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ABSTRACT

Background: Salvia has been widely cultivated for use in flavoring and folk medicines in many countries, including Korea and
China. In this study, we investigated the anti-inflammatory activity and the underlying active compounds of Salvia extract and its
fractions.

Methods and Results: The anti-inflammatory activity was measured by assessing the inhibition of cysteinyl leukotriene production
in rat basophilic leukemia (RBL)-2H3 mast cells. Salvia plebeia R. Br. was found to have the most potent inhibitory activity on leu-
kotriene production than S. japonica and S. chanroenica had. Fifty percent ethanol extracts of S. plebeia R. Br. were successively
partitioned with n-hexane, methylene chloride, ethyl acetate, 1-butanol and water. The ethyl acetate (EtOAc) fraction showed stron-
ger anti-inflammatory activity than other solvent fractions did. The EtOAc fraction was subjected to silica gel column chromatogra-
phy elution with a chloroform and methanol gradient system (100 : 1 — 1 : 1) yielding 10 fractions. Three kinds of fractions
(chloroform:methanol =20 : 1, 10 : 1 and 5 : 1) showed high inhibitory activity on leukotriene production. We confirmed the
major compounds with anti-inflammatory activity from S. plebeia R. Br.

Conclusions: In this study, the major components of S. plebeia that showed leukotriene production inhibitory activity were isolated
using solvent extraction and silica gel column chromatography. Rosmarinic acid, hispidulin and luteolin were identified as the major
compounds with anti-inflammatory effect.
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al., 2003; Wills-Karp et al., 1998; Wynn, 2015). H3F 2]

< 90 S K] 71EAA EAdslE SARE, M,
HE PHE 52 ASHEE leukotriene, prostaglandin 7+
2 FSRIAES EHlsHAA e 73R Rl
Fojsitt (Bames ef al, 1998; Maggi, 1998; Pawankar,

2001). webA] o5 AolE7IRIT AFuiRIAES] ks o
Ast7] gk oF=S Jidstaat B2 A7 aEA ik
Wl A2k=27] (Salvia plebeia R. Br)e =&} (Labiatae)ol
Eohe YA e o dA APxECR fEuet A A Hd
A ZPRTE A%, Hokx, vinkx, 35, Tl FoEE
B8 A¥ S 2E flavonoids, homoplantaginin, rosmarinic
acid, luteolin, hispidulin, eupafolin, eupafolin-7-glucoside <]
= FlEA B4, AREE, AR T2 Aol ¢EA Aok
(Choi et al., 2015a; Lim et al, 2007). 7150 FHuF
95% ek FEE2] WG g A5 5o HdaPEd
o] AUANE B4 &rl| FEE FHHIF] 10-60% OEHE
T o227 B FAEES] 357195 43

g A58 A7E v fith (Jung er al., 2009).
Leukotriene arachidonic acid metabolism®] 5-lipoxygenase
(5-LO) pathwayell Jal FHd=l= wi7iQIAE AEREE-] &l
< 93 o] orAE ARSI AT} (Goulet et al., 2000). ©]
3ol A leukotriene receptorel] Z&2HE-3= montelukast
e RS 9] XBolw ARSI Ut} (Drazen et al,
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1. Mok o AE

Aol AT A (BE oIk ARSI}
(Pyeongtek, Korea)oll4], acetonitrile, chloroform, ethyl acetate,
n-hexane, methanol, methylene chloride, 1-butanol Merck
Millipore (Billerica, MA, USA)°l A, dimethyl sulfoxide
(DMSO), calcium ionophore, hispidulin, luteolin, montelukast,
rosmarinic acidi= Sigma-Aldrich (St. Louis, MO, USA)°l| A,
Dulbecco’s modified Eagle's medium (DMEM), fetal bovine
serum (FBS), penicillin-streptomycin-amphotericin B (Antibotics),
phosphate bufferd saline (PBS), 0.25% Trypsin-EDTA (TE)=
Gibco (Carlsbad, CA, USA)IA Fufjated AR&-3II T

2. AR =FES | 282 M
HaRtzr] SRE A 3 4 v JUEE SlEiA =

25y - oFgRl - Ol2E - 4&st -
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Ao - skl - 2SS
HEFEZEL ke wjkxl=7] (PB4388.1, Korea

'IE‘I‘EET:S@OH’H g
Plant Extract Bank), S<Hl$xk=7] (PB4390.1, Korea Plant
Extract Bank), ]227] (PB4391.1, Korea Plant Extract
Bank)®| HI&HE FE=3 ARESIGATH
Hjkxt=r] 3550 F AxE fa] dxd w7
Plebeia R. BR., 20149 4¥ FMh) A 500 g& 3L
e F 3A SRl gAste] Alxg 0, 10, 30, 50,
2 90% F4 10 £ o3 80TolA 2.547Hs<H &
FEAT A B F e 5UT WReE A
ate] 2 ofollg 9ate] 45T mjat=27]
z2 W7 At A o] 2 £9]

He of 3 U T

FE==ol A

7l &

=zar=
ST T =

A7 F 54 Axsle] ByH R Axs,
Wokzy) Sl BB 50% FHOE 22 2FE

2 50gs 1A S/HF 1 Lo 59U T £AH2Z p-hexane
3 £, methylene chloride 3 £, ethyl acetate 3 £, butanol
3 & = 33| wHEale] Eeato] Axsloirh. vkt ethyl
acetate FHE-L 50% FHORE FEI ZFEE 40g2 17
T 2 Lo & &AM T B oFoll Pl ethyl
acetate 1 £l & 314 A7 &, F o7} Feld wj7bA] of
= XA el dE9] ethyl acetate B =S
w2 o] thA] ethyl acetate 1 £ 2 F 33] ¥Hs,
S ethyl acetate 3 4

=
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Ethyl acetate ¥&&E 10 g& silica column (Sigma-Aldrich
Co., St. Louis, MO, USA)°l F7FA|z1 3 chloroform}
methanol H]& (100:1, 50:1, 20:1, 10:1, 5:1, 3:1, 1

: 1, methanol) E&j3F S0z 8= 2 Az A|Z3Ach

3. RBL-2H3 MIZEZ HHQ¥
Rat basophilic leukemia cell (RBL-2H3)S 10% FBS,
1% antibiotics’} 23 DMEM (complete DMEM)2.Z 5%
CO,, 37C incubatorollX] T-75 culture flaskoll ¥iU3}ATh. Al
] wiE AXE7F T-75 culture flaskoll 70-80% 713 3he
o, WS A7) 2 PBS 3ml 2 AHET 0.25% TE
£ 3ml & F7Isle], RBL-2H3 AlZE - JEl= s
9] complete DMEM ®lF S H7b F,
1500 rpm, 4CellA] 587+ A4lEe]s AAske] RBL-2H3 Al
XE HAAANFAY. o]F FSHE AASIL hemocytometer
(Gibco, Carlsbad, CA, USA)Z AEZFE =74, 5x10°cells/
plate®] F=2 53] complete DMEM H]F 10 md 2 ul]
&3t

Ea

4. Leukotriene assay

12-well plate] RBL-2H3 cell2 5 x 10° cells/well{Hg ¥
3ted complete DMEM 1 ml 2 uj<kdich 2447F & PBS

1ml 2 A3 T adR=zy] 2ZEo] Eo]7F DMEM
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Table 1. HPLC-PDA operating parameters for the analysis of
active compound in Salvia plebeia extract.

Parameter Condition
Column Phenomenex Luna C18
(4.6 x 250 mm, 5 xm)
Column temperature 40T
Injection volume 10 w1l
Flow rate 1 ml/min
Cradient Solvent A Solvent B
) o .
T'”.‘e 0'1 A’. formic Acetonitrile
Mobile (min) acid in H,O
phase 0.0 90% 10%
10.0 90% 10%
60.0 40% 60%
61.0 0% 100%

Detector (wavelength) Photodiode array (330 nm)

Table 2. HPLC-PDA operating parameters for the analysis of
hispidulin, luteolin, rosmarinic acid in Salvia plebeia

extract.
Parameter Condition
Column Shishedo Capcell Pak MG C18
(4.6 x 250 mm, 5 ym)
Column temperature 25T
Injection volume 10 w1l
Flow rate 1 mé/min
Cradient Solvent A Solvent B
Time 0.1% formic 0.1 %Afo.rmlc
(min) acid in H,O acid n
acetonitrile
Mobile phase 0.0 95% 5%
20.0 50% 50%
25.0 30% 70%
30.0 95% 5%
35.0 95% 5%

Detector (wavelength) Photodiode array (330 nm)

500 10 2, FAA U RT
DMEM 500 (4 =
ionophore 10 (UE
o} 1,500 rppmeil Al

montelukast”} X3+
3 | mg/ml
Fat. olF s

X

AEE HAAATAL, TA
of] 323k leukotriene
9] cysteinyl lekotriene EIA kit (ADI-901-070, Enzo
Life Sciences Inc., Farmingdale, NY, USA)S ©|-83l A|ZA}
oA AlFg WHoE AU

r->
o LT
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| At FZES 045um syringe filter (Merk
Millipore, Billerica, MA, USA)E o]&3] F-/=2 A7
ol o} 2 27X EA ST} (Table 1, 2).
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HEAN| &N Hlw
6. S Al

AP A= BHAR + FFUAE VEpISe™ Aolx o
ozl Axte] FAA F42 SPSS ver 12.0 (statistical
package for social science ver. 12, SPSS Inc., Chicago, IL,
USA) Z2I9S o]&ste] 1 S Asidith

20 o oa
1. HIZAIDD| ER/Y HE S0 H|w
2271 $72 leukotriene A A a3 FRIsH]

A3l wiRE=7], FdRt=T], FugRkR] vEeE &
A EFZF )0 ZHE] FYRtolA] leukotriene
A oJAE vl F7tsit (Fig. 1).

10 g/mbe] M FRE=7], Fajdat=7], S bak=7]
5 A8 W, ZH2F 91.2+8.7%, 121.2+22.3%, 1063
+132%= i o] fojvler wishe #EEA Tt
(p>0.05). AT F=E 50 b 2 A Z]3IHS o, 9=t
=71, A=), s gz, 47 343 +2.5%,
71.0£10.7%, 73.4+5.8%= control TJH] leukotriene®] -2
n|g 7t HREQeH, olF widal=r] 2FEEo] 7HE
E2 leukotriene &d A7} FFE ).

A=) =
==

=

2. IZADD| = FH s5Y AHS &3 Hlw

Hjiztz7]o e FEMFE Brk B %2 leukotriene
W AE HolFe b gt =2 343 4 (0-
95%)0 2 FZE3 HigRzr] 2FEES 50 ugml 9] TER
Agal) zZ4zte] FEgvo] W leukotriene W JAIE FHF
Aot (Fig. 2).

AHAAI 10-50%2] FAHAA F2HIYL o, 2tz
66.9 1 6.8%, 53.6£83%, 53.0+7.7%= he Fxo] FHO=

va o

F23 ZFEEHT =2 leukotriene T8 AAE BT 9]

160

5
140 -
120 -
5 § 100 - I { . "
80 -
*
£ 9 60 -
] *
2 40 4 &
= 20 -
: 2m []
k]
3 100puM| 10 50 10 50 10 50
Nomnal | Control | P.C S. plebeia S. chanroenica S. japonica
(ugimi) (ug/mi) (ng/mi)

Fig. 1. Effect of Salvias extract on leukotriene production

inhibition. Mean values +SD from triplicate separated
experiments are shown. “p <0.05, statistically significant
different compared with control. PC; Positive control
(montelukast).
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Fig. 2. Anti-inflammation activity of fractions with different
EtOH concentration. Mean values + SD from triplicate
separated experiments are shown. ‘p <0.05, statistically
significant ditferent compared with control. PC; Positive
control (montelukast).
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Solvent Fractions (50 pg/ml)

Fig. 3. Anti-inflammation activity of fractions with different
solvents. Mean values+SD from triplicate separated
experiments are shown. ‘p <0.05, statistically significant
different compared with control. BtOH; 1-Butanol, DW;
Distilled water, EA; Ethyl acetate, HX; n-Hexane, MC;
Methylene chloride, PC; Positive control (montelukast).

Jung 5 (2009)°] Y 70% S FEE 2L 95%
B FEEHT 95 FEEZQ leukotriene AL 7}s)

o
oAlslel wrt EAAQ) F2 WEoE ¥ 5 Ak

XL

3. HIZAIZD| S0 22l=29| StHE St Hlw

HlR27] 50% 4 ZFZEE9N4 n-hexane, methylene
chloride, ethyl acetate, butanol, DWZ NA|-qz] FZHES
o] g3 L BIES 50 pgml o] FEE 223 leukotriene
I A E FRISHAT (Fig. 3).

S 7 Y E) tgh leukotriene WH A 4L -
hexane?l| Xl 62.9+7.7%, methylene chloride?lA] 50.3 +16.3%,
ethyl acetate®| Al 19.7+2.4%, l-butanolo| 4] 68.8+2.1%° 2
control * THH| fojw|stAl 7hagh Z1E SIS & AT
SHA|TE ethyl acetate EYE2 A9t T} 2 &0 EYE =
wjdAt=7] 50% F4 2FEEF} HSESAY B B
leukotriene '¥& AAE AT F USTh ©ol5 F3l ethyl
acetate -l E0] 7HE H2 IFF S0 eSS &+ o

At

20:

100pM | 100:1  50:1 1 10:1 5:1

Nomnal | Control Chloroform : MeOH Fractions (20 pg/ml)

silica
chromatography. Mean values + SD from triplicate separated
experiments are shown. ‘p<0.05, statistically significant
different compared with control. PC; Positive control
(montelukast).

Fig. 4. Anti-inflammation activity of fractions with

Nommal | Control | P.C Luteolin (ug/mi)

Rosmarinic Acid (ug/mi)

Hispidulin (ug/ml)

Fig. 5. Anti-inflammation activity of active compounds
isolated from Salvia plebeia leaves. Mean values + SD
from triplicate separated experiments are shown. "p <
0.05, statistically significant different compared with
control. PC; Positive control (montelukast).

4. HIYXIDD| 2GR 2129 s &3 Hlw

Ethyl acetate & EZ 5] open chromatographyd< ©|-&
3 chloroform?} methanol®] H|&S €zjdt Sujz EI5)
20 pgml & FE 2 A3 leukotriene HS A H3 A}
chloroform:methanol®] H®]&°] 20:1, 10:1, 5:1 EE&9]
735~ control ¥l Z}Z} 90.8%, 88.0%, 92.8% leukotriene2]
frejulst B JAE 1T F AT (Fig. 4).

5. Hispidulin, luteolin, rosmarinic acid2| S}3Z g} il
7180l datE Aol mEW wjgR=T]d e ofe] AJES
2 GAEZe] xgEo] QIt}t (Choi et al, 2015b; Ren et
al., 2014). 2L % hispidulin, luteolin rosmarinic acid®] 3}5}
E2 PYTEHE /A JE Aol B2 A4E B9 ¢
H4 Y (Liang et al, 2016). HA| o|& 3gE9]
leukotriene WA A|ol] 713 =XE &<Igt A} rosmarinic
acid, hispidulin, luteolin® Z}Z} 5, 10, 20 pg/ml o] F=2 A
YIS W, BF TEEHOF Jeukotriene W A7} =

71814t} (Fig. 5).

6. UV-spectrumS OIZst HIZAIZT| 2=l= W hispidulin,
luteolin, rosmarinic acid 22
=2 leukotriene HAIE X<l silica column chromatography
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Fig. 6. UV-spectra of rosmarinic acid, hispidulin and luteolin.

20:1 fraction profiling

40.2 min peak spectrum
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Fig. 7. Identification of hispidulin from 20: 1 and 10 : 1 chloroform:methanol fractions.

olo.
=

20:1, 10:1, 5:1 8=l 3ol Ao Hole d
4=+ E3Z<Q rosmarinic acid, hispidulin, luteolin®] UV
spectrum®}, HPLCZ 25 E2J8)] 7} peakd 8= AI7H
UV-spectrums Hlws] A vgx27] 4% E8E
o] 45| g J=A ERISHATT (Fig. 6).
Silica column chromatography 20:1, 10:1
HPLCE #2138t A3}, o] peaks 4025730 &2]¥ peakol
A YeRd UV-spectrum T hispidulin®]  UV-spectrum}
Ak oS Hof &4 B3 E hispiduline] ZF =] 9l
Roz HAY (Fig. 7).
FYe WHOZ silica column chromatography 5:1 &3
EoA 361874 UERD peak®] UV-spectrumS rosmarinic
acid®] UV-sepctrum3} H| 23S uwf, FL3F wko] UV-

gl

ul
=

_?,]

B3 EO
TV:QEE‘

5
L
-

spectrum®] ZF] 0] rosmarinic acid’t X3 F o] IS HAoE
Hol (Fig. 8), Z& FEEA 20287 AL peakoll A
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k2] UV-spectrume Ho] luteolin’}
(Fig. 9).

x0,
lle

2k

o

ol

hispidulin, luteolin, rosmarinic acid

g

o|F 3ighEo] B AtdllA] & vtz 2 FEE
Aup} T3E o] 9JERA AR 93] HPLCE o83l A4
A% A3 w3z 50% ZFEEA hispidulin,
luteolin, rosmarinic acids &A1& = AJAUT} (Fig. 10).

B3k 50% FAFZEE ethyl acetate F+Z=7F rosmarinic
acid, hispidulin, luteolin®] F=5 A% 43t Az} &9 F
AG 912 Al Bdo Fxrt 247+ 3.55, 1331, 17.15 H) ©]

2~
nn

7} FHrElo] o] 8 FF F ethyl acetate® AFEIS
o, FEF &4 9 SR o Bol xFE BEES A
S F AT} (Table 3). o9} 22 A2 HE Id EA4S
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Fig. 8. Identification of rosmarinic acid from 5 :

5:1-1 fraction profiling
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Fig. 9. Identification of luteolin from 5 : 1 chloroform:methanol fraction.
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040
Luteolin Hispidulin
020 \L V
000 k_,u\__.ﬁ k
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Fig. 10. Chromatogram of 50% EtOH extract from Salvia plebeia.
Table 3. Active ingredients changes of Salvia plebeia extracts with ZAIR] =2
different treatments conditions.

Active ingredient (mg/g) Increasing rate of

compared to

50% EtOH Ethyl acetate 50% EtOH
extract (A) extract (B) extract
Rosmarinic 41.9 148.9 355
acid
Hispidulin 3.2 38.6 1331
Luteolin 2.7 46.3 1715

UeEl= vidzlzr] =289 353E 9 #a8 2 X34
HO = rosmarinic acid, hispidulin, luteolin 5 AF-T 4=

V& Aoz AlEE
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