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1. &9 o o gy

7t CHA M= A

Mouse Mus musculus, macrophage MZE J774A.1 & 10%2| FBS(Fetal Bovin Serum)2f
1%2| antibiotics 7t Zg E DMEM(Dulbecco's Modified Eagle's Medium, Welgene,
Gyeongsan, Korea) MZH{ZH{X|E O8I0 37°C7t |X|E|l&= CO, /RHIOIE (5% COy
95% humidified air) 2tOflA] HEH BY FSHRALY.

CHAIMIZ J774A1 2 2x10°8cells/ml & M ZH{ LT A|(35mm)0| =H|SID 24 A|ZF HYQF
20| EHEX Y2 MEs HZD ME2 MZE HjYHS Ho & T WsA0
LPS(Lipopolysaccharide, Escherichia coli 055:B5, sigma chemical co. st. Louis, USA)
200ng/ml = 0|85t MZO0| At=5 =AM, 22|0t2l2 LPS 2CF 1 AlZh H (X X))t
1 A2 2(EHAE L0 =Ys5tH, 882 10, 25, 50 ug/ml M 822 X X|StRALCE

=2 MZE{IZEIX| OMEM)Z 22|0t2lS CiilStRIEt O] 2 24 A|ZhS H{jotd

H0 ALBYRACE S8 AMSH2 R2E 22:1°C, HU&EE 50:5% ZYFI| 12
AMZte2 #s RAGHRAL, 2" @ 712 ¢ AlRet =2 A& S=0tACL

AlS
SEEES

=22 B4 =7 (control; Ctrl), LPS £ (Lipopolysaccharide induced acute
lung injury; LPS), A2|02 FoFez Lben Mol £os ps £0f 1 AlZt

HEMADL 1 A 2EAMAE SpACE d2|0Rle] £Fo &
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500mg/kg O|H & 8 7f AESZE LtF+0f AASIRULCL LPS (Sigma-Aldrich, MO, USA)

= Ecolj Serotype 055:B5 O|A 22[Z|ALH, 2
2.5 mg/ml 2| stock solution & THE 20 5 mg/kg
DES HESACL MY S22 OFMZ= Zoletil 70
Xylazine hydrochloride 9 mg/kg (Bayer Korea
S EE Ketorolac 1mg/kg(Samsungpharm, Gyeon

Opxeh #o| LS 21Z|0of 21 Y5 Y 7|

rk

HERS| LPS 2 MEIN G0 H0IA
o 8%g 7T L Sojotol HES

mg/kg (Virbac Korea, Seoul, Korea),
Ltd., Seoul, Korea)S AtESI¥D
ggi, Korea)E AHESHRLCE

2 ZE3 F pipet o Z! loading

tip & ZHI0 LPS(Smg/kg)E 1B WE £0f SHACE

He[0rgl MK He2 LPS & FOI5t7] 1 AlZE Fof H2|0t2lE 100(n=6), 250(n=6),

500mg/kg(n=8)2| EF2 2 ZZt 7 FOIRAC. He[0tel2 7IRYEZ 0.9% sodium

chloride 2t 3% Ethanol 1t 1%2| tween-80 12|11

6.6mM sodium hydroxid 2 T4 &

oMo =0A AFESHRIL, CH=ZO|A A2|0t2l Bl O] E3iME 0|t

d2|ote 2MX 42 LpS & Folstn 1 AlZE 20| 3o =2l d20rEls

100(n=6), 250(n=10), 500mg/kg(n=8)2| 8F =2 Z}Z} AT F0f }/ALC}

CHZ=a(Ctrl, n=5)2 LPS Ol d2|AMF=s=, Z2|0rE oyl 20 EsiXS

EOSIRACE LPS EOF (LPS, n=10)2 LPS € EFEOost Az|Ot2l CHAl Az|of2
231 E FAHSHRULL.
2. AHNe] MF U NX|

LPS EE= H2|AMHFE FOjot AZUE 7|FEC2 48 A2t = OHFE S510 A
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IL-1B, IL-6, IL-10 2 BAASHAZEZAAL (Enzyme linked immunosorbent assay,
ELISA) kit (R&D systems Inc, MN, USA)E O|&3}0] 3[AtOAM Xsot o a2t

-

RAHAZM (Enzyme immunoassay) 22 ZFJSIGILE Leukotriene B 4(LTB4) (Enzo, NY,
USA), Prostaglandin E2(PGE2) (R&D systems Inc, MN, USA), Cyclooxygenase 2(COX-2)
(R&D systems Inc, MN, USA) YA| ZAHARM SIS MTFD 420nm  Of| A

SYSIYO BHYUL T Ho| SYXO FRZOE SHALCK

2) S20| JBXHE MHY Yol 3 NE + X 357 40| 5%

Z|SRHZE MAHY Ljo] 2F2| & LIE3H7| ?Io Everhart 2 HHES B0

A%
o
|
N
H
Ral
i
Hel
=
s
2
ot
2
of%
o
=2
ikl

7S HMAHst = 01 ml o PBS Of

Mz =& Mol M Mz & =FF7t AX5te Hes ot +& USRIk

4. Western blot £

CHAIM = HHE O 2 MZ2H 20t 3,000 rpm OA 5 &7t 3d 228 ot =

PBS 2 MEZE MHSIACL MA = 5¢10° 22 MZ & X&E =

{0
N
o
S
=
~
10
a°)
pS)
%

PREP™ (iNtRON BIOTECHNOLOGY, Gyeonggi, Korea) 211 HZO0| L}X| YT 2 XAl

MMAAEL AZACH HZ RI0IM = -20°COlM 20 &2t HIFSHO] A

H
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o
]
0
|.|-|
o
)
|

#CE QXS0 13,000 rpm OfM 5 £7H Y £2E 1 ABAS M EE0 27

EFQ}CH CHE  ZT &= Bio-rad Protein assay (Bradford, Bio-rad)E O|&3}0

ekl QIct &3 THMES sample buffer [50mM Tris-HCl (pH 6.8), 10 % glycerol,



2 % sodium dodesylsulfate (SDS), 1 % p-mercaptomethanol, 0,1 % bromophenol
bule]t =25t 5 F7F 100°COA #O|1, 8~15 % Sodium Dodecyl Sulfate-
polyacrylamide(SDS-polyacrylamide) gel OA F 2 100 Vv 2 T 7| S-S (Electrophoresis)
SIYULCE FI1Bs = gel oM Z22[E EHES nitrocellulose membranes(Millipore
Corp., Billerica, MA, USA)22| O|F5Z <[ immersion tank & transfer & O|& 240
mA E 15 AlZt 3¢ MYEZ ZOFACL Blocking solution(5% skim milk or BSA
solution)22 A20M 1 AlZh BFEA|Z|D Tween-20 O =0{7} A& PBS-T E A
HotQUCH HoE HHESIAX Sh= 1 X &HME Blocking solution Of 1:300 OffA
1:2000 22 3|M510] 4 °CO|A overnight St B A|Z|1, PBS-T buffer £ 3 3
M&3sta, 2 Xt &M|(Blocking solution)& 1:5000 22 3|Mst0] M20A 1 AlZE BHS
AlZ]1, PBS-T buffer 2 3 2| M& = ECL kit(Perkin ElmenZ O|&3}0f membrane =
LHAIA, x-ray film 2 O[&3%}0f O|D|X|E YRACL ALEE LAt &M= ChS1t 2L B-
Actin(Santa Cruz Biotechnology, Santa Cruz, CA); COX-2(Cell Signaling Technology,
Beverly, MA), IL-1B (Cell Signaling Technology, Beverly, MA). O|Xt &X|= Horseradish

She|

peroxidase 7t Z& & anti-rabbit IgG(Cell Signaling Technology)2t goat anti-mouse IgG

(Santa Cruz Biotechnology)O| i Ct.

29| Zt AT H=ot I E 24 A|7h 0|4 10% paraformaldehye O 173t

ot

s2t 22 0gst0l ML, 70% OfE2U 1 AlZt SO HI S MA 5SS
Sk 422 FMASACL 100% OlEE 8AM £22 BE HMA F,

AL (xylene) B8 SES A &0 Malelm, XYM H EHS mat

rE
=

ZOSHY 252 MESHRLCH MEE 252 ZHEX A7 (Microtome; Leica RM2255)&
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M7t oEtES 0|8t 7H88 JEiel =

| &5t0] 5 um FHZ HEAM S2t0[E0

SAAIZCH MAE XYW

oetEHZ  MATE AFEd HEjel Z=AAEE S20|lEE PBS 2 OMAT =
S| OFE A 2l (Hematoxylin) It Of| 2 7l (Eosin) & U (Sigma-Aldrich, St. Louis, USA)Z} Masson's
trichrome @A kit(Sigma-Aldrich)yE O| &30 Yot 3[AOAM ASoh 2HEHo et

U850 200 B =AO|A BIHSHRALE

o 0-3 Mo2 M4HE 0iA
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Ct (& 0-15 &). 5 71<]
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0 1
. . . Scattered in
Intra-alveolar infiltration of neutrophils None
alveolar space
o ) ) Scattered around
Interstitial infiltration of neutrophils None )
bronchiole
Perivenous infiltration of neutrophils ~ None Scattered
<1/3 of alveoli in
Pulmonary congestion None  the microscopic
field
<1/3 of alveolar
Alveolar hemorrhage None
space

Aggregated in <1/2 of

alveolar space

Compact infiltration

around bronchiole

Compact
circumferential

infiltration

In between 1 and 3

In between 1 and 3

Aggregated in =1/2 of alveolar space

Infiltration around bronchiole with
contiguous involvement of adjacent
alveolar space
Circumferential infiltration with
contiguous involvement of adjacent

alveolar space

=2/3 of alveoli in the microscopic field

=2/3 of alveolar space

Table 1. Histological grading of acute lung injury
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(A) Pre-Treatment (B) Post-treatment
Silymarin or Silymarin or
media media
10pg/ml @7 @7 87\ 10pg/ml —
LPS LPS @
= Or — Or e
I I ——
SN O e T mem " g
50pg/ml @ 8 S 50pg/ml @i
1lhr 24hrs 1lhr 24hrs
incubation incubation

12



(1) Pre-Treatment

After 48hrs
sacrifice

Bronchoalveolar
lavage

) 4=

BALB/c mouse LPS or saline W
Silymarin or 1hr after
vehicle

Frozen Fixed in formalin

Lung harvest

(2) Post-Treatment

After 48hrs
sacrifice

Bronchoalveolar
lavage

mn) 4=

BALB/c mouse Silvmari \E/
: ymarin or
LPS or saline vehicle 1hr after 7>’<V

Frozen Fixed in formalin

Lung harvest

Figure 1. Schematic Flow Chart of Experimental Design

(A) Macrophage model (B) Animal model

LPS, lipopolysaccharide
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7. LPS 2 X2 & MM =0 #2|orzio] ojxj= B¢

1.LPSE XSS & HAM=Z0M H2[oj2ie] HMX] e
(1) M= Y L AOIEFHR 57
@ Interleukin 18 (IL-1B)
CHAMZ & 2 20 o M= Y W g39 AR IL-1p 2 242 Ctrl =(0.0
+ 0.0 pg/mhofl H[5{ LPS (1144 + 84 pg/m)OiA S7t5tRCHp<0.05). LPS =0f
HIStY 202l HMX| Z-H0A 10 pg/ml F£OF(66.7 + 3.9 pg/ml, p<0.05),
25 pg/ml £04F(285 + 45 pg/ml, p<0.05), 50 pg/ml FOF(3B.6 = 04 pg/ml,

p<0.050N oA zAsCH 0o 8L

ol

% A 8% oEmHoz

LA CHFigure 2A).

@ Interleukin 6 (IL-6)

MzEjel Lf H5H 2IXter ¢HB0 & 2HSt= IL-6 2| 22 Ctrl T(1749 =
1.8 pg/mhoil H|S{ LPS (60504 + 27.7 pg/m)OIM S7ttRACHp<0.05). LPS 0
H|St0] A2|ofgl MK MM 10 pg/ml FOHT(5744.8 + 14.6 pg/ml, p<0.05),
25 pg/ml EO0IT43743 + 3427 pg/ml, p<0.05), 50 pg/ml EO0I(17850 + 327.5

pg/ml, p<0.05)0lA ROIBIH ZABILH =0 22

mo
ol

% Al 8% o

rh

Moz

ZASEALE (Figure 2B).
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® Interleukin 10 (IL-10)

MZHi QN L StFS0f Bo{st= IL-10 2 22 Ctrl T(56.8 + 4.5 pg/miof H|s|
LPS (425.6 + 6.6 pg/mhOIA Z7t5IUCHp<0.05). LPS =0f H|SH] Az2|0r2l MAX|
oM 10 pg/ml FO (1454 + 25 pg/ml, p<0.05), 25 pg/ml FO0T(96.6 + 7.7
pg/ml, p<0.05), 50 pg/ml £ (423 + 4.0 pg/ml, p<0.05)0A F2|StAH ZA5ALE.

F0] 8= T Al 8F AEH2=E H20/ACH(Figure 20).
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A. B.
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t
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< 100+ © 4000
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N 807 o S 2000
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0- 0-
Ctrl LPS 10 25 50 Ctrl LPS 10 25 50
Silymarin pre (ng/ml) Silymarin pre (ug/ml)
C. 600
= *
E 450
) t
2
2 300+ t
=
: *%
'_‘, 150‘ *k
*%
0_

Ctrl LPS 10 25 50

Silymarin pre (ng/ml)

Figure 2. Cytokine IL-1B, IL-6, IL-10 level in cell medium supernatant at silymarin
pre-treatment

(A) IL-1B level in pre-treatment with Silymarin (B) IL-6 level in pre-treatment with
Silymarin (C) IL-10 level in pre-treatment with Silymarin

Compared with the LPS group, IL-1p, IL-6 and IL-10 were significantly decreased in the
pre-treatment with silymarin. There was a dose-dependent decrease between silymarin

doses.
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Ctrl, control; LPS, lipopolysaccharide only; 10, silymarin 10 pg/ml; 25, 25 pg/ml; 50,

50 pg/ml; Silymarin pre, silymarin pre-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin; 1t for p<0.05 between silymarin treatment group
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(2) M= Y W L-1p 23 QXL

¥

@ Cyclooxygenase 2 (COX-2)

COX-2 9| MIEH{YH L{o| Zt2 Ctrl =(93.7 + 8.6 pg/ml)Ofl HIS{ LPS w(192.1 +
16.3 pg/mhoiA S7t5tRACHp=0.05). LPS =0 H|SHH A2[otgl XX HEHo|M
10 pg/ml £0{7(150.5 + 113 pg/ml, p=0.66)2 XtO|E EHO[X| UA/USL}, 25 pg/ml
E0F1K63.9 + 1.1 pg/ml, p<0.05), 50 pg/ml F£0{T(54.1 + 44 pg/ml, p<0.05)0f|Af

F2ISHA & ASHRICHFigure 3A).

@ Protaglandin E2 (PGE2)

Of

=9 G30Mef Di7HA

I

At MY vt3o| xHEXE 5% J&S St= PGE2 2
MZH QO LHO| Zf2 Ctrl o(213.6 + 22.7 pg/ml)0f| H|S] LPS =(20074.3 + 2067.1
pg/m)0ilAl F 715t A CHp=0.05). LPS =0f H|5t0 H2|otel MAHX| oM 10 pg/ml
E02(4159.2 + 367.2 pg/ml, p<0.05), 25 ug/ml £0I(289.4 + 28.5 pg/ml, p<0.05),
50 pg/ml £0{F(256.9 + 6.0 pg/ml, p<0.05)2 [OISAH ZHASIACH F0of 2 7+
Hlw Al 10 pg/ml EOZ20 HIS{ 25 pg/ml EH2F 50 pg/ml SO KOISHA

HASHRULHFigure 3B).
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A 2001 B. 25000- ,
= = 20000
€ 160 L £
o )
f £ 15000 .
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3 wo & 10000- t
N N
N 5 5000- *
* %k k%
0_ 0_ I I
ctl LPS 10 25 50 ctl  LPS 10 25 50
Silymarin pre (ug/ml) Silymarin pre (ng/ml)

Figure 3. COX-2 and PGE2 level in cell medium supernatant at silymarin pre-
treatment

(A) COX-2 level in pre-treatment with Silymarin (B) PGE2 level in pre-treatment with
Silymarin

Compared with the LPS group, COX-2 and PGE2 were significantly decreased in the
pre-treatment with silymarin. There was a dose-dependent decrease between silymarin
doses.

Ctrl, control; LPS, lipopolysaccharide only; 10, silymarin 10 pg/ml; 25, 25 pg/ml; 50,

50 pg/ml; Silymarin pre, silymarin pre-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin; 1t for p<0.05 between silymarin treatment group
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2.LPSE X528 & A MZoM A2|0j2Ie] TXHX| A
(1) M= B Y L AOIEFHR 57
@ Interleukin 1B (IL-1B)
MZ BiFl L IL-1B 2 22 LPS (1144 + 84 pg/mh0f| BH|SHO FMX| AH0|A
10 pg/ml £ T(26.6 + 4.9 pg/ml, p<0.05), 25 pg/ml £ (1.1 + 0.8 pg/ml, p<0.05),

=13
<]

mo
ol

50 pg/ml F£0{7(0.0 £ 0.0 pg/ml, p<0.05)0l A Fo|5tH ZASIUCE T

Al 80| oEXo 2 LASIALCHFigure 4A).

@ Interleukin 6 (IL-6)
M= H{YH LY IL-6 9 @2 LPS (60504 + 27.7 pg/mhoi H|EH0] ZAX|
20N 10 pg/ml F07(5399.8 + 36.5 pg/ml, p<0.05), 25 pg/ml £ (36734 =
3329 pg/ml, p<0.05), 50 pg/ml F0{7(1530.2 + 112.9 pg/ml, p<0.05)0A F2|5tHA

Haottt 80 S Y Al 80 ATZH2Z H25RATHFigure 4B).

® Interleukin 10 (IL-10)

MZ H{H L 1L-10 O Zf2 LPS T(425.6 + 6.6 pg/ml)Ofl H|SIO] ZXX| HHHOf|A
10 pg/ml EO0F(172.3 + 85 pg/ml, p<0.05), 25 pg/ml E0IT(141.3 + 2.9 pg/ml,
p<0.05), 50 pg/ml 01799 + 9.0 pg/ml, p<0.05) A [OISIAH ZABHACH EOf

A= 2 Al B0 SEH2 = L5 RULCHFigure 4C).
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J774 IL-6 (pg/ml)
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Ctrl
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* %

10 25 50
Silymarin post (ng/ml)

Figure 4. Cytokine IL-1B, IL-6, IL-10 level in cell medium supernatant at silymarin

post-treatment

(A) IL-1p level in post-treatment with Silymarin (B) IL-6 level in post-treatment with

Silymarin (C) IL-10 level in post-treatment with Silymarin

Compared with the LPS group, IL-1p, IL-6 and IL-10 were significantly decreased in the

post-treatment with silymarin.

silymarin doses.
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There was a dose-dependent decrease between



Ctrl, control; LPS, lipopolysaccharide only; 10, silymarin 10 pg/ml; 25, 25 pg/ml; 50,

50 pg/ml; Silymarin post, silymarin post-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin; 1t for p<0.05 between silymarin treatment group
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(2) M= Y W L-1p 23 QXL

¥

@ Cyclooxygenase 2 (COX-2)

HZ HiY L CcOX-2 o Z+e LPS (1921 + 163 pg/miof HIBI0] =X X|
HAHOAM 10 pg/ml FO0T(1246 + 0.8 pg/ml, p=0.17), 25 pg/ml F0{=(150.6 + 5.1
pg/ml, p=0.63), 50 yg/ml £ T(146.0 + 6.7 pg/ml, p=0.52)0| A |2|st X}O|E EO|X]|

A ACHFigure 5A).

@ Protaglandin E2 (PGE2)

M= BN L PGE2 o gt2 LPS ©(20074.3 + 2067.1 pg/mi)0i HISIH Z=X{X]|
Ao A 10 pg/ml FO{(843.6 + 89.6 pg/ml, p<0.05), 25 pg/ml FO{T(2147 + 657
pg/ml, p<0.05), 50 pg/ml F£0§(133.7 + 10.3 pg/ml, p<0.05)0| A FOISAH ZATFRALCE

2 MEYUNM 2 #25 EHOFACL FBY

mo
ol

% A 80 oEXo=

HASHRUCHFigure 5B).
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A. 200 . B- 25000-
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T 1504 = 20000
o E)
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Figure 5. COX-2 and PGE2 level in cell medium supernatant at silymarin post-
treatment

(A) COX-2 level in post-treatment with Silymarin (B) PGE2 level in post-treatment with
Silymarin

Compared with the LPS group, PGE2 was significantly decreased in the post-treatment
with silymarin, and there was a dose-dependent decrease between silymarin doses.

Ctrl, control; LPS, lipopolysaccharide only; 10, silymarin 10 pg/ml; 25, 25 pg/ml; 50,

50 pg/ml; Silymarin post, silymarin post-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin; 1t for p<0.05 between silymarin treatment group
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Ju
Lo
o
o

APO[EZHRl IL-1 & CHE AMOIEZLRIO oo RE &&=

=1

Aoz Y2 T Cox-2 9
252 Ctrl 0| H|3HO] LPS 2 X222 &= #0| 2 Xjo|2

=1

2ol T[QUACE 2Lt LPS 0
H

Of

t 22lotgls Rogt Zof FH2 Zaotgelt woldjgh Xtoj=  OfL| ALY,

HE|0r2Ie] MMX| ZH0oA FO 0 o=

1

1o 2 ZASHALCHFigure 7).
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- relative intensity

IL-1B —_—— e —— — — —

B-Actin - |. . l

Ctrl ctrl 25 ctrl 50 LPS pre 25 50 post 25 50

J774 IL-1B

Ctrl 25 50 LPS 25 50 25 &0

Ctrl pre post

Figure 6. Analysis of IL-1B pre and post-treatment with Silymarin in LPS-induced
injury using Western blot analysis

Protein are extracted from cells and quantified. The LPS group expressed IL-1f (1:1000),
and the silymarine treatment decreased with concentration. B-actin(1:5000). In the control
group, silymarin has not effect.

Ctrl, DMEM only; Ctrl 25, DMEM+silymarin 25 pg/ml; Ctrl 50, DMEM+silymarin 50 pg/ml;

LPS, lipopolysaccharide only; pre, silymarin pre-treatment; post, silymarin post-treatment .

* relative intensity is target protein/B-actin
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- relative intensity

10+
COX 2 — e Bt
8_
N
B-Actin 5 6
0
<
£
Cirl LPS post10 25 50 prel0 25 50
2_

Ctl LPS 10 25 50 10 25 50

post treatment pre treatment

Figure 7. Analysis of COX-2 pre and post-treatment with Silymarin in LPS-induced

injury using Western blot analysis

Protein are extracted from cells and quantified. The LPS group expressed COX-2(1:1000),

and the silymarine treatment decreased with concentration. -actin(1:5000).

Ctrl, DMEM only; LPS, lipopolysaccharide only; post, silymarin post-treatment; 10,
silymarin  10ug/ml; 25, silymarin 25pg/ml; 50, silymarin 50pg/ml; pre, silymarin pre-

treatment

* relative intensity is target protein/B-actin
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Ll LPSE2 §& E Ij

met

3 &2 ZHo|M d2[of2lo] OjX|= JE

1. g3 SE2HoA Ad2[ojzle] MM MY

1) HEs SSZHoN 7|BXHE XYY Lf Ao|EFIQ £
@ Interleukin 1B (IL-1B)

S22 7| XM E MAEHH LY 1L-18 o = Ctrl &(0.0 + 0.0 pg/mhoi| H|8{ LPS
T(202.9 + 111.6 pg/mhOAM S7ISERALE (p<0.05). LPS «0f B[St &[0zl MK
A0 A 100mg/kg FAT(54.2 + 15.3 pg/ml, p<0.05), 250mg/kg FHT(65.6 + 36.1
pg/ml, p<0.05), 500mg/kg £ (39.6 + 23.9 pg/ml, p<0.05)2 |FOISIAH ZATHRALCEH

F0] 88 ST Al 8 el X0l& EO0|X| BERALCt(Figure 8A).

@ Interleukin 6 (IL-6)

S22 7|BX|HZ MAHA Lf BY QX dFFO| 2F 2S= IL-6 O w2
Ctrl (0.0 + 0.0 pg/mhofl HISH LPS #(512.7 + 2944 pg/ml)OIlX Z7tstIACt
(p<0.05). LPS =0f H|5t Az[orgl MXX| MM 100mg/kg FOl= (4524 =+
33.8 pg/ml, p=0.99), 250mg/kg £ (3293 + 443 pg/ml, p=0.26), 500mg/kg

FO (4245 + 69.9 pg/ml, p=0.83)E SASHCZE [F2IStX| ULk Figure 8B).

® Interleukin 10 (IL-10)
IL-10 o 2 Ctrl & (39 + 20 pg/ml), LPS & (63 = 21 pg/mhe2 LItCt
(p=0.1). LPS =0 H[St0] AMz|otEl XX AN 100mg/kg FHT(14.2 + 14
pg/ml, p<0.05), 250mg/kg £HT(13.0 + 3.6 pg/ml, p<0.05), 500mg/kg F0I(17.4

+ 2.2 pg/ml, p<0.05)0A F 75t % ChFigure 8C).
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Figure 8. Cytokine IL-1B, IL-6, IL-10 level in BAL fluid at silymarin pre-treatment

(A) IL-1B level in pre-treatment with Silymarin (B) IL-6 level in pre-treatment with
Silymarin (C) IL-10 level in pre-treatment with Silymarin

Compared with the LPS group, IL-1p was significantly decreased in the pre-treatment
with silymarin, and IL-6 decreased, but it was not significant. IL-10 was increased.

Ctrl, control; LPS, lipopolysaccharide only; 100, silymarin 100mg/kg; 250, 250mg/kg; 500,

500mg/kg; Silymarin pre, silymarin pre-treatment



Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin treatment
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(2 HEZ SSZHNAM 7|BXHE HHH L 1L-1p B 2IX} Protaglandin E2 (PGE2)
S29 72X HE MHH W PGE2 #t2 Ctrl T(1849.3 + 414.3 pg/ml)0fl HISH LPS
T(2454.2 + 1829 pg/mhOiA B7ISIALLt Fo|ot XHO0|E HO|X|= XSIRACHP=0.8).
LPS O H|3t0] Me|Ofel ™MKl HHO|AM 100mg/kg FHT(7149.9 + 3201.5 pg/ml,
p=0.19)2 XtO[7t [AAL2L}, 250mg/kg FOT(6955.1 + 29301 pg/ml, p=0.02),

500mg/kg FO0T(8273.1 + 4219.2 pg/ml, p=0.02)0| A F2IStAH F7t5H U ChHFigure 9A).

3) HHEZ TELHAM 7|2X|H=E MHEHA L S EE 2 X} Leukotriene B4

(LTB4) 5%
S29 7| AR YE MAHH LY LTB4 {2 Ctrl (135 = 6.7 pg/ml0f H|SIO LPS &
(350 + 233 pg/mholM B7I5tA2Lt F2lot At0|= RARACHp=0.41). LPS =0f H|SI0]
Aol ™K oM 100mg/kg FOT (115 + 3.7 pg/ml, p=0.69), 250mg/kg
FHZ2(153 + 6.1 pg/ml, p=0.84), 500mg/kg FAHT(13.6 + 51 pg/ml, p=0.69)Z

74

A tMo 2 R9|SIX| AUACHFigure 9B).
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Figure 9. PGE2 and LTB4 level in BAL fluid at silymarin pre-treatment

(A) PGE2 level in pre-treatment with Silymarin (B) LTB4 level in pre-treatment with
Silymarin

Compared with the LPS group, PGE2 increased and LTB4 decreased in the pre-treatment
with silymarin, but none of them were significant.

Ctrl, control; LPS, lipopolysaccharide only; 100, silymarin 100mg/kg; 250, 250mg/kg; 500,

500mg/kg; Silymarin pre, silymarin pre-treatment

32



8

=l':l=|
et
of¥
ofn
Mo
H
pE
x
N
R
A
&
H
=
a
1°]
=
x
H
4>
*#a
fot
ol
-4
4>
J¥

4)

Ao =TT Y=Y HEd HEe 438d%ts #AE 7Y =FFC

E
ot
Ho

2 oEstAL EACEN = HEYS LA A2 M ATk 00
2 AFME LPS 2 |REE 29 H&EY 8 ZEo| AH2|orzlel 100, 250, 500
mg/kg £ LPS F0 © HAX|E 20| 7|BXHZE MEHA Lo T ~HE &l
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BT &= (Polymorphonuclear leukocyte)= Ctrl (0.1 + 0.1 x 10%ml) ELC} LPS
T(1664 t 47.4 x 104/mhol M F2|StAH F7t5tUCHp<0.05). H20FE MAHX| AN
LPS 0| H|3IO 100mg/kg EO0IF (1082 + 12.4 x 10%/ml, p<0.05), 250mg/kg £0F
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Figure 10. Total cells and the neutrophil in BAL fluid at silymarin pre-treatment

(A) Total cells (x10%/ml) count in pre-treatment with Silymarin (B) Neutrophil(x10%/ml)
count in pre-treatment with Silymarin

Compared with the LPS group, total cells and neutrophil count were significantly
decreased in the pre-treatment with silymarin.

Ctrl, control; LPS, lipopolysaccharide only; 100, silymarin 100mg/kg; 250, 250mg/kg; 500,

500mg/kg; Silymarin pre, silymarin pre-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin treatment
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Figure 11. Silymarin attenuates lung injury in LPS-induced sepsis at pre-treatment.

hematoxylin-eosin staining
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(A) Control (B) LPS, lipopolysaccharide only induced sepsis (C) Pre-treatment in LPS
induced sepsis model with silymarin 100mg/kg on the LPS-induced sepsis (D) Pre-
treatment with silymarin 250mg/kg on the LPS-induced sepsis (E) Pre-treatment with
silymarin 500mg/kg on the LPS-induced sepsis

In control the normal pulmonary architectures such as alveolar septa, alveolar lumen and
capillary were well preserved. The infiltration of inflammatory cells was not observed. In
LPS group the infiltration of inflammatory cell was observed in alveolar space and
interstitium. Mild thickening in alveolar septa and interstitum was suspected.

(magnification, x100)
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Figure 12. Histologic scoring of lung injury in LPS-induced sepsis with silymarin pre-
treatment

Compared with the LPS group, inflammatory score was significantly decreased in the
pre-treatment with silymarin.

Ctrl, control; LPS, lipopolysaccharide only; 100, silymarin 100mg/kg; 250, 250mg/kg; 500,

500mg/kg; Silymarin pre, silymarin pre-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin treatment
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2. ¥3 SSEY0M H2(otElel X HH
(1) g3 SSEHM 7|2XHZE MHY L AtO|EFI £5H
@ Interleukin 1B (IL-1B)

S22 7|2X|HZ MAHNY LY IL-18 9 &f2 LPS (2029 + 111.6 pg/ml)0il H|S}HO]
Ao MK HE0M 100mg/kg FO (1825 + 24.2 pg/ml, p=0.59), 250mg/kg
E0#(1715 + 230 pg/ml, p=048), 500mg/kg FOHT(1454 + 188 pg/ml,
p=0.36)0A |23t A0l HO|X| SAUCE £ 88 7 HWO|M 250 mg/kg Of

H|3H 500 mg/kg OlA F2|SHAl ZA3HRALH (p<0.05)(Figure 13A).

@ Interleukin 6 (IL-6)
IL-6 o =2 LPS T (5127 + 2944 pg/mhoil H|SO AMe|orgl XK
Hel0|A 100mg/kg FHT(509.7 + 689 pg/ml, p=0.68), 250mg/kg FO{T(455.6 +
70.6 pg/ml, p=0.97), 500mg/kg £ (389.2 + 51.3 pg/ml, p=0.60)04A 2|8t X}0|=
HO|X| UL F0f 2 7 HWO|AM 250 mg/kg O HISH 500 mg/kg OIA R2lsHA

ZASHALE (p<0.05)(Figure 13B).

® Interleukin 10 (IL-10)

IL-10 9 2 LPS & (63 + 21 pg/mhol H|sto] Az|Or2l  FHXK|
ME 0| M 100mg/kg £0I7(6.6 + 1.3 pg/ml, p=0.66), 250mg/kg FHZ(6.0 + 1.7 pg/mi,
p=0.75), 500mg/kg FO0T(74 = 19 pg/ml, p=028)0|A F2|ot X}0|= EO[X]|

4 ULH(Figure 13C).
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Figure 13. Cytokine IL-1, IL-6, IL-10 level in BAL fluid at silymarin post-treatment
(A) IL-1B level in post-treatment with Silymarin (B) IL-6 level in post-treatment with
Silymarin (C) IL-10 level in post-treatment with Silymarin

Compared with the LPS group, IL-1B was significantly decreased in the post-treatment
with silymarin, and IL-6 decreased, but it was not significant. was a dose-dependent

decrease between silymarin doses. IL-10 was increased.

40



Ctrl, control; LPS, lipopolysaccharide only; 100, silymarin 100mg/kg; 250, 250mg/kg; 500,

500mg/kg; Silymarin post, silymarin post-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; t for p<0.05 between

silymarin treatment group
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(2 HEZ: SS2HOM 7|BX| M= HXHY L] 1L-1p BHH 91X} Protaglandin E2 (PGE2)

PGE2 2 LPS (24542 + 1829 pg/mhoi H[SIO] He2[0r2l MK A0
100mg/kg F0 (20544 + 384.2 pg/ml, p=0.41), 250mg/kg FHT(2694.7 + 7419
pg/ml, p=0.91), 500mg/kg £0#(3203.9 + 3752 pg/ml, p=0.34)0AN EAHS™NOZ

FOISHK| URUACHFigure 14A).

i

3) HEZ SS=AON 7|BX M= MEHY L] H5d Mg 3 QXL Leukotriene B4
(LTB4) &%

LTB4 @f2 LPS & (350 = 233 pg/mhol H|SH H2|OEl XX A0
100mg/kg 0T84 + 1.4 pg/ml, p=0.06), 250mg/kg F0T(10.1 + 1.6 pg/ml, p=0.42),
500mg/kg FOHT(9.3 + 44 pg/ml, p=031)0lN ZHASH=E AT EUOLL FOSHK|

A ACHFigure 14B).

42



A. 4000- B. 60-
3000
E Y
(o) )]
‘% 2000 g,
| M
g H 201
1000
0- 0-
Ctrl LPS 100 250 500 Ctrl LPS 100 250 500
Silymarin post (mg/kg) Silymarin post (mg/kg)

Figure 14. PGE2 and LTB4 level in BAL fluid at silymarin post-treatment

(A) PGE2 level in post-treatment with Silymarin (B) LTB4 level in post-treatment with
Silymarin

Compared with the LPS group, PGE2 increased and LTB4 decreased in the post-treatment
with silymarin, but none of them were significant.

Ctrl, control; LPS, lipopolysaccharide only; 100, silymarin 100mg/kg; 250, 250mg/kg; 500,

500mg/kg; Silymarin post, silymarin post-treatment
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¥

8

(4) S SSZHUNM 7|2XHZE MEHY W MZ = R 2533 5
SHNK HHOM 7| 2X[HZE MEHNY | & MZE == LPS (2249 £ 62.6 x 10%/ml)0f|
H|3F0] 100mg/kg £ T(201.8 + 28.6 x 10%/ml, p=0.51)0| 11, 250mg/kg &0 T(166.5

+ 374 x 10%ml, p<0.05)1 500mg/kg FO0(140.1 = 194 x 10*/ml, p<0.05)0fAf

o
'I'I'9

SHA

oN

FASERICE (Figure 15A).

37O £ LPS (1664 + 474 x 10%/miofl H|SH Az|Op2l THX| AH
100mg/kg £ =(125.0 + 20.6 x 10*/ml, p=0.1)0| A2, 250mg/kg FH=(107.9 + 20.5 x
10*/ml, p<0.05), 500mg/kg FO0IT(849 + 126 x 10%ml, p<0.05)0A FOHAH

LAE|QACEH (Figure 15B).
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Figure 15. Total cells and the neutrophil in BAL fluid at silymarin post-treatment

(A) Total cells (x10*/ml) count in post-treatment with Silymarin (B) Neutrophil(x10%/ml)
count in post-treatment with Silymarin

Compared with the LPS group, total cells and neutrophil count were significantly
decreased in the post-treatment with silymarin. LPS, lipopolysaccharide only induced
acute lung injury.

Ctrl, control; LPS, lipopolysaccharide only; 100, silymarin 100mg/kg; 250, 250mg/kg; 500,

500mg/kg; Silymarin post, silymarin post-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin treatment
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LPS TOM= oot EEM=ZL Hxzd i fF & 7HE W HE0| 20|, H&F 9

M= E& (Perivascular cuffing)dt HZ FZ42| 2F &2 A0| FESIALCHFigure 16B).

LPS =Of Hst LPps & F ot = H2[0fgls F0] of =HX| HdHoM H=ZZ LY

1}®)
olA
=
Il
10
ot
Ho
o
rtl
2t

E oL dREMESAH2 F3OHK| BCh(Figure 16C, D, E).

SHX H™EOM LPS #(6.8 + 15)0| H|SI0] 100mg/kg FHT(3.6 + 04, p<0.05),
250mg/kg £ (3.4 + 0.5 p<0.05), 500mg/kg FHT(4.3 + 0.9, p<0.05)0 A F2I5HA

22 SEACHFigure 17).
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Figure 16. Silymarin attenuates lung injury in LPS-induced sepsis at post-treatment.

hematoxylin-eosin staining
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(A) Control (B) LPS, lipopolysaccharide only induced sepsis (C) Post-treatment with
silymarin  100mg/kg on the LPS-induced sepsis (D) Post-treatment with silymarin
250mg/kg on the LPS-induced sepsis (E) Post-treatment 500mg/kg on the LPS-induced

sepsis

In control, the normal pulmonary architectures such as alveolar septa, alveolar lumen and
capillary were well preserved. The infiltration of inflammatory cells was not observed. In
LPS group, the infiltration of inflammatory cell was observed in alveolar space and
interstitium. In the group silymarin post-treatment, infiltration of inflammatory cells in the

alveolar was observed, but fibroblast proliferation was not evident. (magnification, x100)
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Figure 17. Histologic scoring of lung injury in LPS-induced sepsis with silymarin
post-tratment

Compared with the LPS group, inflammatory score was significantly decreased in the
post-treatment with silymarin.
Ctrl, control; LPS, lipopolysaccharide only; 100, silymarin 100mg/kg; 250, 250mg/kg; 500,

500mg/kg; Silymarin post, silymarin post-treatment

Significance was defined as * for p < 0.05 between Ctrl vs LPS; ** for p<0.05 between

LPS vs silymarin treatment
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Mouse
Intraperitoneal
LPS(Salmonella
typhosa)

Rat
Intraperitoneal
Paraquat(PQ)

Rat
Intratracheal LPS

50mg/kg

200mg/kg

50, 100, 200mg/kg

Orally 2h and Oh
before injury

Intraperitoneal
3 consecutive days
after injury

Intraperitoneal
5 consecutive days
before injury

| Pro-inflammatory cytokine (IL-1p)

| PGE2
1 Survival

| Total cell, MPO, HYP, total protein
| Lung W/D ration, NO, iNOS

| MDA
1 SOD, CAT, GSH-Px

| Pro-inflammatory cytokines (TNF-a, IL-1B,

IL-6))

| Anti-inflammatory cytokine (TGF-B1)

(High dose; 100, 200mg/kg)
1 Lung W/D ratio, total protein, P(A-a)O,

PaO,/FiO? ratio
| Histological score

| total cells, Lymphocytes, Macrophages,

Neutrophils

| Pro-inflammatory cytokines(IFN-y, IL-6,

TNF-o)

1 Anti-inflammatory cytokine (IL-10)

1 p-JNK, p-p38, p-ERK

Biochemical
Pharmacology 67

(2004) 175-181°"

Clinical and
Experimental
Pharmacology and
Physiology (2015) 42,

30
988-998

Inflammopharmacol

(2018) 26:747-754"

Rat 50mg/kg Orally 10days before 1 Survival Journal of Surgical
CLP Or NAC(150mg/kg) CLP | MDA Research (2008) 145,

1 GSH 214-22266

1 MPO, luminol

| lucigenin

- Thromboplastic
Mouse 6.25, 12.5, 25, 50 24h before LPS | Pro-inflammatory cytokine (IL-1p) Biochemical
macrophage cell pg/mL | PGE2 Pharmacology 67
LPS(Sa/monella 1 COX-2, NF-kB/Rel (2004) 175-181 28
typhosa)
Human 50 pg/mL treated 3h and then t Protein expression (Nrf2, HO-1, NAD(P)H) Clinical and

adenocarcinoma
cell
Paraquat(PQ)

with 200u mol/L PQ

Experimental
Pharmacology and
Physiology (2015) 42,

30
988-998

Table 2. Summary of silymarin of sepsis in mouse and cell models
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Abstract

Background

Sepsis is an infection caused by various strains, which causes an inflammatory response
and induces the malfunction of multiple organ of the body. Sepsis should be treated with
a focus on the cause of the infection and subsequent inflammation. Therefore, many
studies on anti-inflammatory drugs are being conducted. Among them, silymarin used as
a liver function improving agent inhibits the production of substances that cause
inflammatory reaction and inhibits the fibrosis reaction that occurs in cirrhosis of the liver.
It is thought that silymarin may have an effect on inflammation of sepsis. The purpose of
this study is to investigate whether silymarin has an anti-inflammatory role and
influences fibrosis in a lipopolysaccharide(LPS)-induced sepsis model under multiple

conditions.

Methods

1. Macrophage Experiment

Culturing J774A.1 cells were stimulated with LPS. Based on the time of LPS
administration, they were divided into pre-treatment and post-treatment, and the
dose of silymarin was into 10, 25 and 50ug/ml. For the control group, culture
medium was used instead of LPS and silymarin. After culturing for 24hours, the
culture medium was collected and the inflammation-related factors Interleukin-1p
(IL-1pB), interleukin-6 (IL-6), interleukin-10 (IL-10), Prostaglandin E2 (PGE2) and
Cyclooxygenase 2(COX-2) were measured by enzyme linked immunosorbent assay.

Western blot analysis was performed for IL-1f, COX-2 by separating cell proteins.

69



2. Animal Experiment

A sepsis model was induced by instilling 5 mg/kg of LPS intratracheally in male, 7-
week—-old, BALB/c mice. Control mice received normal saline (NS). Silymarin was
given before and after LPS administration. The administered dose of silymarin was
divided into 100, 250 and 500mg/kg. Two days later, mice were sacrificed and
bronchoalveolar lavages (BAL) and lung tissues were acquired. Histopathologic
examination was done using hematoxylin-eosin and Masson trichrome staining. The
count total cells and polymorphonuclear (PMN) leukocytes were measured using
BAL fluid. IL-1f, IL-6, IL-10, PGE2 and Leukotriene B 4(LTB4) were measured by

enzyme linked immunosorbent assay.

Results

In the macrophage experiment, the cytokines decreased in the pre-treatment
administered with silymarin compared with the LPS group, and the extent of the
decrease was proportional to the administered does (pre-treatment; IL-1 § measurements;
LPS, 1144 + 84 pg/ml vs silymarin 10ug/ml, 66.7 + 3.9 pg/ml, 25pg/ml, 285 + 45
pg/ml, 50pg/ml, 3.6 + 04 pg/ml). The cytokines in post-treatment also decreased
compared to the LPS group and the extent of decrease was also proportional to the
dose (post-treatment; IL-1 f measurements; LPS, 114.4 + 8.4 pg/ml vs silymarin 10pg/ml,

26.6 £ 4.9 pg/ml, 25pug/ml, 1.1 £+ 0.8 pg/ml, 50ug/ml, 0.0 + 0.0 pg/ml).

In animal experiments, the cytokine value was decreased in the group administered
with silymarin compared to the group administered with LPS group. (pre-treatment; IL-1

B measurements; LPS, 2029 + 111.6 pg/ml vs silymarin 100mg/ml, 54.2 + 15.3 pg/ml,

70



250mg/ml, 65.6 + 36.1 pg/ml, 500mg/ml, 39.6 + 23.9 pg/ml, post-treatment; IL-1
measurements; LPS, 2029 + 111.6 pg/ml vs silymarin 100mg/ml, 182.5 + 24.2 pg/ml,
250mg/ml, 171.6 + 23.0 pg/ml, 500mg/ml, 145.4 + 18.8 pg/ml,). However, the decrease
was not depending on the dose of silymarin administered. the examination of the lung
tissue showed that neutrophil infiltration in the alveolar cavity was decreased in the
group administered with silymarin, and interstitial and alveolar hemorrhage or
congestion were less pronounced compared to the group administered with LPS group.
Administration of silymarin suppressed inflammation in sepsis and attenuated the

alveolar septal thickening and interstitial fibrosis.

Conclusion

Administration of silymarin in LPS-induced sepsis models suppresses inflammation and
attenuates pathologic change of lung parenchyma and neutrophil infiltration, suggesting
a certain role in sepsis. In addition, we compared and therapeutic effect as well as the
preventive effect of silymarin by comparing the pre-treatment and post treatment.
Clinical application would be possible in the future after further studies addressing some
issues raised in our study such as gastrointestinal absorption of silymarin and

contradictory change of some cytokines.

Keywords: ; sepsis; lipopolysaccharide; silymarin; inflammation
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