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1. BStH

(1) 3% : SP, LPS, penicillin/streptomycin, LiCl, Urea
+ Sigma Chemical Co. (Chicago, IL)elA F<3tsich
Mouse rTNF-a , polyclonal anti-mouse IL-1a ¥ antimouse
TNF-a = Genzyme (Cambridge, MA)IA FLATh
Dulbecco’s Modified Eagle’s Medium (DMEM), $-Eiot3
2, agarose, phenol, Moloney murine leukemia virus
reverse transcriptase, RNase inhibitor, Tag polymerase
+ Life Technologies (Grand Island, NY)slx 743
o}

@ WERIY © —K WA (primary glial cell)
#e 9% WRIME 6~873°) Bab/cA MRS 43
HEAYERAR(SY, TR 7Y 4 249
A 2~390) £ AAE WHAC

i

(3 &FE FAYe) BH K BB #HY FEPo-
lygala Tenuifolia)e EYCASE S&BAIKE WE Sl
TN Bge FUF % BRste) BWHB ER
FEK(Q00co)E W3 9 AT 29 AW R
o FAYL i@t (2i0g) R oS 4Cod
el R FFEe] ZF50 48 o 97 A
(autoclave 121°C, 158¥)3lo 3t

2. RBE*E

(D) A TEel SR SR 0 —k IEY ERER
1% S Fontana ™9 Hikel wstch & 445 2~39A
He A7 A EES BRES T IS b o)
Ao @ikse] AA R4l HEsAT SHsd e
WilE 20% SHolEY S wasts DMEM iatmol i
WAA &R 100 mme) MBS petri-dishol 4L

o 3gvit B¢ EAWS W FUAM 3F X3
TC, 5% CO» et} reatol A smacstich. 13k 1094
of, #g% dishel $2F FHSIBMIEE 025% Trypsin-
0.06% EDTA® AZsiich ¥AAE RET % 48 &
# platedl @ wellF 4 x 10° cell& #{k3H COp Hsk
o)) 3U B BESAG LLLY K2 MY Ml
B %Ll kol BRMME MR Ak

2) B8 BEIES) 352 EE MEEORZYH NB
MRS SES7) Astel B F923s I Il
A 800 pmZ A7 ¢ EE U, NE2E EBLE
oA 15% ¢ st FPAI0 F3AE MEDS
3&sed 10% SHorEdE /T DMEMO} A@=s)
o EEel #Asch

(3) SP #3% @ SP &) LPS Hio]l HA Y=E Fh
g EEE UM Oed 2o gtk Asel= SPE
001% acetic acidl %3 Acetic acidE glacial acetic
acidg 1/100002 % o 02-um fiter2 EB3H8
SP @i (1 mM)S -20Co) fREFste) fER @Rl A
#E7L Q& EEko) Wt @A

(4) TNF-a B - SURHIAE szl LPS (1 ug/ml), SP
(1 1M EE & #3998 mEste BRstdad 28nn
£ TNF-e o WS Scuderi 570 kY Hikol #
ste] oF7F #2¥ ELISA (enzyme-linked immunosorbent
assay)® EHMigt%h. & anti-murine TNF-a capture mAb
£ flat-bottomed 9%-well plate (Corning, Rochester, NY)ol
coating buffer (0.02% sodium azideZ ¥-%3 PBS, pH =
T20E fHstY 7 welld B#ilE 625 ng2 2 A
F 4CAA 12417 B 2RSHAT Y ¥, v|BolH
ZUEAE I sl 2% BSAS #5% PBSE +4
¥ blocking buffer® #H7Isted 37ColA 2417 <t
blocking 3%t} ©4] 0.06% Tween 20& ##3% PBSE
24 ¥ washing buffer2 431 A% ¥ recombinant mouse
TNF-¢ 2F%93} 7 sample®] E#SAAL 2 welld] 100
u 7hated 3TCOAM 2417 FoF st oAl 0.06%
Tween 20& &#% PBSE 43 M3 F rabbit anti-murine
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TNF-a & 1% BSAE #43 PBSE ol&8d 78 ng/ml 5
52 4T F welld Helstel 3TCAM 247 F3h i1
#3851tk Al washing buffer® 73] M8 $ phosphatase
7F A%E goat anti-rabbit 1gG (Sigma Co.)E 100 ng/ml
FTEE 7 welld]l AAE o 37CAAN 247 BEd F
78 AFHA, vk AEH T 005 M NaHCO:9 0.05
mM MgCh® Z49 buffere] #8147 p-nitro phenyl
phosphate (PNPP) 241 & 100 ul¥ zH wello} 71ste] 10%
b NS FHEP L ELISA readerS o183t 405
nm H3o| A TNF-« 9 *& ZFsiqich

G I-1 B : AR AUe 19 ¥
TNF-« PiEm2 e KSR MEstch

{6) RNA- 4# : RT-PCRE $1% total RNA¥ LiCl-
urea P28 Rty

(7) Reverse transcriptase—polymerase chain reaction
(RT-PCR) : RT-PCR #®e2 TNF-a mRNA HALE
& A% 918k TNF-e DNA'™9 3o o)
¢ sense ¥ antisense oligonucleotide primer (5'~-CCA-~
CGT-CGT-AGC-AAA-CCA-CCA-AG-3 ¥ 5-CAG-
GTA-CAT-GGG-CTC-ATA-CC-3)& Aj&3te} PCR7|
AE o83t 316-bp 7]} FHE ZEH)

(8) HPLC 4r#7 : Chromatographic system < B3I
(Waters Assoc. 600 HPLC), UV ZH%7)] (Waters Assc.
4% tunable absorbance detector), AETAMFYU7] (Waters
Assoc. 717 plus autosampler), AE 247} (Waters Assoc.
746 data modulator) 2 nucleosil C18 AB column (46 x
250 mm, Macherey-Nagel)2 A}&3tith o] EAL
methanol-0.006 M sodium octane sulfonate (50 @ 50 v/v,
flow- rate ; 1.0ml/min)Z 3}Ath

3. #HEt2E 7

EE ASE means = SEE JEIQen, AR

REW MRISHEWE St 9 BeRdl BT Bt -

B2 giudent's t-test® QR
2 39t

FAFEE P0G

. WERFLH

1 i ERRREFE TNF-a
LPS2t SP2| ER BR

2ol #E

A= B wA JE SRanERe 2o B ER
MiREe] TNF-« o ¥yl 221& 893 cKTable 1). i
EkiliEsl SP 9E A siME RRMEERNE
TNF-e ¢ sigel & Mg oA Eagch LPS @5
ANolE I ERAURELY TNF-ea 9 9HE I
FEERAA T fe)Adol AR, LPS SPE kol AR
< o LPS ©5 A 2ok @A TNF-e & 5#
gl whnstaAct (P<0.05). Table 1] Yebd nisl o)
B MBS HSBAECI AT LPSE HsHe
o of7te] TNF-a &) 5ihS B, LPSS SPE
EEFe) 7hate] HEEAS WAL TNF-« of g &
AsA et stk wEbd K HEAAE B R
AR wEete EmE TR o TNF-e o 9
o A= HEE WRESIHHTable 1)

Table I. Effect of LPS and/or SP on TINF-a secretion by
mouse astrocytes or microglia

Treatment TNF-a  secretion (ng/mi)
LPS SP astrocytes microglia
- - 0.42+£0.02 0212002
+ - 1780+ .03 0.93:£007
- + 095003 0.36£0.09
+ + 518+0417 (0.83+0.12

Astrocytes and microghia fraction (4 x 10° cells
/well) were isolated as described in Materjals and
methods. The fractions were incubated for 18 h in
medium alone or in medium containing LPS (1 pg/mb)
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and/or SP (1 uM). The supernatants were collected and
frozen at -80C until assayed for TNF-« bioactivity.
Each datum value indicates the mean £ SE. of three

separated experiments. *: statistically significant differences |

from the control values (medium alone values) at P<0.05.

2. B Ewiam=%e LPSet SPo 2|shod
FWEE INF-« Of W3 &5 TEYo
sl wR

1§ BARMIMERE TNF-a o) 4ol oo &E&E +
Aehel HRE BASy] A B BRKRES LPS, SP
2 O3 529 FBE Eutsle 18 A B RS
& TNF-« 8 S ES AN HFig 1). Fig. 19
el whe ol R FAGL I ERAERE LPS
< SPell 93 FEEHE TNF-« o s £F2H0
2 ZaAged, & 399 g sike 10-100
g/ml F=eA AA3AT (PC0.05).

TNF-a Secrtion (ng/ml)

07— T T T .
0 107 10° 10' 102 103
(Control)

Fig. 1. Effect of PTAE on LPS and SP induced TNF-

@ secretion in astrocytes.

The cells (4 X 10° cells/well) were incubated for 18
h in medium containing LPS (1 pg/ml) plus SP (1 pM)

ARz A

A10d Alx 199 —

with various concentrations of PTAE and the supernatants
were collected and frozen at -80C until assayed for
TNF-a bioactivity. Each datum value indicates - the
mean *+ SE. of five separated experiments. % statistically
significant differences from the control values at P<0.05.

3 M ERMMIRETE L1560l CHS LPS
ot SPel ER HR

Bethea 52 HIEMEHRAAM IL-19) &% TNF-e
mRNA® #& 2 Sk wEsan” Ae
I§ 2ROl LPS 2 SPE #7tshe) mES AR

= el fEM MREEMES 8T L-19 9%
Bg WEsT Table Io1 2Q ANY, SPE LPSE
MY BRABZRE IL-19) HWE LABSE B

=, ol8id #FHE Luber-Narod 59 sl ¢k
T 9o

Table 1. Effect of LPS and/or SP on IL-1 secretion

by astrocytes
Treatment
IL-1 secretion (ng/mi)

LPS SpP
- ~ 0.16+002
+ - 0474002
- + 0.1620.01
+ + 5124021

The cells (4 x 10° cells/well) were incubated for 18h in
medium alone or in medium containing LPS (1 pg/ml)
and/or SP (1 uM). The supernatants were collected and
frozen at -80°C until assayed for TNF-e bigactivity. Each
datum value indicates the mean + SE. of three separated
experiments. * statistically significant differences from the
control values (medium alone values) at P<0.05.
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4. FE EiNERESE PSRt SPof| 2|50y
HEE s (10 Y oEE FEe m
o %R

g2 APFHeE FmE FIYY) B ERAmERE
IL-19] Sl AlXE H8e 43487 A6 LPS 9 SP
2SS g T2 AP Lo} IL-19 ¢ &
gt EmE £RAQ0-10° pg/m) & B EHRAEE
BB SFEHOT [-19 HWE HHEIA= (Fig.
2), olE@ JmE Y WH HREE 10-10° ug/ml 5
oA "AsATH (P<0.05).

AN

IL-1 Secrtion (ng/ml)

L T T T T
0 107 100 10' 102 10°
(Control)

Fig. 2. Effect of PTAE on LPS and SP induced IL-1
secretion In astrocytes.

The cells (4 X 10° cells/well) were incubated for 18h in
medium containing LPS (1 ug/ml) plus SP (1 uM) with
various concentrations of PTAE and the supernatants were
collected and frozen at -80C until assayed for IL-1
bioactivity. Each datum value indicates tﬁe mean * SE.
of five separated experiments. * statistically significant
differences from the control values at P<0.05.

5 0 EIKMEEFE TNF-e« of 250 B
SHIL-1 mfgel md #R

B ERMMERE &S FUA HE TNF-a o 4
WO HERTE IL-1 A AZANE S sis
o, 1% ERAEAA IL-1p S KRS ARHAT. I
SR iAol LPS (I ng/m) SP (IMIE Ae)g
0e IL-18 B34S A7hstd 1847 Fol TNF-a st
£ WEsItHFig. 3). Fig. 3o e ukst 2o} TL-1
b HAE A 2L FE J4E2HoT TNF-o S
o) FAdEd, -1 BA) wEl FRE 10-16° 1
g/ml SENA BEFATG (P 0.05).
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Fig. 3. Effect of IL-1 antibody on LPS and SP induced
TNF-a secretion in astrocytes.

The cells (4 X 10° cells/well) were incubated for 18h in
medium containing LPS (1 pg/ml) plus SP (1 M) with
various concentrations of IL-1 antibody. The supernatants
were collected and frozen at -80C until assayed for TNF-
@ hioactivity. Each data value indicates the mean + SE.

_99_



— EAAR A §3A :A10F3 A1FE 199 —

of three separated experiments. *: statistically significant
differences from the control values at P<0.05. .

6. f§ EikimIBZSE LPSet SPO| °lStod
HE=lE TNF-« FXA L0 Hot &
& R M BR

FE TG I BRAEAM TNF-e & FUWE
Hlgtr) Wi I T8NM TNF-e §379 2@
oXE BES A¥aNT TNF-« 479 2@ 1)
FatedA I ERMIE oY TR0 MBI OE 7
79 total RNAE ¥ 3t RT-PCRE FH3A. I
SRS MEsHA 4% dWE TNF« & 938z

A¥ mRNAZH AEEA ko, LPS R SPE FIEs -

S o) TNF-« mRNAS) 2@go] Be o8, && 43
99 Hele) 98 Al 9FFHo T I VAol 22
tHFig. 4). £ G3PDH primerE ©]&3% RT-PCRolA
v 7o) EQW F7e) W e e

Fig. 4. RT-PCR analysis of mRNA for TNF-e¢ and
G3PDH in astrocytes.

The cells were incubated without (resting) or with
(stimulated) SP plus LPS or with PTAE. Lanes; M,
Marker; 1, LPS only; 2, LPS plus SP 1 h after; 3, LPS
plus SP 6 h after; 4, LPS plus SP with PTAE 6 h
after; 5 LPS plus SP with PTAE 12 h after; 6, LPS

plus SP with PTAE 24 h after. In all experiments the
level of expression of mRNA for the house keeping
gene (G3PDH) was not influenced by activation of the
cells with stimulators.

7. &% Aol JIBEel mA it
A HEE ASYLE APsed B I HPLCE

olfete] A& Figol AHR Y FHE FUN 7RHA HRS
#F3 P, Fig 5= &E 349 22AETY0lth

8,887

(%]

758

Fig. 5. HPLC chromatogram of the PTAE.

Standard solution of PTAE was prepared by dissolving
in distilled water (1 mg/ml). The injection volumn was 10
nl and the detection was made at 254 nm with the
detector range of 0.50 AUFS.
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5L gavy SQom P 7 rEmERe HAN:
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o FRE BHEO) BT MEIM M 2ol
MRS JERE KBOR BE B T ETH IS
ol o) BAHD 8 BE IEN, TR HE BT,
B, A S 2B EACANEE] MRS Uehis
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BN HRAE KEL RREY (RELE) %
FEVAN A FRY oF, RFRYY @ED, BS
P ™ ol gl ygojgon® FEFROR
£ 5 5% %Ak, L, TRAR, FERRLE 37
WEAE B 5 £EER AR RS RRET, SME

I, B BEAR SO Kol HFE BaEE B

& ER 59 ERe BdT Y 7L #Rd £
THES K2 BT, 42 BYE REKHBOE BK
3= WS ERSd HES BHENNYT @5t
ols} Zo) ARIS Efbs} I§) BT W VY
e HRY FEFES BWHHeZE FEFRR BEEs
A wREBT KA k&l Il #EEoE A £ &
ol UguE 292 & 4 A

FEE &SR Polygalaceae)ol]l £% £44 BAQA &
EY Bels R RozA® O BERPe - Bol
HIRE B3 @ FEOOSTEB g aaEe) T, K
of MAME WEAELE L& WAL, RS B
BEE, RE, BEEH--O2 DRY LB BLTH,
BEAEAYE gHEsY 23 du. EEE AEY R
2 wREsE HUS #E Saponino] FIRBES PIEMD
BRI AT sgen, Ve FEY TMERC &
& EHEE BN kRl JH Wad Bmez #
£E & Qo3 Atk 2 ke WEW fEY BT
1 sl Y WEH W obd Fal B 2o
L dwkgoz QRgjolny, iy AE dolX, Hi#
olub WATH: Mgk 2L IES) fEMME S fge) B
T ML AP MRS KR RBSE 2a”P9z 2
£ o3 ooy WSREE Bol: MRS WE Sl B
fEE Ro2 FAA AP EimeaMpol 9@
HHRESEE PN F2slolu e TNF-¢ 9} IL-10} I§
B EmEle] QAN =za agnage] wA
AA 2ol Yehye® =8 [L-12 Gxstoluiy wy
3 A7 Ae Pramyloid F34e) BEEL FANAG
¥, SPE PEMER BEAs EEHe Jtw
TNF-e , IL-1, IL-69} 2 #58 MIEEWES £R
T FlgEte PERMERS REEETY e vINE R

NARZNF A3A 10 A1E 199 —

oz g3ax

EOlA 7HY RS IR BRAIEE AR
ZoA 738 P B2 FAE A8t 28 A%
2 32 JEd®, 2 olfE BRI 29 A3NER
A NEE 3% ¢ AE AL oY 992 MwE
BHEe BAST £ IEH BT £ Ade FH A
7] WP g BikilE Xk, welx F
o] uhg-dld TNF-«, IL-152 Stk dddidss
oA TNF-a & ZHin&B(oligodendrocyte)E AP AT
T Si(myelin® SAANZ Rz Azsz AT, o
o) 29} #AUY #HiF(dementia) BE NAME EEFEER
of olE ol 9Al Esel A WARHY F27
Ag3}de 2o Aol TNF-a & %S I ME
Higel A HIV-19] 28 MipA ™.

webA EEpRolA O, RIS SO H - R
KB BRI JE FES I§ RAc B R AT
£ golr 3z 94 & BE A5dA HAeH, BE F
Adol I§ ERMMEEE LPSS SPY [HRHIEko) sl
EREE Rl AREEHE TNF-« 2 IL-19) 4
WE FAAAUA MisteE e BEstRch ogd EE
FANL TNF-« 2 IL-19) qigel oM FEYEH
Q) Ml RS JehlAkFig. 1, 2). 53 1§ 2k
ZHE TNF-« % IL-19 gl LPSY #flgke] 22
33 SPe] o8 Flskel WS Bmse AL FAsAch
Torrens %9 B9} Zo] & ERIAME —Kk BE
PhEIRMIRClA SPe) BEEYE 24N, IF B
BAME SPY F2AE HAEYE £ Ay oY £E
£ SP &7 I§9) BRAe) dode Ae Fwkad
(Fig. 6). & W9 #3EE MEMEAME SPY wheA
o] AFHX 47 @] olE HR dA&E Y.
azv SP g5z i BRAEERE TNF-a %
IL-19 gl #ELS vXA Z3d 1§ SRApEF
Bl SPAl 9@ IL-19] 4 Hin QA LPSY] [arsfEol
osiA ERHY SRS Vel AtHTable 1)

IL-12 A7AARAAnerve growth factor) 2 SP &
Az BEE 2P Aoz YEx o™ =@
IL-13 TNF-a & S4kMlle] g 718$ mitogenol
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glial fibrillary acidic protein #8# 2#g 23FY Ro
2 BAESY Qa0 o)y HRES IL-13% TNF-
a 7} )5 MENA paracrine ¥ autocrine gl <%
Ry Aejn},

BE F34 9% i ERNBEYE TNF-« 9 4
W 1 RV IL-1 AR ARANE Selr) sk
§ ERmpas IL-18 3H9 HES ERIQE,
L-18 A9 i ARE 10010° pg/ml $&o0M 84
SIGTHP C0.05). IL-1 A s} SP FHiE#: TNF-«
el Bzt e gl IL-1& TNF-« BmE
ffslE HES 3 AR ARIAHEg. 3. oIS

HRE SP7b PERERS MEAA ARSE IR

A RERRES RRSE 328 BAYL Ansts A0
. A2 Sharief 5" $33 3tk (active) PLRAHE B
A9 BRSO #EEste TNF-a o) oo} <H Abel(stable)
TEAEE 82 2 BA dxerd 448 52 £3d
AE WEHAL, ol AL AT (active) THEAA
siolA HelstAgl WalE TNF-« o &4 o) AAg
T 9T FLY ALE AFAET T TNF-¢ & 252
SHdemyelination)oll oI 228 HES 57 AL J4
g o 9ok

AWM S &E FEd 93 TNF-« @iz 4

2ol Z25E ol Yohus) Aste) TNF-« mRNA

o] ¥¥ &S RT-PCR Y2 oh¥d Aol 547
AT FES B RRMMES LPSS SPE MEAL o

TNF-e¢ e} el wted TNF-« mRNA @8 4%
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=Abstract=

Studies on Inhibitory Effect of
Inflammatory Cytokines Secretion
from Brain Astrocytes by Polygala

Tenuifolia

Si-young Hwang
Yeong-Su Lyu

Dept. of Oriental Neuropsychiatry, College of Oriental
Medicine, Won Kwang University, Iksan, Korea

We investigated whether an aqueous extract of Polygala
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tenuifolia root (PTAE) inhibits secretion of inflammatory
cytokines from primary cultures of mouse astrocytes.
PTAE dose-dependently inhibited the Tumor necrosis
factor-@ (TNF-a ) secretion by astrocytes stimulated with
substance P (SP) and lipopolysaccharide (LPS).
Interleukin-1 (IL-1) has been shown to elevate TNF-a
secretion from LPS-stimulated astrocytes while having no
effect on astrocytes in the absence of LPS. We therefore
also investigated whether IL-1 mediated inhibition of
TNF-e¢ secretion from primary astrocytes by PTAE.
Treatment of PTAE to astrocytes stimulated with both
LPS and SP decreased IL-1 secretion to the level abserved

with LPS alone. Moreover, incubation of astrocytes with
IL-1 antibody abolished the synergistic cooperative effect
of LPS and SP. Reverse transcriptase-polymerase chain
reaction analysis demonstrated the significantly reduced
level of the TNF-¢ mRNA was expressed in astrocytes
treated with PTAE. These results suggest that PTAE has
an antiinflammatory activity on fhe central nervous system

curing some pathological disease states,

Keywords: Polygala tenuifolia root; Tumor necrosis
factor-a; Astrocytes; Interleukin-1, Reverse transcriptase-

polymerase chain reaction
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