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Inhibitory Effects of Ssanghwa-tang on Lung Injury and Muscle Loss in a Cigarette Smoke
Extract and Lipopolysaccharide-induced Chronic Obstructive Pulmonary Disease Mouse Model

Jin-kwan Choi'*, Won-kyung Yang"?", Su-won Lee!, Seong-cheon Woo', Seung-hyung Kim? Yang-chun Park!?

'Division of Respiratory Medicine, Dept. of Internal Medicine, College of Korean Medicine, Daejeon University
Institute of Bioscience and Integrative Medicine, Dagjeon University

ABSTRACT

Objectives: This study evaluated the effects of Ssanghwa-tang (SHT) on lung injury and muscle loss in a COPD mouse model.

Methods: C57BL/6 mice were challenged with cigarette smoke extract and lipopolysaccharide, and then treated with two
concentrations of SHT (250 and 500 mg/kg). After sacrifice, the bronchoalveolar lavage fluid (BALF) or lung tissue was
analyzed by cytospin, ELISA, real-time PCR, flow cytometry analysis, and H&E and Masson’s trichrome staining. The grip
strength of COPD mice was measured using a grip strength meter. The running time of COPD mice was measured by a
treadmill test. Muscle tissue of the quadriceps was stained with H&E and Masson’s trichrome staining.

Results: SHT significantly inhibited the increase in neutrophil numbers in BALF and significantly decreased immune cell
activity in BALF and lung tissue. It also significantly inhibited the increase in TNF-a, I1L-17, and MIP2 in BALF. Real-time
PCR analysis revealed that the mRNA expression of TNF-a, IL-17, MIP2, and TRPVI in lung tissue showed a significant
decrease compared with the control group. Lung tissue damage was significantly reduced in the histological analysis. The grip
strength and running time of the COPD mice showed a significant decrease compared with the control group. In histological
staining, SHT was found to reduce the damage to muscle tissue.

Conclusions: This study indicates that SHT can be used as a therapeutic agent for COPD patients by inhibiting lung
injury and muscle loss.

Key words: Ssanghwa-tang (SHT), chronic obstructive pulmonary disease. cigarette smoke extract (CSE). Lipopolysaccharide
(LPS), muscle loss
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EHiFZ=2 Lipopolysaccharide2 ket SHIHAHME IS SS2HM Katete| HEa 3 2z A gut

A zae 1342_4' o= p;].o]—sl__]_
EF 522 (Cigarette Smoke
Extract, CSE)3} Lipopolysaccharide(LPS) 2 4
g COPD $E2RM& oj83le] 5243} 7|34
#HE A& A (Bronchoalveolar lavage fluid. ©]3}
BALF)ollA & A Z4E 243197, &3 cytokines
£ enzyme-linked immunosorbent assay (|3} ELISA)
2 BNl o, WA Eo oigt 933FS fluorescence
-activated cell sorting(e]s} FACS)e2 A3}
T, A ARk v A EE real-time polymerase
cham reaction(¢]3} RT-PCR)o.2 &A3}gon,
Hz2A &4 94 242 9 RS %"‘H %718t
93, grip strengthS 3 23S
treadmill S ©]-8-3}+ *—X] T49& é"é }"’ﬂ—’ '”’]
Z A 25 dEAFT RS 53 ke
o8 235 3—2}?175}‘317]°ﬂ N3 wlelo},

. x|3 2 diy

a‘d‘ﬂl A48t 23}k Ssanghwa-tang, SHT)<]
'7"‘3‘4’2% X,_ gteF(Daejoen, Korea)ollA %
FAZ L8 Taple 13 2ok %
i}EL 500.0 g°ﬂ ko 10wHel T SFTE
7Vste] 3k5 FZ7](Heating Mantle Stirrer analog,
EAMS 9502-06. Seoul, Korea)E o]$3ke] 100~120 C
oA 2A17F Tk FEIE IS 23] Ak
= A& qFsieh JHAE At S (rotary
vacuum evaporator, Buchi B-480, Switzerland) &
223t & =4 A% (freezer dryer, Eyela FDU-540),
Japan) & A3 Zxs ¥ YE(-84 T) BA3}
WA AREEkT H o SR 27] oA
5000 goZHE 504 g9 FEES o] 10.08%
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Table 1. The Composition of Ssanghwa-tang (SHT)

Herb Pharmacognostic name Arr(lgmt
Baekjakyak Paeoniae Radix Alba 10.0
Sukjuhwang Rehmanniae Radix Preparat 4.0

Hwanggi Astragali Radix 4.0
Danggui Angelicae gigantis Radix 4.0
Cheongung Cnidii Rhizoma 4.0
Gyepi Cinnamomi Cortex 3.0
Gamcho Glycyrrhizae Radix 3.0
Saenggang Zingiberis Rhizoma Recens 1.5
Daejo Jujubae Fructus 2.0
Total amount 39.5

2) Ak E 717

Al&ol| AFE-3L lipopolysaccharide(©] 3} LPS)=
SigmaAHUSA) el M F3138H ., AE]Al G &
AA 1 mg/mle] T2 AHEsgl on ALS- A7t
A 20 CollA B3}t 1 vholl mouse TNF-a
(tumor necrosis factor-a, R&D systems, USA),
mouse 1L-17(Interleukin-17, R&D systems, USA),
mouse MIPZ(Macrophage inﬂammatory protein 2,
R&D systems, USA)
Bovine Serum)+ Serum Source/‘} USA Xﬂ
D-PBS(Dulbecco's phosphate buffered saline),
formaldehyde, DMEM, RPMI-1640 ®j %¥2}-> Sigma
AHUSA) AlE+ AHE3I A, o] 99 Aok &+
= A3k

7171%= <9et3EZ7](Daewoong, Korea), rotary

vacuum evaporator(Buchi, Switzerland), freeze dryer
(EYELA, Japan), CO2 incubator(Forma Scientific,
USA), micro-pipet(Gilson, France), clean bench(Vision
Scientific, Korea), autoclave(Sanyo, Japan), water
bath(Vision scientific, Korea), Biosystem XA(Buxco
Research System, USA), vortex mixer(Vision scientific,
Korea), spectrophotometer(Shimazue, Japan), thermocycler

HET - SR - 07 - PYH - UL - viyE

system(MWG Biotech, Germany), deep-freezer(Sanyo,
Japan), centrifuge(Sigma, USA), homogenizer(OMNI,
USA), plate shaker(Lab-Line, USA), ELISA reader
(Molecular Devices, USA), ice-maker(Vision scientific,
Korea) ¥ chemical balance(Cas, Korea) & A}

$steih

Jol| AFE-gH 522 CH7BL/6 Ald AF (2=
dEHle] S Korea)Z 7 7F8S AMLslgl
73 Atgel 9 AHE ATE FA 4T 5
= 50£10%$F &5 22~24 T} fAHES 319

o b

& gk wre) 707 281242 F/9b
HES dglon, 4Y 5T B F7L
4 golsich A sty FEAS-FE L 3]elA
2 Ao djsle] £el(5els: DJUARB2023-013)
& e g ARE Ads,

) Cigarette Smoke Extract(CSE)<] A=

) ZEG 94 9 97 23

Monitering Cigarette 7(Helnr. Borgwaldt, Germany)
1503402 w4l gt &= 22+2 C 9 A+

5 60£5%2 FAZA AaAA RS AA
stk 25471 (RM20/CS, Heinr. Borgwaldt,
Germany) S ZFHle] Aol ARk 1 1503308
TA e wstel LA 2.00£0.022 (7% T
Zo]=tip paper Z°| 3 mm)Z 3G, FAF]
= 60+0.5%, ¥ F3)= 36,0403 mZ skt 7]
S 289 AL 02 mm FAEFA DE (cambridge
filter, 1S03308 T+4%. USA)E AHS-3H3iot.

bt o
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=1} Lipopolysaccharide2 Fetsh oHA

(2) 2FH A7|$5EY F
A5EA719 cigarette holder°ﬂ/\1 23 4
717} A% ARA 5 E F3ste 100 ml ik
719 AALZetATo| Y2 v, isopropanol 50 ml
= ARl EEM A EFS F A7 o)A
AZe WAsle FE3A F& F AH3 oy
A o]83le] TEHI} FFAS
Scintillation vial(03-340-25N, WHEATON, USA)
of o} AL 7IAE o] L3l FHF l"‘zs}"’ﬂ‘:}
3) COPD &% =9 Az 4 o=

F2 9] £71¢l C57BL/6 AL /‘HH e
z —zv“')’ﬁﬁ FZ-E(Cigarette smoke extract, CSE)
1 mg/ml¢} LPS 100 pg/mle 1:12 E3sle] 13]
50 ul, 5 13], & 357 £4941A COPDE s}
oot WA 7% Chloral hydrate(C8383, Sigma,
USA)E 37 FAld AFAE "HA o
CSES} LPSe £gd& 7|22 Foi3iich. Ag
o e 3 AEE AR 4 AT
(Normal, n=8), CSE¢} LPS &g & £ o
Z7(Control, n=8), CSE$} LPS & 5

0_1
FEREL LD
al

3 dexamethasone 3 mg/kgs g
Z7(Dexa, n= 8 CSE¢} LPS &gl & Fois}
A3erE 73 FoIgt A (SHT 250, 500 mg/kg,
A o) o2 aie, e el 27 541
d AF= APsigoen, A¥ 2z & 1247
o ANT AN B e, 24 Agrel

AF A A 71329 £A = H (Bronchoalveolar lavage
fluid, BALF), =122 (lung tissue),
tissue) = )3k
4) 7|AAHA E Hli“—'i(BALF)ﬂ b

AYFES AY F5d(28Y 2Pl urethaneS
2 upHste Ay, FEE gl 7EE =324
71 o2, 7]F(trachea) ol FA|E AFslsled
IAANAH FA71E o] 43le] FBS
= 3534 ¢-& DMEM wiA] 1 mlZ ) (lung)
gte g 33] =3A 7| AAF E - N (BALF) &
doleh. BALFE 4 C, 1,750 ipme] 24202 94

ZZ% (muscle
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5) BALF & % neutrophils &~ &4

BALFE “H*J_i cytosping AJ3)3led neutrophils
$E 2319 WA ;‘dz%s. 3 o 2] s}t
7, Diff-Quik stainings 33] A]33t o1&, PBSE
23] A & 7k LHE PIA F 45709 slides
A 2Fsted 4008 &) AJofell A 3333l m| 7 (Nikon,
Japan) 2.2 ZA 3}

6) Enzyme-Linked Immunosorbent Assay(ELISA)

BALF W TNF-a, IL-17, MIP29] W&zt =]
< ¢]3] ELISAE 433t} Capture antibody$t
coating buffers &383ted 7+ wellell 100 pl® A7}
33, 4 CTE A3t 3534 £ o=, washing
buffer= 43le] ZAA AAsHCE 242 wellel
assay diluent 200 ul¥& Y1, Alol|A blocking
< 1A7F 59t 8 o2, washing bufferZ 43]o] 2
2 AAstgd} oh2 o2 capture antibody?} ZE
% 96 well platesl] 7+ A9 standard 100 wl=}
A Y A7 59 Aol HbEAIZ o
% washing buffer® 33 AA3 5, 2 wellol
biotin-conjugate antibody reagent 100 pl& =3
ohs, AellA 1217 ek vESAIZER o] % washing
buffer2. 23] M2 8 & streptavidin-HRP solution
100 I 2 welloll A2lzte] Aol 1A Fat
vlex 7] & waghing buffer 23]ol| 23 A= 3}
gtk oo substrate solution 100 pl& #7}ske] 20
& o] 83}

'75:';
T=

#2Ae| A TNF-a, 1L-17, MIP2. TRPV1 mRNA
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£E2& ZA37] A3 real-time PCRE
F3steh A7 Hx2A& HZEs RN7) Azol
(CS-105B, Tel-Test, USA) 500 mE A7|st 5 &€
a 7bA] B3l ek o] & &3 Hflel chloroform
(CHCI3) 50 ml& #7bstar 1527 £33t £ 4

2 ste] A oF 200 ml& FE3ldch o] A
o] 2-propranol 200 mE &£§ste] E5o1F ., 15

Zb dgol HHAg v, 13,000 rpme2 YAE
sttt o]olx] 80% EtOHZ A4 3 o}, 38 E<t
vacuum pump(ULVAC, USA)Z ZA%A]7 RNAZ
FZ3l9ith. F%3 RNAZE diethy pyrocarbonate
(DEPC, IBS-BW1004, Intron, Korea)Z Az|¥
S5 20 mlel %<9l o5, block heater(2050,
Lab-Line, India)ell* 75 T2 221 3}st o1 first
cDNA Aol AHE-3tsict 94 ubs-& 93l 2 ng
9] total RNAS} DNase 1(10 U/ml) 2 U/tube®
37 T heating blockell A 304 Bt A7 &
75 CelA 10%7F HAAIFE o] % 10 mM dNTP
Mix (4026, 4027, 4028, 4029, TaKaRa., Japan) 2.5
ml ¥ 100 mM DTT(P1171, Promega, USA) 1 ml,
5x reaction buffer(M531A, Promega, USA) 4.5 ml
£ A7}sla, M-MLV RT(M1705, Promega, USA)
1 miE #7138 5. DEPCE A" £74E o

A

HET - SR - 07 - PYH - UL - By

i

ste] 2 Rt 20 Wl HES A3 99
uhs- Egkal 20 plE 2000 rpme 527 YA A
AN 714, 37 T2 block heaterel A 60% S ut
SAIAA first-strand cDNAE FAAZ 3 95 C
o 587t WAt M-MLV RTS £&A A AA
FAE k338t cDNAZE real-time PCRel A3}
At

3413k cDNA= Power SYBR Green PCR Master
Mix(ABi, USA)¢} Applied Biosystems 7500 Fast
Real-Time PCR system(Applied Biosystems, USA)
& AHEsle] AAZE PCRE 4831911, mouse
glyceraldehyde-3-phosphate  dehydrogenase(G3PDH)
¢cDNA probe(Applied Biosystems, USA)S W%+
o2 AR} Probe] primer ¥ sequence™ Table
20 A Alsd 2=, Tagman PCR Master mixS |t
Sl o7 ARSI T, probed] FHEE=71 200 nM
o] F =5 uS-AZt}h Real time quantitative PCR
Z71o) A pre-denaturation< 50 T2 2%, 94 CT=Z
10%, 40 cycles® 95 CTZ 152, 60 T2 1% 433}
gk WREFo 2= GPDHE AHE-slsit) Relative
quantitative(RQ)X target group® Quantitative
PCR y=x(1+e)nZ AAFFIH(y =yield, x=starting
quantity, e=efficiency, n=number of cycles).

Table 2. Oligonucleotide Sequence Used for Real-time PCR

Gene Primer Sequence
TNF-q Forward 5:—TGCCTATGTCTCAGCCTCTTC—?'
Reverse 5-GAGGCCATTTGGGAACTTCT-3
1117 Forward 5:—CTCAAAGCTCAGCGTGTCCAAACA—B:
Reverse 5-TATCAGGGTCTICATTGCGGTGGA-3
MIP2 Forward 5:—TCCAGAGCTTGAGTGTGACG—B:
Reverse 5-GCCCTTGAGAGTGGCTATGA-3
TRPVI Forward 5-GGCTGTCTTCATCATCCTGCTGCT-3

Reverse 5-GTTCTTGCTCTCCTGTGCGATCTTGT-3

G3PDH VIC

5-TGCATCCTGCACCACCAACTGCTTAG-3
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8) BALF W WAz & Z BX(flow cytometry
analysis)

F2jsk BALF ¥ #Hx24]9] J25s <1z =
At 3 4 TellA W9 33394 (immunofluorescence
staining) & AlAEt9 . Z+2be] BD  Pharmingen
AH(San Diego, CA. USA)®] PE-anti-CD4(553047),
PE-anti-CD8(553033). PE-anti-Gr-1(553128), FITC
Rat anti-CD69(552879), FITC Rat anti-mouse
CD21/CD35(553818), PE Rat Anti-mouse CD62L
(553151), PE Rat Anti-mouse CD44(553135),
PE-anti-Siglec-F (562068) & ¥ 30£7F d-3olA
HESAI AT o] & 33]of AA QlAREE AEAAeR
FAgE H, AEe] BE ¥]&(%)<= flow cytometer
2] Cell Quest =272 (BD Biosciences, San Diego,
CA, USA) < o|83le #A31ar, FH 4 (total cells)
71Eo 2 ste] A A E4(absolute number)
=Z390.
9) Hematoxylin & Eosin®} Masson's trichrome %34
H&E @A M-T 9Ao2 d9 &4 AEE
H7ysb7] $lel FZ(structure) 9 HHA3te] H=E
(alveolar) @ A|7]2A] (bronchiole)] efel
Az Af A=E 2ttt 10% neutral buffered
formalinell #H2AE 24A7HE IAAZ H2,
graded alcoholZ ErA|AE o] 3 Fletdle] Eu)
stedA blocks Al=FsE &, microtomes AH-she
4 um A9 24 AHE e o]F H&E
AAE $8 &rtel=F 1¥ F<¢F hematoxylinel
DA 325 SRSl o8 W AlEska, 3023t
eosindl FFH7F A Z2E SRSl o8 A
AAstg el ololA 10%—95%—100%S] A=
ethanolZ 18] Wl A& 3le] HA3} A=E JAE
A AZE & 1827F xylenedll B7FFATEE ©)E mounting
medium xylenes AHE-sle] JFH o2 cover-slide
S A7 o5 Fstdn] (Nikon, Japan) o2
20000 ol A 259t Masson's trichrome 94
= AAEP] Y8 FA 4 ume] AHE Az
g gietd, &4, A #AE 713 3 Bouin £

T

16

SERUIA Yattlo] Hay ¥ 222 ofF

ol

ot

56 TollA 1A17F 5k WAz & A3 g4,
Weigert's iron hematoxylin Sl o g 1087 A
3tk o]oJA] Biebrich scarlet-acid fuchsin &4
o2 H¥zF G & M A3, phosphomolybdic
phosphotungstic acid &4 o]&ale] 1537+ 219
g of-& 5871 aniline blue £l A A3t
o o202 (5% glacial acetic acid Sl A] 7}
HE 387 sl 249 AW AAE AA v,
JTH 22 cover-slides H-2A1AH 4ern|7 (Nikon,
Japan) &2 200} Eoll A FE3H. AES A=

=
e 8t HE g AZIRA 72 &4
A

1)

H

= A AF A dAE F GSAHE
+ AEY Vi dEE 33 HE(0-2) 2 F7}3}ed
i

10) Grip strength 37

<8 Frbe w2 259 g AkE S
Asled o] & BlAM AR Y ZHS HUksoh A
#H =2 A9F I8E AAR] Hste grip
strength meterS AH&-38lgch AR FES T A
ol AR Hezlog woko EAZ Ei:
738kl et A Aw¥lE mousedl Al 3 W3
(force transducer & = 7] (bar) & €3
3 & moused] wEE Fulo g RAAHA Ao}
3719, mouse”t HEIA] F3ta Hr|E A

N
-

=2
2 ol AM moused] FF b
=

=
=
F ¥ WA s AR RS 2ol

o}, Grip strength A2 7|2 A35 Fs}e]
Ao 2257 o)Al 269 2ol Al sl

11) Treadmill +% A7t A

ATA T dyA A5, 35 &% 8
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2] 9] Hematoxylin & Eosin®} PTAH

A/AIZ - Y - 0]

oo

S8l PUA - 2B - HyE

Mouse®] SHEFAHFZAA Fedt 2%
sietglel] 1A 3] ube] st A& hematoxylin
°“°ﬂ 5%, Z54poll 53, eosin £ 0% FZ

Z3te] Aot =3k wtejd dHE H&
‘%} 1% F77HAF 25 (potassium permangante)
o 2|3 5|, PBSE 33] A A sl 244 7¢
o} phosphotungstic acid hematoxylin(PTAH)
oA A3 o5 £ Fse. 44 %
s38+&u) 7 (Nikon, Japan) o2 100w] £l A
3ot

o
i

it

M olo
e rlo 12 oft o ot Ho ofo dlo

2 ¥ o]E}:= meantstandard
error of mean(SEM)Sli 7]%75}M—T’—. IF 7 ¥
e 5HEE THA oz BT SPSS software
(ver. 12.0, SPSS Inc.. USA)E AH-3tgict. £4A
$-2]AL P valueZb 0058} 2 HLE 7|F0
2 s, o4 0.05, 001 % 0.0015 2 79
2 R

Sacrifice

ol X}
u
CSE+LPS CSE+LPS CSE+LPS CSE+LPS Treadmill Grip strength
Day 0 N 7 " 14 N 21 22 23 24 25 26 27 28

|

SHT (250, 500 mg/kg) orally administration, daily
Dexa (dexamethasone 3 mg/kg) orally administration, daily

Fig. 1. Time schedule of experimental design for CSE+LPS exposure mouse model.

CSE+LPS :
., 2 =
1. BALF LH neutrophil 710 Oxl= H&

COPD7} =l o) =7l A neutrophil< 81,67+
112002 Yept AA-] 1.33+0.8870 B} <]t

intranasal injection of cigarette smoke extract 1 mg/ml and LPS 100 pg/ml.

oF

)~

7}e Rdom, dexamethasones 2|3 9}
25.67£9.9571, SHT 250 mg/kgs 5o
24.33£6.0270, 500 mg/kgs Foist A

0.33£31870 2 vreht 2ol Wlste] RE

oA FosHA At eH(Fig. 2).
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EFEHIFES2 Lipopolysaccharide® et HEHMHHES SS2HM U] Hid H e X

Average No. of neutrophils on
BALF cytospin

ttt

50 4
40 4
SHT250 2y
AR TV e 5§ 30
R
[P B : 20
WE g 4 -
0 T T
Normal Control Dexa SHT250 SHT500
CSE+LPS - + + + +

Fig. 2. Effect of SHT on (A) éyfospin irﬁage of neutrophils and (B) absolute number of neutrophils in
BALF of COPD mice.

Mice were injected intranasally with CSE+LPS (Control), and then treated with Dexa (dexamethasone 3
mg/kg) and SHT (250, 500 mg/kg) for 28 days (n=4). All values are meanzstandard error. ¥ : Significantly
different from the Normal (% p<0.001), * : Significantly different from the Control (** p<0.01, *** p<0.001).

2. BALF % HZ=ZA| LY MHAMZE 20| 0]x[= St ¥ 22 WAME & dste] FACS 45
COPDE A7l EE5ddA BALFS HY Al$)8t A3} neutrophil, eosinophil, CD4™ Al Z=
ANE Ao disle] FACS A4S A8t ZA3} SHT 500 mg/kg FodwollH 228 +9A4 3l

neutrophil, CD4*, CD4*/CD69*, CD62L/CDA44"e* A Zr23k9l 3, CD8', CD4/CD69", CD8*/CDE9",
A ZE SHT 500 mg/kg FodLolM HzLR H CD62L/CD 44" D217 /B220", Gr-1"/siglecF Al
A oA FAsrgoen, Gr-1'/siglecF AxE ZE SHTY 2E ExoA dx2Fid $94 9l
SHT® RE FxoA dzzuch $24 siA 7 A 72315 eH(Table 4).

423t 5H(Table 3).

Table 3. Absolute Number of Various Immune Cells in BALF of COPD Mouse Model treated by SHT

Cell subtypes in BALF Normal Control Dexa SHT250 SHT500
Lymphocyte (x10¢ cells) 3.03£1.22 27.10£9.19" 12.44+0.62 20.86%2.40 11.25+0.63
Neutrophils (x10* cells) 8.23+3.43 24.20+6.41" 13.39£1.44 15.04£2.30 6.92+0.88™**
Eosinophils (x10* cells) 22.46%11.70 42.39£9.74 23.68+0.69 48.31£12.57 26.566.55
CD4* (x10* cells) 3774216 36.03x11.61"  17.37x0.70 24.13£4.05 11.93+1.40*
CD8" (x10* cells) 104078  14.41£2.16™ 10.17+1.44 15.5243.36 13.80+4.38

CD4"CD69" (x10* cells) 2.16+0.58 25.20£5.95" 6.74+0.29** 19.60+6.49 9.20+1.95**

CD8"CDE9" (x10* cells) 0.19£0.17 5.76+2.88 1.40£0.15 2.12+0.26 1.75+0.44
CD62L7/CD44bish+ (x10* cells) 4.80+1.77 67.04+17.80™ 31.62+0.83 47.27+6.18 27.70+4.13*

Gr-1*SiglecF~ (x10* cells) 2.14x1.34 7.58+1.65™ 2.96+0.91* 1.98+0.42**  (0.36£0.19***
Mice were injected intranasally with CSE+LPS (Control), and treated with dexamethasone 3 mg/kg (Dexa) and SHT

(250, 500 mg/kg). Data are presented as meantstandard error (n=8). ¥ : Significant difference compared with the Normal
(* p<0.05, T+ p<0.01, ¥+t p<0.001), * : Significant difference compared with Control (* p<0.05, ** p<0.01, *** p<0.001).
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Table 4. Absolute Number of Various Immune Cells in Lung of COPD Mouse Model treated by SHT

i

Cell subtypes in lung Normal Control Dexa SHT250 SHT500
Lymphocyte (x10¢ cells) 13.02¢1.76  43.03£11.65"  12.79+1.60**  15.45+6.04*  14.50+1.05*
Neutrophils (x10* cells) 7.69£1.66 31.10+8.87™ 14.70£1.51 12.55+4.96 5.97+1.36**
Eosinophils (x10¢ cells) 543t1.34  44.29+1252"  14.30+2.80%  21.48+10.10  12.25+2.45%

CD4" (x10* cells) 11.20£1.81  39.90+8.89"  14.16£1.88**  18.34£7.62  11.18+1.94**
CD8" (x10* cells) 4.30£0.60 25.26+7.46™ 8.44%0.78* 8.40+3.03* 6.68+0.99*
CD4*CD69* (x10* cells) 0.63+0.10 123241497 175+0.33%*  4.80+2.98%  2.33+0.38%**
CD8"CD69" (x10* cells) 0.46%0.19 3.60+1.38" 0.76+0.12* 0.71+0.20* 0.82+0.08*
CD62L/CD44hish+ (<104 cells) — 3.49+0.74  47.74£1046™  11.85£3.10%*  16.59+6.95*  8.15£2.10**
CD21"B220* (x10* cells) 0.72£0.12 5.15+1.17" 1.21£0.15"  1.43+0.60**  1.05+0.27**
Gr-1*SiglecF~ (x10* cells) 3.66%0.79 14.063.47" 157£0.09"  2.53+1.48"*  1.86+0.26™*

Mice were injected intranasally with CSE+LPS (Control), and treated with dexamethasone 3 mg/kg (Dexa) and SHT
(250, 500 mg/kg). Data are presented as meantstandard error (n=8). ¥ : Significant difference compared with the Normal
(* p<0.05, T+ p<0.01, T+ p<0.001), * : Significant difference compared with Control (* p<0.05, ** p<0.01, *** p<0.001).

3. BALF Lf cytokines “&dofl O|xl= Ze
1) TNF-a Al w2 <33

COPD7} fitel o229 TNF-ax 475.77+18.72
pg/mlE Yeht AAES] 2445241491 pg/mlX T}
$-2l8}A 2718143, dexamethasones 2|3+ o

o)

AN Pz

20 mg/kgs Foldt

= 44.21£1.72 pg/ml, SHT
Algl ol A= 60.60£1.97 pg/ml,
SHT 500 mg/kge FoI gt A FolME 70.93+9.22
pg/ml& Jep} SHTE Foidt =
2ol Blasle] fo]3hA FHAE

EE AdTelA

1i=H(Fig. 3B).

A 27-E 249.36213.25 pg/ml, SHT 250 mg/kgs
Folgt Alg] ol A= 341.06£19.54 pg/ml, SHT 500
mg/kge FoIq AF oAM= 395.39+40.24 pg/ml
2 yeht SHT 250 meg/kg FoollA] d 2ol o]
st o3 #HAsksioH(Fig. 3A).

2) 1L-17 Aol wlAE <33

COPD7} ftsl s z2e] IL-17% 97.23+4.46 pg/ml
2 veht AAEE 40.7842.37 pg/mlEet f-2]5HA
Z718l6 2™, COPDE #'#3led dexamethasone

i1
3) MIP2 Aol w]x]= o3gk
COPD7} 4% iz MIP2: 177.10+2.64
pg/mlZ Yeht A2 107.83+2.63 pg/mlEet £-2
s 271381921, COPDE f+s}ed dexamethasone
< A8t N2 121.8047.66 pg/ml, SHT
250 mg/kgs Foi3t AlgFol A 153.35+31.03 pg/ml,
SHT 500 mg/kgs Foidt AFTelMe 113.08+
5.28 pg/mlZ Yeht SHT 500 mg/kg Fofoll A of
Zo wlsle] o8 Akl oh(Fig. 30).
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Fig. 3. Effect of SHT on (A) TNF-q, (B) IL-17, and (C) MIP2 production in BALF of COPD mice.

Mice were injected intranasally with CSE+LPS (Control), and then treated with Dexa (dexamethasone 3
mg/kg)., SHT250 (250 mg/kg) and SHTH00 (500 mg/kg) for 28 days (n=4). Levels of TNF-a, IL-17, and

MIP2 were determined using ELISA. All values are meanzstandard error. T :
: Significantly different from the Control (** p<0.01, *** p<0.001).

Normal (¥++ p<0.001), *

4. HZZ| LY cytokine mRNA 2h&40] D|X|= st
1) TNF-a mRNA 2H&e]] w]x]= o33
COPD7} sl th=-2] TNF-a mRNA Relative
Quantitive(RQ)E 24420582 veht AAE
0.70£0.21¥.5F #7}stgi e, COPDE st o
dexamethasones *|2]8F FA 272 0.88+0.32 pg/ml,
SHT 250 mg/kge Fo8 AgFolME 1.70+0.97
pg/ml, SHT 500 mg/kgs Foist AgFolr=
1.03+0.33 pg/ml& Feht SHT 500 mg/kg 5ol
A A2l Blste] f-o81A ZHAstsioh(Fig. 4A).
2) IL-17 mRNA ¥&of| n]jx]&= o3k
272 IL-17 mRNA Relative Quantitive(RQ)
= 229246912 veht AARES 412+0978 5 =
7}6}‘” on, COPDE ¥ oh3 dexamethasone
S5 A3 A= .86£1.85 pg/ml, SHT 250
mg/kge Fo8t AT = 1557+3.08 pg/ml,

Zz1o
T\_

20

Significantly different from the

SHT 500 mg/kge Foist AgFolME 6.88+1.73
pg/mlZ YeR} SHT 500 mg/kg FoiollA dl x4
of Blsle] fol3tA Ao (Fig. 4B).

3) MIP2 mRNA "ol m]x]:= o33k

279 MIP2 mRNA Relative Quantitive(RQ)
+ 2.3620.68% JeRt AAES 07402324 £
7Vstdem, COPDE 43 vl dexamethasone
< AP AN 2L 0.890.28 pg/ml, SHT 250
mg/kge Fo9t ALl 0.87£0.32 pg/ml, SHT
500 mg/kgs Fo43 AgFANAME 0.84+0.29 pg/ml
2 veht SHT 500 mg/kg ool A d 2ol H
slod foJ3HA A ek (Fig. 40).

4) TRPVI mRNA @& v]x|= o3k

) Z79 MIP2 mRNA Relative Quantitive(RQ)

4771732 Rt AAES 11020522 &
7}5}‘113”4. COPDE {3t b5 dexamethasone
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OodS " ol

= At P dzE 1.88£0.96 pg/ml SHT 250 2 el SHT 500 mg/kg ool A e 2ol w]

mg/kg &

gk Al
500 mg/kgS Fo

Fofdh APFAME 102076 pe/ml SHT  3hod $218bA) zhaskelok(Fig. 4D).

5
g A8 o A= 1.03+0.41 pg/ml
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Fig. 4. Effect of SHT on (A) TNF a, (B) IL—17, (C) MIP2, and (D) TRPV] mMRNA expresswn in Iung tissue
of COPD mice.
Mice were injected intranasally with CSE+LPS (Control), and then treated with Dexa (dexamethasone 3
mg/kg), SHT250 (250 mg/kg) and SHT500 (500 mg/kg) for 28 days (n=4). Levels of TNF-a, IL-17, MIP2,
and TRPV1 were determined using real time PCR. All values are meantstandard error. ¥ : Significantly
different from the Normal (¥ p<0.05, T+ p<0.01), * : Significantly different from the Control (* p<0.05).
b, I T2 &ae| ZAISHA stof 0|x|l= IE Zol v Aoz dx Jer} viwd 7o
A HAxA N Z7)7) 23 FdE § 3}711 FAHE Aol #AFG oM T oA T
G Aol BRHGe, COPDA 428 A2 @K Fig 50). 924 &4 AEE 4
TolME HE FZ77F YA dowA 7= ‘I‘E]‘_G]'(’:] Aoz Hrisk A3} 2L 11.33
#ol w37} Jeptor, dE oz Ax AR +0.322 A= AT 2.00£0.492 5 -2l 5
o] Z713F 7o #AE ). Dexamethasoned # Z7letglom, AU FE-S 5670542 A 9l
28 oFA =Tl 11‘ H]—Eﬂ ﬂ“?—._]?]-ﬂ] ¥ .9 A ZFastdeh SHT 250 2 500 me/kes 44 &
)7} o3 AL 8334061, 7.33£0.552 ieht ‘41;

Az AE A3 lﬂl Hell

A= Folt APTINE
A wEgded 9 2ol Masted 915 kT 5B).
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Fig. 5. Effect of SHT on histophathological changes in the lung of CSE+LPS mduced COPD mice.

Mice were injected intranasally with CSE+LPS (Control), and then treated with Dexa (dexamethasone 3 mg/kg),
SHT250 (250 mg/kg) and SHTH00 (500 mg/kg) for 28 days (n=4). (A) Representative sections of lung stained
with H&E stain and M-T stain. Image from light microscope at 100x magnification. (B) Quantitative
evaluation of the degree of lung tissue damage in the sections. All values are meanzstandard error. T :

Significantly different from the Normal (¥++ p<0.001), *

6. Grip strengthofl O|X|= H&

29 grip force(gf) = 109344712 eht
AAEY] 12921439985} 7HAstg e, COPDE
S8 o2 dexamethasones 2|3t AU 2+
< 108.05£5.94, SHT 250 mg/kgs Foist A
o A= 129.61£3.89, SHT 500 mg/kgs Tt Al
HFol A= 126.26£3.222 e} d 2ol B s}ed
o8 71kt (Fig. 6A).

r{J

it

22

. Significantly different from the Control (*** p<0.001).

7. Treadmill 25 AlZtol| DXl= H&t

279 running time(min)-& 1.39+0.162.2
el AR 11.64£1.318 9 7HAstg on, COPD
2 38 v dexamethasones A28 FA =z
& 3364045, SHT 250 mg/kgs Foidt A+
ol A= 4.84+0.13, SHT 500 mg/kgs Foist Ad
ToME 46240122 Jeht 2ol vlste]
oJ3tA F7skdeH(Fig. 6B).
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Fig. 6. Effect of SHT on (A) gmp strength and (B) running time of COPD mice.
Mice were injected intranasally with CSE+LPS (Control), and then treated with Dexa (dexamethasone 3
mg/kg), SHT250 (250 mg/kg) and SHTS00 (500 mg/kg) for 28 days (n=4). Grip force was determined using
grip strength meter. Running time was determined using treadmill exercise. All values are mean*standard error.
t : Significantly different from the Normal (¥ p<0.01, ¥+ p<0.001), * : Significantly different from the Control
(** p<0.01, *** p<0.001).
B 2% Aol TS Hslo] D] He HERAEES +4 2av) BRAG, =2 4
TS A3 98 H&E 2 PTAH ¢ FEANEES] wdE AL B8] EqpEA e i
A AR A} AN E A il A& AdA glel vebded, FEldd 2o e A
Adste] AW 2} sldlem AfEAEES F w3t #aE e SHT 250 9 500 me/ke ‘l‘°:]'1'_‘
S A4ES] AS weh A4 A ARl olA: A A4S BEs A% Basislert de
AgE Aol #AEH. COPD7} itg o 2ol WA Zo] ®WZ3F 2 ok(small and stick-like shape)
Me A& TS A ARES] Ao el + & 95 AREAEE] B2 £7¢ wWidg
Ahel WEsk Badslon, A 4449 245 3 ol Ao #FAHFig. 7).
SHT250 SHT500
E
=
:
z
Fig. 1. Effect of SHT on hlstophathologlcal changes in the quadrlceps muscle of CSE+LPS mduced COPD

mice model.

Mice were injected intranasally with CSE+LPS (Control), and then treated with Dexa (dexamethasone 3 mg/kg),
SHT250 (250 mg/kg) and SHTH00 (500 meg/kg) for 28 days (n=4). Representative sections of quadriceps
muscle stained with H&E stain and PTAH stain. Image from light microscope at 100x magnification.
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