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Anti-Inflammatory Activity of Salvia plebeia R. Br. Leaf through Heme
Oxygenase—1 Induction in LPS-Stimulated RAW264.7 Macrophages

Hyerim Jeong, Misun Sung, Yunghwa Kim, Hyeonmi Ham, Youngmin Choi, and Junsoo Lee'

Dept. of Food Science and Technology, Chungbuk National University, Chungbuk 361-765, Korea

Abstract

Salvia plebeia R. Br. (Labiatae), distributed in many countries such as Korea, China, India, Iran, and Australia,
is used as a folk remedy for a variety of inflammatory diseases including hepatitis, cough, diarrhea, gonorrhea,
menorrhagia, tumors, and hemorrhoids. This study focused on determining the involvement of anti-inflammatory
heme oxygenase-1 (HO-1) in the inhibitory activity of an extract of Salvia plebeia R. Br. leaves (SPL) on nitric
oxide (NO) production and inducible nitric oxide synthase (iNOS) expression in lipopolysaccharide (LPS)- stimu-
lated RAW264.7 macrophages. SPL extract at the highest concentration (500 pg/mL) significantly inhibited NO
production by approximately 85% and suppressed iNOS protein expression by approximately 90% compared to
LPS-stimulated cells. The SPL extract induced the expression of HO-1 in a dose-dependent manner, and block-
ing HO-1 activity abolished the inhibitory effects of the SPL extract on NO production. These results suggest
that an SPL extract has potent anti-inflammatory activity through HO-1 induction in RAW264.7 macrophages.
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Heme oxygenase(HO)= hemeS biliverdin, carbon
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ol Tl ARSI Tk DMEM Hj 2] (Dulbecco’s modi-
fied Eagle’s medium)$} FBS(fetal bovine serum)+ Hyclone
(Logan, UT, USA)AIA FY3tHoH, A5 2182 A
+ Santa Cruz Biotechnology Inc.(Santa Cruz, CA, USA)
ol A FY43}e] AFE-3FA T} Zine protoporphyrin IX(ZnPP)
= Frontier scientific Inc.(Logan, UT, USA)ol A T3}
A8 T O vho] AL8E FE8u 2 AR analytical

g HPLC 535 AH&-3tath.

HHLRI=T| FE29| M=

A= 7] 8 Az g 5 10 g2 100°C & ¥
12717t F&8kAd ek 5 & 1P &2 filter paper(Advan-
tec, Tokyo, Japan)E °|&3t #eJstAqt. F=4 52
Axg 5 AL dto] -80°Cell BaatHA AP o] AL
stAth 719 FA F7HES ol &st &5 SHs A F
&9 FEE 50 mg/mL7} HEZF dimethylsulfoxide
(DOMSO)ell A &3istAtt. A3l AMEE FEES 25 02

um filterE AF&3le] B3 & ALt

Mz HHQF

Aol AL8E A EF RAW264.7 A ELE A X
F23)(KCLB, Korean Cell Line Bank, Seoul, Korea)®l| A
BoFutol A48tk RAW264.7 A A ZE 10% FBS,
100 units/mL penicillin® 50 pg/mL streptomycing- $H-i-3F
DMEM iAol A 2x10°7 8] AZ£5 27 10 mm2] culture

disholl €11 5% CO.7} ¥F 5+ incubatorol| A 37°CE Bl %
SFA T
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£ #A7rste] 18212t v FstAth Al 150 uLo} Griess
A1 20 uL—ET &3sled 37°Col A 108 St incubatorol A
WHS-A171 & ELISA reader(BioTek, Winooski, VT, USA)S
o] &3l 550 nmol A FREE Z2A3t9 2™, sodium ni-
trateZ ETFAE gt NOY g 4= oh(14).
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(4,5-dimethylthiazol-2-1y)-2,5-diphenyl tetrazolium bro-
mide) assayE ©]-&3t SH3IATHI5). RAW264.7 tf 2]
AEE 15x10° cells/welld] FE 2 96 well platee] 253}
I 6AIF F iRtz Y FEES (50, 100, 250,
500 pg/mL)= ims}m_ LPS( pg/mL)E F7kske] 18413k
i FstA o vl & MTTG mg/mL) A1eFS 2+ welloll 20
uLA A7} ar 4x7F 5¢F 37°C incubatoroll A ¥H2-A1 71 &

MTT Al ¢fo] 8 vl A E AASHETE 2+ welldll 150 pL
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Prostaglandin E2 A4A Xsif &M =4

RAW264.7 HANEE 15x10° cells/well®] EE2 96
well plateol] #£F3t 6A1ZF F Aol AMG-F vl FAt=7]
o FEES FERH(50, 100, 250, 500 pg/mL)E = &3t
LPS( pg/mL)E 9FS F=3te] 1843 w3ttt 94
o] A5HS Ha PGE2 kit(R&D, Minneapolis, MN,
USA)Z AH8-3le] PGE2S =433 tH16).

Western blot

RAW?264.7 A A ZE 1x10° cells/welld F=2Z 6 well
plated]] EF3}e] 641 3 WL =7] FEES FEEHG0,
100, 250, 500 pg/mL)Z &g H LPS( ug/mL)* 47}t
oq 18A)1ZF ZoF wlekslgth 18417 Hilek & PBSZE 33] A A

5 AEE do] YAEF 3FA] pelletol] lysis buffersS 7}
'3}04 -20°Cell A overnight 3+ & 12,000 rpm o2 30% &<t
AR E 3t A5AE BTt B2 A5 A2 bicino-
chonic acid(BCA) protein assay kit(Thermo Scientific,
Rockford, IL, USA)Z A}&-3}o] ‘i‘rt‘—'"él < At o9
A 20 pg= Sxsample bufferel]l ¥ 100°Coll A 1087F &8
A3} A1A 10% SDS polyacrylamide geloll 27]19% 3}t
ZA719% = SDS polyacrylamide gel-g nitrocellulose mem-
brane® 2 transfer 3+ ¥ 5% non-fat dry milkel| A 1A]3+
&<t blocking 3}t INOS, COX-2¢9 HO-19] i‘liﬂ{—
1:1,0009] RIS R AL 2A417F BFAZ oW T & tris
buffered salin Tween-20(TBST) buffer2 10%7+ 3%
washing 3FTh 22 &A= 1:20009] Bl &2 3435t 24]
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bAoA 227l 3 TBST buffer® 1027 33 wash-
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Real-Time PCR
RAW264.7 A A HEZE 1x10° cells/well?] =2
6 well plated] ¥F 6A17F & Wjxt=27] FE2ES FEEE

o
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Ao} RNeasy mini kit(Qiagen, Hilden, Germany)& ©] &3}
o Aojz RNAE total RNA kit(Invitrogen, Carlsbad, CA,
USA)Z A #3a9th RNAU pg)S SuperScript M Invitro-
gen)Z cDNAE 3H4d31o] iQ5 Real-Time PCR(Bio-Rad,
Hercules, CA, USA)S AH&-3 INOS2| 23S =359
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annealing 3} 9 12 GAPDHE] primer+ sense 5’ -aat gt atc
cgt tgt gga tct ga-3’, antisense 5'—-gct tca cca cct tct tga
tgt-3'°]1 2™ 56°Coll A annealing s} 4 th.
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°]’E7] 28k LPS A=S & Aol vidxtz7] o F&55
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e =3 0]'93\5}(F1g 1), Bg=z7] o 25529 A4S
SR 228 178, 102, 46 1ME 48] &7 Uep| ol
frol &l atol g Btk A3 AFER wigat=Y) e &
2o rd AEEA R E MTT assays E31o] goll
kow ALEE BE FEA 100% o]/ AEES B
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Fig. 1. Effects of the SPL hot water extract on cell viability
and nitric oxide production in LPS-stimulated RAW264.7
macrophages. Each value is expressed as a mean+SD (n=3).
LPS, lipopolysaccharides; SPL, Salvia plebeia R. Br. leaves. p<
0.05 compared to control by t-test. Values with different letters
above bar graphs are significantly different at the 5% level by
one-way ANOVA and Duncan’s multiple range test.

TEE RAW264.7 A A ol A 545 HolA &2 0, 50,
100, 250, 500 pg/mLZE 3t o5 AFS Y3t HA . Kam-
atou 5(20)2 Salvia species®l Salvia runcinata, Salvia
stenophylla, Salvia repens®] &Avst 3 4 FAS H
13 Qo™ Qu 5(21)& Salvia plebeia®l AE<2 homo-
plantaginin®] 7t & &35 ey o]= LPS A& E 3
A Eol A E A= TNF-a, IL-1, IL-6 ¥ proinflam-
matory cytokine?] A4S AAFE &3S Vet B
A=

PGE2 Xl &4

Prostaglandin® =4 %0 2 8X43l5 <= EZ2EA ara-
chidonic acidZ% ¥ cyclooxygenase(COX)2] Z-&of 2]3
FA =7 PGE2E H5WHeS fEdte 228 A=
ASHS FHtHO A= &R 7F 9 FFS fdt
(22). WEpA] B A A vtz 7] 9 FEE29] PGE2 ¢
A F4E S widxt=7] d FE5S LPS9 #
RAW264.7 A A Zol|l A 2] -, vjA] 2] PGE2Y] $=&
ZA%t A9+ Fig. 20] YeRATE LPSE &4 5l¥ PGE2
= 20 ng/mL FFL 2 F7FsI o Ao AREE iR}
z7] 4 FEE5 50, 100, 250, 500 pg/mL &= 16.3, 150,
65, 1.2 ng/mLE Zradte A3%S YeEh Atk Hinz 5(23),
Pang® Hoult(24)+ sialic acid®} aspirin®] non-steroidal
anti-inflammatory drugs(NSAIDs)EZA] LPS A=< & o
A A EZ ] PGE2 #HIE £0]al o]+ COX-2 a4 oy
AAE B Aolgta B om, o Egk NOo o3
AT st web 2 AT A w2
7] FEE 93 347} NO7} 7450} gl we} PGE2
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Fig. 2. Effects of SPL hot water extract on prostaglandin
E2 production in LPS-induced RAW264.7 macrophage. Each
value is expressed as a mean+SD (n=3). LPS, lipopolysac-
charides; SPL, Sal/via plebeia R. Br. leaves; PGE2, prostaglandin
E2. p<0.05 compared to control by t-test. Values with different
letters above bar graphs are significantly different at the 5% level
by one-way ANOVA and Duncan’s multiple range test.
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] Al A&ZF o2 NOZE &% HAFA T A M E U &
A2 9] inducible NOSGNOS)+= NOE & A Adste] A
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3l T= oEH o2 7radP o, iINOS T Ao i
2 50, 100, 250, 500 pg/mLolA] 14.8, 44.1, 71.7 2 87.3%9]
A &35 YeRN AT (Fig. 3). Lee 5(26)7 Lee 5(27)9
A Ao o3t NO A &Aool =
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Fig. 3. Effects of the SPL hot water extract on LPS-stimu-
lated inducible nitric oxide synthase protein expression in
RAW264.7 macrophages. Each value is expressed as a mean
+SD (n=3). LPS, lipopolysaccharides; SPL, Sal/via plebeia R. Br.
leaves; iNOS, inducible nitric oxide synthase. “p<0.05 compared
to control by t-test. Values with different letters above bar graphs
are significantly different at the 5% level by one-way ANOVA
and Duncan’s multiple range test.

S do7l= U]l Edo|tH6). whebA o] PGE2
A9l COX-29] A/dol thek wirat=7]9]
S 21317 93t western blot= A 33T
COX-2 @i A=3HA] 3F2 RAW264.7 o) 4 A Z ol A
= Ao A HA FRANE LPS Aol oJste] freo] 2o
2 o] b8tk 57 COX-2& wihat=7] F5=
£ 50,100, 250, 500 pg/mL SE2 A2 Foll whe} 92, 228
2A3, 412%°) AA &S YRR ATH(Fig. 4). Jung &(28)2
NO$} PGE2 A& &37} = Dioscorea bulbifera
9] methanol &9 COX-2 &/4<& ¥ 47 LPSE A
& tiA Al 22 COX-2 & o] F7tE o, STt
COX-2¢] T&¥o] &0 93 FolHo s fFagrpa B
st o] A 2 A7 ARs} v AES 23

o ol HigRt=Y] FEE0] COX2E Ao zn
Z 59 549 PGE2Y &4 94 494 UA 7AdS
o g A

INOS2| mRNA &2 X 1}

Hj k= 7] 9] F&Eo] iINOS ©if @ o] H3Ad-e oA s}
Aoz AAGA Y v XE FFS golr 7] 9314 real-
time PCRS A3} th LPSE A=381A] &S RAW264.7
2} Ao A INOS mRNA @& A Yephr] dskAIvk
LPS A=¢l o] Wi o] F71E T S71sE INOS mRNA

= LPSE A=FE Fo] HHEFS FI7HAI7 3 vl sty
LPSY A2l gk 15 tigh &2 Yelyor vtz
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Fig. 4. Effects of the SPL hot water extract on LPS-stimu-
lated inducible cyclooxygenase-2 protein expression in RAW
264.7 macrophages. Each value is expressed as a mean+SD
(n=3). LPS, lipopolysaccharides; SPL, Salvia plebeia R. Br. leaves;
COX-2, cyclooxygenase-2. p<0.05 compared to control by t-test.
Values with different letters above bar graphs are significantly
different at the 5% level by one-way ANOVA and Duncan’s mul-
tiple range test.

Ql FEES 50, 100, 250, 500 pg/mlL FE2 A& gholl wet
89.5, 73.2, 36.0, 26.6% = iINOS mRNAS] 74 TS H Y
HFig. 5). Kim 5(29)2] A7tol 2Jstd NO A4 A &4
I INOS @ a &8 A a37} & capsaicine real—
time PCRS A A3l iINOSY mRNA & &4 2= NO
o} INOS A &9} vls=g A etk olejg 2
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Fig. 5. Effects of flower extracts from SPL hot water extract
on LPS-induced expression of iNOS mRNA. Relative iNOS
expression (2°°%) was performed by Real-time PCR. Each value
is expressed as a mean+SD (n=3). LPS, lipopolysaccharides;
SPL, Salvia plebeia R. Br. leaves; iNOS, inducible nitric oxide
synthase. AACt=ACtNOS — ACtGAPDH. "p<0.05 compared to
control by t-test. Values with different letters above bar graphs
are significantly different at the 5% level by one-way ANOVA
and Duncan’s multiple range test.
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Fig. 6. Effects of SPL hot water extract on the production
of heme oxygenase—1. Each value is expressed as a mean+SD
(n=3). SPL, Salvia plebeia R. Br. leaves; HO-1, heme oxygen—
ase—1. Values with different letters above bar graphs are sig-
nificantly different at the 5% level by one-way ANOVA and
Duncan’s multiple range test.
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Heme oxygenase-1(HO-1)2| &8s 1}

HO-12 heme2 33} biliverdin, free iron, CO 5=
Asted #ojsle S5 2 42 48y 2E~
of gt BE 285 3t dF WS <ksA1ZITH30). HO-
1] 93l A== COE TS FFAA 72} | &4 “Zﬂ
3ty FAF ¢ A EAE
=8 &3 Al A P olFS QMV\]
A= Ao R E_LE]‘”E}(SI) i 2=~

5= ]/‘1 HO-19] 238 %S 1.8 fodoz
T AAH(Fig. 6). Hl =} =
° gk HO-1 & o] NO A4l mx= FaFol thal &<
935l HO-1 inhibitorQ] ZnPPE AME3tgTh A
ZnPPE A3l HO-1 &L AASAS v FE259)
g ZraEojxl NO9o| ko] thr] F7= Ath(Fig. 7). &
AE Aves HO-10] NO9 S JAT = Jon weba
dF5E dAlste 27U ASS AT F o AFPNA

S50 wgAtzr] d FEE] HO-19 =5 5319
Z B AUt oS & 4 AUk Park 5(32)¢] 4
TollA HO-19] 95 835 dotr ] 98 ZnPPE A&
3t A3} sulfactindll 98] 745 1R pro-inflammatory cy-
tokineo] ThA] F7FE )R AL 9l gor o]#3k 2
e B A7} szt S e o] B AT
A wjeat=7] o FEF9] FEF 7= HO-19 ol
gt 717-& B3] AEHAS Aolga 45T & Jon
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Fig. 7. Involvement of heme oxygenase—1 in the inhibitory
effects of SPL hot water extract on nitric oxide production
in LPS-stimulated RAW264.7 macrophages. Each value is ex—
pressed as a mean+SD (n=3). LPS, lipopolysaccharides; SPL,
Salvia plebeia R. Br leaves; ZnPP, zinc protoporphyrin IX. p<0.05
compared to control by t-test. Values with different letters above
bar graphs are significantly different at the 5% level by one-way
ANOVA and Duncan’s multiple range test.

2 AT e migaz7]9] FdF a5 golrr] ¢
3t LPS Ap=roll o3l &/ 3tE RAW264.7 tf 2] M| Eof| A
NO, PGE2 &4, iNOS, COX-2¢} HO-19] 23 o] H3al=
2R354tk AT 27 RAW264.7 A A Fol] LPSE = &
3te] F7hE o] NO9| o] migat=7] o FE2ES A
g3t A7 T= & F LIS AT F UL
o, B3 wigA=Y] A FEES NOY A Bodste
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