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Anti-inflammatory Effects of Smilacis Glabrae Rhizoma in Raw 264.7 Cells
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ABSTRACT
Objective

: Inflammatory cytokines have a close relationship to insulin dependent diabetes mellitus (IDDM).

The

inhibitory effect of Smilacis Glabrae Rhizoma (SGR) were examined on production of nitric oxide (NO), prostaglandin E,
(PGEy), synthase (iNOS), cyclooxygenase-2 (COX-2), tumor necrosis factor-a (TNF-a) and NF-kB activation in Raw 264.7

cells.

Methods :

Raw 264.7 cells were pretreated with SGR(20, 50, 100 wg/ml),

and then cultured with lipopolysaccharides

(LPS). Cell viability was measured by MTT assay: inhibition of NO, PGEs, and TNF-a production were measured by Griess
reagent and enzyme-linked immunosorbent assay (ELISA). Induction of COX-2 and iNOS were determined by western blotting
analysis. Inhibition of NF-kB was measured by immunofluorescence assay (IFA).

Results : SGR inactivated NF-xB, and inhibited the production of NO, iNOS, and PGE.. Inhibition of COX-2 and TNF-

a could not be confirmed.

Conclusions : From the above result, SGR was found to have an anti-inflammatory effect of inhibition of NO, iNOS, and

PGE, production via inhibition of NF-kB.
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FHRL o]k, A, 29ESS o4l ot
Aeqd, WA IRAg v 5A] 93 Fo A
of AHEET o, Lz okelase] #st
ATE EM FEAH|IARL’  sporaa
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ut 2 BEEY A28 o

Aste A28 gryos

o 508 2ds Wgkel A 2 Q99 U
o]

o:

cytokine® nitric oxide(NO) 52 =
g™, iﬁ: o A3 HIT = F
5ol v dosageell A INOS 2 CO
< A 23t sles BAEkoldh

ofol] A= Hik%4e] & EIE ot ] $3}
o] murine macrophage?] Raw 2647 A E£& tjio=z
+R% S =0 w2 NO. prostaglandin B (PGE»).
INOS, COX-2, TNF-a AA%S éﬂaﬂi_]., nuclear
factor-kB(NF-kB) ] & o]5& Eels] £ A3}
gt 235 A7l Lﬁ}t Hpo|t},
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1. 51 of HpEsE

) St

Aol AR goflls Fialez AlFelA
Tt MEREE BERAE AEEHE 7]
Qg F A-gekaict

2) AEHEGE

Hk% 50 g 1000 m1° FRael X3t £
NS RAAANA A FRT F Az
o] 578 g9 B —Er“—i( £ 11.56%)= 45l

2. AE 3 MK

Lipopolysaccharides(LPS), Methyl Thiazol-2-YL-2,
5-diphenyl Tetrazolium bromide(MTT), 1%(w/v)
sulfanilamide in 5%(v/v) phosphoric acid &
0.1%(w/v) naphtylethylenediamine-HCl(Griess), N%-
methyl-L-arginine acetate salt(L-NMMA)+ Sigma
(St. Louis, USA)ellM F43F93%, Dulbecco’s modified

to

>
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o

Eagle's medium(DMEM)3} fetal bovine serum
(FBS)= Hyclone(Logan, USA)elA F313}9i .

NO A A5 =43 MTT assayel] AHEd
ELISA reader:= Victor(NY, USA)elA F+3t<d
T, TNF-a A Asls &AL 93 ELISA kit
eBioscience(San Diago, USA)eA T3kl om,
PGE, A4 Asls &AH<& S8 ELISA kit
R&D system(MIN, USA)olA )&t

3. fmMiEE

2 AF A AHEE Murine macrophage Raw
264.7 cell line= SHAsty TICoIAM HoFiste)
Raw 264.7 A|£E DMEMel| 10% FBS, 100 wg/nl
penicillin, 100 U/ml streptomycing &3+ ujj 7] o
A 37C 5% COq incubatorell Al #l &¥3}eic),

4. BERFE

) NO A4 Azl &4

Raw 2647 MZ=RH A" NO9 <
Griess AloF& o] §-3fe] Al Zufjefdl] Fof EAjsh=
NO; ¢ eE A3

96 well platee]l well 5x10° cells/m®] Raw
2647 A E7} Eolgds 5 100 uE HEFs2
2427t v ekt = wiAE AlASY, FEA wA] o
HEs st 27 20, 50, 100 we/n o2 HESF A
25 A3 ¥ 95 9k f= <Al LPS 100
ng/nE AMe|ste] 24A7F wiekstodet. AlE ik
Azl 50 ulZ Griess 50 Wk E§F3ted 108 59t
- A17] & ELISA readers o|£3te] 540 nmel
M FREE é J 3.
2% NO A4 9AAId L-NMMA
S AHstd ok L-NMMAS %53 22 whfo
2 Azsted NO A4 Asles wasid.

2) NEzEA A

Raw 264.7 A Z2 96 well plateol] 5x10° cells/ ul
o] Fx= FMFte] 100 Wl A HFT T 24AIT
wjeFstodet. wWioF F A E 2R Ak, §d
A A 9 wellel 244 90 wH ¥ld HE

rir

289



1% Raw 264.7 M=ol cist 35}

FE7F 22 20, 50, 100 we/ w7} E| £5 348 A
2510 A 7 wellell A]stc}, 24417 vk £
Phosphate Buffered Saline(PBS)Z o] &3}o] 5 mg/
me FEZ F4x 9t MTTAE 20 wX ¥
o Fa X7 wiekstdet. MTT AloFst 287t 2
e w2 S 25 AAs T 2 wellel 100 Wl acid
isopropanol(0.04N HCI in iso-propanol)= A 7}3}
o] 3087t wukste] F37, ELISA readerS o3}
o} 570 nmolM FR=F AU

3) PGE, A4 Adls 34

PGE; A% 242 R&D system(KGE004,
USA) & *}%5}‘33—4”4, SAu > A x3]Ake] A
HAE F4etd Ay g5 2o

Raw 2647 AZE 1x10° cells/m®] F=2 6
well plateell #ZEslget. 24417F wiek & 2EA
WAE o83t A5e] HFw=rt 474 20, 50,
100 we/m7F H =5 Hgste] £ £ LPS 100 ng/
n7b HE5 Agsted Fooh 247 F wiAE
3]43ked 12000 rpmellA 5E2F LA Ee] she] A
ZHE 3| 5ate] A|FL7AA T0TAM B3
oh AY el A2olM SAMAE H &
calibrator diluent® AH&-3ted Suf  E MR
PGE; standard solution& 2500, 1250, 625, 312.5,
156, 39 pg/m e =7} H =2 calibrator diluentS
o] &3led 3| AM3giel S| M FH A /\]Ei} standard
solutione 72 wellel 100 w® 93, PGE;
conjugate®} PGE, antibody &2 7zt 50 wl#
YolE % shaker$lolM 2417 wES-AIZHL o] %
PGE; washing bufferE o|-&3le] 4-53] A% 3}
9}, Substrate solution(Color reagent A:B
=D& 7 wellel 200 W o] & & Hlo] £¢

=
bl

=%

il

27 e 3elA 30 Tt AR s F
AA717] 18ked 2N HCl 442 7 well & 50 ul

A dojE & 405 nmel M FEEE AT
A zFozE= PGE, A 944l <l indomethacin
<+ AHERAYE 1 we/mle] Indomethacine] -3
50 WE Alse} 22 woR XEste PGE, *B
A Adls& Bl st
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4) INOS, COX-2 s g A5 &4

Raw 2647 AE 1x10° cells/m 7} Soi9l B4

A5 6 well plate°ﬂ well 1 mA AE8)3 24A)7H
wekstdct. wioF F wiAE A A, FEA )
Aol 2F5E7F 247 20, 50, 100 we/m o2 HE
S ASE AYT F 45 9 = Al LPS
100 ng/mlE 2447+ A=l3ksich.

MEE scrapperg ©]-8-3ke ']’\L} = 12000
rpmel| A 587 AR & Fo AEdE A
1, PBSE o]&3}e] A& sl /‘ﬂi 1y51s buffer
5 100 W Qo] & Ao F T lce°ﬂ/‘1 30
5 AEE SSAFEE AE S8 12000
rpmel A 5% Fek AR s AASH e FE3)
Bicinchoninic Acid® (BCAW) & o] &3 =
e 2alshelct, Tl A B wellth 35 o)
WS- 10% SDS-polyacrylamide gel(SDS-PAGE)
oA 100VRE 1A 72t A71°d % 3hdet 27995
% PVDF membranee] $H¥A & transfer 3t 3oi
iNOS, COX-2 17} antibodyZS ¥ Al71x 23
antibodyS HF$A1Zl & western blotS A3 5}hod
el HAA =S st A 2A S
9)ste] B-actin® A 38l

5 TNF-a A4 A&ls 34

TNF-a9] =42 eBioscience(Cat. 88-7324-22.
USA)ALS] AlE+ ARS8, AW 2 Al 23]A
o] A E 4ot A og1 2

Raw 2637 AZE 1x10° cell/m®) =2 6
well plateell HZEsldet. 24417 ek & A
WA E o83l Al8e HFw=rt A7 20, 50,
100 we/n7} H =5 Agste] = 3 LPS 100 ng/
n7h H=E Astdeh 24407 vk F ejAE
3]4=3ked 12000 rpm, 5 minelA YAl E2)ste] A
ZHE 353t AFL7HA -T0TCAM Bk
o Al del s AdelA A iAE 59 F Ix
assay diluentE AHE-ske] 50uf 3]A 3t A A
3 1l platee]] 1x coating buffer® capture antibody

= 1/250 8438 & 100 wl/wellol] Fo]F2 4T
/\1 HAste}t. o] & washing buffers o]-43le] 5
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o
A
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3] AAE & 1~2% A= washing solutionE ¥
shakingslsi o™ o #AE& ol whEspdct o5
A2Z2 =9l 1x assay diluent£d¥-2 200 wl/well
YolF3 AolA A7 ubEAIZ]l ¥ washing
bufferS AH&-3le] 53] AlA sttt TNF-a standard
solution 100 wl/mE Z wellel ¥ TNF-a &4
g Al vk S 1x assay diluent £ o2 50~
10098 3 &ked 100 wl/m Lo]Fa Ao A 24]
7Hgel Wh-eA17] & washing bufferS AF$-38led 5
3] A& AL ulE-3kg. Detection antibodyS
1x assay diluent £} 02 1/250 3|4 35ted 100 wl/ml
Yo ARelA] 1A)7H5<E BESAIZ T BHA] washing
buffer2 A8k & Avidin-HRPZ 1x assay diluent
Lo 1/250 AFted 100 wl/ml T A
oA 3087 vkS-A17] & washing buffer2 A8}
oo}, vt 2 TMB solutions 100 wl/ml o]
F3 Aol A 1587 HH-EAI1Z] ¥ stop solutions
50 wl/ml goIFT 405 nmollA A 3}ch

6) NF-kBe] 22 % Asls 34

6 well plateell 100% EtOHZS o] &3t DHA
g = coverglass® 9 coverglass?]el Raw 264.7
M EEZ 15410° cell/m®) B2 300 ul FES T
24X 7 Wi ekatlnh. Al 22 AEsta LPS 100 wue/
n& Ak 1A F o] &3] 2~31 AH
g % 100% MEOHE o|&3le] 4TolA 15% &
oF 748} o] % (.1% triton X-100(in PBS)ZE
o] 48} 1537t permeabilizationdt et THA|
PBSZ 3 AMl#Hs}tx, 5% BSA(in PBS)= 4547
blocking 3t3=} 13} antibody (NF-kB, RB-1638-P1)
£ 1:1002% 1% BSA7} 235 ] 9l PBSel 3
Mgk F 2417 5ok ubs AIAFS L PBSE o4&
ste 3¥ AlH & & Cy37} conjugate® o] = 23k
antibody (Cy3-conjugated AffiniPure Goat Anti-
Rabbit IgG(H+L), 111-165-003)% 1:10002% 1%
BSAZ} Z3s]e] gl& PBSel 3|A s & 1417 &
ek 37T, o5+ FolAM WA AT PBSE
435te] 3 A F 1485< DAPI(10 we/nl in
PBS) staining®s 3l%ith PBSE o] &3te] 3 Al

to
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A3 & coverglassd]l Mounting mediume @71
coverglassZ slideglassell A7 & HAAstod).

5. ifEtEE

Ald AL mean £ mean + SDE e Y
ot BAH $9XL one-way ANOVAe] <|3}ed
ZAA s om, p0.05¢ 3% S AL
$o)Ade] yebd A% Duncan’s multiple range
testZ 4 53HA.

I, B #&

1. NO ¥ XMolis

Raw 2647 AIZE o]&3te k%S 474 20,
50, 100 we/mle 52 AFHPL o 9= s )
a9l LPSel 93 f=%" NO A= Griess
AlofE o] g3t FA sl on, FAHEL2EA
NO A4 AsiAlZ =izl [-NMMAE AH-S-3e
v 3kl

THEE o] 2t 20, 50, 100 we/ml ] FEollA 27
12.2%, 38.2%. 59.6%2] NO A& Asfst= Aoz
A e, £ [Ch 731 we/nZE $53
NO A Aslss gl 4 A eHTable 1).

Table 1. The Inhibitory Effect of SGR and L-NMMA
on NO Production of Raw 264.7 Cells

: Inhibitor,
Con(cen;re}t)lon Bffect of NyO ( 1(3501)
il Production(%) “&" ™
05 -
1 10.8
L-NMMA 5 39.8 6.96
10 58.3
20 735
20 12.2+16.2*
SGR 50 38.2£11.0* 73.1
100 59.6+5.9*

The results are expressed as mean or mean = SD.
Statistically significant value compared with other
group by ANOVA test and Duncan’s method(* P<0.05)
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1% Raw 264.7 M=ol cist 35}

2. MzZz=Y

TSl A2 20, 50, 100 we/mle] F ol A
Raw 264.7 AIE2] cell viabilityE MTT assays
St A AdAR HREY 44 2,
50, 100 we/me] EE=oNA cell viabilityZb 24
103.6%, 101.7%, 99.0%% yYeht +HE%E2S Raw
2647 Mzl w3k NEFA ] s FAT 4
A%icH Table 2).

Table 2. The Effect of SGR on the Viability of
Raw 264.7 Cells

SGR (/1) 2 50 100

Cell Viability
(% of control) 103.6£26 1017409  99.00.0

The results are presented as mean + S.D.

3. PGE; MY XNalls

AZ=A cytokine F9 dtel PGE.el digk 11k
29 A Ael5e R&D system® KGE004 kit
= AREEt EAslen, A HERTOEA
PGE; 44 94414l indomethacing AH&-8}%ich

F %] =71 50, 100 we/moll A 22t 24.2%,
421%4 PGE; AA AAlsE st 20 we/
molAE PGE; standards AH&-ste] AARSE FA)
Are w2 & Bed SRS #3oH(Table 3).
o] Fdle] R4S PGE: A Adlss 7HA
I 3ge AE g 4 elth

Table 3. The Inhibitory Effect of SGR and
Indomethacin on PGE, Production of
Raw 264.7 Cells

Concentration Inhibitory Effect of
(ug/m)  PGEy Production(%)

Indomethacin 1 95.02 + 2.67
20 -

SGR 50 24.2 + 14*

100 421 + 53"

The results are expressed as mean = SD.
Statistically significant value compared with other
group by ANOVA test and Duncan's method(* P<0.05)
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4. INOS, COX-2 CHuHEl s Xsils

NO % PGE:¢ 22 d5dae] A4+ #dd
iNOS 2 COX-2 =i w&& k4ol a3t
=25 odolH 7] 98te] western blotting analysis
g A 1IRAE A s ALl A INOS =i
_04 a3 o] 71—_/,: ].o:] ifj’g/'\o] iNOS 1:]-&]421_4 ukgy
£ Aslghe 7% E} A 4 slsdey A st
= s ek (Fig D).
iNOS =4 éJrQ}L 28 COX-2 ==
9l ”‘L% %iﬂxl kol tfk%5e COX-2 4d
A & 4 ol (Fig. 2).

1
— e _-._..g|

5 =1 ol Sl
]

inos |

Boactin | e——

LPS - o+ o+ o+
SGR (ugm) - - 20 50 100

Fig. 1. The Effect of SGR on the Induction of
iNOS by LPS.

The level of INOS protein was monitored 18 hr
after treatment of cells with LPS (100 ng/ml) with
or without SGR pretreatment(i.e. 1h before LPS).

B-actin | & & |
LPS - + + + +
SER (ugmi) - - 20 50 100
Fig. 2. The Effect of SGR on the Induction of
COX-2 by LPS.

The level of COX-2 protein was monitored 18 hr
after treatment of cells with LPS (100 ng/ml) with
or without SGR pretreatment(i.e. 1h before LPS).

5. TNF-a MM Malls

A5 F83 wihdAkl TNF-aol &3 1k
%9] YA A %S eBioscience?] Cat. 88-7324-22
kit AHSshel Agst As}, hiksel A7 20,
50, 100 we/me] SEo|A TNF-a A &350
42y 01%, 2.7%, 0.4%2.2 el TNF-a2] A
Aal s> g 4 AN TH(Table 4).



Table 4. The Inhibitory Effect of SGR on LPS-
inducible TNF-a Production

Concentration Inhibitory Effect of TNF-a

(ug/ml) Production (%)
20ug/ nl 0.13.3*
SGR  50ug/ml 2.7£0.8*
100ug/ ml 0.4+1.1*

Data are expressed as mean * SD.
Statistically significant value compared with other group
by ANOVA test and Duncan’s method(* P<(.05)

DA

CON

LPS

SGR
{ 100ua/mi )

to

%
o
oy
0F
o

6. NF-xB2| SHLIZ2| 0|= XNalls
NF-kB¥ p50. p655<] subunit& 7HAx =
g o]F AFue FHH 9l AL pbhe] E& pebh
o] Ay o]%S immunofluorescence assays E3h
°‘] A3 A3 LPSE 23 NF-xkBY AU =29
& hfRAe] o= AR AAANAFE AE T
?l% 4= A d=H(Fig. 3).

peh [IEE T8

Fig. 3. The Effect of SGR on LPS-inducted NF-kB

Inhibition of NF-xB determined by immunofluorescence

N, £ 2

Fae sdM e mEEEA B2
fRals WAER] RS el &bt RS R
Fol A Rt FHREKRS #IUT A
Bz gl AEsAY, £E Sz [FA &
ghol B, HRIE AUAA ffRs AU EE
soz K7 BREEAAY, Bk e &
HEste] MBSOl RSl B TR AHKAREE kKA

% BWAR 5o2 $iEe Aelg,

iNOS, COX-2¢} 22 cytokinezt NOx A|13
FEHI B HACE U AlY ZFew L
Fol ¥ A= g5 zabel maw, g A
nitrites 41%17} diabetogenic nitrosoamine E}/‘é%
FA3A71 NO A F2AA ded #
HNEES A28 2asgdit? NO et of
Yz} IL-18, IFN-y¢} TNF-a¢} 22 945 #iA
3 cytokine® APHEA F =4 (autoimmune
insulitis) & %7] AN A 2} TUZTE
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%ol Raw 2647 M=ol thEh s E Tt

BE Bulslo] qed Hu] AE &4 v e
" o]% cytokineE AFA Y] aconitase BA A5}
9} &7 nicotine adenine dinucleotideS ZZA]A
ATP AAS ooz el ErE A4
st Qe $A4z 1T} ded YFHL o
AINA A FxHe] 5444l insulinonopenias
S, o9} 2ol A1Y PFrHe] 23 v
7§ Akl cytokineel] eHdt HfE%S] EHE oolr
7] 313kl LPSE A28 Raw 2647 HEE AR

3 ftboll o]t 249
T oolFA AEIA AAE
TR Ao A P g Noo) #
AE AFE™, NOE "¢ 24 3t A
nitrite¢} nitrate® 3= =4 o] Eeo] AbAe}l whi
H peroxynitriteE ¥A3tel A& Ew] AEE
£ B el A 17552 NO A4 A3
ZAb 2 A LR 100w/ mol A 59.6%
43 NO AA Adls& & 5 stk
iAol N0 XS #AAT Zlo] LR%e
A EEA o2 <ldt cell population®] *3}lel|A 7]
At A Felslr] st k5] Fxel
= cell viabilityS MTT assay WS AHE-3to
AQe Azt +%5E Raw 2647 A Eo digt Al
FEA g & Ak F LS 95t
3 NO A4 Asle> Lik4e] AxsA o
of ®hAg Ao ot A& g 4 Qs
PGE= 4% wheol A FF44 9%
o}, 9 3A=e] 98 COX-27F w2Es= PGE,
I #&AstE =, PGE d3E 3AA 4%
JEA Y cytokines F5H-Hol W] =HEH
wek op2 FAd g )50 dlol dFE
135 A El BA S oJsle] HAlo] A7)
< =g oo x J)#A &2 7)%, Ak

KR
=
°
T

Ao o

Mo Ho

o

N

= oofN et cE
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A 7% 5 AT Y L% PGE, AA
Al s 5L 100ue/nodlX 421%2 PGE9
A Adlss gl & 5 o

INOSE A2, FAF A E, I E, 2H
Nz} AZHE SoA L-arginines L-citrulline
o2 AIAFIHEA Az ek NOE Ak
Aoz aedx odt? g3 COX-2% arachidonic
acid® prostaglandin  synthesis® W3R AZF]
PGE:®] A4S+ Z7MZIY 18559 INOS<
COX-2 =tuidel vt A 8)%S western blotting
analysise  Foke] AR ESTY, RiRAE
INOS =hiiAle] walg sl &% sisith
ub COX-2 kAo 79, +ik%e] PGE;, A4

ofr

(U

g
S Ak 258 4T 4 dd+

o)
ks

M o

Ao o G - S )

i,

A T
= gy AZEn. PGE, A4 AL F=
ELISA W& o83t ZA3stx COX-2 A
e A% 24 western blotting analysis® A
4317] ol AW Ak=el Zol7k 9l
ojg} 22 Ay} et A A $E vk ALY
e

TNF-a¥ LPS4} bacterial toxin 53} 22 ¢3¢
Aol WA EZ} At A3 FHd APakE o
NF-kBE W= o] 5A71E & g A3}
AN AN EE Z7]el= IFN-y, CD4 &
R A F == cytokined] SlshAIRE A4 3}E
o] TNF-a 59| cytokines At} a}=|qt, oj4]
HE 222 % TNF-receptorS B-538t1 7] df
ol AN EZL (AR GA3tEe] Ak
TNF-a7} A= 2, AR TNF-as HAA 29
2dd 9lE= TNF-receptoret Aubesl= HA &
HEolgozn dF] TNF-oF #nu|3l7] oF
of, TNF-a®] &3> djAA 2] 43515 s}



F23% 27 I9¥ 2 Agex TNF-ael
g %o AA A %5S eBioscience?] Cat.
88-7324-22 kit= ARE3sled ZARSlE A3 LRSS
<= TNF-a®] A Aslss A 5 Al

NF-kBE A=l sle Adelrs AlzAdeA

oA Q] T-xBe} v|EAdst AR EAf s
“OLPS, L1 5ol S8 AF& A TNFa
7} TNF-receptorell ZAgshd [-kB7} QA=
ubiquitination® ] #3]g o 24 NF-kBele 2%
<+ d=Es. webs SAsE NFwBe o=
A$1=e] INOS ¥ COX-29F 22 ookt #41z}
] promoterell Azt o]F FAAL] HAE F
AP, %2 NF«B2 v o5 Asis<
immuofluenscence assayS E3led Al 2 A3},
k%S LPSol 98 NF-xBe] Wz o5&
o= AE AGAAFTE AL FAF 4 Qi

o] e AHRE Fsl] £ o), L{EES TNF-
a °ol9¢] A=, & LPS Sl 33s o NF-«B
£ IHE o] 5& AAsEEA INOS A&

#3lx| Z3HA 3 23 NO A S JAsHx
B8 4 9lermE ffREe] Ay Fxded
2 9l Alog AgEd gk 2 AddA

.

e

3
:7,._
o

o
T
45o] PGE.S AAE A3l skAw COX-2 wA
q2 AsebA] 3 A AF WA Aol
olU™ western blotting analysis®] ®7txel] <]t
QA % 9], &F olo] wigt M} o At
A7F 8ty AA4En.

g

V. ¥ &

TREY] & 529E Feldly] $13te, LPSE
=% macrophage Raw 264.7 cell& WA} 2 +
K2 BTo] wE NO, PGE. iNOS, COX-2,
TNF-a] A4 Asllss A3, NF-xBe
o]F A X szt ot 2 HAES

et

B 4o

o] Aol Ag Azfel| A £k A1Y G
o7} &4 NO, PGE: iNOS A& Asfatx,
NF-kBe] 29 o]5& Adstmzy A1y
9 3ol 34 3B ot o3 &It
A Ao Az EY, /14 A7t 28T Ao
2 Atz

ZER
=5, HEe, AA3 5 2

20 4FAE 1992, p. 156.

A&
3. AARL AlRla, <FEat, ol w. S A
o - 7 4

4 %3], A E, =499, BE50 Aoty o
. ks3] =], 2002:33(3) :169-72.

5. Kim SW, Son KH, Chung KC. Mutagenic effect
of steroidal saponins from Smilax china rhizomes.
Yakhak Hoeji. 1989:33:285-9.

6. Baek SH, Kim SH, Son KH, Chung KC, Chang
HW. Inactivation of human pleural fluid phospholipase
Ay by dioscin. Arch. Pham. Res. 1994:17:218-22.
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