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in Lipopolysaccharide-stimulated Raw 264.7 Cells

Hye-Kyung Ha, Je-Hyun Leg and Chungsook Kiv*
Drug Research and Development Team, Korea Institute of Oriental Medicine, 129-11,
Chungdam-dong, Chungarm building, Kangnam-ku, Seoul, 135-100, Korea.

(Received February 21, 2000; accepted March 15, 2000)

Abstract—Rheum undulatum L. has been used as Rhei Radix in Korean Pharmacopea although their pharma-
cological effects were not studied much. In this study, we tested anti-inflammatory effect as a representative
activity of Rheum undulatum L. extracts using cyclooxygenase (COX)-2 inhibition, Murine macrophage, Raw
264.7 cells were incubated with lipopolysaccharide (1 pg/ml) to induce COX-2. The prostagladin E, (PGE,)
levels as an indicator of COX-2 activity were determined in the culture medium using ELISA. Inhibition of
acetylsalicylic acid (ASA) as a standard, aloe-emodin, emodin, chrysophanol, rhein, 80% ethanol extract of
Rheum undulatum L. (Ex) and ether fraction (Fr) after acid hydrolysis of Rheum undulatum L. were tested in
induced COX-2 described above. ICs, values were 0.082 ug/ml for ASA, 181 ug/ml for aloe-emodin, 3.65 pg/
ml for emodin, 144 pg/mil for chrysophanol, 39.8 pg/ml for thein, 141 ug of herb/ml for Ex, and 95.7 g of
herb/ml for Fr. We found that Ex and Fr of Rheum undularum L. were more effective than other anthraquino-

nes, since their ICs, are lower than others.
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& (Rhei radix et thizoma) &] 79452 = AB F
= 5ol FEHE HIEN RN Rheum palmatim L), B
HHRF) BH(Rheum tanguticum My et Barp), RS
(Rheum officinale By e Akl 9lo™, dEoA=
o5 FNAEE Ak, el FoHE(Rheum
undulatum Lygg)y= AH-EHHEE 5, 1996). & o7}
(Polygonaceae)l] <= hdA) el 729 Ye|Z|
2 TR AMEE dFAql Aefolu). thie] AL
£ sermosideT % anthraquinoneAl®] emodin, aloc-emodin,
thein, chrysophanol 5o} 2¥1#] 9127, sennoside® 15
ofAl Y Aol 28] E&f=e] rhein anthronee] = o]
sennosidest A AlEtEHE-S viehlie, 2 vlel] S8 E-
e, 29, 2%, oz 55 EuEe] Qlvk(Han 5,
1989; Lemli. 1988). 53] dj&e] wjEar42] shiql AY
282 dFe] 45aE-E JAsle Aos 4.

15-2] oAl A phospholipase #1s)A], lipoxygenase
A#A 2 cyclooxygenase(COX) 2] Aafje] zhgo=z 1]
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E 5 3k ¢] eicosancids®] AR B 9E W
cyclooxygenase(COX) ol 2|sf Zlsi=]r o F-2-0] FA oA
Al Aol A REE CoX-15 4F AAxAa &
o] Ala o] s A5 FHolM Ao FrlE=
COX-27} HGolden?t Abramson, 1999). COX-2¢1 2]&)
A== PGE,2] §4-Z non-steroidal anti-inflammatory
drugs(NSAIDsyll &} A=) s, 215, sa=H-8-5]
S4xT, FHFTAZ FelelEA  H A (theumatoid
arthritis), =24 % (osteoarthritis), 742144 &% (ankylosing
sondylitis) -2 T-8-FAA gl AL8=c), Hbdel| NSAIDs=
2717} Bgalrn 917ge] st Alge] H-43 o, COX-19]
A A2 FAE = prostaglandins®] AT A= 99
oF =y AAGE FEshs AR gle, HoiEdzR g
gk o|xlAe] WldE 9.2 % 917, thromboxanes?] ¥
A= Qlat gag 7)1FAs ) rEE7) = e Y FEE
o] glo](Isselbacher &, 1994) SAdo] ¥l Yakfo] gi=
22 o] 27HT gl

wEkd B A 95 w7iEdl eicosanoids?
Aol AR COX-29] XS AAsH FFEE 7
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&A1 g 9leke Aol #ehsle] Engelhardi(1996)%] PGE,
£ AFsle] CcoXe| Y=g SHs = LR fepie}
oA E3| AREEle EiEke] o7 JA] FEE2] COX2
P4 oA EIS AsITHKelly 5, 1989; Patel 5,
1999).
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Aspirin(acetylsalicylic acid; ASA), aloe-emodin(1,8-di-
hydroxy-3-(hydroxymethyl)-anthraquinone), chrysophanol(1,8-
dihydroxy-3-methylanthraquinone), emodin(1,3,8-trthydroxy- 6 -
methylanthraquinone),  rhein(1,8-dihydroxyanthraquinone-3-car-
boxylic acid), arachidonic acid, lipopolysaccharide(LPS),
dimethylsulfoxide(DMSO)= Sigma Chemical Co.(St. Louis,
USA) AT THE BE AL 9F =k 57
Aeke ALg3isie).

MEFE murine macrophage cell line?] Raw 264.7(5F
S EF28])E, penicillin, streptomycin, FBS(fetal bovine
serum), RPMI 1640 ®i#|(e]4} Gibco BRL.,US.A)), 24-
well plate, culture flask(®]4} Falcon Co., B & D, US.A.),
PGE, EIAA|®F(Amersham Life Science, U.K)S-S A3}
et

HoEESe| M=

TN E(Rheum undulatum Lpgp)S ZAAEE o 9kA]
19974 114e]l A3t Foe] P27 5 FFFE AMEs)
Fow, BROE INZ WMERESREFIEe] BaAsidThiE
AEI :98-3-0002). FNe] FE2EEx)S Lee <
Kim(2000) €] el w=h Foj8 200 g ol 80% ollghe-§-
9 2000 ml & 7ot} 24417t FER F 442 Hel,
S T v Al F, oJ9S zEgch =3
o] ExZ 0.1 N HCIZ 7}paalgt & g2z 22 7%
aled ether V-8 (Fry2 A|E3)e] AM31%32m anthraquinone
Fo] gekg HPLOY-2 =2 Asslsict.

Raw 264.7 MZ0AM COX-2 R A k=X

Raw 264.7 A ESE2 penicillin(100 U/ml), streptorycin
(100 ug/ml), FBS(5.5%)y8 5= RPMI 1640 wWjA]&
AREslIe), COX-2 frd->- wioFd Raw 264.7 HEE 24
well platecl] 5X10° cells/welle] Z=F B8l LPS(1
ug/mhE 713F F 18| 7HE<t wisksla vl AT LPS
T 718 AEL(100% 4 ), LPSS} ASAG o8 7}
A FES of7] =R UIg oEAE, LPSe S 7t
A 92 (0% A fheE veglel 2 F 2w
o arachidonic acid FE%¥%=7} 30 pM7} H%=S 718k

37°Cel A 1587k wlekst &, A5 9 sl PGE, X7}
2| -70°Ce]] BEAE1ITHCho 5, 1998).

PGE,2| M2}

LPS2 #4% CcOoX-=2¢] 7|28 PGE,%] v%= #HIE
assay kit(Amersham, UK)E AF£3}led enzyme-linked
immunosorbent assay(ELISA) ¥PHe 2 Aeksldwt. Goat
anti-mouse IgZ7t F-2Ee] 9l 96-well platee]] 320-2.5
pywell $%2] PGE, EF9 =X A&Z 718t F, PGE,-
peroxidase conjugate?} mouse anti-PGE,E ZFF 50 ul¥
718ET AlgoflA] 1AZF HEEAIZD B 0.05% Tween 205
-3} phosphate buffered saline(PRS)Z2 HH|<} Ag}s}=]
92 PGE, &2 PGE,peroxidase conjugate® #|73}g5c}.
A3 BkAlo TMB(3,3',5,5 - tetramethylbenzidine &Y
150 wE 7}t ALoM 3087 vb-&A17] F 1 M
H,S0, 100 wE 7}8le] Hhe-2 Ft A1Z] F 450 nmel
M FEEE 39 o] W AR9] PGE,®} A7)
PGE,-peroxidase conjugate®}®] 74802 Fgx ¥ale)
FEe] TAE viehlls B S o]83%l] 4 AlE
wioklel] E-f-% PGE,® ke AAIEEHGranstrom™}
Kindahl, 1978; Granstrom®} Samuelsson, 1978).

vz
Raw 264.7 MZWHA anthraquinoneR0l 2|8t PGE,2|
H5t

COX-2¢] #A2 el AFel PGE,2] $5% Raw
2647 MEe] LPS 1 nug/ml2 18A7F wiske o, Table I
oA ehd whel 7o) LPSE AMeelA] o2 Foll vl
oF 16v) o] £71=E9dE. LPSE. Q15 COX-2e] A4 =
7V od®] X9 aspirin, aloe-emodin, emodin, rhein,
chrysophanol®] 712 4% ol@H e 7hasleickFig 1).
HE2EA2 A8 ASAY] IC,0] 8.16X 1072 pg/ml(4.53%
107 M) 22 AH-E GEF 7 w2 g Vel o
3}o] X 5e] anthraquinone F S04 A YL AsA=
= AREEE rhein®] IC,2 3.98 X 10! pg/ml(1.40 X 10+
M)°] 1T, aloe-emodinS- 1.81X 10?ug/ml(6.69 X 107+ M),
chrysophanol2  1.44X 107 pg/ml(5.66 X107 Mye] ot

Table I. PGE, concentration by treatment of LPS on Raw 264.7
cells

Concentration of % of COX-2
PGE, (pg/ml) activity
Control (n=4) 461.01 £ 22.04 0
LPS treatment (n=4y  7517.20 £ 513.13 100

Lipopolysaccharide (LPS, 1 pg/ml) was treated for 18 hours.
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Fig. 1. Inhibition (%) of COX-2 activity in various concentra-
tions of anthraquinones. Control was 0% of COX-2 aclivity in
the presence of LPS and 100% of COX-2 activity was defined
as LPS treatment only. Symbols are aloe-emodin (@), emodin
(), thein (¥ ) and chrysophanol (V).

Emodin®] ICs& 3.64 pg/mi(1.35X 1075 Myo]$i3, AHe-d
anthraquinone 5 FelAME COX-29] A oA &7} 7}
7 F& AR viehth(Table ).

Raw 264.7 MZ0|M MtEE20 ol PGE,S| HEL
Zoale] FEZE Raw 264.7 Al E LPS 1 pg/mls
AA=3 CoX-29] A FVE 47 ofH R g
chFig. 2.). Ex9] ICsi= Z& F5ke) ke 2 Aalslg e
735 140.83 pg/mle]¢i=H(Table TM). ©] BEx2] IC,o %
% anthraquinone 79 &L aloe-emodin 8.69 X 1072
ug/ml, emodin 1.85X107! pug/ml, rhein 8.52X 107 pg/ml,
9 chrysophanol 6.07X107" pg/ml °|¢dv}. Fr] IC,= A
ZE Z 3] oF 9570 pgmiell AFsIAT. o B2l 10500
-f-%l anthraquinone F2 382 aloe-emodin 1.75X 107!
ug/ml, emodin 338X 107! pg/ml, rhein 1.56X 107 ug/ml 2
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Fig. 2. Effects of Rheum undulatum L. extracts, Ex and Ir.
Symbols are Ex (@) and Fr (O).

chrysophanol 1.02 pg/mie]$iet. Bxel Fré] IC= ©] &
Zo)) 879 sl anthraquinone F9 2729 1C,, 7] &
HobE 9hek(Table 10).

1) &

o &he] F-AE-L dianthrone glycoside?] sennosidef<}
anthraquinonetr ¢ RS2 ¥ 1%¢.2™ anthraquinone? ]
shtel rheind FFvlelE AAZE LA gekHan 5
1989). -2l 3o Al T 53] 1
ol e-gefe] el AQAE AT k. £ AT
L Fdige] v F el Wss} FdaA A=
3 glent diEat wlwaled AR g Tl Ao} glo] F
3] a5 2hEofl Wgt A HAFHH R COX-2
9} A 8L S

B4 ABAZRE F=2 §E5A ABAE A
o 9454k3-& phospholipase A,(PLA, 218 Al £}
arachidonic acid’} HW}EE]32, o]zle] ©hA] cyclooxygenase
(COX)9} lipoxygenase(LO) 23] 237} eicosanoideT <l

Table IL. 50% inhibition (ICs,) values of COX-2 activity on RAW 264.7 cells

Aspirin Aloe-emodin Emodin Chrysophanol Rhein
ICyo (ug/ml) 8.16 X 1072 1.81 X 10? 3.65 144 X 102 398 X 10
IC4;; 50% inhibition on control value.
Table ITL. Concentrations of anthraquinones at ICy, of Rheum undulatum L. extracts,
R. undulatum L. Aloe-emodin Emodin Chrysophanol Rhein
(ug/ml) (ug/ml) (ug/m)) (Lg/mi) (ug/ml)
Ex 141 X 107 8.69 X 1072 1.85 X 10-1 6.07 X 10-1 8.52 X 10-3
Fr 9.57 X 10 1.75 X 107 3.38 X 10-1 1.02 1.56 X 10-2

ICsp; 50% inhibition on control value.
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prostaglandins, thromboxanes 2 leukotricnes® F|o] ©]&
o] @ENE-L i lgleHRamwell, 1977; Flower®t Black-
well, 1976). HEHQ F95A9 NSADDsE COX-29] 4
AA eIt A7) B4 dff vjeif= Fahfo] 4B E (Vane
JR., 1994) HEH L2 FPFAZ AME Fof|Fe] HA
22 COX-2 4L AAEaE Cox-1¢] 84 A= o
g 728 glo] FPFEAE AL 4 slE= sl s+
CIEER B ATME coxX-29) AR i melal
LPS 2] macrophage® AF2-8}e] (Engelhardt, 1996; Cho
5 1998) F3ke] FZE3) anthaquinoned] 2FE-<] rhein,
aloc-emodin, emodin, chrysophanol®] COX-2 #4 ol
FAE vim Arelglen, AMRE G dE =R o
#F359l COX A ASAT A3l 7+ bEe] COX-2
A Ee} v wshsict,

E QA7=elA o]u] B} vie) zhe] FeiEe] 80% ol
ehg FEE9l Ex®| anthroquinone 2] ¥k 71%
3]l o] chrysophanol 4301.59 pg/g, emodin 1312.74
ug/g, aloe-emodin 616.02 pg/g, rhein 60.43 ug/ge] 2
2 OVERGSL, AR e 2 2Egl o] ke A4
7172 ZHske)| w8 chrysophanol 10621.31 pg/g, emodin
3529.82 ug/g, aloe-emodin 1829.92 ug/g, rhein 162.55
Hg/g 22 80% st FEF Ex¥ots Aleisial o
B2 REol Fre] 7%l anthraquinone 2] ¥3Fe] o =
UHLee®t Kim, 2000). A3AHL2 Fofslo] EA3h=
anthraquinone F5-2 tjf-Fo] Ao Z)8k] 161%
o sgelom, fels-e EEe] 0.63% o]l HeR &
A=K

N E2 A ASAS] COX-2 &AMl g IC=
Q17Zb ¥de] ASAMEANAM 293 uM(Blanco FJ £, 1999)
el o)zt A FejA 0.39 mM(Femnandez de Arriba A
. 1999)°.2. Table 12 0.0816 pg/ml(4.53%10~7 M)
R} gslt. of AT FFE Aolel] 7lalehe 2oz F
At =3 Wake] A Fol anthraquinones] eFEQ!
rheine- #HQ9] XFAZ £ d7o)A(Table II) rhein
ICs7} 39.8 pg/mlZ. emodin 3.64 pg/miReh =343, 1PS
2 fuE coX20] EAdo| WE Aa] Ealr}h Dglek(Table
). Ex®] ICs, 5=l &% rhein®] k2 8.52X107° pg/
miZ thein 5% W9 1C5, =R} u]$ P2 FAars
vehdiglel, aeeR Fske] cox-2 B4 A& &=
rheinel] 98k A%k obdg & 4 Ut o] rheine]
COXe) g2 WEX7)R] 9kemA osteoarthritis®] FE5
HellA] NSADset AR E12 dFe] £4ks gkl
the B i(Spencerdt Wilde, 1997)¢k% Adte] glvka F4
He) gukh ez F3AE 9 (osteoarthritis)?] FelMe G
I A% cytokined] IL-13 TNF-o7} S71E1=4 rhein®l
FHEhe) AZENF IL-1BY TNF-o2] A2 Fapge

2 AA8kA] 5t o gale] €4, = prostaglandin®] 4
Aol 23l PLA,, COX, 5-LO°| 3l oA S3)=
9ol VS 9)ch(Martel-Pelletier 5-, 1998). Z0) 3}o)] 3t
2l anthraquinone 5 A COX-2 94 &7} 714
B2 emoding] A% Ex} Frel COX-2 Wat 1C,
FERE FE 283 emodin®] 10y, TE7) HS Ao
viebge), oA FEh 2539 CoX-2 dAlENe F
ol % rhein® Rt ofv]=}, aloe-emodin, emodin %
chry- sophanol& ¥%38 anthraquinone ol €3+ F31%
of A= FARch wbmel ko] FAEFY shiel
sennosides®] WAlE2 4l rhein anthroned mouse colonel] A
PGE-fAHE7d2] AgAds F2dehe HIE §ler(Yag
%, 1988), rhein®] human osteoarthritic chondrocyte of A
COX-28] AL Z7H)Zivke E0% glu}(Pelletier 5,
1998). Weka] |82 COX-2 BA oA zHgo] glovt
Zoiste) 439l anthraquinone FE2] Fg=el ox) &
HRIA] o BA RS0 Aaahge] 28k ARl
A &l717} oot =31 o] anthraquinone 5] COX-29]
FAAAE ERE A3H EAle] opd rleA®E EA)
R R A&Hql d7rt BashEal Alesth

ZAtel 2

B ATE 19909% FFGLIGATE ATale] H2
AQ 2 oleiR.Lr, olo] FA=FLIE.

kll
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