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Inhibitory Effect of Salvia officinalis on the Inflammatory Cytokines and Inducible Nitric Oxide

Synthasis in Murine Macrophage RAW264.7

Eun-A Hyun, Hye-Ja Lee, Weon-Jong Yoon, Soo-Young Park, Hee-Kyoung Kang, Se-Jae Kim* and Eun-Sook Yoo®

Department of Pharmaclogy, College of Medicine, Cheju National University, Ara 1-dong, Jeju 690-756, Korea
College of Natural Science, *Department of Life Science, Cheju National University, Ara 1-dong, Jeju 690-756, Korea

Abstract — Primary pro-inflammatory cytokines are a trio : tumor necrosis- o. (TNF-a), interleukine-1p (IL-1f), and inter-
leukine-6 (IL-6). These cytokines initiate and regulate the acute-phase inflammatory response during infection, trauma, or
stress and appear to play an important role in the immune process. Nitric oxide (NO) is a multi-functional mediator, which
plays an important role in regulating various biological functions in vivo. NO production by inducible nitric oxide synthase
(iNOS) in macrophages is essential for the defense mechanisms against microorganisms and tumor cells. However, over-
expression of iNOS by various stimuli, resulting in over-production of NO, contributes to the pathogenesis of septic shock
and some inflammatory and auto-immune disease. Solvent fractions of sage ( Salvia officinalis L.), which is cultivated in Jeju-
Do, was assayed for their effects on TNF-« and IL-6 production in LPS-stimulated RAW 264.7 macrophages. Hexane and
ethylacetate (EtOAc) fraction of sage inhibited the protein and mRNA expression of TNF- o and IL-6 in LPS stimulated RAW
264.7 cells at the concentration of 100 pg/ml. Also, incubation of RAW 264.7 cells with the fraction of hexane or EtOAc
(50 pg/ml) inhibited the LPS induced nitrite accumulation and the LPS/IFN- y induced iNOS protein. And this inhibition of
iNOS protein is concordant with the inhibition of INOS mRNA expression. Above results suggest that extract of sage may
have anti-inflammatory activity through the inhibition of pro-inflammatory cytokines (TNF- o, IL-1f, IL-6), iNOS and NO.

Keywords [1 inflammation, Salvia officinalis L., tumor necrosis factor-o, interleukin-1B, interleukin-6, inducible nitric
oxide synthase, nitric oxide
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& B (Herby= 2hd1o19] herbaclld HIZd F8 Fol2hs & A Sulvrooeimal:
Dried Salviaofficinalis powder (65g)
olAIRt Adlell M= £V, &, E, el T F97t Azl
= = = - 1) extraction with 80%MeOH
-ﬂ—g—ol—}ﬂ O]-g— "E‘ ):‘}%-04 %%‘04 _OJU]E éio]—‘l—’— 9\11\‘:]'- 6121\? 2) stirring for 24hr at room tem >erature
ohet 2500045 0% 223}, 28w, vluzn, Bigs) 5o) 9o ) vacuun flration
o, 2o oRIEAT o]2) A7 ATl okx Ee gaw SO% MO Exi.
R (12.18g)
A AEOlA SpIY o7 ARE St asEn, WR, g
o, A7, @S E, 2857 A, 23R, VA S, e suspension with water
= - - - - Extraction Extraction Extraction
% éz_]. %9’] z]l—‘g—%_ 01%3}0:‘ 33101] 71(':1]7]"6]'7]-‘;— 3}1 ‘QJ_Z_}_'_,‘-;’_ lwith Hexane(l:1) l with EtOAc(1:1) 1 with n-Butanol(1:1) 1
] 33 ] 89)
kg’ }-S‘—_'U]—Eﬂal—u—]i ]%—E]Oi %‘-q- Hexane fr. EtOAc fr. BuOH fr. H,0 fr.
Ko A (sage; Salvia officinalis Ly= BE3}o] Eoh= thay (145g) (1.73g) (1.22g) (4.97g)
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2 A 55 7R o] ok, AF 2 SREAlIAN olF
ol g3l ATE0] Bl o)FiX|m ek 1 F Ao
e} Ae)@/gdel ot AT FAakst B Aol Bol XFH
o] gtov} FuZEy FHY AT ks FFo|nh 40 ujel
A, B =ToME LPSE /3318 RAW 264.7 Aol Mjo]
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AFoA A= = AolA] AE-E st s
oS w72 Zot ulAEER SISich vlAY A& (65 9)F 80%
methanolMeOH)Z 23] Wyt & F oj7ste] s3]
S SHAIRTE o710l B MeOH F%5E(12.18 gy 7l
£2 % Wyol 93+ hexane 3 (1.45g), ethylacetate
(EtOAc) 2 (1.73 g), butanol(n-BuOH) ¥2(1.22 g), H,0 £3
(497 gr& Yol A FEE ARBSIATHFig. D).

ME ® Al2F

Murine macrophage cell lineQ] RAW264.7 AL+ KCLB
(Korean Cell Line Bank)@%E] EoF wo}l 100 units/ml
penicillin-streptomycin®} 10% fetal bovine serum(FBSY| $hf-
¥ DMEM H|X|& AREslo] 37°C, 5% CO, 3=271llA] uljekst

Fig. 1 - Systematic purification using solvent partitioning from
Salvia officinalis L.

Fom, A vjoke 3~4el AN A5} Lipopolys-
accharide(LPS. E. coli serotype 0111 : B4)= SigmaZ}{-E %]
8o ARE-819 2 ¥, Interferony(mIFN-y, recombinant E. coli)
£ RocheZHH F{isto] Ao M3t

In vitro cytokine MM 3 X2}

TNF-o, IL-6 “ %2 murine macrophage cell line¢! RAW
264.7 |35 DMEM WX & ©]|£35}] 24 microwell plate®l]
10X 10° cellym/Z ¥, 18413t E<¢t A wjFsiiet. o]%F vl
A& AAsta, A58 LPS HF551 pgm)E et 2L
HE2E FAlo] Agste] A widka} FUxRANM 6AIRE F1L i
Gttt vl vk wiF wixE 221 (12,000 rpm,
3 min)dte] AFES Lo mouse ELISA kit(R&D Systemes,
Inc., USAYE o]&3te] A#aiaich.

RNA £2| ¥ RT-PCR

RAW264.7 M Z(15X10° cellym)E 18 Alt & widsla Al
3 =23 LPSEE S 1ugm)E 5 A2)ske] 24412k vk
3l & total RNA $52 TRl-reagentMMRC)YE o]&3}] Fej3t
1o, BE A8l2 RNase-freedt 27 3lolA] o] ol dc),
cDNA 42 Improm-I™ cDNA kit(Promega)Z ©]8-31%)
3, 1pgd total RNAE oligo(dT),g primer, dNTP(0.5puM),
1 unit RNase inhibitor 78] 32 M-MulLV reverse transcriptase
2 UE 70°C 5 min, 37°C 5min, 37°C 60 min, 28] 70°Coll
24 10 min heating A1 224 HF-8-& FX|AJF ). Polymerase
ctain reaction(PCR}x> 4% cDNAZHE| iNOS, B-actin® %
EA|717] A8t 2w cDNA, 4uM®] 53 3' primer, 10X
buffer(10 mM Tris-HCI, pH 8.3, 50 mM KCI, 0.1% Tiiton X-
100), 250 uM dNTE 25 mM MgCly,, 1 unit Taq polymerase
(Fromega, USAYE 431 distilled water® &&= 25 Wz 9 c}
- Perkin-Elmer Thermal CyclerZ ©]£3}0] PCRS A5+
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Table I - Sequences of primers and fragment sizes of the investigated
genes in RT-PCR analysis

Gene Primer sequences I;‘fsegn(fg)t
F 5-TTGACCTCAGCGCTGAGTTG-3

INF-e b 6§ CCTGTAGCCCACGTCGTAGC-3 364

g F 5-GTACTCCAGAAGACCAGAGG-3 208
R 5-TGCTGGTGACAACCACGGCC-3

L F 5-CAGGATGAGGACATGAGCACC3 a7
R 5-CTCTGCAGACTCAAACTCCAC-3

Nog F 5-CCCTTCCGAAGTTTCTGGCAGCAGC 4o
R 5-GGCTGTCAGAGCCTCGTGGCTTTGG-3'

_ F 5-GTGGGCCGCCCTAGGCACCAG-3'
B-Actin p 5. GGAGGAAGAGGATGCGGCAGT-3! 603

t}. oju] PCR 371 94°C/45%, 58°C/d5%, 72°C/60% 303]°]
o, PCRel 9J&le] ABAIEl AME-2- 1.2% agarose gelolA] 2719
2S 2AJEkaL ethidium bromide® F4351] &7 bandE E<1
3lith. RT-PCRoIlA AFE-¥ primers= Table I3t 2t}

Immunoblotting

RAW264.7 AZ(1.0%10° cells/ml)E 18417+ A HijokS: 3}z,
LPS(1 pg/m)/IFN-y(50 UmD=. F=-& F31 AR (50 pg/m)s 5
Al Xgisle] A wjoka Y FoMA 24x)7F FF viFskith.
wjeko] B & NI E 2~33 PBS(Phosphate Buffered
Saline)® A& F 300wl lysis buffer[50 mM Tris-HCI
(pH 7.5), 150 mM NaCl, 2mM EDTA, 1mM EGTA, 1 mM
NaVO;, 10mM NaF 1% Nonidet P40, 1 mM dithiothreitol,
1 mM phenylmethylsulfonyl fluoride}g- 37}, 30%~1A|7+ B4t
lysis A171 3 L41%2](15,000 rpm, 15 min)sto] AE= A% 5
S AASIG T Bl == BSA(bovine serum albumin)e
FZ3}5lo] Bio-Rad Protein assay kitE AMF3lo] 31Tt
20~30 ug® lysateZ 8% mini gel SDS-PAGE(poly acrylamide
gel electrophoresis)® ¥4 £2]3+], ©]& PVDF membrane
(BIO-RAD)®) 200 mAZ 247t E<F transferstich. 18]
membrane®] blocking® 5% skim milk’} g-3+% TTBS(TBS+
0.1% Tween 20) ol oA 2417 F<F AAEHSTH
INOS?| W okS =793F] S8l 1aF A2 anti-mouse iINOS
(1 : 1000)(Santa-Cruzy& TTBS £HollA 8]45ste] A2 ofA 2
Al HEEAIR] & TTBSE 33] AFSISiTt. 24 A= HRP
(horse radish peroxidase)’} A31% anti-mouse IgG(Amersham
CoyZ 1:50000.8 3|4 ato] AFLolA 302 7+ wkeAIZ %,
TTBSE 33] A)45le] ECL 714 (Amersham Co.)#} 5~10% 3t
S F Xeray "ol 2Hgsiaich

Nitric oxide £

RAW264.7 A|Z|A LPSol 28l A dE NO2 &2 Griess
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reagent® 48110 RAW264.7 A Z(1.5%10° cellyml)Z 24
microwell plateo] ¥ 18717+ A HoRE 35Tt o] & HiAE
AABL, AlE2 LPS( pg/ml)7} -8 vixE FA A2lsto]
A it 5Y 236 2443 B wiFekalth. 100 wel i
oFol-S- 96 microwell plateo] YW1l 522 Griess reagent[0.1%
(w/v) N-1-naphthylethylen deamine, 1%(w/v) sulfanilamide in
2.5%(v/v) HsPO 12 718k 1027 Al2ollA aljekst 5 ELISA
readerZ ©]-&3}o] 540 nmellA FEEAY BEFEFHE
NaNO,Z serial dilutiondto] A3t

NyHY

Sage 2OiEE F&80| TNF-a ¥ IL-6 SN2t

RAW264.7 A2l 1 ug/mi} LPSe} 100 pg/mi) Ao]x] g-uj
3 2252 %A HEdte] 954 cytokine JA AE
mouse ELISA kitZ o]&a}o] Aasisivt. 7 A3 hexane &
£33} EtOAc #8E°] TNF-oZ 22 71.0%, 33.1%, IL-68 7}
7t 78.1%, 70.2% AASHATHTable II). =3 Aol AMLH -5
TE AERA HrlM 548 vepiA gsith@ s vely

A o).

Sage 20jjg8] £&80| TNFq, [L-1B, IL-62] mRNA 2t
of ojxle st

RAW264.7 Al ZlA 9529 cytokine?! TNF-o, IL-69} IL-1B
£ mRNA 554 RT-PCR WHo2 £33t 1 pg/miel
LPSe} Alo]z|e] Sull -8 $2E8-% 100 ug/m! == X2]33
4w hexane, FEtOAc ¥&E°] TNF-o8} IL-6 23S 73s1A o
A5910 | hexane ¥EEo] IL-1p 23S 73tA A5,
EtOAc EEE2 oFh IL-1B 2 oA A3t Rtk(Fig. 2).

Sage SO0H2E $F&£29| INOS2| mRNA &8 % protein
leveldll DiX|= HE
RAW264.7 Ml3Eol4 INOSS] mRNA 818 RT-PCR %o

Table II — The effect of solvent fractions of S. officinalis on LPS
induced TNF-o. and IL-6 release in RAW264.7 cells

Inhibition (%)

Fraction

TNF-o IL-6
MeOH 33.72 33.65
Hexane 71.03 78.05
EtOAc 33.09 70.24
BuOH - -
H,0 2.29 2.28

The productions of TNF-a and IL-6, were assayed from culture
supernatant of RAW264.7 cells (1.0 X 10° cells/ml) stimulated by
LPS (1 pg/ml) in the presence of testing samples (100 pg/mi).
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S. officinalis (100 ug/ml) S. officinalis(50 pg/ml)
LPS (lug/ml) — + + + 4+ + + LPS/IFN-y - + + + + + +
S.officinalis — — MeOH HexaneEtOAcBuOH H,0 S. officinalis —  — MeOH HexaneEtOAcBuOH H,0
R — — - — — — R et nd £
1L-18 “ 308bp B -Actin —— S S e was wans s 2 kDa
4 C .
1L-6 _ 47bp Fig. 4 - Inhibitory effect of solvent fractions of S. officinalis on the
-Acti m protein level of iNOS activated with LPS (1 pug/ml) plus
B -Actin 603bp IFN-y (50 U/mY) in murine macrophage cell line RAW264.7.

Fig. 2 — Inhibitory effects of solvent fractions of S. offcinalis on the
mRNA expression of pro-inflammatory cytokines (TNF-¢,
IL-6, and IL-1B) in LPS (1 pg/ml) stimulated RAW264.7
cells. RAW264.7 Cells (1.5x10° cells/ml) were pre-
incubated for 18 hr, and the mRNA expression of pro-
inflammatory cytokines were determined from the 6 hr
culture of cells stimulated by LPS (1 ug/m) in the presence
of testing samples (100 pg/ml).

S. officinalis(100 ng/ml)

LPS(lugml) - + + + + + +
S. officinalis - -

MeOH HexaneEtOAcBuOH H,0

TNF-a : Sl ol 36450
NI == — —— [
PN — — — — — — —

Fig. 3 - Inhibitory effect of solvent fractions of S. offictnalis on the
mRNA expression of iNOS in LPS (1 pg/mi)-stimulated
RAW264.7 cells. RAW264.7 cells (1.5x10° cells/mi) were
pre-incubated for 18 hr; and the mRNA expression of iINOS
were determined from the 24 hr culture of cells stimulated
by LPS (1 pg/ml) in the presence of testing samples (50 pg/
mi).

2 24810tk 1 ng/mig) LPS% AloiAle] gu H%f’_—
50 pg/m! 5% 4231593 v, hexane -8} %01
o A EHE JeERILT, EtOAc 2EES
% INOS o] dAsHA AdfE= AE &
(Fig. 3). 18] 17, iNOS2] protein levelol] 7] X
Immunoblot ¥ 0 2 F-238}%it}. Hexane -8
&0l INOS T o] A 3] Zhad As #l
(Fig. 4).

Sage E0IE28 F&220| NO MMox| &M =X

Alo]x] gujig F&F20] iNOSS AHE<¢! NO Al Ulzl%
Ak xAaL7) 8lo] Griess Al2kS o] g310] NO S
ZA3190). 1 ug/mie] LPSe} Alojx]e] fufji s 5555 50 ug/

RAW264.7 cells (1.0x10° cells/m/) were pre-incubated for
18 hr, and the cells were stimulated by LPS (1 pg/mJ) plus
IFN-y (50 U/m/) in the presence of testing samples (50 pg/
mf) for 24 hr.
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Fig. 5 — The effect of solvent fractions (A), hexane fraction (B) and
EtOAc fraction (C) of S. officinalis on NO production in
LPS induced RAW264.7 cells. The productions of NO was
assayed from culture supernatant of RAW264.7 cells
(1.5><105 cells/m/) stimulated by LPS (1 ug/m/) in the
presence of testing samples.
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ml BEE AL W LPS B ATolA 43.36 WM. A
A= o1} hexane B8E3} EtOAc #&EollA 212 NO A
o] 2.93uM, 554 uME #A3] EojEe AS I 5= Q)
SItHFig. 5(A)). Hexane #8E3 EtOAc #EES 558
S o, 5= JEF o8 NO gAHo] ot 7L @
otar 4= QI%itH(Fig. 5(B), 5(C)). Hexane #2237} EtOAc 22
oA NO A4 A&l g ICy, #+2 2H7t 16 ug/ml,
18 pug/mio] 3tk
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ole|gh IS dHst7] flslol RAW 264.7 A2 LPS( ug/
mDZ AFA|A Mol X](Sage; Salvia officinalis 1.)2) E-ul £
FEES AEEA] gl FRoAM HEste] TNFa, IL-6 A
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