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an intraperitoneal injection of LPS in rats.
Results:

brain blood vessels.
4. There were no changes in proteins of nINOS/COX-1.
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Antipyretic Effect of Rhizoma Cimicifugae in a Rat Model of LPS-Induced Fever

1I-Ho Kwon, Nam-Kwon Kim, Hsueh-Chuan Chiang, Hong-Jin Lim, Jin-Man Kim

Department of Opthamology Otolaryngology and Dermatology, Oriental Medical Collage, Wonkwang University

Objective: In this study, we investigated the effects of Rhizoma Cimicifugae (RC) on the induction of nitric oxide (NO) in
RAW 264.7 murine macrophages treated with lipopolysaccharide (LPS).
Methods: We examined whether RC have an antipyretic effect by inhibition of COX and/or NOS in fever that is evoked by

1. RC inhibited NO metabolites produced by activated murine macrophage in a dose-dependent manner.
2. RC had an antipyretic effect in a dose-dependent manner in LPS-induced fever.
3. RC inhibited levels of both COX-2 protein and iNOS protein increased by the treatment of LPS in brain tissues as well as

Conclusions: RC has an antipyretic effect by attenuating the level of iNOS and COX-2 protein. (J Korean Oriental Med
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2. Aot 3 Mz

RAW 264.7 /| 3= American Type Culture
Collection© 2 2-E] 9]} % ¢} Escherichia coli®]
LPS(O111 : B4), i3l 2kS 9| &t Bradford reagent,
Sodium bicarbonate, Antibiotic mixture, Nitrate
Reductase (NAD[P]H), 8-Nicotinamide Adenine
Dinucleotide, Reduced form(3-NADH), MOPS buffer
£ Sigma(St. Louis, MO)o]| A, nNOS antibody ¢}
iNOS antibody+= Transduction Laboratories®]] A,
COX-1 monoclonal antibody$} COX-2 (murine)
polyclonal antibody= Cayman Chemicalol| 4], Anti-
mouse IgG9} Anti-rabbit IgG$ Hybond™-
c(nitrocellulose membrane)+= Amersham pharmacia
biotech®l| 4], Prestained SDS-PAGE standards(Broad
range)< Bio-Rad Laboratorieso| 4], RPMI Medium
1640, Fetal bovine serum, Trypsin EDTA ¥ Gibcool] A]

latgt.

3. %*KH =&

He dFsta delss AR o)

F3td 7@*161 Fol AR 371 18068 &
1800miz} $ @A Behac] Y3 BRANE ¥
el 2ANFS WS F °4J+EE elafaisie)

4. 542E &8

Telemetry system(Mini-Mitter, Sunriver, OR)<- ©]
$3a F8ol 940] gl AYN BeES
Bt Holx @@‘3}71 dFd el FE9
Ao Aed= & &3 Temperature

transmitter(model VM-HF 3000)E A€} v} e

EX
=
70

33



(684) )33l EtE) R A23P A4F (2002 129)

AX zt e B Adstth Transmitter 25
B Uyee Nie 7 B89 Aoz Lo oA
Receiverdl| 98] @A H At} A& o 10€0t} &
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= 18A1 5 E A3& A Fsl9 o™, LPS ¢ A oy
AL 3L 19A15H 1AL 33 F 20490
LPS(50ug/ke, i.p. 0.5m)E H7H Foiste 204 FE
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5. MZEiYH(RAW 264.7 macrophage cell
culture)

RAW 264.7 Al £ 5%2] CO29} 95%2) #7117}
ZEHE 3709 w1 A 15% horse serum, 2%
fetal bovine serum, 2mM L-glutamine, antibioticsE ¥
gHslE RPMI-IGA0Z i Fstich Ml & 150 2
WA T 80%E A3tk Al X = 10ar dishE A}
ahod wjoFaklTt,

6. NO H&k(in vitro)

NO Z34d S & o RAW 2647 A XS L
phenol red7} ¢l RPMIZ A}£-3led ujokatodch
LPSEZ A=2¥ RAW 264.7 Al £ 2] mediumo] A
nitrite® ¥ 4371 4 3|
determination 3}+= Griess A| 2 A% -2 AF&sl4 T
Zhebks| @b, ZF ME 40449 MOPS buffer(S0mM
MOPS/ImM EDTA, pH 7.0) 454 & & &3 n
reconstituted Nitrate reductase(5004 MOPS buffere]] 1
unit nitrate reductase’} &EH %) S54E 713 &
2mM NADH 104 & 7hste] 2085 A-&ollA g
Atk 2 & 5044 Griess reagent A(1% sulfanilamide
in 3N HC&} #A w2 A7) 32, 504 Griess reagent
B(0.1% N-(1-naphthyl)ethylenediamine, 2HC)3} &%
gt A2olx] 53 w-3A1Z) 3, Microtiter plate
readerZ ©o]-&3}a] 540nmoA F-&& SH 3
Nitrite 352 EF T4 NaNO32RE] A4ts]ich

spectrophotometric
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7. Western blot &4

D @@ol £33 Y 4S|4 COX-1/COX-2,
iNOS/nNOS ¥4

Western blot analysisE 3] o}F A& &1 &
< 34 FE, LPS7F A A8 FE, PSS} sutE &
A ARG HEZTH HP o] FH AEL T
itk FEENA LPS %) F 4A 7 508 Fol
diethyl- ether v} Jefjol A ©538le] w2 A ¥ & A
A Fof| AgtA o] Dol AR w7 -80Tel
B A3} 2t 3] 222 Homogenization buffere]] go}
=2 % Teflon homogenizer& w2 3}gict & 3d
27 PBS(20mM, pH 7.4)2 283 A1&3o
nylon mesh(mesh size=180m) 2 2 o 33},
Nylon meshZ Ao|3 ZHFEE HIRo] wf§ FHF
g Al Zo]t]. o] MEESL Sonicator2 T2 43}
T, AHEE wizkAl -80TColA BRAgct Sy e
bradford § & AF&3tHTh o] EEL 5X%
concentrated SDS sample buffer(l X 125mM Tris-HCI,
pH 6.8, 2% SDS, 5% glycerol, 0.003% bromophenol,
1% [B-mercaptoethanol)$} 41o]x] 98 Co| A 583t &
¢l & 10,000 pmol| A 5-10%7F YAl Bzt 1 3
AWZ5-& polyacrylamide gel(COX-1, COX-2, nNOS
£ 7.5% gradient A}-&-, INOS+= 10% gradient A}-8-)l
ZolA electrophoresisE ¥t} 12|31 polyvinylidene
difluoride membraneol] electrotransferA] 71 t}.
Membrane-& A 2o 4 blocking buffer(TBS-To| 5%
skim milk)o]| blockingg &}, anti-COX-1, anti-COX-2,
anti-INOS, anti-nNOS antibodyE 1:10000.2 &} 14]
ZHEet dbEAIZl F 4Tl #HA] incubation gty
Membrane2 TBS-TZ 3¥ 1084 washingdt $-, A2
o} ] alkaline phosphatase- conjugated secondary
antibody(Anti-mouse IgG F+= Anti-rabbit IgG)¢} 24|3F
=<t uhg-Al7) a1 TBS-TZ 39 10%% washing3lch
Develop2 ECL(enhanced chemiluminescence,
Amersham) developing kitZ AF&-3le] @Al 7+s3A) 710,

off

8. EAIXME|(Statistical analysis)
go]E}= Mean+SEMC.2 velyth o) oj g
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1. Murine macrophagediiA{ LPSoll 2/sf Z7}&l
NOol| ojxl= &ate] £

RAW 264.7 murine macrophageo] LPSE ]2}
Z7}€l NOo| )3t v} E22E9 HHS odoln
71 €l8te] ARt LPS A A] 2417kl SvlE
HAA A & LPS vrExi ] gizd 37 24X|7+s
ok HFEAIZTE LPS B2 lug/ml, S0} £35%9)
FEe lug/ml, 10ug/ml, 100ug/ml, 1000uz/mio) T}, 2
24, LPS gSA 3 9404 NO7 5715
Ak o ATl Lug/mi-g AR BAE dle &
e Wzt Jelux ggtou 10uw/nl B
o} MAE e FYdYE NO dA a2
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Fig. 1. Effect of Rhizoma Cimicifugae on NO produced by
activated murine macrophages. RAW 264.7 cells
were stimulated with LPS(1ug/ml) and pretreated or
not with increasing concentration (1, 10, 100, and
1000ug/m!) of HP for 24h. The cells of Rhizoma
Cimicifugae-pretreated group were pretreated with
Rhizoma Cimicifugae for 2h and incubated with LPS
for 24h. The nitrite production was measured by
Griess reaction assay method as desctibed in the
Methods section. The data are expressed as means
+SEM of five determinations. ** p<0.005, ***
p<0.001, compared with the LPS-treated group.

: Lipopolysaccharides) 93}

FrEd Bl YoM AR ALET  (685)

2647 A | el Fuke NO A &7 Vet
A% 25 dUhFEg D)

2. LPS 50f ¥ SZh} 2 pig}

FEAA LPS(S0ug/kg, ip. 0.5mhE FUF} F
A 2 AgS golir] 3ty dxTy 4y
o2 \pro] A3 2aE Ml gss
g B2 olF AAR A G T A
ZTOoR QAT LPSY 2947 98 BE
T OF BT FUAA S48 02 B ex
(<0.6C)7} 2 F7hEtATh o] Fvke FYl 23t
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Fig. 2. Change on abdominal temperature(Tab) of LPS-
treated rats(squares, n=8), normal saline-treated
rats(circles, n=6), and untreated rats(triangles, n=6).
Animals were injected with LPS(50ug/ke, i.p. 0.5ml)
or normal saline(0.5m, i.p.). All of the injections were
made between 20:00 and 20:10 P.M,, and the values
were expressed as the difference from the
preinjection level. The time of injection was set to 0
on the x-axis.
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Fig. 3. Change in abdominal temperature(Tab) of LPS-
treated rats(circles), LPS & water-cotreated
rats(triangles), and LPS & Rhizoma Cimicifugae-
cotreated rats(squares). All animals were
intraperitoneally injected with LPS. LPS-treated
animals were orally injected with or without Rhizoma
Cimicifugae(4g/kg, 400mg/ml, 1mi/200g rat, 2 times
treatment) and water(1ml, 2 times treatment). All of
the injections were made between 20:00 and 21:00
P.M. and the values were expressed as the
difference from the preinjection level. The time of
injection was set to 0 on the x-axis.
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0.5g/kg(50mg/ml, tml/200g rat, 23 % o),
1g/kg(100mg/ml, 1ml/200g rat, 23] Fol), 2.0g/kg
(200mg/ml, 1mi/200g rat, 23] Fof), 4g/kg(400mg/ml,
1ml200g rat, 23] §ol)e] T2 Fosiget. 24 F
B2 712 Aol g HHHE Aol7t gtk —*—U} =T

ZE59] To35E LPS F9A G o] T X3
ztzk 138 Fojsto] & 23] R AFEH,
£ulE 20gke 5 ©]%d 59 E u,LPS Fo &
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T UA ALZ7E AA A AT

ol % AME2RE, LPSAY Yol vt 5
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b. LPSE 7=
thacine| £o4

LPSE ity oA NO oA A1¢l L-NAMES}
COX A A Q) Indomethacin®] 3}d Z}E Lol 7]
ot T AFTo2 Yol AFsHTh
Indomethacin& 1.5mg/kg %% 3mgkgo] FU35+%

L-NAMEE 25mgkg £ 50mghkgs 731
g7t 287 AAA N2ALdE HrE Aolst
919 th. Indomethacin® L-NAME £aj= 4np &3
283 92 LPS YT o BAd 197 T8}

gtdoflA L-NAME®} Indome-
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Fig. 4. Change in abdominal temperature(Tab) of LPS-
treated rats(n=8), and LPS & Rhizoma Cimicifugae-
cotreated rats. All animals were intraperitoneally
injected with LPS. LPS-treated animals were orally
injected with or without Rhizoma Cimicifugae. Doses
of Rhizoma Cimifugae treated were
0.5g/kg(50mg/ml, 1mlI/200g rat, 2 times treatment,
n=4), 1g/kg(n=4), 2.0g/kg(n=6), and 4g/kg(n=8). All of
the injections were made between 20:00 and 21:00
P.M. and the values were expressed as the
difference from the preinjection level. *** p<0.001
compared with LPS-treated control group.
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Fod 8L 59 F NIEE 227t 4sH
AF7H<0.5C) At FAaste ARt AEL F
T B fAYE 255 E HaFx] gsith

ol2]3t AIAEZ 5 LPSA WEL NO ¥ COX
of #Hhe] rke AL & F UdNeH, gt EE
o i de LPS o F 22 2HA << Indo-
methacin 1.5mg/kge] &¥}e} B]&3ba, 4A R o =
Indomethacin 3mg/kg, L-NAME 25mg/kg F=0] 49
T} vtk e ¥ & U £8 Sl
Y RTH= NOA Rt COX9 B & #Hol Qg
<€ F5% + YAUrhFig. 5)
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Fig. 5. Change in abdominal temperature(Tab) of LPS-
treated rats(8 rats), LPS and IDM-cotreated rats(each
4 rats in each dose), and LPS and L-NAME-
cotreated rats(each 4 rats in each dose). Animals
were injected with LPS(50us/ke, i.p. 0.5ml) with or
without IDM (1.5mg/kg and 3mg/kg) or L-
NAME(25mg/kg and 50mg/kg). All of the injections
were made between 20:00 and 20:10 P.M., and the
values were expressed as the difference from the
preinjection level. The time of injection was set to 0
on the x-axis.
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QoI Fuprt ulAl e dahe Loty sl gz
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AdTez itk 4 T2 AAA 712A 2o
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Fig. 6. Change in abdominal temperature(Tab) of Rhizoma
Cimicifugae-treated rats(n=6) and water-treated
rats(n=6) without the treatment of L PS. Animals were
orally injected with Rhizoma Cimicifugae
4g/kg(400mg/ml, 1ml/200g rat, 2 times treatment) or
water(1ml, 2 times treatment). All of the injections
were made between 20:00 and 21:00 P.M. and the
values were expressed as the difference from the
preinjection level.

7. LPSH Lol ifgae] COX-1

QDPI 1
SE FY3ta svE FAUE FA% £ HE

*‘&°“*1 COX-1Z& A3t 5ulzlt COX-14 vlX|=
gl dish At LPS T FAld] Fu}
2.5g/kg(250mg/ml, 1ml/200g rat)S 13] Sl 1, 14
b 3 13] o o3l F 23] FASHTHLPS 7
o] . 4A17F 5085 o] T3] Western blot analysis
g o] &3l BAMIHTh AF 2, o} F HAE 3}
2 @& FEEY HYUY LPSE FH3 FEEY
HEH 4 LPS9) ulE A3 FEES HE A
A Zdd COX-1 7l w8 Ue o7k et
7 sttt

olgg ATVETRE LPSA LIS COX-13E
A7 flom vk B COX-19] Wiz ofF-
g2 FA %S ¢ 5 e, ole st Y
71343 g d COX-1& #A} gloe & 718
7] Ao|th.(Fig. 7)

waor ol

h
s
a

8. LPSH oA =HEne| COX-2 YaHUH 3
Zote| &1}
LPSZ FY3ka 2}

mlm

FHNZ Fel T F 5T

38

(A)
—70KD COX-2

UNT LPS RC IDN

(B) 2

LT

umrea\ed LPS+RC  LPS+IDM

Relative expression of COX 1
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Fig. 7. Effects of LPS and Rhizoma Cimicifugae(or IDM) on
COX-1 protein in the blood vessel-enriched brain
samples. Rats were stimulated with LPS and were
decapitated 5h after the injection of LPS with or
without RC or IDM. The blood-vessel-enriched brain
samples were prepared by homogenizer, nylon
mesh, and sonicator method as described in
Methods section. <A> shows western blot analysis of
COX-1. A total of 50u¢ of protein was loaded in all the
lanes. <B> shows the percent increase or decrease
in the COX-1 signal of several samples when
compared with that of untreated control samples
using a densitometer. Data are expressed as mean
+SEM. IDM: Indomethacin.
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oA COX-2% LPS FofFof| v]d] COX-271 3%
3] dA|Elo] o} F MR & 3R] & FEEY COX-
2343 Pt v skl oh

olg{gt AE2HE LPSA &g o3 Fid
P COX-29 Hia] svke 7oA e JAR
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#E vehllen, ole subrt LPSY 2 sl

HEaAE JErZ kel 7l & Rolch(Fig. 8)
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Fig. 8. Effects of LPS and RC(or IDM) on COX-2 protein in
the blood vessel-enriched brain samples. Rats were
stimulated with LPS and were decapitated 5h after
the injection of LPS with or without RC or IDM. The
blood-vessel-enriched brain samples were prepared
by homogenizer, nylon mesh, and sonicator method
as described in Methods section. <A> shows western
blot analysis of COX-2. A total of 50ug of protein was
loaded in all the lanes. <B> shows the percent
increase or decrease in the COX-2 signal of several
samples when compared with that of untreated
control samples using a densitometer. Data are
expressed as mean-+SEM. *** p<0.001 compared
with untreated control group. +++ p<0.001 compared
with LPS-treated control group. IDM : Indomethacin
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Fig. 9. Effects of LPS and RC(or IDM) on iNOS protein in
the blood vessel-enriched brain samples. Rats were
stimulated with LPS and were decapitated 5h after
the injection of LPS with or without RC. The blood-
vessel-enriched brain samples were prepared by
homogenizer, nylon mesh, and sonicator method as
described in Methods section. <A> shows western
blot analysis of INOS. A total of 50ug of protein was
loaded in all the lanes. <B> shows the percent
increase or decrease in the INOS signal of several
samples when compared with that of untreated
control samples using a densitometer. Data are
expressed as mean+SEM. * p<0.5 compared with
untreated control group. + p<0.05 compared with
LPS-treated control group. IDM : indomethacin.
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Fig. 10. Effects of LPS and RC(or IDM) on nNOS protein in
the blood vessel-enriched brain samples. Rats were
stimulated with LPS and were decapitated 5h after
the injection of LPS with or without RC or IDM. The
blood-vessel-enriched brain samples were prepared
by homogenizer, nylon mesh, and sonicator method
as described in Methods section. <A> shows
western blot analysis of nNNOS. A total of 50ug of
protein was loaded in all the lanes. <B> shows the
percent increase or decrease in the nNOS signal of
several samples when compared with that of
untreated control samples using a densitometer.
Data are expressed as mean+SEM. *** p<0.001
compared with LPS-treated control group. IDM :
Indomethacin.
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