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ABSTRACT

Background: Small particles increase airway inflammation upon reaching the alveoli. Here, we investigated the protective or thera-
peutic effects of Salvia plebeia R. Br. (SP_R) extracts on airway inflammation.

Methods and Results: To investigate the anti-inflammatory activity of SP_R extracts, we measured their inhibitory effect on the
production of reactive oxygen species (ROS) expression of inflammatory mediators, and immune cell infiltration in MH-S alveolar
macrophage cells and in the ambient particulate matter (APM)-exposed airway inflammation mice model. The SP_R extracts inhib-
ited the production of ROS and expression of IL-4, IL-10, IL-15, and IL-17A mRNA in APM-stimulated MH-S cells. Oral adminis-
tration of SP_R extracts suppressed APM-induced inflammatory symptoms, such as high alveolar wall thickness, excess collagen
fibers, decreased mRNA expression of chemokines (Ccr9, Ccl5, Cer3), inflammatory cytokines (IL-15, TNF-a), and IL-4 Th2 cyto-
kine in the lung. The SP_R extracts also inhibited ROS production, granulocyte (CD11b'Gr-1") infiltration, IL-17A, TNF-a, macro-
phage inflammatory protein (Mip-2), and chemokine (C-X-C motif) ligand 1 (Cxcl-I) production in the airway. The specific
compounds in the SR-R extracts that mediate the anti-inflammatory effects were identified.

Conclusions: In this study, SP_R extracts effectively inhibited airway inflammatory responses, such as ROS production and granu-
locyte infiltration into the airway, by regulating the expression of chemokines and inflammatory cytokines.
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SHR AR - 2= - Ui - ST - Al - uiekE - EiX - 2 - 2
Pot =) A F AE 7t 216l 71wt HEE 2016), A ZE 7 S (Gu and Weng, 2001), oFEY]
AL s}, S AL, Th2 AlE, HIVHE 5 9% Ao M &3} (Choi er al, 20147} Y= AR ®HyEc)

A} ¥ H]E tumor necrosis factor-alpha (TNF-a), interleukin-4
(IL-4), IL-5, TIL-6, TL-13, IL-33 59| 9T AlolE7IRIS &
A EE] =7] v, Y] S STHA HF S
St} (Ghio et al, 2012; Barnes, 1994; Nials and Uddin,
2008).

Gl Hosk= 2oz dHzl YT T SAHE o
ofsf 71=7h WS S Th2 AlZoA T M2 Ak &
3, H|RE AlEoA FBH]E Th2 Ale]E7RR] IL-59) eotaxin®]
Sabe] AL g SAsE St

Chemokine (C-C motif) receptor 3 (Ccr3) f-2A7} b
st SARRE FolM HSET =] =Eds o Ay
g wEsle] Wnuke-S slA "ok SR E, A
2JAH 2= chemokine (C-C motif) ligand 25 (Ccl25)9}
olfo g HAst=

o
T=

g 1z e

ey

chemokine (C-C motif) receptor 9
(Ccr9) A4 B3-S S/ S 2A 7|%= sensitization®] =
7l B 9 ASAE AE T V= dF S sk,
ol AlaEolM el Cergd] 4} AL Th2 AR E7I] IL-4
o] zHel o5 Z71skAl "t} (Lépez-Pacheco et al., 2016).
AR e FY2 71AA Y] 9FS BHYeTH ol
o] AEEHIS wf, SHI7HAYE, H2, gAY Hxd
Zjet} (Bohadana et al., 2000). PIAIHR| 2 <13 235}
A vdH2/d# 2% (chronic obstructive pulmonary
disease, COPD)Y H]g 42l A5 wkgo 2 23| # ZZ 9]
715 At dojual 55 ZAA == Agtoltt. mA|
Aol ofgk AWS #HAg Bk o} HEF, X, 97
sh, a8t FHest Aol AW 7 52 o3t
Al 18] AT} (Fuks et al, 2011; Hoffmann et dl.,
2015; Korzh et al., 1993; Peters et al., 2013). 53] vjAw
A A8 F YAu|7|712 (diesel exhaust particles, DEPs)7t
IL-17A M FS 57 AA 7133 A48 ofsiA o
(Brandt et al., 2013).
2| DEPsol| =Z%H ARFESolA IgE A4zt Th2/Thl7
APRIETRIS S7HA FHE7] 455 dLEHo]

2kl WEYt (Yang et al, 2014). ZEuh ujHwx]ol] of
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sk A7 A0 X85 e gk AFE oA & o]HA| AL
UA 27| wfiel] mAEA] ] ofgh AAEYS APH o= ¢
st & = tiFo] AlEsit

EE7 (Labiatae)ll 3= ddA Ee ol dA A YPxEQl

HA==7] (Salvia plebeia R. Br., ©]3} %9&Fe] SP R)y=
FEvEr ARGl A A sk, ofrotoll M= o =EE ZF
A, 57, 7] 59 ARE 9% xR ARES 3 7|50
At} (Choi et al, 2016; Jin et al, 2011; Lu and Foo,
2002). 7|00 vtz = 71HA 95 28 (Jang ef dl,

o = o
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HjQkx=7]e] =9 o R ZE|HER SIsHE F phenolic
acid®l rosmarinic acid®} flavonoidAl 3}EE<¢1  luteolin,
nepetin, hispidulin, ZZ2]3L saponin, 73Aul A, S} 2H)
Z, BF Tl dom TA] ArEel BarEo] At (Gu
and Weng, 2001; Kim et al, 2014). ©] 3 rosmarinic
acidse 4d=2714 23S (Liang er al, 2016) D ZTAA
7N1=g5ol NA& (Costa et al, 2012)7F HILE YL
luteolin #2714 A2 2 B9 AT (Jang er dl,
2017), %= (Choi er al, 2015) 2 7HEZE (Lee ef
al., 2011)°] RIEF AT} Nepetine F2HE (Talib et al,
2012)°] LA T3} hispidulin ©]2hs AR zke
(Yin et al, 2008), FAA 2 FHFA 9} 2 a7}
AMPK (AMP-activated kinase)s A3MA7]= A7 22

=t} (Yang et al, 2010).

o)
AL,

H 2] "i713742 AL PMI0, PM2.5 2 SH|AH
g x3sle 1= H2 2 S8HA §4%] &
AT e ARE Y slE[Fo] Al =EE A ) o
&k PR B e SHGE felsietE e AkshA
ZEF A 2 ASHRS 5 71BA 95711 Bl Al &
gt FFS Y erh= Aol dEA Aok Kyung et al,

A

2015). 2o}, mlMR]e] Ak 71AA]H 2] Aol tigh FE
& giFlo] QlE Astol7] wjio)] nAHAE EUNS o) 55
715 BEd £ JE AAEH) tisf Bl Eolx L Ut
uebr] 2 AfeMs 718A dF Asaged de A3t
oA 7IA] BE np7) glE HAE A0 vz 25
S e 357 9% M a9E FAsaAl st o
= Q) v MH-S ATl mAEXA] (APM)E AHs}
A 2EHEE FEsIaL WAy FE2E o &9t
A% (ROS) ¥ G3AIE7R] W A axs dasiai,
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1. M S M=

A&o] A8t acetonitrile, ethyl alcohol, methyl alcohok
Merck Millipore (Billerica, MA, USA)l4], dimethyl
sulfoxide (DMSO), formalin solution, phosphate buffered
saline (PBS), hispidulin, luteolin, rosmarinic acid, nepetin
montelukast, 2-7-dicholordihydrofluorescein diacetate (DCF-
DA), aluminium hydroxidex Sigma-Aldrich (St.
MO, USA)%A, Dulbecco’s modified Eagle's medium
(DMEM), fetal bovine serum (FBS), penicillin-streptomycin-

Louis,
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amphotericin B (antibotics), 0.25% trypsin-EDTA (TE)+
Gibco BRL (Gaithersburg, MD, USA)lA] “Fufjsle] A3}
%3. FACS #4918 3= R-phycoerythrin (PE) anti-mouse
CDI11b (aM, rat IgG2b)¥} FITC anti-mouse Gr-1 (RB6-
8C5, rat IgG2b)= Biosciences (Becton, Dickinson and Co.,
Franklin Lakes, NJ, USA)lAl o393, Mip-2 (DY452-
05)9} Cxcl-1 (DY453-05)= R&D system (Minneapolis,
MN, USA)PIA Fuisted AR-a1T.

2. BIARXD| 22 9 AIxE
2|7} AL wjd=k=7) (Sabvia plebeia R. Brye F52
5 fEAE BAE 98l 2014 e 20159 420 FEs)A
2 %3 RS HorEsy HEe &
7 38-NC2HE FUst] AP 500 g
3 2k FH50 F4ete] Az 30% 74 ()

FREUR AME A PAIPAE S Yok e FEY)

0, N,
Moo
-
Gl
)

Mo
hif

10 € o188l S0CHIA 2.5 AZHESE At FEs)eTt. oo
2 e 5 MR BUE YO AFE se] 1 ool
ool 45CoIA Wk FE 8ol A%E W At F

Stk ol 2 L9 FRAE Tl WA F 54 A=

Hubdel 2 A %3k3Th (Shin e al., 2016). ¥R
F2ES ZALYET (-84T)d BH (FEAFE: SP R-
70MeOH)eFAA A3t FE2 3|4 ste] ARSIt

—

3. HIZAI=D| HPLC &M

HPLC #2418 $]3 acetonitrile?} water= HPLCE S&-&
| 2, trifluoroacetic acid (TFA)= #44 539 &=
Merck Millipore (Billerica, MA, USA)olA F+Y 3Rt
Hispidulin (SMLO0582), luteolin (L9283), €] rosmarinic
acid (536954)5 IETEE2 Sigma-Aldrich (St. Louis, MO,
USA)PIIA, ESE nepetin (ASB-00005380-005)2 ChromaDex
(Irvine, CA, USAWRIIA Fdate] ARE-3I3ATE HPLC 412
waters 2695 2 996 photodiode array detector®]] 2]3}e]
REA=g

WARZ7| FE2ES 20 mgmd 2 70% HeHol 833 3,
PVDF syringe filters AMg-ste] o2k 5 FA o) ARSIt
Optima pak Cig column (5/m, 4.6 mm x 250 mmyS- AME-8kod
FREYeH, 2ol e 40CE FAS31AL, A5 PDA
ARE-SFATE o] F A4S acetonitrile (A) 2 0.1%
TFA $Hr water (B)E ©|-&3 gradient system (0min, 10%
A; 10% A; 50min, 50% A; 52min, 100% A,
62 min, 100% A; 65min, 10% A; 75min, 10% A)SE

detector&

10 min,

A3} 19, 5 1.0 mb/min, FYZFL 20 4= 2 3FAT
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4. OJMIHXISRZ (ambient particulate matter) Az

MR = o] 7] B9tk s 7R ti7] T T &
ARld], 7L F PAA] ] 331 AMEAiE (coal)> Sg
o] Aeks 700Ce] 71¥E (ULVAC-RIKO TPC5000, ULVAC
Technologies Inc., Methuen, MA, USA)IA 10 E7F 4A]
7AW sl = AAE-S glass fiber filter padoll EF3IAL,
¥3¥l TPM (total particulate matter)> DMSO &8 -SAME
34 10mg TPM/me 2 T8 FEA Ak ALEd7
ARSI Az AEAALES KT&G TUATLM &
FoFaL, Zekolol4] (fly ashy= DE JIS type-ll fly ash
(Yoshitaka, 2007)5 A|-go} ARSI oW, 7178 T AL
2 (DEP) (Lim and Kim, 2009)% &gste] maH=] &
FES AFSALE FAH o Z = YudAd ZEAlo]= (DMSO)
o] =<l MEALE (5mg/ml), ZT}olof4] (10 mg/me), T]AA
282 (5mgml) & ZHF HEEET AEALE (025 mg/ml),
Ze}ololl4] (0.5 mg/ml), TAALEZ (0.75 mg/ml)Z 845}
E3skaz, Rt (aluminium hydroxide) gel adjuvant®: 8%=
SN EA st HFHORE mAHA EFE (ambient
particulate matter, APM)= #| =331t}

5. Cell culture

line (ATCC,
Rockville, MD, USA)y= RPMI 1640 medium (Gibco BRL,
Gaithersburg, MD, USA)°l 10% fetal bovine serum (Gibco
BRL, Gaithersburg, MD, USA)3Z} 1% antibiotics (Gibco
BRL, Gaithersburg, MD, USA)YS 7}sle] ARSI, &2
B7C0) 35S FAISRE 5% CO, incubatorol|A] HiSSIATE

MH-S murine alveolar macrophage cell

6. MTS cell proliferation assay

MH-S alveolar macrophage cell2 96 well plate®l] welld
2x10* celle] H=5 EFste] wigsiict. mAEA] (25, 50,
100, 200 g/mb)e} ¥iYA=7] FZ+& (25, 50, 100, 200,
400 pg/mbys S=ER AEste] 24 A)ZE wige ThE MTS
tetrazolium salt®} electron coupling reagent (phenazine
methosulfate, PMS)E 20:12] H|E&EZ 410 Z} welld MTS

33Tk,

7. DCF-DA cellular reactive oxygen species detection
assay
MH-S A|ZZ5

1=]
LN

2aJ3ted 5 x 10°celle FACS tube®]]
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Table 1. Mouse oligonucleatide primer sequence.
Genes symbol Primer/ Probe Sequence mRNA targets

Car9 Forward 5"-ATTGCACAAGAGTCGAAGACC-3’ Car9

Reverse 5-GTCAACAGCCTGCACTACAA-3’
Cels Forward 5'-TACACCAGTGGCAAGTGCTC-3’ Cors
Reverse 5’-TGTACTCCCGAACCCATTTC-3’
Cer3 Forward 5’-CCCCAACTGTGACTTTTCCT-3’ Cer3
Reverse 5’-CCTCTGGATAGCGAGGACTG-3’
4 Forward 5-GGATGTAACGACAGCCCTCT-3' L4
Reverse 5'-GTGTTCCTTGTTGCCGTAAG-3’
1o Forward 5’-AAGCAGCCTTGCAGAAAACA-3’ 110
Reverse 5'-TCGCAAGTGGGTGCAGTTAT-3’
5 Forward 5’-CATCCATCTCGTGCTACTTGTGTT-3' 115
Reverse 5"-CATCTATCCAGTTGGCCTCTGTTT-3'
H7a Forward 5’-TCTCATCCAGCAAGAGATCC-3’ IL17A
Reverse 5"-AGTTTGGGACCCCTTTACAC-3’
Tnf Forward 5’-GGCTTTCCGAATTCACTGGAGCCT-3’ TNF-o.
Reverse 5’-CCCCGGCCTTCCAAATAAATACATTCATA-3’

Gapdh Probe VIC 5'-TGCATCCTGCACCACCAACTCGCTTAG-3" CAPDH
tubed 10 uMe] T2 EFsle] AEE dEsit 37C & 3l % Diff-quick N0 F HA3}S] neutrophilse] 7HE-S A
Ao 30 £7) stainingdt ¥ FACSCalibur™ flow cytometry A3l SEEHE B2 ¥ 23S 10% E22E gl
system (Becton, Dickinson and Co., Franklin Lakes, NI, 231 sucroseE ©]83 €5dS A%l & hematoxylingk

USA)E ol&-sto] E4skitt.

8. Real-time reverse transcription polymerase chain
reaction (real-time RT-PCR)
7} AEsh zAEERE A WAL BHS) 9

TRIzol reagent 29 (Thermo Fisher Scientific Inc.,
Waltham, MA USA)S ©]&3le] RNAS 28t 5
RNAZE RTase, dNTP, buffer, oligo-dTE Y2 £ 42 C

water bathollA] 2 A|7F F<F HWESAIA cDNAS FAJsIitt
St cDNA®| 2 x SYBR green PCR Master Mix
(Applied Biosystems, Foster, CA, USA), 200nM primers,
Rox dyeZ& % 7} cycle 95T 15 sec, 55C 15 sec,
72C 15 sec®] ZAS 2 Applied Biosystems 7500 real-time
PCR system (Applied Biosystems, Foster, CA, USA)E ©]
&3te] PCRE FasIth. 2F f+302ke] W3 housekeeping
72 A} glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
£ internal controlZ ARE-SI] AJNE AH RS B WA SN

t} (Table 1).

wo
©

9. Histopathology
7138 AFsdell ot 7|=AlA  (airway lamina washing)S
3 wRe-2=o] 7|=M A (airway lavage)S ZHE] 7|FA]H|
MZ A (bronchoalveolar lavage fluid, BAL fluidyS 2]
F oS, 2218 BAL fluidE cytospin®l] go] &8fol= =

=

rot H:l OFH
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cosin -§H& o]-8&ate] FAG vhe AW AXE AAl
kAT &
Aldrich Co.,

microscopyE ©|-83l] wUM{

section Masson’s trichrome &< (Sigma-
St. Louis, MO, USA)2. 2 A3 T light
frol 7hEE AAskit

10. Flow cytometric analysis

AEZL] ZJolE EAsH] flste] zh staining solution
(PBS containing 1% FBS and 0.01% NaN;)ollA A3|=
antibodyE ©]8-3kd 10 £7F G2 T3 FACScalibur flow

3o
/%J =

cytometry system (Becton, Dickinson and Co., Franklin
Lakes, NJ, USA)E ol&dto] fFAZ 243 st A=
CellQuest software (Becton, Dickinson and Co., Franklin

Lakes, NJ, USA)S ARgsl] AXZS BAa1Q]0, #4138 Al
T} MEES o83l T AE FE Fih fAIE 24
$8t antibody= BD Pharmingen (Becton, Dickinson and
Co., Franklin Lakes, NJ, USA)IA Y&} T).

11. ELISA (enzyme-linked immunosorbent assay)
S o] YHHES Z35] 93] ELISAS olg-3le] &
A8t th IL-17A (M17AFO), TNF-0. (MTAO0B), Mip-2
(MM200), 2|3 Cxcl-1 (MKCO00B) @2 aES- BAL fluid
o] ELISA kit (R&D system, Minneapolis, MN, USA)ZS
ARg-Eto] A ZAR] A AJel whet A3t
microplate®l] 100 £ 2

=] 26}_1

WA, coating antibodyS =
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Rosmarinic acid

Rosmarinic
>

<

Rosmarinic acid

acid

Luteolin

Standards mix (342 nm)

Nepetin

Luteolin

-

Salvia plebeia R. Br.(342 nm)

Luteolin .
l Nepetin Hispidulin
/
K ' 4
/J\ f\ \. -
| CH O
o P
T L~
HO™ 7707 T\ P

Nepetin

Hispidulin

Fig. 1. Chromatogram and structure of four compounds purified from S. Plebera R. Br.
(SP_R). A; HPLC of four compound standard, B; active ingredients of SP_R extracts
were analyzed by HPLC, C; structural formula of four indicative compounds.

4T 24 A7+ BESAIATE ZF wellS wash buffer2 Al H
MZ313L assay diluentES 200 4 & Yol | AI7F FoF A
ZollA vieFsielet. widshe Bt BEEFH o}

7 4FEWH microplates Al H A3 3 7+ I2EI A5
NS 10040 A WAL 2 AZE FRE ARolA] wy
MicroplateE Al ¥ A3}l detection antibodyS
ZF wellell 100 0 2 @31 Aol wjgsisict. |
microplateS THl ¥ A& 33 substrate solutionS
ZE wellell 100 8 2 G351 30 & &< o] F& 3olA deo
2 w3tk Stop solutions ZF welldl %31 microplate
spectrophotometers ©]-8-3t] F-4% 450 nm 2 S 3l31T}.

=0
35

12. 387| =& 52 29 MiE
E A= 4% CSTBL6) w2~ (20-22¢, Thghilo] o,
SAHE AY 717 B Bt L5 23+2TC, 5 50+2%%

FARBIF oW, Wt F7] (12 AZE light/12 A1ZF dark, light
turn on 9 amy’} A== 00 L3I AE 71 T
St &3 yPAEE AHEA AAT & Alg-sAct.
387 &4 nAHAE AEALER] coald} fly ash, diesel
exhaust particles (DEP)E 412 4mgkg vIAWAEZE

= =

ol
D=
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(APM)E aluminium hydroxide (alum)o] 3] A]A intra-
nazal-trachea (INT) injection WHE o]-&3slo] 7|=E F3
H2 A3 FYske sERIDS A&
Hgat=r] FEE (AFLRE Ak FE2 100 mgke,
200 mg/kg, 400 mg/kg) (Choi er al., 2016; Kim et al.,
2016)2 FAJthZ- montelukast (10 mg/kg)S z+zF 10 & 7+
Foslal FAARLZTH 3 Y 6
FES FHsIlh

Q] &

A Foll plAEAIE

e
T

13. SHEM

A8 Jd 2+ 2 dolHe 7 438 Z3% mean
+standard error (SEM)Z UERY o, FEA3 4= SPSS
11.0 software (SPSS Inc., Chicago, IL, USA)E ©] &3}
A Aufx] EAHEA (One-way analysis of variance, ANOVA)
%ol Duncan’s Multiple Comparison Tests (DMRT)Z 2143
S AFE, AEAEM = SHEE T34 (independent
samples rtesty= o83t oS AS3AH-. p gkel 0.05,
0.01 =2 0.001 Bt} 22 -5 F2sto] E4sislomn, 7t
A9l g Al FAXCE Fo|H Aol7t e Aow W

a3k,



SEF AU - A5 - L - eEE - e - HE - EXls - 2 - HSY
150+
S8 100-
c
58
3
S %01
04
25 50 100 200
APM (pg/ml)
APM (ng/ml) 10+
10 25 50 8
£
< 64
z| | MFI:3.28 | MFI:2.71 MFI:7.77 =
g g 4
S %]
S o 2
.. 00 h : ol
DCF-DA > 10 25 50
APM (ug/mi)
Fig. 2. The determination of optimal concentration of APM in MH-S alveolar

macrophage cells. The cell survival A and ROS levels B of MH-S cells stimulated
with APM (ambient particulate matter) were analyzed by MTS assay and flow
cytometry C and appeared graph. The 50 ug/ml of APM was suitable concentration
for in vitro. Data are shown as means = SEM. Significant (*p < 0.05, **p < 0.01
and ***p < 0.001). difference between value for control cells and the APM-

stimulated cells.

&

i

—

LSS SAE TR HIYRIRD| F&E22] HPLC 24

Aol A o8-8t wIxI=7(Salvia plebeia R. Br) %
AS S8l FFE A w2
< HPLCE 543

==X

TE==
St A}, wikR=7] FZEE004 rosmarinic
acid (69.86 mg/g), luteolin (1.72 mg/g), nepetin (8.26 mg/g),
hispidulin (7.56 mg/g)e] “dE-sHS AT 4= AT (Fig. 1).

o T o=

2. In vitro A=

2 flst OMIZXe] 2| s= 23

#Heo] hAMEQ] MH-S AlEFS Falo wigxt=r] =
2o AT a5 EASIAL in vitro AFE] A FAHS
2gab7] flste] 94 mARIR|e] A FEE AAsIiT) T
AWA (APMYE 551 (25, 50, 100, 200 zg/ml) 2 2|3+
T MTS assays 53l A|lZAEES A3 A3} njHwx]
100, 200 xg/ml A2 FEoM e AEZA 2] Aol BE A
37} death¥| AL 50 pg/ml A2]F= ofstollx] 50% o Al
EAEE] #ZEAY (Fig. 2A). In vitrod Al BlA|HA|
(APM)A] gt MH-S M|2ZF9] Aksld Z~E# 2 (oxidative
F5=+ DCF-DA stainingd 2.2 =73 ROS| AAatet

stress) =
o] FugksEl= vMHA] FEE BEIAL, 1 A 50 pg/ml
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A EEo A 25 ugml o)F AL HUE 2 Hj oA
ROS A4Hgo] S7kEe AS T3 (Fig. 2BS 20). 5,
AR el 2% AEAYESS FE EHoE 7ad)
201 100, 200 zg/ml o] FENE 95% o] 7Hah 4
S B3k asEg o 50%2 AlZAEES Holwa ROS
Aakgo] Mg =& & < 9lgk A

AR 2] 2 e

=
RLN

s

50 pg/mt &) =S
wew A

3]

A4

=
st

3. MH-S MIZ0IIM BIZRED| FE2 Aelol WE M=
EAIsE0t OMICIA| K|S & ROS MMt ZAM

Hjx 27| FEES 3 AP FEE BEs] fl8k
MTS assays &2l A2 F2o| s 71X=A] #zs 4
Z W=7 FEES 25 uyml, 50 pg/ml, 100 pg/ml,
200 g/l o] FEE XSS ul MH-S Al22e] AlE 32
o] SIS I & AN, 400 pg/ml o] A g E=el
Me AlxEAde]l #FEHJG (Fig 3A). °olE EUZ,
50 pg/ml o] MAHERE A2 3 MH-S Al Eof] wjg==7] 3=
EE 50ugml o F== A A, nAwAel o8 St
® ROS9| A Fo] ZasEe RS #FEE & AT (Fig
3B). 3 g5 AlETRIOE LR IL-4, IL-15, IL-17A%}

A EF ol EBEE IL-10 (Tosello et al., 2012)¢]
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Fig. 3. The determination of optimal concentration of the Salvia plebeian R. Br. (SP_R)
in MH-S alveolar macrophage cells. A; the cell survival of MH-S cells was
measured by MTS assay after treatment of SP_R extracts indicated concentration.
The 50 ug/ml of SP_R extracts was suitable concentration for in vitro. B; the MH-S
cells were treated with SP_R extracts after stimulation of APM (ambient particulate
matter), C; the reduced expression of IL-4 mRNA (a), IL-10 mRNA (b), IL-15 mRNA
(©), IL-17A mRNA (d) by the SP_R extracts in MH-S cells stimulated with APM using
real-time PCR analysis. The production of ROS in MH-S cells were analyzed bQ/ flow
cytometry after staining with DCF-DA. Data are shown as mean = SEM. ##p <
0.005, *#p < 0.0005 vs Nor; *p < 0.05, **p < 0.01 and ***p < 0.001. vs CTL.
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Fig. 5. The reduced production of ROS by the Salvia plebeian
R. Br. (SP_R) extracts in BAL fluid of APM-induced
mice models. The ROS production of BAL fluid was
analyzed by flow cytometry after staining with DCF-DA.
The extracts of SP_R reduced the ROS production in BAL
fluid. APM; Ambient particulate matter, WT, Wild type.
< A7 AR v ol H Al ¥ 9w ARt

Foeie
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Fig. 4. Experimental schedule to make APM induced mice
model and Histopathology. A; mice were treated with
the SP R extracts (400 mg/kg, 200 mg/kg, 100 mg/kg) and
montelukast 10 mg/kg daily for 10 days and intra-nasal
trachea injected with 4 mg/kg APM (ambient particulate
matter) at day 4 and day 7. At day 10, mice were
sacrificed. B; the thickness of alveolar wall and detection
of collagen fibers in lung tissue was measured by H&E
(hematoxylin and eosin) staining and M-T (Masson’s
trichrome) staining assay, respectively (WT; Balb/c Normal ,
APM-CTL; APM control, APM + Montel; APM induced
and orally administration montelukast, APM + SP_R;
APM induced and orally administration SP R extracts.
Lung tissue were observed using a visible-light microscope
at a magnification of 200 x (green color bar; 100 m).
mpk; mg/ke, WT; Wild type.

KR

Argesn 257 dS

=
Fole] wel Aol ¥ 27
:,a_

276

d FEoE FRHE AS ¥F & 000 (Fig 4).

_/,:
5. OMIZX[oll 2ol 7= ©57| Eét oles 2do| J|2t
AHZ HIEH0IA ROS 282 241

nlAER]e]] SJa fred 5571 Ak v 2Yo] 7]
H A A A A ROS B #2317] 9)8l, DCF-DAZE ¢
AHgk BAL fluids FAIE #4718 o83t #2438 A, vl
Aol oal] frEd SF7 vke-2~ 159 BAL fluid
oA ROSe| AAFHo] T7HES ERlsIon, S7HE ROSY
A S 100, 200, 400 mgkge] FEolA BYR=T] FE2=
o] A Folof] o8 T o]EHoz HAES Flsi
T3 T2 montelukastS: I3k 252 BAL fluidell
A wAER 2s)] F7FE ROS AFS AaAFS &

o= M-

A 557) AVl wHA] o5 2718 9% 45 5
HANS & % AT (Fig. )
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glo] AA A 7F Wjdatzr] FE2EE AT AR vk

=
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Fig. 6. The inhibition of infiltrated granulocytes by the Salvia plebeian R. Br. (SP_R)
extracts in airway of APM-induced mice model. The total BAL A and lung cells B
were counted using flow cytometey and the granulocytes infiltrated to BAL, C
photomicrograph (original magnification, x 200) of BALF cytospins from a sensitized
mouse exposed repeatedly to allergen (Diff-Quik stain). (a; Balb/c WT, b; APM
control, ¢; APM-monteleukast 10 mg/kg d; APM-SP_R 400 mg/kg, e; APM-SP_R
200 mg/kg, f; APM-SP_R 100 mg/kg), D; granulocytes total cells No. in BALF. Data are
shown as mean = SEM. *#p < 0.005, "*#p < 0.0005 vs WT; *p < 0.05, **p <
0.01 and ***p < 0.001.vs CTL. APM; Ambient particulate matter, WT; Wild type.
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L SJugt, vARA o) Z718 £F7] S7h wie
Az7) FEHE AT FIF TFAN B 8 S0
H e R oa) fEE 57 A8l wiekz
7 F2Eo| Fa 9% X 53T o) 4 Fa del
9% WS g2 UL X F AT (Fig 6).
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7. OMIZX[oll 2ol R=d 87| At 0les 2HolM
chemokine (C-X-C motif) ligand (Cxchel FZIAL 2sin}
L I |

ul9-20] BALZ 3 ZZ A flow cytometry F-4]& £3|
A ZH=E CDIIb'/Gr-1" W& (%)= A3 & F AEF
& A&l 7 2FAM 9 Al F AE FE5 A=slTh
2 A3 nAERE F93 thx22] BALZ HolA CDI11bY/
Gr-1" e Al 7} fo]4d A S7keke Slsksinh

HjFA}=7] Fojte] BALY HolMe mlgAtzr] FEE
o] H=d Foo wel CD1IbY/Gr-1" He] AE $7}F F94
I FELE A2 ISt 3 BAL fluidellA
ELISAE 53l ¥5#291A} IL-17A, TNF-a, Mip-2, ZL2]3L
Cxcl-19] AAFFS 2799 A7 thxe] BAL fluidol|A] IL-

17A, TNF-q, Mip-2, Z&]3 Cxcl-1¢] AAteko] »F =78
A oA QA STk 2Ey ujgR=r] FolallA
oIk mdRt=7|e] T XS [L-17A, TNF-a, Mip-2,
223 Cxel-19] Arbke] ragks @klsiint.

Mip-2+ (Mcp-1),
macrophage inflammatory protein 1-alpha (Mip-la)2} 37
Gz} A L] o] F Y Zfoll BT (Ajuebor e
al., 1999). GZAto|E7R1Ql [L-17A7 TNF-0, 283 CXC
ARZF] ligand ALl Cxel FAAF 953 HAHsto A%
Al T5Te] dSHkgol ddite dFAHE] te
Bygo] wal (Amulic er al, 2012; De Filippo et al.,
2013; Kolaczkowska and Kubes, 2013; Quinton et al.,
2004), FHF AE = 23— oM Cxel-29F Al Cxcl-
1] Befale Ao o% A} (Fig 7)
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. 7. The reduction of CD11b*/Gr-1*cells number by the Salvia plebeian R. Br. (SP_R)
extracts through inhibiting expression of IL-17A, TNF-a, Mip-2 and Cxcl-1 in airway of
APM-induced mice model. The absolute number of CD11b*/GR-1*cells in airway (A - B)
was evaluated by flow-cytometry. The production of IL-17A (C), TNF-a (D), Mip-2 (E), and
Cxc-1 (F) froteins in airway was measured by ELISA. Data are shown as mean = SEM. *#
< 0.005, “*#p < 0.0005 vs WT, *p < 0.05, **p < 0.01 and ***p < 0.001. vs CTL. APM;
Ambient particulate matter, WT;, Wild type.
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Fig. 8. The restoration of airway immune response associated chemokines and inflammatory
cytokines by the Salvia plebeian R. Br. (SP_R) extracts in APM-induced mice models.
The gene expression of airway immune response associated chemokines (A-C) and
inflammatory cytokines (D - F) in lung isolated from APM-induced mice models were
analyzed by real-time PCR. Data are shown as mean + SEM. *p < 0.05, *#p < 0.005,
###p < 0.0005 vs WT, *p < 0.05, **p < 0.01 and ***p < 0.001 vs CTL. APM; Ambient
particulate matter, WT; Wild type.
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SRS tadste] 7]AA ] AANRS-S Fol= AT Al
O]|E7IQl IL-15, TNF-0, IL-42] 2} @& o] ulA|Hz]el] <]
3 fFE oA S7HES gRIson, S71E AlolE
711 WHE w27 FoA] TR oEX R 5}
= A% #E 2 5 A0 (Fig. 8).
LA

AR = FULleA 7 357 d3s fdst A
Nk oJoRE 5 ARl YERSIA e AAolBE, 1
of &gk o B X|5Ho] Fgslirt. wAwAel ofg Agk=
< FES AL oplaly] Wl mAwRe] 58A0= A
43 & Ade FEoU AAEE Fol Fasith nAIYgAke]
FoEE Ashks gAw7IYA (DEP= 989 B¢ <
aoflA gt RS FHeE, 2 TRl X ed A4
HA 2 A5 F A A5 = 2ELUEE T A
siEolu YER S19HE 59 718w A4k 9 2k

o] Bz 3k Aoz EEAHS slo] DEPY OVAY| =3
 vhe-2olM 7= 9 3 A wkg, 3 OVA 5] IgE

= 370 ¥ 2 AA TH2 2 TH17 ARIETR] 9] 5
THA LdEE719 3550 e sttt T
SFG T (Manners et al., 2014). A7F7|BXFT M Eol|A Q]
2} FEAoZ HZo| FAs= Mmp-2, Mmp-11, Mmp-14,
Mmp-15, Mmp-16, Mmp-19, Mmp-25, Mmp-27, Mmp-285
o] §ARe] B a2 WYAT (Jung ef al, 2008), 1
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stod B vk glok olEg 7hed & dAFe w2
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iRl | &2 s8] B e
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u vjetRt=7] FE=C] AT Folol o3 gt &
o7 HRIth o]t wigxt=r] FEE9 I&E a= dnt
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Fogh 253 HIsse 70 R SEshs 2SSl vz
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A in vitro AT AFONAN FZSFHEQIARI nitric oxide}
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