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Enhancement of Respiratory Protective and Therapeutic Effect of
Salvia plebeia R. Br. Extracts in Combination with Korean Red Ginseng
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Chang Kyun Han**, Won Kyung Yang*** and Seung Hyung Kim***

*KT&G Research Institute, Daejeon 34128, Korea.
**KGC Research Institute, Daejeon 34337, Korea.
***nstitute of Traditional Medicine and Bioscience, Daejeon University, Daejeon 34520, Korea.

ABSTRACT

Background: We recently reported that Salvia plebeia R. Br. extracts suppress leukotriene production and effectively inhibit the air-
way inflammatory response by modulating inflammatory chemokine and cytokine expression. Here, we investigated the synergistic
airway anti-inflammation effect of Salvia plebeia and Panax ginseng (Korean red ginseng, KRG) that has been used to treat various
immune diseases such as asthma.

Methods and Results: To evaluate the synergistic airway anti-inflammatory effect of Salvia plebeia and KRG, we measured the
inhibitory effect of monotheraphy with either or co-theraphy with both on leukotriene and reactive oxygen species (ROS) produc-
tion. Using coal a combustion, fly ash, and diesel exhaust particle (CFD)-induced respiratory disease mouse model, we found that
co-theraphy synergistically suppressed airway inflammatory signs such as alveolar wall thickness and collagen fibers deposition,
and decreased the number of total cell, CD11b"Gr-1" cells, and inflammatory cytokines (IL17A, TNF, MIP-2 and CXCL-1) in bron-
choalveolar lavage (BAL) fluid.

Conclusions: We confirmed respiratory protection as a therapeutic effect of the Salbia plebeia-KRG 3 : 1 complex (KGC-03-PS)
via anti-tracheal muscle contraction and expectorant animal studies using a CFD-induced respiratory disease mouse model.

Key Words: Salvia plebeia R. Br., Korean Red Ginseng (KRG), CFD-Induced Respiratory Disease Model, Airway Inflammation

M A /g #H =2t (chronic obstructive pulmonary disease, COPD)

£ 3t} (Bohadana et al., 2000). 34, th7]|L9E2 =

HZ seluEte] 71942 AFsA w717k, S - 9 AF oA 53] Aol 2.5 m olER]l ZPAINA] (PM 2.5)E A
AL ALEF, FARETE oY}, PM (particulate matter) 2.5 9} 7= AHubel] & AeAA] ¢, 7|HA] W HEe HAZty
BOPM 10 5 SIS FRE] vlAmAe] f%0e] G@ tizle.  of QAo miXE TS Avky eiA Qow, trlegE
HEEE S7HE0] ARl ZAIR tiFEL gk olEd "] TR, 7], SRR B gl mebd g 2571 3
t7ledEde] A& UL 78A 9% B 71EA & A9 FEs fEdta B 3l (Cho er al., 2008).
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HiRiRIz Iok B4 =pise

2k A717F Zot 71=E T 713A] R H 2 =dst
o 4SS Fdth YRbE oz 73A] HFo| dojuAl H
W 718 AME ] Aot fdaEre] F MXE U S
shal 71Ewe} H xR Mg k. EoF Sk, S, Th2
ME, HWAE 5 FF AlXNA EH]H tumor necrosis
factor-alpha (TNF-a), interleukin-4 (IL-4), IL-5, IL-6, IL-
10, IL-13, IL-33 52| A5 AllE7I12 oA e] 7]
o] Fol, A9 v= 9 ¢S TIMIA TF7] 71HA HA
o] 9= Wk Fw 3t} (Bames, 1994; Nials and Uddin,
2008; Ghio et al., 2012).

E3] 719 ER AR T A5 717k (diesel exhaust
particles, DEPsy= IL-17A RS S7HAA 713AESS
st A2 T FAEE st (Brandt et al,
2013). A&k vjdol= et T/ FelldEd black
carbon, hydrocarbons (C14-C35)% L %A, heterocyclics,
polycyclic aromatic hydrocarbons (PAH)3 19| §%A] 5=
T3kl o (Akiyama, 2006), ©1E frall AEELS 7]
AFZ, Hgolv 7184 22

=
[€)

s

A, dH =713 RS E7]
ghe] XS FXIN7]e HHAQ] Aol "okl BarEy
T} (Wichmann, 2007; Inoue et al., 2008).

aeu vAEA] 5 ti71ed e s fdEHE 3
Ao g 7 F 7134 VoS HES
QI X5 oF=el tigh A= oA Z o]
| w2l PR 5 d71ed =4S &Y
£ B3 F e 7IsA A sige] Hes

=EH (Labiatae)l Fate 9 = o]dA AHzE<
WSkRk=27] (Salvia Plebera R. BRY= HHBjFEI E2]HA]
Seuel, AR, F3 5o A Ge)M 2t ofrlol]
Me dE2RE =3 7k, 7] 59 ARE 9 oxE A}

&5 k= 715°] Aot (Choi et al., 2016).
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71 Aol w2 = 718A] ES 2R, st
A8, 1 BE, ofey] A a3t sl AeE dHA 3

o (Gu and Weng, 2001; Choi et al., 2014; Jang et
al., 2016). Mixr=719] F8 HE F 7P @ol FHrEoldl
£ rosmarinic acidses €EIE27144 A3 & SAMEY VEES
o] WHEI7E BaEo] YL (Costa ef al., 2012; Liang ef
al., 2016), luteolin> LH=7]4d H2] 2 ¥|E 9A 55,
HT 9 7 BEAkgo] vkl dEA U (Lee er al., 2011;
Choi et al., 2015; Jang et al, 2017). Hispidulin &32}
/5 dtl= B Q3 (Yin ef al., 2008), 53 nepetine
Fetzkgo] vkl dEA Stk (Talib er al, 2012). F2
= 3 T MidA=T|2HE 587] 95 A vl E &4
g trgell thek A7F o] AU, SF7] &4 A Bt
2 B g oR 587 AF5A a3t kel B

T3 e}k (Shin ef al., 2016; Song et al., 2017).
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LTI AIHJY (Panax ginseng C. A. Meyer)S T8
AAAZA A 0s Bal, FAlS AT, B
s Fol THESA o] Frdo] ZojXthal B2 RlolA
71€% 0] Atk (Mahady er al., 2001). 223 TAtollE w4t
of gle vt T/ AEUS FHstar dew Flsd A
T 9 ZEjopMgdl Fo] vFA o] FRko]l Wil Hls|
=4 SAgt=s Aol B ETE (Nam, 2005). S4F Ak2d
2 S oW B, E9F At 24, HAAE RS 9 gy
9 /das, F8A &%, st @4 Fol BaH 9l
(Bae and Kim, 1998; Jung er al, 1998; Jeon at dl.,
1999; Keum et al, 2000; Kim et al., 2004). HZo= A
5 357 % 24 Wt ope}l A 9 gAAL £
o] =& o) fiE dHAY 71HA H5E A AkEd
So] gy oz Wolsitiar dEA ATt (Kim ar al, 2014;
Chen et al., 2015).

w2 Ao e wdRkzr] 2S4S o83 B
Ee Bt 357 4% IA AluA] a3E SRl
2t Bt ol & {8l wixk=7] 2 E4F ¥ leukotriene
W 4l ROS (reactive oxygen species) A4 oA S-S
BRI, o 7| edEdE f L 557 &4 vk
2, AGEEY 9 73R F5YA AES FElA ez
71 34+ 3 1 B84 (KGC-03-PS)e] 387] 7|5 HE 2

A)
&

oA F9% TS AFA
M 9
1. AOF 2 A2

A& o) AF83+ acetonitrile, ethanol, methanol& Merck
Millipore (Billerica, MA, USA)°ll A, dimethyl sulfoxide
(DMSO), phosphate buffered saline (PBS), formalin solution,
luteolin, hispidulin, rosmarinic acid, nepetin 532} &&7] X|5A|
Q1 montelukast, N-acetylcysteine, 2-7-dicholordihydrofluorescein
diacetate (DCF-DA), aluminium hydroxide= Sigma-Aldrich
(St. Louis, MO, USA)°I|A], RPMI, dulbecco’s modified
eagle's medium (DMEM), fetal bovine serum (FBS),
penicillin-streptomycin-amphotericin - B (antibotics), 0.25%
trypsin-EDTA (TE)= Gibco (Carlsbad, CA, USA)IA —ull

248 3

SF993L FACS (fluorescence-activated cell sorting)
A9l FITC (fluorescein isothiocyanate) anti-mouse Gr-1
(RB6-8C5, rat IgG2b) % R-phycoerythrin (PE) anti-mouse
CDl11b (aM, Rat IgG2b)+= Biosciences (Franklin Lakes,
NJ, USA)ollA ol 89 3, MIP-2 (DY452-05)2F CXCL-1
(DY453-05)= R&D system (Minneapolis, MN, USA)S

whate] Abg-BHTY.



Ay - ZS0I - 0|28 - AET - A4S - S - Y - USY
2. 8¢, YRS 9 SekE MR M 3, &L 203 nn 2] photodiode array detector (UV Z&7],
B Ao ALg-3 34F (Korean red ginseng, KRGS ¢l Waters, Milford, MA, USA)YE AR&-3I3t} o542 &9l g
HFAEEEH 4 Alg 2ol ARSI 7HEE 32sE 2% 0.001% phosphoric acid (A) 2 acetonitrilel] 3]4]%
6 FARELES SHTE ol8allA 80T oA 24 ATF F3F 0.001% phosphoric acid (B)E ©]83%+ gradient system (O -
2 3] get &89k 201680l FEE wgRt=T] (Salvia. 250 min; 15% B, 35.0 min; 20% B, 39.5 min; 30% B,
plebera R. BR)S HOFEA A0 2HE Tl WalZ 4] 405 min; 32% B, 425 min; 40% B, 460 min; 65% B,
Ak A 500 g& SRl slAske] AZE 30% FHE 47.0-49.0 min; 90% B, 51.0-53.0 min; 15% B2 3}
g 10 LolgalA 80TNA 4 A7k &<t 2 3] ' FEeI% AL, HE5S 0.6 mU/min, FHFS 2 U =2 ST
Tk BE AEe 40% oo R A% w53 & ExlE
o]-g-3ste] Axste] TRt EIE AT 4. WPWIRHEZ2E (Coal fly dust) M=
Hjkxl=r] 9@ g4 FE2E 3 0 1 H[E&] B39 KGC- 71 dEde ket s 7 di7] & i =29
(-80C )l B A3k 4, 2 5 MeEALE (coal combustion)S 3} HEH 4o A]

03-PS (KGC3P)e 2ALWEw
FED S45je] JREY 0 a5Hl AHgstct.

3. 8% 24
Wi dxt=719] § &4 52 nepetin, luteolin, hispidulin,

S
=

rosmarinic acid 412 ¢18] AREEF Bl EA  acetonitrile?t
water= HPLC& &3 S$39 &=, trifluoroacetic acid
(TFA= B8 539 8124 Merck Millipore (Billerica,
MA, USApPIA Tdsto] A&t

Hj k=71 9] 8

H

= A E AHESZMA  hispidulin
(SMLO582), luteolin (L9283), ~12]3. rosmarinic acid (536954)
59 BFEES Sigma-Aldrich (St. Louis, MO, USA)IA],
T3t nepetin  (ASB-00005380-005) chromadex (Irvine,
CA, USAYIA 9iste] A3t

HPLC #42 Waters 2695 717] ¥ 996 photodiode array
detector (Waters, Milford, MA, USA)l| 2J3to] =331t}
27| FEES 70% HEheS o834 20 mgml F=
2 838k ¥, PVDF syringe filterS ARE-3lo] ojzlet 5 A
£ 4o ARSIt AMESF colume® 2 Optima pak Cpg
column (5 m, 4.6 mm x 250 mmyS ARg-ste] iRl o, Z
Ho] 25 40CE R3I89, HE2 PDA detectors AR
stk o] 5O M acetonitrile (A) 2 0.1% TFA 3+
water (B)E ©|-834 gradient system (0 min; 10% A, 10
min; 10% A, 50 min; 50% A, 52 min; 100% A, 62
min; 100% A, 65 min; 10% A, 75 min; 10% A)yS ©|&
sl 243} s, f42 1.0 M/mine 2, FUFE 20 40
2 33t

=1
=

ZAke] A #AJEQ] ginsenoside Rgy, Rby, Rg; &+ 42
UPLC-PDA (Waters, Milford, MA, USA)Z ©]834 A3}

ATk 2 o] KGC-03-PSZ 30% WErS 10 ml = o]&3}o]
7 229 & 5 3,000 rpmollA 10 £7F SAEZ S|
F= A5Y9E 739k BEH Cig column (100 mm x
1.7 gm, Waters, Milford, MA, USA)S A}&-3}
ginsenosideS 413191 0m, o] 2= 40CE FX3819
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AHEEE Me 5 g& 700Ce 719 & (ULVAC-RIKO
TPC5000, Methuen, MA, USA)PIAM 10 #27F AAA]7]HA]
R E A4ES glass fiber filter padol]l EFEAL, 3
¥ TPM (total particulate matter) A%< DMSO &9
8314 10 mg TPM/ME FE=2 F23M g daesgds
Az x] Aol ARSIt

Zgololld (fly ashy= Y JIS type-ll fly ash (Yoshitaka,
2007)5 Tulste] ARgsileH, SEUistala f& vA
ALEZR (diesel exhaust particule, DEP) (Lim and Kim,
2009)3} E3}3ted DMSOZ 3|A5te] FHEH o2 mjAwA|
E39E (coal combustion-fly ash-diesel exhaust particles

complex, CFD)Y& A %313t}

o]

5. MIZZ bt

ROS AAF A in viro A@E 918 A& MH-S
murine alveolar macrophage cell line (ATCC, Rockville,
MD, USA)= RPMI 1640 medium (Gibco, Carlsbad, CA,
USA)°l 10% fetal bovine serum (Gibco, Carlsbad, CA,
USA)} 1% antibiotics (Gibco, Carlsbad, CA, USA)E #7}
steo] ARSI, 2 370 F5E FXsRs 5% CO,
incubatorel] 4] Bl FsFSI T}

HASAE 82 leukotriene HE A in viro AHES 4
& A}&3F rat basophilic leukemia cell (RBL-2H3)2 10%
FBS, 1% antibiotics7} DMEM (Thermo Fisher
Scientific Inc., Waltham, MA, USA)2.2 5% CO,, 37C
incubatoroll 4] T-75 culture flaskol|A] vl ¥t

x3d

6. DCF-DA cellular reactive oxygen species detection
assay

ROS A% A in virro AEE 13, 5x10° 71578 MH-
S AIEZE FACS (fluorescence-activated cell sorting) tube®l]
7313 FACS buffer= 2 3] A#3 3, DCF-DA &<
tube'd 10 pMe| FEE EFste] AlZ2E g sislth

A&

=27

]

¢
7}



BRIz ot B4t =

FACSCalibur™ flow
Mountain View, CA,

37C adollA] 30 #7F stainingdt F
cytometry system (BD Biosciences,

USA)E o838l 4313t

7. Leukotriene assay

12-well plateo] RBL-2H3 M XE 5x10° cells/well T+

EF31 complete DMEM 1 md 2 vjslTt. 24 A|7F &

PBS (phosphate buffered saline) 1 mé 2 A& 3t & vjdxp=
7] F&Eo] E°7t DMEM 500 £ 2, Atz 100
uM montelukast’} X3 DMEM 500 102 10 £7+ w2k
3 5 1 mg/ml calcium ionophore 10 L& 2o 10
HjFetaict. olF AFHe ®ob 1,500 rpmollA A4
3] AMES HAAT L, A FEAS FHal 20T B
#etdct. A=Al ESHE leukotriene®] FEE cysteinyl
lekotriene ELISA kit (ADI-901-070, Enzo Life Sciences Inc.,
Farmingdale, NY, USA)E ©]&3)] A|ZALlA AlF-3 WHo
2 22319} (Shin ef al, 2016).

-—
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1=]
AT
=]
Rl

Ac)

8. CFDE 0|23t 587| &4 =2 29

B Age SERIY @R 19919 5¢€ 319 HE A
4379, A¥I0A 20159 1€ 208 WE A 13023&)] 2438k
KT&G 9719 sEAFE 3] o8l A=A &<
H3F: KT&G18-010).

2 AFE 98l AFES 3 BALB/c PR (23-25 g,

Orientbio, Eumseong, Korea)?] AFS-AL 23] 7]7 FEet
2% 23+2C, FE 50+2%2 FAEIoH, Wt 7]
(12 A7 light / 12 AIZF dark, light turn on 9 am)7]' x4
He A 8t A3 717 st £ AR A
a5 A F J=E ATt

CFD ¥ 387] &4 29 tix, o= 7
iz 22 6 vy AAEith F=dAe 05% CMC
(carboxymethyl cellulose)Z EEFsle] Foisial, txat
0.5% CMC &4 sF Fosiilth. FaFoles 474
£ F&A4 £l (zonde)E ©l83l AU=E A A+FS
skt

719854 CFD (coal + fly ash + DEP) % &
7] 4 2l A8 5E CFD TAAES] coal (A EhA
&), fly ash T 59 Aarde ol FAte]= Ae
Ay, DEP (UAALEZ)S &3t INT (Intra-Nazal-
Trachea) injection *HOE FY3te] 7=} H ST HF
]713} (Song et al., 2017).
S5 11 9 7F Ty, FoAAARLZTE 4

ol F 3 3] INTZ PAHR] EFES

OVJEH_%EL 1 N-acetyl-L-cysteine (200 mg/kgy= =

S5 FHE Fo NG CFD EFEL

11‘,

=2 P

=]
RS
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ol S&/| 2E XE St
DMSOe°l 591 coal (5 mg/ml), fly ash (10 mg/ml), DEP (5

mg/ml) stockS ZHZb coal (0.25 mg/ml), fly ash (0.5 mg/ml),
DEP (0.25 mg/md)= A AFE 3lAste] A3kt

INT injection ‘%}‘ﬁ% AHE yrethan 2 7172 AL
FEE g 7|=s grd § S $3l 71== CFD
EFES 50 L Y 0}1 vk o] CFD £3ES 50 b &
A golFo] AF7F = v A 71EAE FEl HE
CFD £3=°] F92 + W sisloh

9. Histopathology

7184 dSH7HE s 718A AlA (airway lamina
washingy& §3l w9229 7]AX|HAGN (airway lavage)S
ZHE 7| AAH ZAZ Y (bronchoalveolar lavage fluid, BAL
fluidyS #2]8 o, #2]8F BAL fluidE cytospine ©]-&-3]
A Egol= % Diff-quick o2 HA3}o]

= —uks)

=g
neutrophils 2 eosinophil 52| 718 AA|E} T}
he-ARNE R H 2232 10% 2T g9
Aste] sucroses o83 GFAAH S AX F 2AWH A
< %181 hematoxylin?} eosin &2 o83l HAS Tl
2AYE T HAAHE AAlsrh 2 9o thE section
masson’s trichrome &9 (Sigma-Aldrich Co., St. Louis,

A 2 light microscopyS ©|-83t] Y

o ANt

=22

MO, USA)C.2 ¢4
M 5 TREE 399l 78

10. Flow cytometric analysis

Az 7 2 ] 2olS B Y] 7t AlE A
staining solution (PBS containing 1% FBS and 0.01%

3} 1:].—

=i
=

NaN;)ellA sz antibodyS ©]-838led 10 #7F G231
FACScalibur flow cytometry system (BD Biosciences,
Mountain View, CA, USA)E ©]&3ld FAHE (FACS) &
A AAeth 4 A= Cell Quest software (BD
Biosciences, Mountain View, CA, USA)E ©]&3lo] AXE
AL, FARE AE o WSS o8l T AHE
2 %E AAsIAT fFAIE E4E $3 antibody= BD
PharMingen (San Diego, CA, USA)IA] TUsA ARE-313 T

11. ELISA (Enzyme-Linked immunosorbent assay)

e A4 gsl7] $13ll ELISAE °]-gslo] &
289tk IL-17A (M17AFO), TNF-o (MTA00B), MIP-2
(MM200), 22]32 CXCL-1 (MKC00B) %H# 2 %S BAL
fluidoll 4] ELISA kit (R&D system, Minneapolis, MN,
USA)E ARg-ato] AlzAbe] 2A]o whet As)sieitt.

™A, coating antibodyE microplatedl] 100 /£ 2 53131
4Col|A 24 A7 vReA A ZF well& wash buffer2 A ®
200 b A goM 1 AIZE St A

AeE =4

AH3IAL assay diluents



2ol A mf sttt vl geks St ﬁ*ﬁﬂ Rl

3 HEEH microplateE A W ¥
HE 100 0 A G 2 A FF Ao
MicroplateZ Al M2} detection antibodyES THEo]A]
ZF wellell 100 (b A 3 A2oA wjsiitt. 1 A7+,
microplateS THl ¥ AIH3}aL substrate solutionS THE]A]
7} wellell 100 £ 4 93 30 B 9t o] oA AL
o2 wgeltt. Stop solutiond 7+ wellell 3L microplate
spectrophotometer (Biotek, Winooski, VI, USA)YE ©]-&3}]
3% 450 nm 2 245}

12. Real-time reverse transcription polymerase chain
reaction (Real-time RT-PCR)

7y Aol 2AERNH Az RS EAs] 2l
TRIzol reagent £ (Thermo Fisher Scientific Inc., Waltham,
MA, USA)S ©|§3l RNAE # 6}911:} =3 RNAE
RTase, dNTP, buffer, Oligo-dTS ¥ F 42C water bath
ol 2 A7 FF WESA]AH cDNAS 3T

33 %E cDNA°| 2xSYBR green PCR Master Mix
(Applied Biosystems, Grand Island, NY, USA), 200 nM
primers, rox dyeE 22 ¥ 7 cycle> 95C 15sec, 55C
15sec, 72C 15sece] ZHA2Z Applied Biosystems 7500
Real-Time PCR system (Applied Biosystems, Grand Island,

Table 1. Mouse oligonucleatide primer sequence.

00

:
Qo

- R

®) A
- kRl - US

NY, USA)E ol&sted PCRE F3dakict. 7 fdate] &
d2  housekeeping F A glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)Z internal controlZ ARE-3}o] Al
A AeFphs v R8I (Table 1).

o HOAF 19919 59 31 HE A
4379, AFNA 2015@ 1% 202 HE A 130232)0 =738
KT&G 79 SEAFG L3 o5 SA=AT} (<!
M3 KT&G18-005).

41:1—3:]—%4 ZﬂO U]"I‘—}: U%O o] ]_ _l.“lr_g_ﬂt: HH% Oﬂ
93 A HlE: §HE Hrlels whHo =N ok R OE
ZE 5738 Aol 45 ambroxol (250 mgkg)s AME-
ST (Lina ef al., 2008). A EFES 7 vl (8 F3
Samtako Co., Ltd.,, Osan, Korea)ol A7 T3} 30 &
5, FAl=d= (500 mgkeys EAFARSIAL A 30 & § U
ﬂl%OﬂEﬂEé o] &3l WEHAIA HF tleHs ddste] WUy
ANZ1 &, 713 (trachea) DA S AA|81] T}

LEE 7S 1 mee] A ¥ 30 & 5
3192, 10,000 rpmlZ 5 F7F ALl A4lEa] sk
A5 IN NaOH &9& H7F (359
NaOH 0.1 m H7H3g+ T 546 nm oA F3=S =4 sl
29 dAEgse FEM A9 S48 Pk

Genes symbol Primer/ Probe Sequence mRNA targets

Forward 5'-ATTGCACAAGAGTGAACACC-3'

Ccr9 Ccr9
Reverse 5'-GTCAACAGCCTGCACTACAA-3'
Forward 5'-TACACCAGTGGCAAGTGCTC-3!'

Ccl5 Cers
Reverse 5'-TGTACTCCCGAACCCATTTC-3'
Forward 5'-CCCGAACTGTCGACTTTTGCT-3'

Ccr3 Ccr3
Reverse 5'-CCTCTGGATAGCCAGGACTG-3'

14 Forward 5'-GGATGTAACGACAGCCCTCT-3! L4

Reverse 5'-GTGTTCCTTGTTGCCGTAAG-3'

o Forward 5'-AAGCAGCCTTGCAGAAAAGA-3' 10
Reverse 5' TGGGAAGTCGGTGCAGTTAT-3'

s Forward 5'-CATCCATCTCGTGCTACTTGTGTT-3' e
Reverse 5'-CATCTATCCAGTTGCCCTCTGTTT-3'
Forward 5'-TCTCATCCAGCAAGAGATCC-3'

l117a IL-17A
Reverse 5-AGTTTGGGACCCCTTTACAC-3'

Tnf Forward 5'-GCCTTTCCGAATTCACTGGAGCCT-3' INF

n -0
Reverse 5'-CCCCGGCCTTCCAAATAAATACATTCATA-3'
Gapdh Probe VIC 5' TGCATCCTGCACCACCAACTGCTTAG-3' GAPDH
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14. jl_n_}xll\xo-lx-“ §I—I\‘I

B od¥e EERSH @A 1913 5¢€ 31Y HE A

4379, 4RI 20159 19 200 HE Al 130235 )l AT
KT&G 479 s=ddas1dslel o3 sA=AT (52

HE: KT&G18-007).

71U AE 713AE ol&alA migat=r] 34k 3
E (KGC-03-PS)e] 71#A] =94 &8s H7ls }912
(Jones et al, 1995) W] FE<l ZTZF (rolipram) 5
uM, KGC-03-PS&

100 pg/ml, 200 pg/ml, 400 pg/mé =
st A

71Y32 (350 - 400 g, Orientbio Co.,
Eumseong, Korea)& T4 45Y Fof 7|Ug2E A48 AA}
A 3 7|38 & HESHIT
E}O|20]= (tyrode) Aol 718A]o] Eof E}
AAG & AFo] 2-3 W7t TREES o BYo R Ilst
AT Al Folle 7HA] 25E BIshAA g A
k<)

o)

o
A= Z RO

=

< ANfstal o R A Adg & A7|EX (organ bath)
ol &4~ (suspension)3tHaL, LGAIZke] QPHSIAATE o] F
7W}E (carbachol) 25 ng/ml& Wi 7|9A] 58 .[OTHEL@}%{
A88] FA] Fodol o) 7|HA] A E4S S5t
Atk
7134 75 AAE %)y 7l o F5E vlast
o Aiketdon, 71@Ae] FSolghe AWMET] (force

transducer, WPI, Sarasota, FL, USA)¢} 912449 Az] &4
A 7] (powerlab 8/30, AD Instument, Sydney, Australia)S
o]-g-sted 33Tt

15. SA=H
AR e 7F $2] HolHe 72t 3% At
standard error (SE)= YERHOH, SEAANAM=
11.0 software (IBM-SPSS Inc., Chicago, IL, USA)E
ko] dhulx] FAFEA] (One-way analysis of variance;
ANOVA) 9] Duncan’s Multiple
(DMRT)Z fro/de ASsIaL, Al2dd
77 (independent samples #-testyS ©|-&-

means +

SPSS
o] Q2

Comparison  Tests
oMe SHEE T
3] felye A%

a3tk p @kl 0.05 =5 0.01 TEsle] EAsigon, 7+ 4
o T Al BAHSE folF Aol7t e AoE WAt
Act.
2 o oz
1. FES2RH F2 84 42 24
B Aol AR AE FEEES] AR GH) AR F
S SEI9EIM, EEE A MigakRr] FEE, 34
F=E 9 KGC-03-PS (MHA=71/84 3 0 1 H5FE)E
UPLC % HPLCE ©l&3alX s 48t wigak=7]
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0l

=2

FZE|A rosmarinic acid (69.86 mg/g), luteolin (1.72 mg/
g), nepetin (8.26 mg/g), hispidulin (7.56 mg/g)®] LTS
goigk &= AL, T4 FEENA Q] ginsenoside Rg;, Rb;
2] Rey®] $HS 747} 137 mg/g, 836 mglg, 2.74 mg/gS
Yelldt (R= BAIA]). KGC-03-PSAlA= nepetin (5.42
mg/g), ginsenoside Rg; (0.22 mg/g), ginsenoside Rb; (2.06
mg/g), ginsenoside Rg; (0.51 mg/g)e] A&EgHao] et
(Fig. 1).

2. IR | /et =8 Higd etk
ojxe] AT Aol kst % FEF &
PAp=719F Fakel gk HlEE EetEo] gk

H7} 319tk (Song et al., 2017).
50 pg/md o 1;H7]ooﬂ‘:'zl H3LE

32 B31E (CFD) 23 MH-S Al
]iﬁlmuﬂoh}zﬂ FEES510:1,5:1,3:1,1
D130 109] Hl&= 42 E3= 100 ug/ml
LR A Zél_ﬂr CFDOﬂ o8] 7k ROSS] A #ko] 7
AFE AL BES = Y %@1 L/HHW}ZH & v
€01 10:1,5:1,3:1,1: 2 394 welFel (p
< 0.01) ROS A4 A= i‘iit} RBL-2H3 AIXFE o]&
A A 2 owjdR=r] vjgE EFE (100 ugml) 9
leukotriene =& JA| SAJS =t A, w272 B
SE Mgl 31,1 :1,1:3,1:5 1: 1004 #9
21 (p < 0.01) leukotriene W& A E/Jo] YERATE
ole} 2 Aibe, ditsl AL 4 el BEgE =
9}}_7_’ 6}017‘ 5]—/\4 o HHOP;'(]—7\7] %Paoko] %0 l-‘—oh:]. 1
ZF 1 : 39 MR EFEANA T ﬂ%z%ﬂ Hj3)| =
& = (p < 001 ROS A 2 leukotriene L& <A
B e
3. CFD % $57| &4 29olM A=Y /Ed &8

HI2Y 57| 85 M 24 tlw
T =7

===11

FEES A7 Ve

1:51:10, 3 :1) T8 &3 &5 Fo ,
CFD-th &, Sz AJMOM 23 lungs 10%
formaldehyde £l 2793 & H&E, MT 941 43513

E]— Aol Wlsl coal¥} fly ash®} DEPS INTHHOZ
A3t CTL 2504 H&E GAHE B3l dMxE o] F7¢]
]L A& AT F AL, M-TENHS B3l wdAf7t

Z7hhe A AT 5 AT,

Positive control$] N-acetylcysteine (NAC) F¢ Z1H
CTL T Hlsf gk HAME ¥y wddfTt sk A

< o3 4 AL} ;S:ALJJF Hﬂol—;]_zﬂg 11;_}% =2 7} &

oqt& 2FNME CTL 25l H]oH o2 o Alxd} wdd
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Fig. 1.

(A) (B)

Ginsenoside standard (UPLC-PDA. 203 nm)

KGC3P (UPLC-PDA. 203 nm)
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(HPLC, 342 nm)

Nepetin. 26 554

o & Homoplantaginin-15.634

Nepetin-26.975
P Hispidulin-35.271

Chromatogram and structure of four compounds purified from KGC-03-PS (KGC3P). Rg;, Rby, Rgss, and nepetin were
identified as marker compounds of the Korean re(r ginseng and Salvia plebeia R. Br. mixture (KGC3P). (A) UPLC-PDA
chromatograms of three standard ginsenoside mixtures at 203 nm, (B) UPLC-PDA chromatogram for KGC3P mixture at 203 nm,
(C) HPLC chromatograms for standard nepetin at 342 nm and, (D) HPLC chromatograms for KGC3P mixture at 342 nm.
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Fig. 2. Determination of optical ratio between Korean red ginseng and Salvia plebeia R. Br on suppression of creating radical and
leukotriene. (A) The MH-S cells were combinedly treated (100 g/mé) with Korean red ginseng (KRG) and Salvia plebeia (Salvia)
extract and after stimulation of coal combustion-fly ash-diesel exhaust particles complex (CFD) (50 zg/mé), (B) The RBL-2H3 cells
were combinedly treated (100 1g/m) with Salvia plebeia extract and Korean red ginseng after stimulation of calcium ionophre
(20 pg/ml). Data are shown as means = SE. Significant difference from vehicle control; “"p < 0.01.
T E S A= 1 3 HleE EgEle] F s UERiIAL o5 SamidRi=719] Bl 1 30k 7}
g aFdlx &z ex CTL 25l vish o Alxo] gl 4 2 oAazs vt (Fig 4A, B).
A3 WAERTE sk A B0 5 U0 (Fig. 3). phe-220] BAL #H 2204 flow cytometry +412 &3l
CFD = vl 2o YUl o = NACSH 34T - M ETFE CDIL/Gr-1" WiEE (%)= w48 § & AETE
WARt=71E BlEE (1 1, 123, 15, 1:10) Fofol  AEslo] 7k HoMe] A F Alx 5 AEsilt. o
W2 BALY lungol|Ae] FMEFS A3 A3, BALZ A3 CFD FY3g tizw+e] BALY HlA CD11b'/Gr-1" ¥

lungol el FAEFE FAMAA=A] H& 1139 105 o AZ 57b fold b S5k Blsiln). weka=]
7} Y& (CFD_CTLP ¥isel BASHOR fo18 9A  Folzol BAL# Aolie Tamga=s] Bg% Folo n
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(A) | Positive control(N-acetylcysteine) and Samples orally administration, dai Iy | Sacrifice
| CFD [Coal (5 mg/ng), Fly ash (10 mg/n2), DEP (5 mg/m€)] |
intranasal tracheal i.n['ection (100 p2y
| | | | | |
| | ! [ [ I
Days 0 4 7 10 11 12
(B) CFD_ Salvia

IS Vi

KL X%
o £ vl

Fig. 3. Experimental schedule to make coal combustion-fly ash-diesel exhaust particles complex (CFD)-induced mice model and
Histopathology. (A) Mice were individually or combinedly treated (200 mg/kg BW) with Salvia plebeia extract and Korean red

ginseng and N-acetylcysteine (NAC, 10 mg/kg) daily for 10 dagl

day 7. At day 10, mice were sacrificed, (B) The thickness o
measured by H&E (Hematoxylin&Eosin) staining and M-T (Masson'’s Trichrome) staining assay, respectively. (WT; Balb/c normal,
CFD-CTL; CFD-induced mice model control, CFD_NAC; CFD-induced model and orally administration of NAC, CFD_Salvia;
CFD-induced model and orally administration of Salvia extract, CFD_KRG; CFD-induced model and orally administration of
Korean red ginseng, CFD_KRC:S-1:1; CFD-induced model and orally administration of Korean red ginseng and Salvia 1 : 1
complex). Lung tissue were observed using a visible-light microscope at a magnification of 200x (green color bar; 100 zm).

2t CDIIb"/Gr-1" | A2 7} fold e o2 Ia
kS elstl. §3] BAL 2 #lZFoA &% CD4's}
CDI11b'Gr-1"9] & 84 HEFE NACS S4midat=z719]
vl 1 : 3 BgEo] =7 (CFD CTL) vlste] FA4
o2 oA A AAaFHAT [Fig 4. C, D, (p < 0.01)].
T3 BAL fluidolX ELISAE F3 A5-72Ak IL-17A,
TNF-0, MIP-2, Z8]3 CXCL-19] AArers =338k A3 o
Z2] BAL fluido| A IL-17A, TNF-o, MIP-2, @3
CXCL-19] AAkego] BT FAISH frod Al F71sisith
a8y 34 9 egA=r] g e e B9E Fof
oA IL-17A, TNF-o, MIP-2, 283 CXCL-19] AJAro]
7AagRs ERIslGt. 58] 87195 ' A e &
AHMRRt=719] WS 1:3 B9 FoA] tix- (CFD_CTL)
of Hlale] FATHOR FoA A FAHEUL (Fig. 5, p
< 0.01), T4 e wgA=7] @ Fojo] vl E {2

225

s and intra-nasal trachea injected with 4 mg/kg CFD at day 4 and

alveolar wall and detection of collagen fibers in lung tissue was

4 Al ZHeA T

CFD f= vl mdlof] Sabmjedt=7] vlgd (1 : 1, 1
23, 1:5 1:10,3 : 1) Fqo W& lungdlAe] ASA
o]E7}1 (IL-17A, IL-1p, IL-6, TNF-a) mRNA 73z &
S =43 A3, Fig 624 HSAPIEZRI (IL-
17A, IL-1B, IL-6, TNF-a) mRNA 58z} @&o|r Fabmj
oFx}=7]9] HI& 1 : 30] Y& (CFD_CTL) H]dle] &4
gHoz Foi A ZAE YERIAY (p < 0.01). 954
AtolEF}elel TL-17A3 TNF-0, 28|32 CXC AR7}!
ligand ALl Cxel A7} A5 ddste] dSAER] &
79 @SSl #Asitl= H o] wel (Kolaczkowska
and Kubes, 2013), 34MigA=7] B3EL o]E cytokine
9] HHE 243l ulet 73R GFAEE HAATE A
o2 AlsHC}.

=
EI_.
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Fig. 4. The Effect of Salvia éJlebeia, Korean red ginseng and complexs on the infiltration of granulocytes in airway from coal
combustion-fly ash-diesel exhaust particles complex (CFD)-induced mice model. The total BAL (A) and lung cells (B) were
counted using flow cytometey and the granulocytes infiltrated to BAL. The percentage of CD11b*Gr-17 cells in (C) BAL and (D)
lung was evaluated by flow-cytomery. Data are shown as means + SE. Significant dif?erence from CFD-CTL control; “’p < 0.01.
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Fig. 5. The Effect of Salvia plebeia, Korean red ginseng and complexs on pro-inflammatory cytokine in BALF. The production of IL-
17A, TNF-a, MIP-2, and CXCL-1 proteins in airway was measured by ELISA. Data are shown as means + SE. Significant
difference from CFD-CTL control; ""p < 0.01.
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Fig. 6. The restoration of airway immune response associated chemokines and inflammato

cytokines by Salvia plebeia, Korean

red ginseng and complexs in coal combustion-fly ash-diesel exhaust particles complex (CFD)-induced mice models. The
gene expression of airway immune response associated chemokines and inflammatory cytokines in lung isolated from CFD-
induced mice models were analyzed by real-time PCR. Data are shown as means = SE. Significant difference from CFD-CTL

control; “'p < 0.01.
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Axze] F AXE 75 #Es 49 leﬂ‘ﬂzl
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Al 7 S7FeIem, S7H BAL B #H o] Al Al 5
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AT TS nhe2 agor] FEEER AES SR
AdTE E3] KGC3PE 100 mgkg, 200 mgkg, 400 mgkg
EO#?LO] izt (CFD_CTL) Hlate] FASHA o= fo)d
Al FAE JERIITE (p < 0.01). 3 BAL AlXAA &
??L £ gRlskr] 918l Diff-Quik G4§+ A}, CFDel| ¢
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= P o=

EAsH o7 oA s,
(Fig. 7).
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Fig. 7. The effect of KGC3P on airway immune cell number and neutrophilic airway inflammation in coal combustion-fly ash-
diesel exhaust particles complex (CFD)-induced airway inflammation mice model. Mice were treated with KGC-03-PS (50
mg/kg, 100 mg/kg, 200 mg/kg and 400 mg/kg) and N-acetyleysteine (NAC, 10 mg/kg) daily for 10 days and intra-nasal trachea
injected with 4 mg/kg CFD at day 4 and day 7. At day 10, mice were sacrificed. (A) The total BAL cell and (B) neutrophils were
counted using flow cytometey and cytospin, respectively. (C) photomicrograph (original magnification, x 200) of BALF cytospins
from a CFD-induced airway inflammation. Data are shown as means = SE. Significant difference from CFD-CTL control; ""p <

0.01.
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Fig. 8. The dose dependent reduced production of ROS by KGC3P in BAL fluid of coal combustion-fly ash-diesel exhaust

particles complex (CFD)-induced mice models. The ROS production of BAL fluid was analyzed by flow cytometry after

staining with DCF-DA.
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Fig. 9. Effect of Salvia, Korea red ginseng and KGC-03-PS on

the amount of tracheal phenol red secretion in mice.

Mice were orally treated with Ambroxo (250 mg/kg),

Salvia (200 mg/kg), KRG (200 mg/kg) and KGC-03-PS (200

mg/kg). Results are expressed as means = SE. 2 -3

experiments. Significant difference from vehicle control;
p < 0.05.
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Fig. 10. Effect of KGC-03-PS on carbachol-induced contraction
of isolated trachea from guinea pigs. The concentration
are expressed as a percentage of the maximal concen-
tration induced by carbachol (25 ng/mf). Rolipram; 5
1g/ml. Each bar represents the means + SE. of 2 -3
experiments. Significant difference from vehicle control;

p < 0.01.
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