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Inhibition of LPS induced iNOS, COX-2 and cytokines expression by
salidroside through the NF-kB inactivation in RAW 264.7 cells
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Abstract — In this study, we investigated the anti-inflammatory effects of salidroside (SAL) isolated from the MeOH extract

of Acer tegmentosum Maxim heartwood in RAW 264.7 macrophage cells. SAL pretreatment significantly inhibited nitric oxide
(NO) and prostaglandin E, (PGE,) productions in the lipopolysaccharide (LPS)-induced RAW 264.7 cells. Western blot and
RT-PCR analyses revealed that SAL inhibited the LPS-induced expressions of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) at the protein and mRNA levels in a concentration-dependent manner. In addition, SAL reduced the
release and the mRNA expressions of tumor necrosis factor-oo (TNF-o) and interleukin-6 (IL-6). Furthermore, nuclear factor-
kappa B (NF-kB) luciferase reporter assay was performed to know the involvement of SAL in the production of pro-inflam-
matory cytokines, we confirmed that LPS-induced transcription activity of NF-xB was inhibited by SAL. Taken together, our
data indicate that anti-inflammatory property of salidroside might be the result from the inhibition of iNOS, COX-2, TNF-a
and IL-6 expressions via the down-regulation of NF-kB activity.
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HEg-o] A= &4k (reactive oxygen species),
R A (complement) 283 v EWE]Z (anti-
microbial peptides)®] AJ/do] Aaf=o] 7rFe] wIZt]
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318t sjdFo) v
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Fr= Al E7}RI (pro-
inflammatory cytokines), nitric oxide (NO) 2|3
prostaglandin E, (PGE,)”7} inducible nitric oxide synthase
(iNOS)2} cyclooxygenase-2 (COX-2)el ]3] A= =
+ M EZo A4 NO+= neuronal NOS (nNOS), endothelial
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Tumor necrosis factor-o. (TNF-o)= 43318 T2 A X,
AR-EAE (fibroblast) 2 T of 2] AlEZAA A= =6
ol FUAEN FFE vIXE &7 ol 3 AF A
MNEZZ 4EA . Interleukin-6 (IL-6)2] A4S TNF-a
U IL-1B 2+ 291 9ol LpSel] oJ3] fewch st
IL-6= H5-E Al|E7RICEA QI HIA} (pyrogen)
= Zga W A 28 Sl Tkt Jake vtk

Nuclear transcription factor-kappa B (NF-kB)= A & &
3l, AEWHE, AXE F2F Foll #dE oY fFHAEe] T
2ol 714 Fa8 A4S s MARIAOlT). SAISH NF-

+= iNOS, COX-2, TNF-a 22|13 IL-6 % <i8] |< vl
NEAE] AAE 250"

AAFTUTF (Acer tegmentosum Maxim)y= T3 U-F-37}o]
&she AEEA AN Al Aleke YA
ot} Fael e £718 sl Fole) slof 2T A4S
g A8l ARS-BtAL, ShpollA = Hol WU e AR
Folgt st 2 709 7+, st 5o AsAE 1T
oM ge] fEEL A o] Yol FH HEL o|Fa
A+ salidroside (SAL)= amyloid-poll 9]3F 41312 »~E7)
2so)) i3k ARMEREAE, Y 22 ks A, ™ bone
marrow cell cycledl] VX1 43k, *” carbohydrate THAI] ¥
e 9" 5 o oFelshy 249 vYehdte Aol
HaEo]drh zejuh SALY] tigh St Eatel 1 7]
gk Hiies Ao gle Aol

2 AR o] HAEY] FE2= ¥ FEld dUsekE

5o 992 AIE PN 2 /A AFFoEHA A
2 9T o) AL NEsta ddrk. B wRoE

o3t o] Ugko B AAFUF-ZNE Felgt salidroside
7} LPSel| oJsf E43kE RAW 264.7 A EoM FHas
Uep= 7134 A8t o G35 e vefst oy
Z, mRNA 18|31 Al E7RRI Fo Wa-s 335kt

ERE

X 2 — Dulbecco’s modified Eagle’s minimum essential
medium (DMEM), fetal bovine serum (FBS), penicillin,
streptomycin-2 life Technologies Inc. (Grand Island, NY)
ol A )&k th. 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-
tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO),
sulfanilamide, aprotinin, leupeptin, phenylmethylsulfonylfluride
(PMSF), dithiothreitol (DTT), L-N°~(1-iminoethyl)lysine (L-
NIL), NS-398, Escherichia coli lipopolysaccharide (LPS)+=
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Sigma Chemical Co. (CA, U.S.A)X +H3tHoH,
COX-29} iNOS monoclonal antibodies % peroxidase
conjugated secondary antibody+= Santa Cruz Biotechnology
(CA, US.A)IA 43I L] iNOS, COX-2, TNF-a, 1L-6
Z12] 3L B-actin oligonucleotide primers= Bioneer (Seoul,
Korea)oll Al #1313t} 21283 TNF-q, IL-6, PGE, &4 &
#3t kit= R&D systems (MN, U.S.A)eA 4 3H3 T}

Alge & ¥ 28

AAFURE B4 20keS MeOHE $H7 3l 5A17H4 3
o] FZoIU FEES AFslal dolxl AR S BF g
4553l MeOH FE5S 43t MeOH FE55
4= 1L FEAF)IL CHCLE 33] #83 o2 553}
HCL w8 &S AU &2 7500 tiste] BuOH=
£33 12 5=31] BuOH B8 At F& 4
< 5% = £Y=E 4k

BuOH #3¥ & 10 g% silica gel column chromatography
oAl CHCL;-MeOH Z7H-8v} & §&8vl= ARE-3l 9 : 1
Z 1L &=3lt7t 6 - 4 2 WHASI] 25 L 7lste] &
g 158 VI 7k#] At o] T &89 1 £ acetoneol| A
A st FAE ] p-hydroxyphenylethyl-O-B-D-
glucopyranoside (2.8 gys AUt o] sigh=e] AFE VI 3}
VI & MeOHOlIA A7 st FHAHYE LYo o] 3}
=S TLC, 'H-NMR, "C-NMR 2] E49l] 2]} sucrose
2 =AY

Salidroside (p-hydroxyphenylethyl-O-B-D-glucopyranoside,
Fig. 1) : Colorless powder, mp 220% 'H-NMR(SOO MHz,
DMSO-dy) &: 4.17 (1H, d, J=7.5 Hz, H-1"), 6.67 (2H, d,
J=8.5 Hz, H-2.6), 7.04 (2H, d, J=3,5 Hz); "C-NMR(125.5
MHz, DMSO-dy) &: 35.3 (C-7), 61.5(C-6"), 70.3 (C-8),
70.5(C-4"), 73.8 (C-2"), 77.1 (C-3"), 77.3 (C-5', 103.3 (C-1"),
115.4 (C-2,5), 129.2 (C-1), 130.2 (C-3,5), 155.9 (C-4),
FAB-MS m/z 3232 [M + NaJ".

M=ol HiQF — RAW 264.7 A& 10% FBS %
penicillin (100 pg/mL), streptomycin (100 U/mL)°] Z g%l
DMEM Hj2]ol| A 37°C, 5% CO, incubatoroll A ¥l )T,
RAW 264.7 Ao Al5-8H2] o8] w1 (25, 50, 100 uM)
Fe Y dxers A2 AA e F LPS (1 pgmL)E
Aeskal 2417k v FslaiTt.
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Fig. 1. Chemical structure of salidroside.
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Fig. 2. The effects of SAL on LPS-Induced NO production and
iNOS protein and mRNA expression in RAW 264.7 cells. (a)
Cells were pretreated with different concentrations (25, 50,
100 uM) of SAL for 1 h, LPS (1 pg/mL) was then added, and
the cells were incubated for 24 h. Control (Con) values were
obtained in the absence of LPS or tested samples. L-N°(1-
iminoethyl) lysine (L-NIL) was used as an assay positive
control at a concentration of 10 uM. (b) Cells were treated as
described above. Total cellular proteins (40 pg) were resolved
by SDS-PAGE, transferred to nitrocellulose membranes, and
detected with specific antibodies, as described in methods. A
representative immunoblot of three separate experiments is
shown. Cells were pretreated with different concentrations (25,
50, 100 uM) of SAL for 1h, LPS (1 ug/mL) was then added,
and the cells were incubated for 4 h. Control (Con) values
were obtained in the absence of LPS or tested samples. Total
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RNA was prepared for the RT-PCR analysis of iNOS gene
expression. iINOS-specific sequences (807 bp) was detected by
agarose gel electrophoresis, as described in methods. PCR of
B-actin was performed to verify that the initial cDNA contents
of the samples were similar. The experiment was repeated
three times and similar results were obtained. The Western blot
results and the RT-PCR results are shown by relative ratio
graphs. The values are the mean + S.D. of three independent
experiments. #p<0.05 vs. the control group; *p<0.05, **p<0.01
vs. the LPS-treated group; the significances of the difference
between the treated groups was evaluated using the Student’s
t-test.

MZEM AIE - 96 well plated] 1x10° cells/wellZ A3
5 TP BFataL 24417 B2 i & o2 FEe

AFEAS F o2 o] iAol B4jste] 7t 3l
1= 0 L 4 ]‘ﬂ LPS (1 ,ug/mL)‘3 ﬂa]s}oﬂq 244

NS A AL FAE formazarr— DMSO 100 uL 7]—6]—
o] =9t} 308 F 540 nmol Y FEEE s

Nitrite 2| £& - RAW 264.7 A|X2HE 4% NO
9] U2 Griess A FE o]-ste] Al wFel Fol] =5t
+ NO,®| FeiEA SAsIAT. S AlEud 452 100 ul
2} GriessAl 9F [1% (w/v) sulfanilamide in 5% (v/v)
phosphoric acid ¢} 0.1% (w/v) naphtylethylenediamine-
HCI] 100 uLE &35} 96 well platesoll A 10% &<t 1k
SR T 540 nmolA =S ST

Western blot A|& — SALS X2]st Al X ¥ =i
phosphate buffered saline (PBS)E o]l 3 lysis bufferd]
PRO-PREP (Intron Biotechnology)o-2 THH S F=%3)
AN Ealsle] AENS HArh AE9lS Bradford Aok
& ARl TlE FEE YEFete] 40 pgd] TES HIF
o 25 @ ELS 10%2] SDS-polyacrylamide geloll
7199%5*1Z1 % nitrocellulose membrane® 2. gele] Th¥ 2
blotA]| Zt}. 5% skim milk® 3% % <t blockingdt &
1:5009] H] &2 iNOSS} COX-2 antibodyS 4A17F St 4
2ol WAgk & TTBSE 155 7H4 0= 23] A3l
1:10002] H]-&2 3]2 %} secondary antibodyS 1A]7F 5ot
g2 WA AIZTE TAl TTBSE 15% A0 & 33] A
23} & chemiluminescence® A&}t

PGE,, TNF-a ¥ IL-6 2| X - A|lxzujdlS FHal
7}k R&D systems (MN, U.S.A)) kite] ZA9] W} PGE,,
TNF-o. % IL-65 3333t

RT-PCR A& — Fasy Blue® kits (Intron Biotechnology)
£ o] &3 Kit] protocolel] e} HA]| cellular RNAS 5=
Z3I5 ). ZH2ke] AlF oA MuLV reverse transcriptase, 1
mM dNTP Z8]3L oligo (dT,,. ) 0.5 ug/uL = o]-&ske] 1
ugel RNAE 97A} sle] cDNAE AT} cDNA9 Taq

S i v
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Fig. 3. The effects of SAL on LPS-Induced PGE, production
and COX-2 protein and mRNA expression in RAW 264.7
cells. (a) Cells were treated as described in the Figure Legend
of 2a. Control (Con) values were obtained in the absence of
LPS or tested samples. 10 uM of NS-398 was as a positive
control in the assay. (b) Cells were treated as described in the
Figure Legend of 2a. Total cellular proteins (40 ug) were
resolved by SDS-PAGE, transferred to nitrocellulose membranes,
and detected with specific antibodies, as described in methods. A
representative immunoblot of three separate experiments is
shown. Cells were treated as described in the Figure Legend of
2b. Control (Con) values were obtained in the absence of LPS
or tested samples. Total RNA was prepared for the RT-PCR
analysis of COX-2 gene expression. COX-2-specific sequences
(721 bp) was detected by agarose gel -electrophoresis, as
described in methods. PCR of B-actin was performed to verify
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that the initial cDNA contents of the samples were similar.
The experiment was repeated three times and similar results
were obtained. The Western blot results and the RT-PCR
results are shown by relative ratio graphs. The values are the
mean + S.D. of three independent experiments. #p<0.05 vs. the
control group; *p<0.05, **p<0.01 vs. the LPS-treated group;
the significances of the difference between the treated groups
was evaluated using the Student’s #test.

DNA polymerase 1 unit, 0.2 mM dNTP, x10 reaction
buffer 72|32 5'9} 3'primers 100 pmolS X33l 23| F-3]
25 uLe] AIEE thermal cycler (Perkin Elmer Cetus, Foster
City, CA, USA)E- o]&35}o] PCR #4S 39t} PCR Wt
<2 95°C oA 287} initial denaturationA]Zl ¥ iNOS
(95°C 1% denaturation, 60°C 1% annealing 22| 3L 72°C
1.5% extension), COX-2 (94°C 1% denaturaion, 60°C 1%
annealing 2] 32 72°C 1% extension), TNF-o (95°C 1%
denaturation, 55°C 1+ annealing Z&]3L 72°C 1%
extension) 28] 3L IL-6 (94°C 1% denaturation, 56°C 13
annealing 12|35l 72°C 1%& extension)& 30 3
amplification 3FITE oW A tol|lA ot o] HF3 7o
PCR primers7} AF&-% 1t : sense strand iNOS, 5-ATT
GGC AAC ATC AGG- TCG GCC ATC ACT-3', anti-
sense strand iNOS,5'-GCT GTG TGT CAC AGA AGT
CTC GAA- CTC-3"; sense strand COX-2, 5'-GGA GAG
ACT ATC AAG ATA GT-3' anti-sense strand COX-2, 5'-
ATG GTC AGT AGA CTT TTA CA-3'; sense strand
TNF-a, 5'-ATG AGC ACA GAA AGC ATG- ATC-3',
anti-sense strand TNF-o, 5'-TAC AGG CTT GTC ACT
CGA ATT-3'; sense strand IL-6, 5-GAG GAT ACC ACT
CCC AAC AGA CC-3', anti-sense strand IL-6, 5'-AAG
TGC ATC ATC GTT GIT CAT ACA-3';5'-GTG CTG
CCT- AAT GTC CCC TTG AAT C-3'; sense strand [3-
actin, 5'-TCA TGA AGT GTG ACG TTG ACA- TCC
GT-3', anti-sense strand (B-actin, 5'-CCT AGA AGC ATT
TGC GGT GCA CGA TG-3'. Amplification $-°|] PCR ®}
2 AZ1 AIFEE 2% agarose gelol|A] 21719%F3)3L ethidium
bromide G432} UV 2AE F3) g8t

NF-xB Luciferase activity 8 — RAW 264.7 M Z &
disholl 2z} 2x10° cells/dish F =2 33 & Invitrogen
(CA, US.A XA 43t Lipofectamine 2000 ReagentS ©]
23Jo] NF-kB luciferase reporter plasmid DNAS- S27HA
(transfection*| ZATh. @274 48x1710] 33 5 3-4x10°
cell/well2 12 well platedl] MEZE 53131 SALE 1X]7F
ot Axe] & 5 LPS (1 pg/mL)E A2lslich. 2447 &
MEE 4431 luciferase assay system (Promega, U.S.A.)
9} luminometer (Perkin Elmer Cetus, U.S.A)S ©]-&3}]



114

luciferase &4 =433t}
SAHEN M - H¥ A9 32 meantS.D.E YEFR S
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Fig. 4. The effects of SAL on LPS-induced TNF-o. and IL-6
production in RAW 264.7 cells. (a) Effect of the SAL on
TNF-a production by LPS-induced RAW 264.7 macrophages
for 24 h. (b) Effect of the SAL on IL-6 production by LPS-
induced RAW 264.7 macrophages for 24 h. TNF-o. and IL-6
production results are shown by relative ratio graphs. The
values are the meantS.D. of three independent experiments.
#p<0.05 vs. the control group; *p<0.05, **p<0.01 vs. the LPS-
treated group; the significances of the difference between the
treated groups was evaluated using the Student’s #-test.
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< A8k o™ 100 uMellA] NO A37482 38.0% A3l 5k3
T} (Fig. 2a). ©|21g NO A A7} Al 2540 71Q18=
g ZRlsl] 91t MTTHE o|&at AEFAS #3
o Hl 200 uMollA] RAW 264.7 Al Eo] S48
ERfA] 2= S FRISHATT (data not shown).

SALS| iNOS THHE M3 mRNA 28 X5 - SAL
o &3k NO A A3N7]1A4E &1317] ¢35 Western blot
3} RT-PCRZ iNOSe| Tl AJAd5t mRNA T3-S AL
slith. LPSel 28 S7He iNOS @ A4 2} mRNA
alo] SALS AH3lile W ik AR 7HAEe
™ 50 pMF} 100 pMONA oA UAA ZHAE AT (Fig. 2b).
B-actin®] band density H]&-°l we} iNOS w2l Ay A =}
mRNA &8 A=E BA3HS o SALS 100 uM F=0]
] iNOS Tl A AS- 29.0%, mRNA 28-S 47.9% A
g2 IRl o] F3ll SALS iNOSe| A= e
< Ao Zn NOo S Aafghe & = AAUTh

SALS| PGE, &4 % COX-2 CHHZE MA 3L mRNA
uks XMl 2 - RAW 264.7 Al Eo|A HZF91#12] PGE,
9] SALe) ]38t A &3S ELISA kitS |83t & =3}
At LPSell ]38t PGE, Aol SALS A2leldls o =
T ofEH o= FodUA FAEANSH (Fig. 3a), 100 uM
52| SALS 28] PGE, 4ol 38.1% A=At} A1)
29l COX-2 A= LI NS398 (5 uM)yS Fduiz
S = AME3lY PGE,°] dAo] FEishA Adllse AL €
I3 SALe |3t PGE, 84 #al71%x& g1s7] 9
3] Western blot &} RT-PCRE COX-2 ©ulz Al =}
mRNA &8-S zAFsISITh LPSd o8 Z7HE COX-2 ¢
iz WA mRNA 28o] SALS 22l8lds o F= ¢
A2 o UA ZAaE AT (Fig. 3b). B-actin®] band
density H]&-°] w}g} iNOS T2 A3} mRNA & 3
L5 BASNE W SALS 100 uM F=o1A COX-2 whi
2 /3L 25.9%, mRNA T3-S 40.6% A3l g2 gls)
Atk o] Fall SALS iNOS2] mRNA &H&-S A5}
il S Aoz NOo| S AlEds &
AATE.

SALS| TNF-a 2} IL-6 2] &M 3 mRNA 23 Xaf
&3 — SALY] RAW 264.7 Al EoA AE5H= Al EFIRI
%l TNF-02} IL-65 HA|sh=A] &otr7] 913 ELISA kit
9} RI-PCRE ©]-&3ta] TNF-a2} IL-62] 4 © mRNA
g ARSI LPS 2ol ¢J8)] AJ4E TNF-o= oL
FE (100 pM)e] SALeN 2lal 48.1% A=At} (Fig. 4a).
LPSel 93} IL-6 FA-S SALY o8] 5 gEHo R 7+
2E0.0H ) 100 pM FE2] SALIA 75.6% AL Bkl
3}t (Fig. 4b). B=3F SAL-L LPSl| €3+ TNF-08} 1L-6
mRNAS] IS Fo A UA A e TNF-a%t 1L-69] &
4 AR B} o] e ERISIT (Fig. 5a, Fig. 5b).
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Fig. 5. The effects of SAL on LPS-induced TNF-a and IL-6 mRNA expressions in RAW 264.7 cells. Cells were treated as
described in the Figure Legend of 2b. Control (Con) values were obtained in the absence of LPS or tested samples. (a) Total RNA
was prepared for the RT-PCR analysis of TNF-o. gene expression. TNF-a-specific sequences (351 bp) was detected by agarose gel
electrophoresis, as described in methods. (b) Total RNA was prepared for the RT-PCR analysis of IL-6 gene expression. IL-6-
specific sequences (142 bp) was detected by agarose gel electrophoresis, as described in methods. PCR of B-actin was performed to
verify that the initial cDNA contents of the samples were similar. TNF-oo and IL-6 RT-PCR results are shown by relative ratio
graphs. The values are the mean+=S.D. of three independent experiments. #p<0.05 vs. the control group; *p<0.05, **p<0.01 vs. the
LPS-treated group; the significances of the difference between the treated groups was evaluated using the Student’s r-test.

SALe| NF-«xB & XMa{l &2 — LPSel o8] frese
iNOS, COX-2, TNF-o, Z&] 3L IL-6 52] 22} Z2RE
o ZA3l= NF-kB 24 (element)’} o|&2] FAA o3
o 298 98 = BIE E4)]* SALS] LPSY]
gk NF-xB9| €435 JAIsk=A] dotrr] 918l luciferase
assayS 33} TH RAW 264.7 Al 3Ee]] UAJZ O 2 pNF-
kB-luc plasmidE FA7H Al715L SALS A2]dk 3} A
g 5hA] ke thztel LPS (1 pg/mL)E A5 7}3he}
SALo] LPSol| 98] =¥ NF-xB &|&7 9l luciferase &
2o HH e T oEHOZ FoAIA A= A

FRIBHATH (Fig.6).

™~

a

e

2 AFHE oy dAES] AR FolA Lpsel ojsl &
3lE RAW 264.7 A|ZEHE FEEE NO AL As)
ste =248 Mt AAHAA, AAFUT (Adcer
tegmentosum Maxim)2| &--ollA] E2]3} salidroside (SAL)
o] RAW 264.7 AlxoA &5 235 VehdS Es8I3d

o SALS o]de] AollA COXE} S-lipoxygenaseE <A
3l PGE,2} thromboxane B,& 7r4A]7]& antieicosanoid
Zrgo] BiEe] glou? gzelx) AR FHet I 1He
Bag vb gloh mepa] B AtollA SALe| ofH 71dE
o AdE 2HE JeEpll=A] s

A= LPSOF 722 As-rdEdol o5 &4d3steo]
toll-like receptor-4 (TLR-4)9] &< 2423k} > TLR-4E
LPS/CD-14 &gl thet vH-Fabd 8424 NF-kBE
B3] d55=9] WAA 3 (cascadeyS B4 3}gt >
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Fig. 6. The inhibition of NF-kB-DNA binding by SAL. Cells
were transiently cotransfected with pNF-kB-luc reporter and
then left untreated (Con) or were pretreated with different
concentrations (25, 50, 100 pM) of SAL. LPS (1 ng/mL) was
then added and the cells were further incubated for 3 h. The cells
were then harvested and luciferase activities were determined
using a Promega luciferase assay system and a luminometer. The
values are the mean+S.D. of three independent experiments.
#p<0.05 vs. the control group; *p<0.05, **p<0.01 vs. the LPS-
treated group; the significances of the difference between the
treated groups was evaluated using the Student’s z-test.

A9} 1ol w2 PGE, A A7F SAL <JsiA] YEeRY
A ARG SALS LPSel J8ll A== PGEE
A 7HAA7IH o= COX-2 T2 A4} mRNAS
A e o AYS EIT 7 AUATH

A=) 7] E& Q1 TNF-02} IL-6v in vivo B in vitro 5
FolA AFUEe-S 2He= BEE dEA Yt o3k
APIETIRIES A52k80] e Zog I8 glow LPS
o} 72 GFAFEA o8] FAo] F=Hth™ Lps <]
3 ¥ TNF-aé} IL-69] P4S SALe] Tk 9JEF L
2 5glo] Aslst o RI-PCRE #2438 23} TNF-a2}
IL-6°] mRNAZ & 3} vl AR S el 0 24
TNF-a2} IL-62] EA A= 23 2] AARSA S #s) gl
o3t AU & 5 A

o]83 COX-2, iINOS 283 A5 AR ETIIES]
kol 2lojA] NF-kB7} promoterol] 2H-8-3lo] F2.3F 24
otz g8}’ B AF A= |uciferase assayS ©]&
3la] NF-kB AARAS 243$Ho 24 SALS] NF«B 215
o] - o3 AFHEZ] FAL JATS Il
A=

olate] AFEL QoFsH SALS RAW 264.7 A EoA
NF-kB&] AAMZE-S Ao 24 Lpsdl o8] Fiede
iNOS, COX-2, TNF-a 28] 3 IL-69] A3 §4 28
< aHH o= A gt ol st A5 salidrosides ©|

Kor. J. Pharmacogn.

4 292 APt ART 5 Y B

fex]
=y
A e e e ANk e,

AL A
o] =& Zs|thsta thshele] 20078hdE 23} ¢4
Tt GO R A|9g wol FE A,

10.

11.

12.

13.

. Brown, K. L., Cosseau, C., Gardy, J. L. and Hancock, R. E.

(2007) Complexities of targeting innate immunity to treat
infection. Trends. Immunol. 28: 260-266.

. Posadas, 1., Terencio, M. C., Guillén, I., Ferrandiz, M. L.,

Coloma, J., Paya, M., Alcaraz, M. J. (2000) Co-regulation
between cyclo-oxygenase-2 and inducible nitric oxide syn-
thase expression in the time-course of murine inflammation.
Naunyn Schmiedebergs Arch. Pharmacol. 361: 98-106.

. Moncada, S., Palmer, R. M., Higgs, E. A. (1991) Nitric

oxide: physiology, pathophysiology, and pharmacology.
Pharmacol. Rev. 43: 109-142.

. Yun, H. Y., Dawson, V. L. and Dawson, T. M. (1996) Neu-

robiology of nitric oxide. Crit. Rev. Neurobiol. 10: 291-316.

. Stuehr, H. H. J., Kwon, N. S., Weise, M. and Nathan, C.

(1991) Purification of the cytokine-induced macrophage
nitric oxide synthase: an FAD- and FMN- containing fla-
voprotein. Proc. Natl. Sci. USA. 88: 7773-7777.

. McCartney-Francis, N., Allen, J. B., Mizel, D. E., Albina, J.

E., Xie, Q. W., Nathan, C. F. and Wahl, S. M. (1993) Sup-
pression of arthritis by an inhibitor of nitic oxide synthase. J.
Exp. Med. 178: 749-754.

. Weisz, A., Cicatiello, I. and Esumi, H. (1996) Regulation of

the mouse inducible-type nitric oxide synthase gene pro-
moter by interferon-gamma, bacterical lipopolysaccharide
and NG-monomethyl-L-arginene. Biochem. J. 316: 209-215.

. Vane, J. R., Botting, R. M. (1998) Mechanism of action of

nonsteroidal anti-inflammatory drugs. Am. J. Med 104: 2S-8S.

. Vane, J. R, Bakhle, Y. S., Botting, R. M. (1998) Cycloox-

ygenases 1 and 2. Annu. Rev. Pharmacol. Toxicol. 38: 97-
120.

Needleman, P. and Isakson, P. C. (1997) The discovery and
function of COX-2. J. Rheumatol. Suppl. 49: 6-8.
Seybold, V. S., Jia, Y. P. and Abrahams, L. G. (2003) Cyclo-
oxygenase-2 contributes to central sensitization in rats with
peripheral inflammation. Pain 105: 47-55.

Bishop-Bailey, D., Calatayud, S., Warner, T. D., Hla, T. and
Mitchell J. A. (2002) Prostaglandins and the regulation of
tumor growth. J. Environ. Pathol. Toxicol. Oncol. 21: 93-
101.

Willeaume, V., Kruys, V., Mijatovic, T. and Huez, G. (1995)
Tumor necrosis factor-alpha production induced by viruses



Vol. 39, No. 2, 2008

14.

15.

16.

17.
18.

19.

20.

21.

22,

and by lipopolysaccharides in macrophages: similarities and
differences. J. Inflamm. 46: 1-12.

Van Snick, J. (1990) IL-6: an overview. Annu. Rev. Immunol.
8: 253-278.

Liu, S.F. and Malik, A.B. (2005) NF-xB activation as a
pathological mechanism of septic shock and inflammation.
Am. J. Physiol. Lung Cell Mol Physiol. 290: 1622-L.645.
o] FE- (1993) A&7t 522, FHA}, A2,

Z2HIE (1994) FFEZEZE (39), 193, A4EIA}, AL
Jang, S. 1., Pae, H. O., Choi, B. M., Oh, G. S., Jeong, S., Lee,
H. J., Kim, H. Y., Kang, K. H., Yum, Y. G, Kim, Y. C. and
Chung, H. T. (2003) Salidroside from Rhodiola sachalinesis
protects neuronal PC12 cells against cytotoxicity induced by
amyloid-B,. /mmunopharmacol. Immunotoxicol. 25: 295-
304.

Zhang, Y. and Liu, Y. (2005) Study on effects of salidrosde
on lipid peroxidation on oxidative stress in rat hepatic stellate
cells. Zhong Yao Cai 28: 794-796.

Zhang, X. S., Zhu, B. D., Hung, X. Q. and Chen, Y. F. (2005)
Effect of salidroside on bone marrow cell cycle and expres-
sion of apoptosis-related proteins in bone marrow cells of
bone marrow depressed anemia mice. Sichuan Da Xue Xue
Bao Yi Xue Ban 36: 820-823.

Wang, S. H., Wang, W. J., Wang, X. F, Chen, W. H. (2004)
Effects of salidroside on carbohydrate metabolism and dif-
ferentiation of 3T3-L.1 adipocytes. Zhong Xi Yi He Xue Bao
2: 193-195.

Surh, Y. J., Chun, K. S., Cha, H. H., Han, S. S., Keum, Y. S.,
Park, K. K. and Lee, S. S. (2001) Molecular mechanisms
underlying chemopreventive activities of anti-inflammatory
phytochemicals: down-regulation of COX-2 and iNOS
through suppression of NF-kappa B activation. Mutat. Res.
480-481: 243-268.

23.

24.

25.

26.

27.

28.

29.

30.

117

Lanza, A. M. D., Martinez M. J. A., Matellano, L. F., Car-
retero, C. R., Castillo, L. V., Sen, A. M. S. and Benito, P. B.
(2001) Lignan and phenylpropanoid glycosides from
Phillyrea latifolia and their in vitro anti-inflammatory activ-
ity. Planta Med. 67: 219-223.

Iontcheva, 1., Amar, S., Zawawi, K. H., Kantarci, A. and Van
Dyke, T. E. (2004) Role for moesin in lipopolysaccharide-
stimulated signal transduction. /nfect. Immun. 72: 2312-2320.
Means, T. K, Golenbock, D. T and Fenton, M. J. The biology
of toll-like receptors. (2000) Cytokine Growth Factor Rev.
11: 219-232.

Chow, J. C., Young, D. W., Golenbock, D. T., Christ, W. J.
and Gusovsky, F. (1999). Toll-like receptor-4 mediates
lipopolysaccharide-induced signal transduction. J. Biol.
Chem. 274: 10689-10692.

Faure, E., Equils, O., Sieling, P. A., Thomas, L., Zhang, F.X.,
Kirschning, C. J., Polentarutti, N., Muzio, M. and Arditi, M.
(2000) Bacterial lipopolysaccharide activates NF-kappa B
through toll-like receptor 4 (TLR-4) in cultured human der-
mal endothelial cells. J. Biol. Chem. 275: 11058-11063.
Gomez, P. F., Pillinger, M. H., Attur, M., Marjanovic, N.,
Dave, M., Park, J., Bingham, C. O., Al-Mussawir, H. and
Abramson, S. B. (2005) Resolution of inflammation: pros-
taglandin E, dissociates nuclear trafficking of individual NF-
kappa B subunits (p65, p50) in stimulated rheumatoid syn-
ovial fibroblasts. J. Immunol. 175: 6924-6930.

Feldmann, M., Brennan, F. M. and Maini, R. N. (1996) Role
of cytokines in theumatoid arthritis. Annu. Rev. Immunol. 14:
397-440.

Karin, M. and Ben-Neriah, Y. (2000) Phosphorylation meets
ubiquitination: the control of NF-xB activity. Annu. Rev.
Immunol. 18: 621-663.

(20081 549 929 )



