesses and inflammatory cell infiltrations induced by carrageenan treatment. It,
therefore, considered that HYSE will be favorably inhe efed the acute edematous inanner. In s. These findings showed
that HYSE could have anti-inflammatory effects through the reduction of NO and inflammatory cytokines in macrophage.
Futhermore, the reduction of carrageenan-induced paw oedema by HYSE helps to understand its actions on
inflammatory conditions.
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Carrageenan®] FYU& #4354 <55 FUIERE, 45
A5, §A3ue Ao 9 A8HD 9lon”, Raw 2647
cell& murine THA A X 9] cell lineL. 24,
o] &F ghgol] HJojste] w39 wWojdt &
#AoAste Aoz dEA J, 9% WHEAld+ interleukin-153
(IL-18), tumor necrosis factor-a (TNF-a) % interleukin-6 (IL-6)
9} 22 cytokines AJAF3t] Az 7] A Wofo] Fodt A
& she Aze deA A

Lipopolysaccharaide (LPS)<
WAz 4, 3L fUst
cytokines AGA71EE @Fut
Az yso] ek

1. PlIFEERE #5255 (HYSE) Az
EESY/ E“éﬂlﬂ Age dFgA ("*H
A5HE 3 F, <opogu>e &
HEF 1228 g€ 210 Bu 3A3 A9 F 55 A
Z2 12} 973813 3000xgell A 383 A4l st Ath A4 i
9] FSATS Heted 02 um filter (Nalgene, New York,
USA)Z sttt o] AT AE rotary evaporator (EYELA,
Tokyo, Japan)2 FA%38to 2158 g2 Eem, AME W74
20ColM HAstAt Ml 255 £8& 1757 %3
© 1 in vitroA] XAl DMEMoO| = AL83FH 2™, in vivo
ARAE Eo Fo AHES AT iEFEElEES] 74 2 83
Table 13} Zt}.

Table 1. Composition of Hoechunyanggyeok-san

4 e 4 E3={(0)
E H Forsythiae Fructus 450 g
S Suctellariae Radix 262 g
' F Gardeniae Fructus 262 g
L Platycodi Rhizoma 262 g
g Coptidis Rhizoma 262 g
O Menthae Folium 262 g
g % Angelicae gigantis Radix 262 g
EHE Rehmanniae Radix 262 g
R Aurantii Fructus 262 g
TREEE Paeoniae Radicis rubra 262 g
"' =B Glyeyrrhizae Radix 262 g
& i 30.70 g
2. AloF
LPS (Escherichia coli 026:B6) <}

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoleum (MTT)
Sigma (St. Louis, MO, USA)llA #1319 1L, fetal bovine serum
(FBS) #} antibiotics= Gibco/BRL (Eggenstein, Germany)= -
T93t92™, Antibody= BD Bioscience (San Jose, CA, USA),
Cayman (Ann Arbor, Mi, USA), Zymed (San Francisco, CA,
USA)oll A 943893, NC papere Schleicher & Schuell (Dassel,

Germany)ol A T48 4t TNF-q, IL-189} IL-6¢] ELISA Kite
Pierce endogen (Rockford, IL, USA)l A 43ttt

3. Al uf e

Murine macrophage cell lineQl Raw 264.7 cells 3= A3
FAFAT  (Seoul, Korea)ollAl FH392™, Dulbecco’s
modified Eagle’s medium (DMEM)ol| 10% fetal bovine serum
(FBS), 100 U/ml penicillin
WA S AFR3l] 37T, 5% CO, incubatorol] A] ¥iFststh A3
HA o] BE cells2 80~90%2] confluencedl| Al A3} ar, 20

passagesE @7|A %S cell?t AHE-3HGATH

2100 pg/ml streptomycins &35

4. AEX AEE =T

Raw 264.7 cellS 96-well platedl] 5x10* cells/well2 HF3
O EGERESFSEE (HYSE)S $5¥E X5t Ax9
AEES F3FATh AlZel 0.01, 0.03, 0.10, 0.30 mg/mlY] &=
2 HYSEE AXg Fo 37T, 5% CO9 $7o] FA=H= %
7191 A v Fst st wl g & AEAE] MIT (0.1 mg/ml)E 50
R A g T RS ZASHA AASL AAFE
DMSO9| =o] Titertek Multiskan
ELISA microplate reader (Model MCC/340,
Huntsville, AL)E AH&3l49 570 nmol A §3 =5 =339
A EAEEL control celld] dig WE&2 e AT

formazan crystalsS

Automatic

i.e. viability(% control) =

100%/ (absorbance of treated sample)/(absorbance of control)

5 NOAd#F 574

Raw 264.7 M EFZHE A E nitric oxide (NO)9| ¥
A W Fd Foll EA3= NO»-o Fej=A Griess A=
&3kl STt ZbekshA sk Al EZuj e 45 50 plot
GriessAl ¢} (1% sulfanilamide in 5% phosphoric acid + 1% a
-naphthylamide in H;O) 50 & 96 well platesell &3 3t o
Ao A 102 F<F §-&A1Z1 F 540 nmol A Titertek Multiskan
Automatic  ELISA microplate reader (Model MCC/340,
Huntsville, AL)Z F3=E SA39H. NO»9 FE+ sodium
nitrate S 3] 45} %% £ 45t 2% A4S Atk
6. Immunoblot analysis

20 mM Tris CI (pH 7.5), 1% Triton X-100, 137 mM sodium
2 mM EDTA, 1 mM sodium
orthovanadate, 25 mM b-glycerophosphate, 2 mM sodium

chloride, 10% glycerol,

pyrophosphate, 1 mM phenylmethylsulfonylfluoride® 1
mg/ml leupepting #-3t= bufferg A3+ cellS lysisA F
t}. Cell lysatesE 10,000xg=Z 10%7+ 94 #2]3}e] debrisE Al
Attt & protein®] L ZtZ] antibodyE AHESF] W
dgletd oz REAFHSM, 2% antibody= alkaline
phosphatase conjugated anti-rabbitS A3ttt Zt protein®]
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band+ ECL western blotting detection reagents (Amersham)E
AF23Fe] manufacturer’s instruction®l] wel TASE T WA
F d Ao dHAFS Hr}sl] $151e] image analyzing system
(Ultra-Violet Products Ltd., Upland, CA, USA)E ©]§3}<
AASF A

Densitometric analysisE

Cytokines Z43}7] 91314 6-well plateo] cells (5X105/ ml)
EEHE AXS o, 1AF Fo LPSE
AX ATk LPS M A & 7t cytokinewtth £ Ajztel] wjA &
A8 cytokines ZsAh FAE WA= HIE S 8HA
Y, SAHA7A 70T A EAS( T TNF-q, IL-18%} IL-6=
ELISA Kit (Pierce endogen, Rockford, IL, USA)E Al-&-3te] &
Ao, 49 W

W& manufacturer’s instruction®l] w3k},

AHFES 459 ¥ Sprague-DawleyAl 7 3 (130-160
g 157Y & B4 AEA F AP AR o, AL
A 874 2= 20-23C, 5= 60%, 12417t light/dark cycleS

3}al, AR (Nestle Purina Petcare Korea, Seoul, Korea)9}
2 AFEA AFHGEE AT 4P ofFd AXE S
% & Normalw 22 313l 7]|9A|Q] carrageenan (Sigma
Chemical Co., St. Louis, USA; 100 ul/rat)2Hs 385413 &
carrageenan &2 3191 21, carrageenan¥} dexamethasone (1
mg/kg, P.O)= —‘?04 g+ dexamethasonew, carrageenan® 0.3
g/kg®l MR IEHS g 0.3 g/kg HYSE+, carrageenan¥
1 g/kgel Hﬁ(aﬁzﬁ 3 1 g/kg HYSETZ 2 Y30
H, 2t #% nFe 6”]-E]i 39 th. dexamethasone®} HYSE+= 4
g F M 13 FAsien, WAL FEFod W F
carrageenan< 100 ul/ratZ rate] 2% Wuldo] 93t

R

3

Fo3la 1A § carrageenans F o3k
LAt Paw edema®] &7 carrageenans
FAF AER (0, 1, 2, 3, 447 FESF5A 7] (Plethysmometer,
LE 7500; LETICA Scientific Instruments, Spain)E ©o]-&3}o] +
T AEE SASA

=
e

9. Paw edemad %
44 A °ku%

Paw edemas

10. 2348

Paw edema® I3 IFHHEAFZE AWEI] Y,
carrageenan®. 2 @F o] ¥ rat®] QLEZF x| WEoHE
Adste] 28E& AFsto, #IEe] EF (dorsum pedis) 2 Eup
o (ventrum pedis)9] 3% HAZAS —Ev—E] st 10% FAHAEE
Tl 612 o) /AT (d B 2 A EejE AAE)
1, 3~4 um9] longitudinal & A|=}3}e] Hematoxylin-eosin
AAE AASta, Fdn] 7% (Nikon, Japan)dtall Al 23}t

o

1. 2484 37}

Kim, et al”’¢] W< WEA A, 5 L dupg 93 (g
oA X))o FAZ mm GAE 408 A Aokl AHF
’$EA %A (DMI-300 Image Processing; DMI, Korea)& ©] &3]
o 7t Z2gstg o, 2zt 1 mm’e] W P uhuie )R] 3
#8 FFAEY & A AFFFEAZAE ©]-&3H4, 2000
)

v Aokl A S

. oh o2 K

01

12. $A4 4%

A3 Z23+= mean + SD.E YE AT, A A7 £
’d& one way analysis of varience (ANOVA)Z 7743t
Newman-Kleuls testZ A3t FAZ H948 AR
p<0.05 & p<0.012 3} Ht}.

=
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Fig. 1. Schedule of the in vivo study.

2 ¥

1. [0FEE#C] LPSE 5% Raw 264.7 cell®] NO production
o WA= 9F
Raw 264.7 cellel A HYSES] NO AAAAAEES #2357
3t HYSEE 0.01, 0.03, 0.10, 0.30 mg/mle] SEZ AX o *
3t A EHE NOYE =439 Y. LPSo| A+ controliol
waled NO9| A4 #o] LPSH A % 18 h, 24 holl A Z+z}t 25
v, 5u A== FostA F71steH, HYSES A& 43T
A= 18 h, 24 hHA A AExrt F93 NOYAE Uetd
Ath(Fig. 2).
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Fig. 2. Effects of HYSE on the production of NO by LPS. Raw 264.7
cells were treated with 0.01, 0.03, 0.1, 0.3 mg/ml of HYSE dissolved in media for
1 h prior to the addition of LPS (1 pg/ml), and the cells were further incubated
for 24 h. The concentrations of nitrite and nitrate in culture medium were
monitored as described in the materials and methods section. Data represent the
mean + S.D. with eight separate experiments. (+, significant as compared to
control. **P<0.01; #, significant as compared to LPS alone, ##P<0.01)

- 1343 -



olElE - 21 -

2. [l E] Raw 264.7 celle] A&

HYSE7} 0.01, 0.03, 0.10, 0.30 mg/ml] F=ol4 LPSE
=3 Raw264.7 cell®] NO9 XS 7+4A171 Ao, HYSESY A
FEAHoR Q% ANAES BFEr] 93ste, HYSES 0.01, 0.03,
0.10, 0.30 mg/mlZ A 2]3}aL 24412k Fo MTT assayE A3t
oA AZAEES SH8IAT 827 2 hlAMe ZE A5 &
g AEEAo] YEREA ko), LPSHE A2 24 helA=
Controldll Blate] oF 70% A= MEEAS etk
21, LPS$} HYSE (0.01, 0.03, 0.10, 0.30 mg/ml)E 2] ol
A LPS @EAX T Hluste] {2 ME5HS YERRA
wgton, 938 HYSEE TEEHOE Fost AEHFS
A 3ol A= ATh(Fig. 3).
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Fig. 3. Effects of HYSE on the cell viability in LPS stimulated
Raw264.7 cells. Raw264.7 cells were treated with 0.01, 0.03, 0.10, 0.30 mg/ml
of HYSE dissolved in media for 1 h prior to the addition of LPS (1 pg/ml), and
the cells were further incubated for 24 h. Data represent the mean + S.D. with
eight separate experiments. (+, significant as compared to control. **P<0.01)
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Control - 0.01 0.03 0.1 0.3
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B) 30

Relative iNOS Protein levels

Control
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Fig. 4. Effect of HYSE on the induction of iNOS by LPS. The levels
of INOS and actin protein were monitored 18h after treatment of cells with LPS
(1pg/ml) with or without HYSE (0.01, 0.03, 0.10 and 0.30 mg/ml) pretreatment (i.e.
1h before LPS). Equal amounts of total protein were resolved by SDS-PAGE.
Expressions of INOS protein were determined by immunoblot analysis using INOS
specific antibodies. The actin was used as a loading control (A). The relative
density levels of protein bands were measured by scanning densitometry (B). The
data represent the mean * SD of three separate experiments.(*: significant
compared with the control, »P<0.01, #: significant compared with the LPS alone,
##P<0.01).
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4. [ R#e] LPSZ =% Raw 264.7 cell®] cytokinedl| H]
AE I

ASuEol slofd Fad 98-S s TNF-ax LPSHEHS-<]
Fo MANZA HAEGA dAME Fad JFE b
B TN LPSE TNF—a/] U foAUA AR e,
HYSE+= 010 2 0.30 mg/ml2] FxolA TNF-ao HAFE &

oS Al F2A A tHFig. 5A). IL-18= NK cell®] &4, T-cell®]
243}, Bcell?] 452 &4 gate" Cytokmeii Ao A

= LPS9] A=) 9]3te] Raw264.7 cell?] IL-189] #H]7} f9A
AA Z7F8FR e, HYSEE= 0.10 2 0.30 mg/ml9] FTEOA #
oAl IL-189] B3 FS £ AthFig. 5B) IL-6= B-cello] &4 8}
ol A E AEHE plasma| E2 B3LEEE F76t1, A
9] EHIE A3 cytokineS 2 B-cell #31HHA Y] $£7]ol F2
Z+-&-3te] imunoglobulin®] AAFES =31, T-celld] 2=
#FAF] Yokl B AF A LPSE IL-69] AL 594 UA
277 05, HYSEE 003, 010, 0.30 mg/ml®] %4 LPS

2 f29 62 FI49AA Z4aAFtHFig. 50).
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Fig. 5. The Effect of HYSE on LPS-stimulated cytokine production.
Production of cytokine was measured in the medium of Raw264.7 cells cultured
with LPS (1 pg/ml) in the presence or absence of HYSE for 24 h. The amount
of cytokine was measured by immunoassay as described in materials and
methods. Data represent the mean = S.D. with three separate experiments. (+,
significant as compared to control. **P<0.01; #, significant as compared to LPS
alone, #P<0.05, ##P<0.01)
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5. [nl4%illE# o] carageenan® 2 =% Rat®] paw edema©] H]
e 9F

HE24718 ol4sd paw edemaZ =43 A,
carrageenans FY$ Tl A= 0, 1, 2, 3, 4 Azl Z+7 1.00 +
0.08, 1.68 + 0.14, 2.21 + 0.22, 3.02 + 0.45, 3.02 + 0.372 el
o, frost & FEFol HFuHEHUT Y, URIHE F
dexamethasoned ] 3+ ol A& 1.03 = 0.08, 1.02 + 0.14, 1.01
+0.17, 1.09 + 0.16, 1.05 + 0.17& UYEhHo] AF AzF 59 79
g ARFAAE YeERHIT HYSE 03 g/kgs FoIgh Follx
E0,1,2 3 4 A7) 112 £ 011, 1.22  0.09, 1.74 + 0.10, 2.0
+0.24, 1.90 £ 0155 e 1, 3, 4 AlZhel] o HRFAA
£ Ygen, HYSE 1.0 g/kgE T FolME 112 +
0.12, 1.27 £ 0.12, 1.90 + 0.23, 2.03 + 0.09, 1.69 + 0.152 2|3t
A& Er ATk (Fig. 6).
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Fig. 6. Inhibition of Carrageenan-induced paw edema by HYSE.
HYSE was administered to rats at an oral dose of 0.3, 1.0 g/kg/day for 4 days
before the induction of paw edema. Paw edema was induced by subcutaneously
injecting 1% solution of carrageenan dissolved in saline (0.1 ml per animal) into
the right hind paw. The swelling of the paw was measured 074 h after
carrageenan injection. Dexamethasone (1 mg/kg p.o.) was used as a positive
control. Data represent the mean = S.D. of six animals. (## P<0.01, significant
compared with carrageenan alone)

6. 01475l ©] carageenan® Z =% Rate] paws] =7 w3}
o HA= 9T

HYSE®] carrageenan -
Hryat7] At 4 AP BRFY S
S Aty F5de O FE3 dutg RRA
2 AE ASAEY 5 AU & APy A, 2
9] A= Aol 087 + 0.11 mm, carrageenanir ©
035 mm= FoA A S7tstdon, ojH g 3 Fe FA
7}= dexamethasone ¥ HYSE 0.3, 1.0 g/kgE A A& 413
A 075 £ 0.21, 117 + 0.33, 1.08 + 0.21 (mm)Z 2] UA
stk dute 799 FRFEA SloME AdEE 0.7
0.11 mme] 121, carrageenana ol LJAE 191 + 0.24 mm=E
T4 FretA e, olel g wutee] FRFEAY St o
A] dexamethasone & HYSE 0.3, 1.0 g/kgS XX 3t 43 7ol A
0.84 * 0.35, 1.37 * 0.13 1.23 = 0.31 (mm)2Z F4UA T4
Atk Eg, BF 2o 15 2FdA A& dSAEY F
(cells/1 mm)E AFTNHE 640 + 23072 H, carrageenant*
& 2840 + 45670 Frol Al ST ol g ASAlEe] T

Hodr 2 ooft e

< [ =

" R SRR ]

- Y e i
b e

- Ene - -y »

J .
e, re |

e N

&
= o dr 1 o2

R R ey

= o
=l
+ B = o

[e)

o

(=)

7H& dexamethasone % HYSE 0.3, 1.0 g/kg<] AX]el| &3] 7.20 +
228, 10.60 + 2.61, 7.00 + 2.70 (cells/1 mm?)<S UEH o] f-2]5}A)
aE A FF de] dhtg 2 A AFAFHMEY F(cells/1
mmz)l“: g0l 640 + 2.707]0] 1S, carrageenant- 831.80
+ 1249902 F9% Z7H8 ek ol8d GFAE A&
%7h= dexamethasone ¥ HYSE 03, 1.0 g/kge] XX <3
104.80 + 64.10, 366.60 + 110.50, 195.00 + 80.10 (cells/1 mmz)i S
ofHAl ASAE &S JAISHATHTable 2, Fig. 7, 8).

Table 2. Changes of histomorphometrical measurements in the
present study

Dorsum pedis skin Ventrum pedis skin

. Infiltrated . Infiltrated
Groups Thﬁgﬁss inflammatory cells Thickness inflammatory cells
(cells/ mm?) (cells/t mm?)

Normal 0.870.11 6.40+2.30 0.70+0.11 6.40+2.70
Carrageenan  1.95+0.35+«  28.40+4.56+  1.91+£0.24+ 831.80%124.99*«
Dexamethasone 0.75+021"  7.20£2.28"  084+035" 104.80+64.10"
HYSE 0.3 g/ml 1.17£0.33"  10.60+2.61"  1.37:0.13" 366.60£110.50"
HYSE 1.0 g/ml 1.08x021"  7.00£270"  1.23:0.31" 195.00+80.10"

Values are expressed as mean + SD of 5 histological fields * p<0.01 as compared with
Normal control ## p<0.01 as compared with Carrageenan control.

-

-
rate
-

]‘..“;

Fig. 7. Changes on histological profiles of the Dorsum Pedis skin in
normal control (a, b), Carrageenan control (c, d), Dexamethasone
(e, f), HYSE 0.3 g/kg (g, h) and HYSE 1.0 g/kg (i, j) treated groups.
Note that marked increases of skin thicknesses due to edematous changes were
detected by carrageenan treatment with increases of inflammatory cell infiltrations.
However, these increases of skin thicknesses and inflammatory cell infiltrations
were effectively inhibited by treatment of dexamethasone and two different dosages
of HYSE, respectively. Arrow indicated total thicknesses measured. All HE stain;
Scale bars = 80 um.
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Fig. 8. Changes on histological profiles of the Ventrum Pedis skin in
normal control (a, b), Carrageenan control (c, d), Dexamethasone (e,
f), HYSE 0.3 g/kg (g, h) and HYSE 1.0 g/kg (i, j) treated groups. Note
that marked increases of skin thicknesses due to edematous changes were detected
by carrageenan treatment with marked increases of inflammatory cell infiltrations.
However, these increases of skin thicknesses and inflammatory cell infiltrations were
effectively inhibited by treatment of dexamethasone and two different dosages of
HYSE similar to that of dorsum pedis, respectively. M, muscle layers; Arrow indicated
total thicknesses measured. All HE stain; Scale bars = 80 um.
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