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The evaluation of treatment effects and mechanisms of
Moutan Cortex Radicis and Paeonol on LPS-induced acute
lung injury in rats
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AECC: American-European Consensus Conference

ALI: Acute lung injury
ARDS: Acute respiratory distress syndrome

BAL: bronchoalveolar lavage

CARS: Compensatory Anti-inflammatory Response syndrome

DIC: Disseminated intravascular coagulation
ELISA: enzyme-linked immunosorbent assay

ERK: extracellular signal-regulated kinase

HPLC: High-performance liquid chromatography
. ICAM-1: intercellular adhesion molecule-1

. INOS: inducible nitric oxide synthase

. IFN-y: interferon-y

. JNK: Jun N-terminal kinase

. KC: Keratinocyte Chemoattractant

. LPS: lipopolysaccharide

. LWG: Lung Weight Gain

. MAQO: monoamine oxidase

. MAPK: mitogen-activated protein kinas

. MCP-1: chemoattractant protein-1

. M-CSF: macrophage colony stimulating factor
. MCR: Moutan Cortex Radicis

. MIP: macrophage inflammatory protein

. MMPs: matrix metalloproteinases

. MODS: Multiple organ dysfunction syndrome
. MPO: myeloperoxidase

. MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
. NADPH: nicotinamide adenine dinucleotide phosphate

X



28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

Na' -K'-ATPase: Na'-K" adenosine triphosphatase

NF-kB: nuclear factor-kappaB

OA: oleic acid

PAF: platelet activating factor

PAWP: pulmonary artery wedge pressure

PAI-1: Plasminogen activators inhibitors-1

PEEP: positive end-expiratory pressure

PMN: polymorphonuclear neutrophils

RANKUL: receptor activator of nuclear factor kappa B ligand
ROS: reactive oxygen species

SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis
SIRS: systemic inflammatory response syndrome

SOD: superoxidase dismutase

TF: Tissue factor

TGF-B: transforming growth factor-p

TLR-4: toll-like receptor 4

TNF-a: tumor necrosis factor-a

VCAM-1: vascular cell adhesion molecule-1

VILI: Ventilator-induced lung injury
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iR M ARt g 0 S G e B b v JRMCRF % 3g> 7 gl | 47 5 B
11 % thromboxane B2 (TXB2) ;% "V o imee ¥ 554 5 M2 4 5 4t
Adenosine diphosphate (ADP) 12 % collagen induced platelet aggregation £
F gl 2 ERAE P ot E KM L ALY F B
d HF R FLE Y2 P Uk RAP M 9% 1 0 4o Nizamutdinova % (2007

E)FE 7 B2 L B ¥ 0 i P4 p38 ~ extracellular-signal-regulated



kinases (ERK) 17 2 NF-kB% 4 &+ 3L B vEEL /T » & m Frd|moe 4 o AB%
¥+ (cell-surface adhesion molecules)sZ 7P 5 Frd]5 & F R An B e
Jc3 4orf B3 5+ F]5 (tumor necrosis factor, TNF)-a’* ~ Interleukin (IL)-1PB
i BT BB A 558 RoE (-9 £ ¥ (mitogen-activated protein
kinas, MAPK) &4 4 it i @ $#r+4]inducible NO synthase (iNOS)=n# &
VO, s g WF ptsg it pd ez g it g3 amal®. &
oo AP 2 A B 3t LPS-induced ALLS3 X F i 2 Eae KB

FOEE A o AFT Y BV ST E B et o BB~ W LPSH F + RLALI

HE S KR PP LELT LG sk o

1-6. #¢HF Six3T P 3k & 4 R F
% LPS-induced ALI > ¥ {43k (Neutrophil)d % i i ;R 4L 4F ¢ 3 5 0

iﬁz’vﬁiﬂiﬂgi g B i5(14’15’77’78)°3§‘i SRRl R IR LPS%ég

ol

Gk IR en A B A5 Y B e TR~ P oL B R MR A

il S kA B A X BIBRE Fd Tk ore e (D700 sput
Kp % Ba R ARSI an? ok € 481 Fov & (protease)ciiE (b v A 4 4
Beng tpd Ao Beisd AALIT T e e g s T 4

Mk L 5 @ A & T dednie = (T % (apoptosis) ~ 5 ¥ a4

(phagocytosis) ™ % # {7 it + (migration)i& {7 48 *tF7 5 o



AFE g ehp eh 5 1% LPS-induced ALI# 3+ #03] » #3158 (W AR 4
-MCR¥ALIE_E £ 5 jof e s ® > g fF3d 2 5% 83 H 5 §F
A AR HAM I G EEE G ot o kil AP RIERE A
Frdte MIhs a fe g e s e LR T fER% P MCRV 2 A i 5.3

HAEMSI G 25 ioR RS -



FoR YREE
2-1. E M3 /& e ex 2 28 5 (ALI/ARDS) 7@ -‘?%%’i AP BE < [F*Je
2-1-1. ALVARDS 2 # ¥ 7 £
PFLAY Y R TERREG o AR T U AP L

el U FRE IS b A pheny F oLk Bk rv B nEn TEE
ARG/ g ) AP B gk g i o R BB T & 0 ALJ/ARDS %
BomE o F RS Lapik Lag it PG 38 RRes & HE
T2 g RIFRRTRIAT R TEARNETFI A FEF
¥ oo Flt BT Y FARM B L 0 55 5 B 4 ALVARDS fFapt Tk
o TR T Eﬁfﬁ?fiﬁﬂﬂ(%%“ 2P 5 2(1980 &)k o
* ALIVARDS 2 ¥ %5 ¢ ik s Theig o i & dmd o 77
AELDETR PSR AR BT T2 kel B B E R FIEAIG

Bom > R R PR FIOTR o TRA A A SO 4 & L R

(87,88) _

2-1-2. ALI/ARDS z_ }]% ] ]?5%)3 S ”w”}j‘ T_i
i > ALI/ARDS 7&.¥ %5 }]}‘3 7] }?5 1z ”“"”}’i-;’rﬂ%‘:ﬁ T 5 4p A lﬁ > )?q ?f
J9 LT

(1) ALUVARDS énfief & TP R e e Ap i 0 @ B~ 125 7

10



730 9 ¢ ALUARDS ik £ 2 § Fhsr iz THP R shibE ) 4

>

ze fed FAMERAILE > S E L H4p a2 o ALVARDS & o 7
SR el T TR o b s T BE R B AR S
B ERDF a2 O i Bt pop L A F B
A2 RESCTRZRBEFAELEFRDRLET M oo P 5 (2002 £)
F1 7 4p 8 1T ARDS PR AR AR A KGR mr B2 e A
Pk RBITINE R 0 & Systemic inflammatory response syndrome (SIRS)
3 B 5 & F s P2 Compensatory Anti-inflammatory Response syndrome
(CARS) A A - R > S fsd F 4B MINPE  FEAmuRK»= O
2) "mF A~ AmEF | £ ARDS/ALI 2 £ 44 @ 2@ 5 5(1980
E)ims ARDS LT AAHEF | 2 (A% 4, MpALn -8 wHa
REF (TSR MR TR REDEIRLS TARL T RE

B r%f‘;-%-J % %B#;ﬁ » R8T A P\J—F ’]}P %:\:i'(8788)

(3) "%, L ALVARDS HORFRE L ¢ F 5w #2011 #)&4
G 2T & FRTiTis & ALIVARDS s b5 86 47 ¢ FR0RE

EH R A o BEFM > ALVARDS #HisEF AN 2 W -0 - T2
B EHER O LG HFORE R OTRAE R o Wy E SR S s 2 A
ARG IS o - H ARG EE AN R TARE
U RZE ERFLAAM  &ED (B gpiE ) GaEnp
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ODo 2543 9 % (2008 #)2n 5 ALI/ARDS T ¢h 5% jo o (L £ (B ~ [E B0 5 2255
RS RBEFHE F B L R ¢ RS o B R
BRI L FANE L RBAAKEHLL P kpp e, P
(4) ALI/ARDS /&>t B Dotz i Rig 2B 0 B E g 2 (2006 &) ik
P ALVARDS 2. 22 R %] % S R A m F A G TR ARHERER &
Wig o~ A Bpsk 5 b F # E 4 % ALIVARDS FRtiEm b B2
PERBE T ERS 2L R f%%?}g%g_;}i(93)o<<;§_;,;%;.:f;;x;. o

Lo )T RER R F o AR R AL B Y By
PP E RS2 e IR R 8 F o ek ek 0 2 R
By - o P R NIRRT B2 BRI RIET Sl o M2 1
g Btk 2R R0 Db ded ok b W CRBIFESE. L
A pR) TR o R w o RET BB 4 s xR
iEyEe oo - L2 S R 1 e A S rﬁ}}J p:u
P ) R 0 J AL ARDS R Bend g TR AT~ TF SRR
* o A PR L R R e B R ¥ (2006 # ) D
Ja ¥ oeha JE R ARDS e3 e b L w2 W e B LR T o Aot
- i 3) ,

oo A ALIVARDS fFa iR pg ¢ end X152 ¢ EHP

B ERFREES S 0 5 TR AR ARIEF 0 TR AR

12



IS EEER TP R R L SRR RN R X
Je 2z n*“n]i, %\;ﬁ_‘? I_ﬁ\élbg_‘g_g;l;J ,_,E: I—N;LJ%{E 4%‘5J ._T_'V i@%i C s

2 it /),%l "’%J mf‘ [ﬂ‘iﬁ? o

hO FEDPEY FIEFA A LIV SE L LR R
Beatd P R A R RALL v - 25 2 e MRN A

(1) #7=(Oxymatrine) : #.14 oleic acid 3% % 7 ALl # 4= -7 ¢ » L4 F

vy

B IEE S TS TGRS X B R PR FE R B HR ARR L
W AR R R Y e F ks 0 LPS e ALL B 5 03] ¢ o
g gy g irr OV B E T S p e Frdl p38
MAPK iz i @« $rd] NF-kB A 3 282 @ v£0V 5 iNOS & 209 .
Hi 4c superoxidase dismutase(SOD):# 1OY \ ¥4 myeloperoxidase(MPO)
BV e a Y PR RE L F REF G T M

(2) if = # (Taraxacum officinale) : Liu % (2010 # )X v pR&K & jF 2 & > X
6 10 LPS # % ~ B ALL > 3% % % I > 2 3 % LPS-induced ALI £ }
w2 RRIE M T o BB S H P4 e ) e ek 4o IL-6
TNF-00% B - & % ik 2 g i a2 g 07 o

(3) #* %% (Bupleurum chinense DC) : Xie % (2012 &) LPS 3% % ALI {3

13



RS ARGy s R FR AR T UGG R D

NO ~ MPO 12 2 TNF-os% 3 » i d $9 30 g 4 g ivn OV

= —

(4) /| £ 2 % % (Bupleurum smithii var. parvifolium) : Cheng % (2012 #)
ol E 2 g B LPS-induced ALT 18 30 454 % > 58 m > | E2 &

FOE LA R DO LR R P A R SRR R AT

C3c U ¥ 938 » i d E ek ey O

(5) # iz 7<f&(Crocetin) @ Crocetin & # ‘= 1= 5 B~ 1) SR TSN
ST A B G dF A ds Lenier 00 B gy X AR

PRALA Fa ks ViR BEBFR O 21 f ¥ ] SOD 1
2338 MPO #1140 B )% 2 IL-6 ~ macrophage chemoattractant
protein-1 (MCP-1)4 2 TNF-oieh% B © i 3] % 0 3 5 cnie s 10

(6) E4hps(Magnolol): Yunhe % (2012 # )% LPS £ % ALI w1 /] pris

i EibEs 0 B EF I 0 XS Magnolnol ¥ 14" M 4 e ) i kR
4o IL-6 ~ TNF-ou2 2 IL-1Ben& & - H ¥ 5 eni® iE &2 v 4] Toll-like
receptor-4 (TLR-4)#734 477 c1 NF-xB #5825 B 385 B (109,

(7) ¥ & i (Hesperidin) * £ & H Zj& & (Pericarpium Citri Reticulatae) *
EFedikndit 4 o Yeh (2007 #) g # SR FF G 0 @ A H
200 mg/kg 4k & - B> g% 3 IR0 A H (hesperidin) ¥t & 3 1 £ 5 %

14



E TR 5 W e e R N hiw e & 4o TNF-o, IL-1B, IL-6,
Keratinocyte Chemoattractant (KC), macrophage-inflammatory protein-2
(MIP-2), MCP-1, 12 % IL-12 - pt ¢t > Hesperidin ¥ 14 % i #r 4| NF-xB 1

LB R K R eng g 2 D

2-1-4. ¥t ALI/JARDS £ 3 2 = HF 3
(1) 4 ¢ & # & (Hochu-ekki-to) : Tajima % (2006 # )z I > #-] B4k & 4
? & # & (Hochu-ekki-to) » & % 1 g/Kg/day s 5 ~ % > ¥ » 4 LPS #7
RALI 2 4 Ssc* ok aad P §F Bz XFEIW RN an? B3k~ 5
W foFv BRI TS > P BBt P e AR g
-KC 7 B
(2) iFv $7(Xia-Bai-San) : igv 41 p (| QFBE B )T VAL FE
BoEMFROPH AL AFE RN RV R
Yeh % (2006 # )3 Mm@ * jHo 47 1 mgkg iire 4 &) & > $E I
L5 EEY o H L 2/F6 §¢¥ 404 TNF-a, IL-18, IL-6, KC,
MIP-2 123 MCP-1 4 & » ¥ *hd i sednd i mie e IL-10 o0
IR P P aeng 1200 ¥ o g 4ot NF-xB 1
% intercellular adhesion molecule-1 ICAM-1)~» £ 5 iz (e * (105, 106) _
(3) #Up4c(Gingyo-san) : #Udc i p (B HEIE- L ER ~ 2 )T <K

B ~BEBERESPE AALER %'}%’ chERF L R ERED
15



b

e o T AABECL 2 GRS 2 R 0 N ) TR

=3

\‘)-
A

4

ERFoJRBRFS > ERE AR EY  ABItLz o) 57
24 FHfEE TR o Yeh $(2007 #)F ML ] B U IR § AT
(Gingyo-san) » ¥ 4 FE M g 12 5 e SN S0 e gk P4 L2 4o TNF-o
IL-1B ~IL-6 ~ KC ~ MCP-1~MIP-2 12 % iNOS ¥ ¢ » & 2 Fr4| NF-xB
AP-1 % M » i@ & 5] ALL 2 i v x OV

(4) s %% (Xuebijing) : Thd # Ffden o K HE 2 A S FEFE T
RN 2TEE I FE A FABAL BRI AIRH EL L
P~ PR GR  FATE TR R o Rk R B ok LR T UHEFLPS T
Frdlp B L 4 e TNF-o~IL-1 14 2 IL-8 ch £ 820> & frdl §
AN =g eY R A R LR N A UG G- 3 S " Rt S AV 36 % )
T pen ey poF RGN0 Sun £(2010 E)F A BT R Y &
EA BT RS Fo0 T oS d g IL-23 chA R 0 3 LPS i tlAe

22 ALL &4 s v % OY o Ma %2010 & )3 0 > i & %3 53 7 7 1035

(o]

iE 4] 9% 2% TNF-0, IL-6, IL-8 ch2 8 & % i ALIM o sz p 8 40 o
S A REREBRAPFEL > QI £ (2011 £) H s kLR T R KR B E R
W B R o F IR 5 L B (40 B B B2 PR 2 (40 B
ROt B RATR 2 F U F RAZRPBL > D iaflep b Y e
% 4o TNF-0, IL-6, IL-8 %/ &% i1 o g% (2012 &) # * o %1
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SRS FE A ALI/ & > # R H 8 L@ inf ez i ks e
K elme ok kA 4o TNF-o, IL-6, IL-10 % 7 8778 < > @ ® hs-CRP
# PEROCAE H R 5wl e g 4 B3R iR ¥ {8 e APACHE-II

SRR 0§ b a7

}zmmﬂmsamﬂ§§zw%¢%

& M7 35 5 (acute lung injury, ALI)/ & =¥ ¥ % 18 Jz (acute respiratory
distress syndrome, ARDS) &_4¢ ;;E)]% SR FAhEE R TREEAENER
SF MR B I X kS R R REE Pl pi s WL

i Fle i FIEIE KR o i Bk R B e L DB LR o Aag S

3\

oy

%gﬁ@ﬁ;ﬁﬁ<%ﬁi?4ﬁiﬂﬁﬂ“%%@&%%ié@%f
ALIL 0 3 4 5% 55 190,000 B s 5 /4 » i & ey = % fici 74,500 +

[0 o ALT ehiiBugs &7 = 5 % 8 4 38.5% » ARDS pl &1 5 & chm

4

SELF e B T gt 411%Y o i 3 fe & ALVARDS 5 & 5
S ehAd B RTF W F AR AR H Bt 5B @ 27 T g (sepsis)
A 4 R 4% o (Disseminated intravascular coagulation, DIC)# # &
=T % #(Multiple organ dysfunction syndrome, MODS) 3 B Doz B T
g R R B oL H_d Ashbaugh % (1967 #) > 235 12 i)y B TRk

AR FRRE X APt a @ R B 1994 EFERAH

17



ERA BRI O TRR AR R BEREY  LBT20 £ F B
HYEBAROFL RF] - HILEMBED ZRfE XA o pft ik
B RN R SR E T B T 1t
7 H3E 1% 550 & K v% (Lung-protective ventilator strategy) - ﬁig?l;‘,’i Z #

L s} (10-12) | ¥ g«ﬁg T P S B o

2-2-1. ALI/ARDS z. Z %
ALI/ARDS = 4 * 454t > 3L 2.4 Ashbaugh % (1967 &) » 1335
12 B & SPTRk £ R~ FRRA X & 2 gt @ 75O Murray ¥
(1988 #) B 4o4tig A penfed R $A & it ibdy - ff2 5 Lung injury
score (LIS) » T340 F » B4k @ X £ £ F & R consolidation ~ &%
3| hypoxemia - Respiratory compliance 14 % i& * et § % # [5 R
( positive end-expiratory pressure, PEEP)"'? o fe 3 7] 1994 & - d % % 55
R € 3% (American-European Consensus Conference, AECC) V2415 4 #
ALVARDS % &4c™ @ 1) g £ &4 5 2)830 X 6 7 Hor 5 B
s 5 3)% B 7% &2k R (pulmonary artery wedge pressure, PAWP) & /R
18mmHg 7 » & 2w 5 B B nfph Eyg s HF I SRR
Pa02/Fi02 <300mmHg ¥ % ALI>PaO2/Fi02=<200mmHg #] = ARDS®-

d > ALVARDS p 1994 # 4P~ bt &0k > AopRERAR &2 4 3%

(‘d}
|k
I
(H}
T
i
=8
3\
o
g
@
E]
E-)
W
P
I
beits
3|
4

% B xé; m;g -/‘Elj ’



o FMAELEFS 6 2011 EN ARt 0 - BE R 2k

B EARDS 6037 % & > A 2012 & 50 F AN JAMAH A+ o =2

-
\

% ARDS B 70 g4k g ¢ 2 5" < 1245 Berlin definition » B~3) 7 j &
ALl 7% % » @ % ARDS B % 244 mis X 1)iER
(PaO2/Fi02=201~300mmHg, PEEP < 5cmH20) ~ 2)* &
(Pa0O2/Fi02=101~200mmHg, PEEP= 5cmH20)7 2 3)¢ & (PaO2/Fi02 <
100Hg, PEEP = 10cmH20) = f&/% %] o H 5 = H ik s ~ ¢ ~ £ fe i %
%5 27%32%11 E 45% AR ARE e B R % % g W2 ARE o
d A ETENR_E Y2 K HEERIR & F 2T 1994 # hi 2% 0 7] Berlin

definition #- Pﬁ B0 o b ATk 9 (115, 116) |

2-2-2. ALI/ARDS 2_ i {7 5 &

g;

iF2 MY ALVARDS g 38 2 Fehs Tk - 2 5 A% e~
BP0 8 2 5% 1)ALVARDS 2 5] 1994 & 125 o B 405 $ 15 7] 2
% ~2)ALI/ARDS & - Bpig# » “TUmR_ELFaRmkE AL T B3
A FEH e 5 1994 # uw > B R i hES 4 F X A 1.5~83 4 /10
§ 4 (117-119) B /51994 & AECC 3 $rL i% »hJ;t & *q;}%\ﬁ T 2% o
ALL sh#E 3 4 % 5 179 4 /10 8 * ~ARDS #% 4 & 5 13.5 /10 § + >

E BB hF R B m ) ALI/ARDS i 3 4 F B i 70

19



124% Frutos-Vivar % (2006 # )er#= 5 s ALL e 4 4 5 5 15.3~34 4 /10
A ~ARDS ch#E 5 4 X5 13528 A /10§ 4 » = H K%
wﬂwwmo@ﬁ%meEM§Qm&ﬁpz’%ﬁii@ﬁﬁ§%i
R RO ALLhEHF 4 F % 9% 789 A /10 § 4 ~ ARDS e 3 2 & %
X5 587 A/10F 4 o gz 2 £ 5 & NG 190,000 B AT % 0 i
®ehr = A e h 74,500 < /& Do

ARDS &€ 4eikpm 5 P - B3 FAL LA ARRA IR e 7
s A PR ] ikt F 5 mﬁ—fg fe & ARDS et F 9 5 7.1% ;
@ e Benf, ¥ g B 3 ARDS g1t X G 4 16.1%1%2 -

ARDS & - i § 7= 5 e - 482 0% gt ARDS i e =
&K f 34~55%2 U212, a3 wn NG ALL et = 5 4 B 32~50%> ARDS
iz = & K f34~58%2 AF 1 o 2 2012 & ARDS B 3713 B4 48
Hr= @Bl P ~ e B k= 3 27%32%11 2 45% 19 4 2012

EXTHARDS A 3 g is > HiEBF RS f;;];»,mz,,\ ol A R S

x~\-

Bk LA E A2 S ALUARDS in T8 A s B A &

B BT AP A SRR T 0 PR T AL 0 AT A E

20



2-2-3. ALI/ARDS 2 3 | F1 2 & ' 5]+

F3X & A e b ARDS ehdc 3 & R F1 8 s g S0 g 5 50%
1 ARDS s B T3 9% 20 EnRT s g > @ 9 3000 ¢k S A 4TI R g R
26%"% > BEE 1 T iR R gk | 4 ARDS B £ & R EF R 2 G
7+ 1300 £ 9 v ARDS it F1F T oA ST E R dE G (direct
lung injury)de @ dm EpE L s o PR R gk E S us TR
F 4R % (indirect lung injury)4e @ 9% ¢k poa g ~EE B B POLECL

ﬁ;?]_\]_ ”eri % ’HLEFI; ;I}F f% :{ (3.4,6,13,81,127)

2-2-4. ALUARDS 595 7 1 1

ALI/ARDS & & i £ % e + gL 2 2 fiea g ) A (alveolar-
capillary membrane) o &9 ;& % T E 45 Fd il - € FRF ULF B
ek et o ABR B L R IRH T X R E DI F
fpoo @ ¢ IR A orecuritment AR > X € 2 ST I LR R

B0 R d ek T end L F & (inflammatory cascades) ™t o gr

:\m:
=

B ARDS s 32 & 4 7 12 i PFRZER A 5 BBIFE DB D
(Exudative phase) : & fm F T2 hp & FoxEF e S nfio ]l I 7 A
oA RDARER LT EOEF R R E o L s e L e B

ALk ~ i = < £ 39 F% A (protein leakage) I #* ;& jr G418 o w e

21



A

Bolmre B oA & odp 5300 & % - A9 wme (type 1 alveolar
epithelial cells) F] 5 4f @ #[j% » & 8 W% jlew F p * £ 0k 2 RSB >
e o A REE R A5 g F Bd F s PP (hyaline
membrane) o ¥ je p PE e e X B gcte 0 € i < & i Lwbe
#rk 4o TL-1 ~IL-8 12 % TNF-0 0 487 % p % i ch¥ o 3p
(polymorphonuclear neutrophils; PMN) A%t T ¥ o § B> 2R {8 7
(migration) 7 i ** & & (interstitium)i& » ¥ j2 p (719,129, 1300 0 ) 3 4 p
(Proliferative phase)™ *¥ * &% 7-14 % {5 » g @~ H A P > 1 & ehpIE
42 i}w{i Fertie P Lmie BB TR AR o B E% - A e
4 A e (type Il alveolar cells)af ¥ 28 % %3 4 > & B A4s A 8 0 & o 5k 4
(surfactant) ~ ##je p R o BAagex e ~ g pd F 7 ¢ 3%
(Neutrophil) ;% 2 % d& @ % = 72 3 = 3% (lymphocyte) 7 2L 5 3)5 it Hp
(Fibrotic phase)®*** 30+ 4 s e {2037 (5 B 4 89 15 9% je ) ok
A g et el L T el 0 T F—ﬁ&&m;};ﬁgg«a I g
Lo d & ehd R G W E o hfF E %7 (Mesenchymal cells)iy & 772 dn ¢
B4~ g bz (fibroblast))4 2 7ok # ¥ (myofibroblast)#f 4
B2 @t p 2 Biwdf typel 122 type Il % & (collage) » i ¥ & %

7 4F A ( (133,134)
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2-2-5. ALI/ARDS £ ¢ [ rfori g L F Renhf %

% ALVARDS ehk 248 » B8 e L fmre 103 Wfies 3 p L lw
A AR Sh & o gAY sk (Neutrophil)'™ ' o 4245 < df e 1 2
B 3 R B BT 0§ "¢ B nik (bronchoalveolar lavage, BAL)p #1¢ 43¢
R H Ao x A F ARDS thi— ) B i 02 g o b A FL
PR IReE R R R B TR e p ik R £ ALVARDS & g i
(9519070 o b sk 6 % Bt 38 » WL B g > SRIS A T D e P hil AR
w2z & (Neutrophil recruitment)'* > o iE B 0¥ Mk 7 &
§ e dieF 5 U F ftw e ek b TNF-os IL- 1B~ IL-6 % ~ 36 B2
& 1 4o MPO 12 % lysozyme ~ 7 & 7 €% PX#f (cationic polypeptides)
% § it pd A (reactive oxygen species, ROS) » # 3 7% e if 3 11 2 3§ &
s NG I AR IR B et R E L I - 2

Vs 2 a1 N S 15,78, 80
%m@kﬁﬁ’ﬁ*ﬁwﬁmgﬁ( ) o

2-2-6. ALI/ARDS £ w7 v ¥ §behbf %
T KA Y F IR ALI/ARDS g 4 80 p g 6 i ot frid a3

BAfREEY RY G R oA & m)ﬁai‘-l%}&#ﬁ; '_21%‘« ¥+ % 14 (Tissue

N

factor activation) ~ " 39 C /54T "¢ | (protein C inactivation)!/ %

" Plasminogen activators inhibitors-1 (PAI-1) & 2 3§ % | R YR
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R g ) afuEs (B 5 B R ARZAE D T RS
2 Nisedado afaier | 23 Thr A Tiugs | o T

M6 pfaier ORI, g A e F N MR ) R R R

P

QA BN S o N T S 'g b F AR 0 AR ’g N
(Disseminated intravascular coagulation; DIC)*> 1% 122139 o 4 gop = E
% o fe & ARDS e B 7 50 8 e e N IR R R & G AP B B end
B0 el 5 F]S -~ factor VIa (FVIIa) » TF-dependent factor X (FX) % - i&
Bop ks FRE e O Al Y SRR T
fe 2 ALI/ARDS m[fa BArdk 7 8 OPAL-l 2 E » &5 BZ PIF 1S
(159) |

Frw Ao A Di ¢ TR R e dey BR i T gE o 8
% kis ALIVARDS eh€ & j5f de 8h > F)pt > @ ;ﬁ«;fém—éi b PR B IZ

b2 Fg BB Y LE W B

2-2-7. ALUARDS % % F Js 22 s 34 i § g2 B enbl t4

B ey fRE3 T 4o ALIJARDS B % s e 4 3 e T
Mg L E ETAL n g T 2 e g A ¥ Pt B U ey
BfEL T o Ra > FUF REBFREANFP DAL FRIT

U E SRR E TS T S R E SN e 35y
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% ALI/ARDS eh& 18 » ~ & v 3L F i+ 5% jw %2 k% (proinflammatory
cytokines) » 4= TNF-o ~ IL-1B ~ IL-6 % 4 2 % g A ¥
% 0o A

e @ A5 =k # s (inflammatory cascase)2- “ o iR € 5%

I H i e

(2.51.160) 3= yb proinflammatory

% §*(pulmonary coagulopathy) # #
cytokines § F§d {1 TF & it fo3f 2 PAI-1 shffisc » Jig & % % 2 %
Bos PR P ) A R MO0 st g 1 sl R (PAT-D)
B 5 4 g L F RIEGEA 0 T O GEP PIRAE A F R A - HGE
Selectin e TLE ~ 375 (L | A8 £ B 0 4o 0 R ey L F OO
162) | H =% > % (fibrinogen) ™ ui\a Se ’F:' S RITIRER A L N B L
RS R UV RN U P S ER L R4S 16 e
#x o> w ]l F a2 Ed w3t (Neutrophil recruitment)shé & » p 5 i
# : Zarbock % (2006 &)'"*YF1 5 &g > & /| £ ¥ 1435 i P-selectin £ ¢ %
AL QT IEH QP PIRABR s o R i el £
¢f1 thromboxane A2 - i% 3 thromboxane A2 ¢ /&t i g P A Jm¥e » ¢ H §§
2z ) o P2 Ak F] 3 (Intercellular Adhesion Molecule -1, I[CAM-1) » i (¥ @
M3k 1 HB2-integrin 7 12 fr ICAM-1 & % s £ (41990 F)pL 5 Jo & g
F ISR TR & ST TONEE - EOF P
— bR b E TR L e R F U et o e ] g LR R

gk o B - BB U F RS RE B R GBI o
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CAIREE T SRR R MRS Y TS ¥ s T

‘j}ﬂ'\/r}%‘ ALI/ARDS #3713 % o

2-3. ALI/ARDS % }ﬁiﬁv A2 )I?% ¥ RE
ALI/ARDS m;v(}?iﬁa" FV Ui R ERRFINE FRRFS AR
BARFIEWG M T A e Al wous 5 T A uz
Fopob ) a Aggl®e yob ) 7By M2 51844 5 A%
& T Neutrophil-dependent ;4 2 T Neutrophil-independent ;, » " %
g e BT A 4 epd M W3R iR (Ventilator-induced lung injury,
VILD ' pl 3 kg g 2tshchfe B o @ A 8 0T v b e 0]

ERSTE 18

2-3-1. % % & 3R 4 %443 (Lavage, LAV)£ % ALIARDS 7 5 # 4~ $iC5¢
TR guE s > AR A B ER Y 3739CehERMEIE IR L5
W F e %L (whole lung lavage) » #-+ %) 10-30 mlI/Kg (5% ~ % &
<Al f ) Iml/Kg(R%E ] AEF )2 e @RS | 24
oA wfe s B 1-10 A4 k- =t 0 W EE 58 5 0 Ak
I Pa02<100 mmHg (f= * 100%:0F F ™)1 o 8 44
R G ABmERA F o NIELIRA GRS AEFRE I Y REDN G E

Pried 82 R aR-REFHZRBRPFF €E XM pN L
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dE kA RERHRS D T RS RSP A Ao Ay
AUt T LAV A R R F e AR
ok~ T E RPN E K- A e F L e B Y MBafeh
S-SRI SRR S - I N S L R k7 Sl S M SR R i |
IR A BEE]E L TR e ALVARDS 0 £ 3 & i A e s

Fo5 R4 B ek rglazenit gy OO

2-3-2. Oleic acid (OA) %% ALIVARDS 7 5 #° 1= -3¢

FI# ¢ L ERE R RERE R &R o 4 f(Oleic acid,
OA)7 0.06-10.15 ml/Kg erv&| & > R & 4 78 5 F-K > Z b (5 20-30 »
B)IBFr Ls SN o A4 F AR # PaO2/Fi02 1t % 1 80-120
mmHg 42 & > " HR T A E A 4 AR R e s HEaY Y o s ae g )
g3 N R e foig R L g B R e g L lwie A 4 ST
Fogds FR A R e PSR o R LR R
$ Frde TNF-ut 2 IL-8 > i & ¢ BIR4R 1 £ 45 7 3 %58 79180, 4 g
SR ILE v B € Flics B B e A g e o g e b A
e S EPR R LG RS R A BT e pme T

f OA ILS15 6-12 /) PFFAT 1 510 e « R R AL ~ Mok F R

4

Rl ~ 9% %

=

% gi;b r1 % fibrine /ﬁ??f 5?’*“ 4 P\ gLy /;{: , x/% s TN
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< B IR 2 Eeiemie RS € i OA LSS chifc | P A IR o
PE - BEHE OA RN G LB IR Lo Rail F e

(70 G T g P e P AR wfe ~ Eeimie ~ kT IR Sk
ECECE I i}u{% = A3k e dmve ch 4 U890 OA 1 s el
> £ A]H ALVARDS ¢ BIF B cp il it ok ) ~ 32 2 sl
g 3RF L A BRI LS » B8 5 ALI/ARDS ez 4/ %15 7
& foig AL IR B e st BT A 2 DS om0 B A S FD LT
RN L me 4Fie A A 4 ALI/ARDS 2 2k iR 3 2 4Rk 0 971

PEREFEA R EFOGER IR BRI

2-3-3.LPS 3# % ALIARDS 7 7 6 fic5"

LPS #& fiKitmpFme A Behd s > 7 IF5 N3 3
(endotoxin) » 2 RPN 512 cnd E F o LPS A 4 £ MW 3p i n
FNT S A A )E LR - LPS 33 4 12 8 ok {80 12 2-4 ng/kg
BT EFEGR > € A4t g P L E R R
Mo F P~ s BN A e R T IRehE e e < B
g e 2T 0 ) E o sE i ¢ - LPS 2 14 ng/kg A £330

ARIPRRT RGO NEF PP AT ALVARDS - o fd

ZAFAFET 24 FRHRESTE RN F o B F R
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AR F SRR P B AR A GBI E R o TR
Prenidie i ¢ NI Ben? Bak 6 i B A e LR
Ji ‘w0 % % 4o TNF-o ~ IL-1PB ~ IL-6 ~ G-CSF ~ IL-8 ~ MCP-1 ~ MIP-1 1
% ROS & P20 1PS i § # 355 ALIVARDS & 73 v fdsif 4
#g0% L 473 e ALI/ARDS > B33 16 6n24 [ pEp ek 88 > 829 43k
* g%

RAENF R €A ERp A g ko g Liwme 3 ~ ¥

|

itpd Az fo e ZBVE T o Tt o A P oA iE 2 e BN s e i

30 00T BERE Y FRLGAAS | ocR g A R L

2-4. A4 L
2-4-1.0 A F H § M A kit

PSS RS R 2 PR o AT Y R e s
REp o Bzt RERL AR 2L w2 LR
ARG R A o A L2 R i ke T
(DR RAFE) TR R I RH 7 BB ERTF %

, a D S (193
MERL TESY TR BRI - LAL - LR 4L

() (A5 mp )Tkl fammd > JIFFE - P {2 o (542

L IR R A A L2 (B e AT EA] 6 R A F
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Ir%'—’ Eln\glji 0(58)J

B) (AI o) TH2 g Hek2Za e > H 5 2o &3 0 ¥ 114g)

=

RBoFRgaf ri A pig REL 2T
() (AFF L) o2 L T3 Hr - »F LV BERES  He

@R s Yool g1 b 3 B o o4
vkl 'fr'_u_,,ﬁ'_u_rn“ . ’/Eif :,—,_’-”7\"3\2:[.11}_"\4‘%1%"/?‘1&

(?m

T BB TR RORE TR R e Ty

~ o }:%_-%f_{: , ;ﬁ#;l;’;igqr“g‘” °
(B) (AT ) T2 BgiF - B RIAL PR AR

s RAE T ~@PEE s RREECEREL SR TY v 8 HER

g_ﬂ;;}]\—:'i}gﬁ‘&ff“ﬁllr'_ﬂ_’}]\?'*ﬁjﬂ}: /{EJ L’}F'é \.’i’iﬁ‘\ﬁﬁf‘\
Fox g aded oY Ty g g BT oo fle g ¥

AN . b N 2] . ’ — P P SN L 4 v 44 ’
e AR e p ¢ F & o%:,rA AER A R ASEL A oo

(6) (Agsmsa) 1Mo 4r o a9 B AR R o B

‘Jfr’_’éfchri'ﬁm”‘it’ %;%’#i’lﬁ»%%’éi”Ti'ﬁﬂ. (o g o
BT A APk LT F A R EE EA R R T

P FE o TSR Y R B S TAF F R i
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AAPE S F e FRRA L AU FRARY L

Fops | i TEg v p

P R (T 5 £ F SRR Tt > 1R £ F4p b
R A H e e DCRERESR) T FEET E o LR

N\ =223 k-
Aﬁ_o%

B s IR KA
6 Yo FECE’ 15 ;u ’

:é-’lj 7}{1 *Z\' ’ 'l:l‘f

2
-

mA b 12500 R 6o 2 A 9o}

P PRJR P I BEA A F IR FED 2
Rl 13 XE?me_J o&.&p(pg —’>> r&e_ﬁ;y;‘_‘
»n AR

Y B NP 21
o B o k2 A 305 0 AR 245 0

T IR 20 SR

\F
\H

g A 2L F 8
LT ER o FN L G RS BT e R R 5 Rt
o BEFAFIH AL I RIS s WEF S F G FRRFID
TE CREREEY Ao T

AT R ) SEFGR TS
TN R R BERL w2 A (FioEE)-
dorpA LR REE

‘%ﬁ

g w1 E L 3 X (5% » F
ESRZ RS

, if]_.gf\‘/(;? ’\}‘/}{Liéﬂb?? “% |/(cc;? ’”|1£“/}:i_ﬂ’_xéﬁb:{ﬁb”ﬁ
24 @ E &5 A b ALI/ARDS »

T
LEEY LA

Foindh B HE
Fo T j\pgzj-qu._.lp‘\ PNRCKEEA-= YT F 53 iz/;:%‘;f;v
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242, BpA AR ERE Ay

PEAR FEA CEL L A IR AR AREL R G
Ly HE g 24 (Paenoina Suffruticosa Andr) e A o IR 3T
SFETET O BEAY Z T ARSL S 4ot Jfs(Paconol ) ~ A Es

-

{f (Paconoside) ~ H # «?f (Paconiflorin) ~ + & fis & fpf L 4B AT i]f
(Apiopaconoside) ~ ¥ 7 fiz ¥ # 3 (Benzoylpaeoniflorin) ~ ¥ i+ % #
(Oxypaeoniflorin) ~2 ,3-= 22 3-4-7 § JL ¥ fp ~2 5-2 52447 5 ;L
¥ pr3-55A-4-7 § A ¥ 2 Ak ~Paconilide~ 44w 2 4 K s 5070
PR L BT
(1) &2 4 2§ 25 &
2 e ;F*Je%ﬁﬁ = S S K R L A
% F 1 pd AV Rho % (2005 ) g HI - £ L LG5 A 0 &
A AZE IEHESF niT* > & @ ed]d hemeoxygenase (HO) 1 2
cathecol-O-methyltransferase(COMT):E & £ s #@ d k< £ 5 v p
d A2 5032 Okubo % (2000 )7 7 4 43R » $2 4 % DNA
chi b3 54 @ T* > 70 DNA F1§ 53 &4 e g™ o
(2) A B g e
Kim % (2011 &)@ * < & B & X # 3 #73) (type I
collagen-induced arthritis , CIA) k27 7 3£+ & 5% £.F & 5 fug L 1F
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oo BERBFIL LA B AN T uecd B & %A, ~ "F X Thl 4p B e
¥ F &~ "% 14 matrix metalloproteinases (MMPs) 12 2 38 3 & & ‘o %8 & (4o
TNF-o~ IL-1B ~1L-6 %)% I E ~ Frd|imrz 41 i Z 4o MIP-1 e & o
TP L i ® > ¥ gy F35 8P4 NF-xB 12 % #r4] Activator Protein-1
(AP-1)ejE i+ ki 2D
(B) 2 A L5 drdleaez it mie (T
Kim % (2007 & )r2 422 4 6% 32 AS49 A £+ 4 fwe chpm § 5 T »
FA AT drdlis TNF-a~ IL-4 2 2 TL-1B 1%t + /& %2 4 ;% Eotaxin
hE IR BT R E e 5 5 1 AS49 e 0 HiT T {8
T iy £ 3r4) NF-xB s i 4 B (%9 o
(4) 2> AL Z 5 drildd Klbn g (v
Tatsumi % (2004 & )% I » 2 g ¥ 4 5g9%/3 5 prostaglandin
F2o. (PGF20) #7351 4= e3¢ ¢ 4 7% 5§ (Neuropathic pain) £ 7 2 4F crafr| 3

5 6D,

24342 43RS AL A
2 4B & 4 A (Moutan cortex of Paeonia suffruticosa Andrews ;

MCR) #74 B~ kehE £ 5 2 &2 > v 4 35 &3 5 % (Paeonia lactiflora

Pall (PL))#£* # £ %=(Pycnostelma paniculatum K.Schum) ® "*7 2 g ik 22,

= - & 5 #F X (anti-inflammatory) ~ #¥ it (antioxidant) - %
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(anti-tumor) ~ #< 7 (anti-bacteria) & & % # & (immune-regulation) -4

(73,
198-200)
2-4-4. L sz (B BEE B
2k e e S e T B (Figure 1-1) #7572 4 fe A F 5035
CoHiOs % & 5 2- % & 4- 7 & ¥ ¢

2’-hydroxy-4’-methoxyacetophenone) , &+ + & = 166.18 > T v ¢ 2 jir
y y y P

¢ REZ SR BELL 49-51°C 2 Rt B0 BR o VR ALK

-

gip ¥4 k@
OH

CH;0

CH,
Bl 2-1 > A f5eni £ 5345

245 LA Ehd g
S L 2 2 RN T

()T PR2 Az Egrte 4 5

Xie % (2008 &)1 * % »x;% 48 & 47 & (High-performance liquid

chromatography , HPLC) % = &4E"L i /| % (Diode Array Detector , DAD)
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P F R LA o BEFR 0 A R AT IREAE 204
i TEL P RBER O RPFLAR, VARASBSHT 4 EBE S
¢ 3% resacetophenone-2-O-sulfate ~ 2-hydroxy-4-methoxyacetophenone-5-O-
sulfate ~ paeonol-2-O-sulfate {r resacetophenone®’” o L 4 fr i d v R4k
& 1507 k& d #FRE¢? cytochrome P450 1A2:ie 74 7 £C%o 2 % %2011
)R At A E - RIEY o REFEH BT Y
B BT GFE 1 ABRT G Y RITIE AR RAE 53 44T
EREBERE 2402810 e ¥ 2 RIFIRR o2t h 0 2 AR &AL
T B B B2 E 0 ot oA chpt i T
Gjertsen ¥ (1988 & )cr# 3 Bgor » = A e 3 & 5 d TR D -
CPRARE < B ARt 0 i R 14 X iR 0 3BT RITE L e ahit
WAF o HY EREF L2 AR R 27 A2,
4-dihydroxyacetophenone ; resacetophenone)frzg & it 3] (2,
5-dihydroxy-4-methoxyacetophenone) % o
(2) vop LIE L E e 8

Ma % (2008 # )55 ovp 15k B 5 10 mg/kg ek & i A s | &
SR LRIV SE- SR SN SRR N 3 TN O ok e iﬁ%ﬁx% KR L 7.5
Lds o HEFER 5 0.7l mg/L (43 uM) » B T 353 “f ¥ ¥ (mean
elimination half-life) ¥ % 59.9 4 45°12 .
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() Fr%AE A2 Bt &

MUBEFF % (2010 )2 HPLC 7= j# % 3E 34 5 6 R 48 7% 1 5
Amg/Kg 2. 2 AT A B2 Bt 4 B 0 SR F IR Cpo=(8.99+0.84)
mg/L ~ Kel=(0.082+0.015)/min » t;pxe=(8.73+1.54) min » ~ %] 45 4 4 {5 5

POER P EED e 110 20T 0 BRS¢ R g

2-4-6. = A fm P F BTG
(1) & A2 3 s (e

Wu %2009 #)him® F ok ® > 4 g4 fs &IT X B
(synoviocyte) 3 2 & fis § *% = IL-1p % TNF-o 2% 7 Chae % (2009
E)F IR, 2 A T LPS 15 E e m ' RAW 264.7 #7514 nitric oxide
synthase (INOS)& COX-2 « # £ 3+ & 4 $r4]»2* 7% Chou (2003 #)
LA BT AANT A LA SN > SEFR L ART Y
¥4 R & F % (carrageenan) 5! 42 &7 TNF-a ~ IL-1f ~ = 7| EJ}L % E,
(prostaglandin E2 , PGE2) ~ iNOS ~ COX-2 &% { 4= Fenk R » 3 7 0
Ak Fildemp g O e B AT o 2 Ay e R
trinitrobenzene sulfonic acid (TNBS)# 4 70/ &% XX » F pFs ¥ 00 W
MPO #12 INOS ehA 24 ; p— BREIF o F % R L AEKT
#r#] TNF-a 2 interferon-y (IFN-y)#7i# = c9iNOS #-v H £ mRNA % 3R.-

e B2 ¥ 0 Fe ] NFKB e STATI i 1 97 o Hu % (2010 &) 2 & 4+ ¢
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fv r SO Ak G ) B8 TR ) BRI ] Y
W A 2 LT MR R P AR S UFPE Y72 & oL - ¢ aminotransferase
shl A 2 BRI B R R e R i e ahpl
Hi ~ P 5 (steatosis) frad L mre chiz B~ e e 4 g L F](lipogenic
genes)mRNA 4 & > L e 2L 4 fefr3 ¢ $ri|?+Fm? cytochrome
P450 2E1 (CYP2El)eh3-d 5 % 1% o Huang % (2008 &) » & * fic*d 5|
/47 > 3 IR Panther L& 3% 'w¥2 jic % (cytokine ~ interleukin)% toll-like
XA HL A2 A e drd]s LPS 343 ePE il e 3 Lk i AR B D
SR ik S Ll
Q) > ABET4ef en

2 g4 R E ey 1 ivr @021 Okubo (2000 #)F R 0 2
R ¥ M b 53§ i A phenylhydroquinone (PHQ):g = 7 DNA %74 42
B~ Foond i “,/TT # 2 ¢ superoxide fr hydroxyl radical s Hu % (2010 &)
B 2R T L Ee M T R e 5y B § 1 (lipid
peroxidation)(zog) cFIMHEEMM G TR L EF LAY NG
HF Y SR T p o e BT Behier o det Zhong ¥
(2009 E)F R > LR ISR EN AL LT PRI IF R I A
(oxygen-derived free radicals)en g # » @ & * 2 g fis > ¥ " K4 L gL
(d-galactose) #7ig = e 5 & 427 3u4vdf i (cognitive impairment) » e
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4 H 4 GSH %2 SOD % d 4 &k &' Chen %( 2001 #)r2 2
Mi % (2005 £) 5 fit * 556 0% (2 &4 - S s b 03 7 4D B
P R L B TR LA R R PR ERFE YR SA
SR AT G R e QB2
() > AR T P i

Koo % (2010 4 Y§H4Ea & 2 o &3¢ (7 Pujs # it 0P 5 0 SRR
PRz BBy Y o HaA P EAR Y 2 HLRARATY £
Frf|rck i & i § 45 5 5 Paeonol ~ Paeoniflorin ~ benzoylpaeoniflorin
oAt ARE T s (8% o e P %y F M L s st ADP 1

% collagen induced platelet aggregation & 4 v e % 2 & 34 € »c g’

72)
OREFEESEE-LE 30

F BT GweF s e R b d > L AR E G LEF i
FUEF S FIRFIAMGEATEERY > Ak eFAY > UEFEHE
g sk T cnRf o Wu (2008 &) 0 I * 34 ¥ (oxygen-glucose
depreviation) ¥ 3k 54 5 meF B 0 A4 + § %0 glutamate ~ 4T
S+ P o2 N-Methyl-D-aspartic acid (NMDA) < #8735 1 » R+ %
2 HE o REFR R L AEISE o R A T A B

BT angidd o BRSPS K NMDA X 8 & 4 o
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I A ) 4),5 A e R (TR @215 Zhong % (2009 +# ) F*
D-galactose 3 %% (7 ICR /] Bl % £ #3] > Bl L A e v ] Bzl
B8 Y P BB IR & Morris (K iF § RSk 22 A B B 3R 5% (passive
avoidance test)? > = A i ¥ F rxeniEiE R K ) K F Y S 4~ B

2

> D-galactose f % B HIEE L F v = hhA LA H - B 4
acetylcholine (ACh) ~ SOD -~ Na'- K'-adenosine triphosphatase (Na'-
K'-ATPase) tr /& 1+ ~ * & cholinesterase (AChe) 1 /& £ 12 %
malondialdehyde (MDA) ik & ®'2 ¢ Hsieh % (2006 &) » & * 2 g 5o
< Mdk ol LB AT A BUAE MR B A 0 B RB IR ik d w20 4
AN AR A ¥ g ool Rl G fif 0 BRETE O fole
B I 2 A2F pd ek

(5) * Ap 5 F difaTie?

Kim % (2004 #)% 3o > & L s ¥ 00 0 8T X e o o e ok
(histamine)~#r % < ‘wm?e $# 3x TNF-a- F P* . B 'w% F $rd4]d anti-CD40
Ll £ L4~ 2 £ e ol 5O 22 F] 3 (recombinant releasing factor)
%% A 4 ¢ immunoglobulin E (IgE) » i@ #rd| | Rtk @9« Lee
£(2008 £) > 18 * 113 3E R M 48/80 K ] BA KiEACF B 0 %
B HL A FBGY UL G R B K e ATE B BN
AR A dmre 2R o BT A A B4 IgE AR BE B AT R G Pl (E
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C1. Du % (2010 #)# * ovalbumin-induced # v 3] » kK2 A B>
O F G B F R R LG S > BEFM LT RETIES
2 g 100 mg/= 0 T OLE SOE e Bk P S A B T
@ imre ek IL-4 2 IL-13 )k & > P 4o e ¢ INF-yE R > T B¢
FAABT U LG ¢ IgE B R D] K F i EacF ek @Yo
(6) = A psl G o iR iT

May % (2006 #) > & * % & Bl F i itim s b 2 # ek B eht 4
B IIE L AT 5 SR itz AST 160 uM £ 640 uM
LR AR 0 e A AT T APREE R ITT 0
gﬁ’ﬁ@iﬁv TR enl® pF > B 0 2 AR Pus B iR Uz
wruigg e G a g ms B 4 B vl e A 1L gt @0 Nizamutdinova
%2008 £)5FT § Bor 0 s Bt A me gt W F g 8RR 1L A5 i
AT AR A A F A N ik B F B
prglier > A L FE g% L e £ TNF-o {974 s
intercellular adhesion molecule-1 (ICAM-1) » * A fm itk enfri|sc sk » &2
Fr$] NF-xB B /2% 1 ~ 12 2 4] p38 ~ extracellular signal-regulated kinase
(ERK)ergipie 1§ Mo gt b 3 87 2 Lo § 3 % ¥4 vascular
cell adhesion molecule-1 (VCAM-1) k #r#| TNF-a §]jk i % ¢ & 4 ¥
ok ab™ o Li 22009 &) 1B iab a RS 45 12 3107

40



B N sk BT 1 sa Bl (atherosclerotic plaque)s # #-74] » &5 v pRA S
2 4 6 36(75-150 mg / kg / day) 15 4 T > S50 4 fadk & end S 0 3Bk
kA b sa B P B0 > R pF s Ha g ® TNF-a ~ IL-1B §v C-reactive
protein (CRP)E & P &g '% i< > H 3 i@ NF-xB e £ » e Bt & fis 7
#r41%%D o Nizamutdinova % (2006 & )4 # w B 4 0% chad - 8 I HE
@ SRR A B ORETET S IR AT LG AR
Pl RS H S R BRSO R o B AR L PATE
wag e O
(7) = AR+ fd Fargiien
et FEr R em AP o BLE dm e ihd = (osteoclastogenesis) £ i
=R R fRenA Fl o Fla EREP F L o Tsai ¥ (2008 £)i¢ *  receptor
activator of nuclear factor kappa B ligand (RANKL) 1 2 M-CSF &k %
¥ L stromal ‘w® & (2B F iz > RISLS L Amia 0 BREFR
LAmEFHEEFEMAT e B N RSN o
RANKL 3% % chE v m?e &2 4 ernNF-xB #ifié v ~ IkB gfc i » 2 ERK %
P38 FEERL Tt 0 4 g Ak A Eadrd] T ko
(8) * AP L F Fik b ie?
MAOA 4= MAOB % ¢ % ¥ »efgid ' 3 7 % % > MAOA
Frql B EMAPF Y R EREREHEY 0 7 MAOB Fr4# ¥ 3
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FE s T & S @Y o Kong £(2004 & )5 B2 4 e frd] & B4 5o
MAOA £ MAOB ej& 10 B & AL i & F # g ehi® r @ Mi % (2005
ENVEA R RS AR 175 mgke BEFR KL L&Y )

El

paxl)

€ W 4v B~ B 2 iF ¥ (elevated plus maze)® R A% (open arms) =t #ic

o pEiEA Ak a2 4 fs i) B0 & dark/light transition 8% ¢+ € 3 4e F &
BB B F TR D YR e diazepam £ 3 E 3k o e

%4 A9 diazepam ] B B i L ARG X HF D G AREDR TR 0 A
A AR A o] BT R PO BT T A AR R G F ROTIRE
BEF it o (e frd ¢ A4 L EgER agliery Y
(9) > A5G FoRpie?

2R T ] S R A 0 £ A% BB R B R e
% (199,226,227) | £ TRT o 2ARE ”)é ] fg AT B Rk e A eh
fe 0BT A B A A fs s rd] Akt L i 2 0] matrix metalloproteinase
Ed B o Yo £(2009 #)F) % Bl R X % B %R HT-20 e chsg 4
K Bl A fs L e 4 0 11 3-(4,5-Dimethylthiazol-2-yl)-2,5
-diphenyltetrazolium bromide (MTT):&5 % i 3¢ fo 2 Fjir(flow cytometry)
i R E B L AT LA EFRH A S R mee g 4O e 2 g
fr e S phwie > VU R Rk iR A S ) 0 F RS bel-2/bax b
@275 Yet % (2009 £ )3 B > & 4 fs g (% 22U A 0.094-1.504 mmole
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/L ehk B ¥ Frdlimie COX-2 foded H p27 chd g Mo 7 2b s 2 g
Fs 1139 T 56.23 mg/ L (0.069 & 0.33 mM)ik & # B ¥ 404 5 655 im
% BEL-7404, SMMC-7721, and MHCCO7 s £ 5% o sk 2 #h > 2 g i
g R FE LG e (£ 0 Wan %(2008 #)E IR 0 fhed LT L6
v cisplatin ¥ & i g fw e chim e F Boakdk > EF| L F it BN %
231) |

B ood N E AR E G adEendug U Ff PR Fugs (T 0 7

PR T Lk (75 87 ALVARDS 5B i chi e o
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by
lu

F o
3-1.5 % b 4~
~F 7 6 % a# 5 Spraque-Dawley (SD) & 5 ~ & B % |+
(pathogen-free) = Bl > §8 & ) 5250%]300 g 7 %:EfT™ > AT 2
R %RKy RS EARF R AN R EELR
€2 FhUEFHE AR EFT - BHFFHRTRER P EANRAFRT R
-4 ¥ 4 B ¢ (Animal Stusy Protocol Review Board of Taichung
Veterans Gerneal Hospital) 74p BRI Fo LR R HRD P2 EE A
FoSD+ BHEE pl&@arpld fo Sy > 5 T2 @ (BioLASCO Taiwan
Co., Ltd) » &% 30 2 ¥ H % 5‘&%31‘%? T2 E s AR RR G2

P/ a ) EREIRTRE 0 BB T B R L RZ KR AR .

3-2-1. FHE N
(D2 A 2 Aok h My p fPEHERFF T2 7 (KO DA
Pharmaceutical CO., LTD, Taoyuan County 32459, Taiwan , R.O.C) > % & %

L3 L F PV EES (FF F W 040314) ik AR E ¢ EMU

|
g

DAN PI; KO DA; Product number: 420701903) - &%l # e 42¢ > 14 7

igm AR T o il 434 g L4 EA kS 0.67g T (L8
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BEF v 5]434:0.67=65:1) Ris i s te x 0.33g filts = BRAA
Fo s W Bt LRSI

QE A A ZH PRI Ad RZHP ?@ffz,gﬁ§£ﬂ’{ e
FELPRBEGEP <8 ot o@)ries > BEH T DA
dEEp oM BV KERE Y WFEFL AT I = (Cheng-Jen
Chon) 3 R &7 ARFE TN > Bt A RFEP o XTPffRd ELW
KEFE o M 95%e fE 0 & S0C g T o Mg 11100 RT3

X E P i F|eh BRE PG LA TR ME 0 ARG & R AXLSL)

4 ¢ fin(ethyl acetate, EtOAc, 4X1.5 L).:& {7 &~ 4> B 1 . © *=(n-Hexane)
78— K BBk B et A s 0 2R {802 P Fg(methanol, MeOH)® # @ 4
= dm gk i S B8 o 53 B R(NMR spectral properties) sh#E T {8 0 3
F el g K WMAAS 3 R 16617 h2 A s B S 5 2-hydroxy-4
methoxyacetophenone (Fig. 1). ITHNMR(CDCI3) d: 2.51 (3H, s, H-8), 3.80
(3H, s, 5-OCH3),6.37 (2H, m, H-4, 6), 7.57 (1H, br s, H-3), 12.71 (-OH);
13CNMR (CDCI3) d: 25.9 (q, C-8), 55.3 (q, 5-OCH3), 100.7 (d, C-6), 107.3
(d, C-4), 113.7 (s, C-2), 132.1 (d, C-3), 165.0 (s, C-1),165.9 (s, C-5), 202.4 (s,

C-7) -
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3-2-2. F B

ARSI AERNUE T A F AL RPITE R DBA Y D

Sigma Chemical (Deisenhofen, Germany) - 3% % * & ALI #7# * e & %

(Lipopolysaccharide, LPS; Escherichia coli 0055:B5, Sigma Chemical) #_
P p Sigma = & (St. Louis, MO, USA). # ¥ + &40 M ‘w2 i 3

(Pro-inflammatory cytokines) 7 % /& 4= & @ TNF-a (BMS622MST,
BenderMedsytem) ~ IL-1B (BMS630, BenderMedsystem) + % IL-6
(BMS625MST, BenderMedsystem) #_F& p  Bender MedSystems (Vienna,
Austria). IL-10 (14-8101-62, eBioscience)«_Ff eBioscience Systems (San
Diego, CA, USA). MIP-2 (#KRC1022)&_F#£ p BioSource International, Inc
(CA, USA). s 4R Jm¥2 j5r% @ TATC (ET1020-1 Lot No. 1259916R1)
2 %2 PAI-1 (Catalog # RPAIKT-TOT)A_ptp Molecular Innovations, Inc

(Novi, ML, USA)

3-3. 4% HPLC i bt At fha A 2 § S0 7 £ 2 A4
33-1. g L bR A A A
Boant kg gt Lhid &gk A 5+ 4 fis(Paconol) 1 2 N &

(paeoniflorin)’ #-3+2 & ;% § 2 HPLC ,% $v(HPLC, interface D-7000, Pump

L-7100, UV-Vis Detector L-7455, Autosampler L-7200, Hitachi Instruments
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Service Co. Ltd., Ibaraki-ken, Japan) * i& {7 3 fidg = & vt 445 1062
& I QL e & By 7 (authenticator) 4 2 &8 (-3 (quality proof):id
## 4p & B ¥ (chromatographic fingerprint)e #7# * % 47 ¥ 41 5 : Mightysil
RP-18 reversed-phase column (5 m, 250 mm x 4.6 mm) with 20 pL injection
valve (Rheodyne) °
()43 4 % & = 4 s (paconol) A 47 1% 3% %1 & A i it Sod B 4
B R P KT B o # % 4p (the mobile phase)z. 424505 £ 5 38%
acetonitrile (mixed with 62% of 0.03% H;PO,) ~ itk (flow rate) = 1
ml/min ~ # HIE R 5 30C 2 AL R & 274 nm o ik iE £ heT
Paconol = HPLC &3] ¢
o 2 AR R AT A A

A, B4 4 0 Mightysil RP-18 » GP 250x4.6mm(Spm)
B. #%43 :

Time(min) Acetonitrile (%) 0.03% H:POyu(%)
0 38 (2
25 38 2

C. e ¢ LOmEmin
D. #H&#% & D UV274nm

(2)3p ¥ = & 5 % 3 (paconiflorin) 4 45 1% # 3K T N & H ik SRR

A China National Institutes for Food and Drug control - #% #* 4p ( the mobile
phase)z_ 4245 i% i+ 5 16% acetonitrile (mixed with 62% of 0.03% H;PO,)#F
F I 25 AdoniE 5 I ml/mine ¢ 408 B & 30°C @Rl & (the detection

wave-length)z% € 5 230 nm - ¥ Lt acetonitrile &t & SEPFF & 3 & 4
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30% (25~30 ~ ) ~ 50% (30~45 ~ ) > £ & acetonitrile 7k & 5 16% (45~50

) e ik it R 4T

Paeoniflorin 2 HPLC 3] :

g B AR AR AT AR A -

A. B 744 © Mightysil RP-18 » GP 250x4.6mm(5pum)
B. ##)48 :

Time(min) Acetonitrile (%) H-Oi %)
0 16 54
20 16 84
23 30 70
30 50 S50
45 50 S0
50 16 84

C. ik * 1.Oml/min
D. k& - UV230nm

3-32. L APNEEELRTEZ AT
d 3t A & | Phytomedicine: International Journal of Phytotherapy and
Phytopharmacology | iz » H 7| %h% £ B & L AZF 7 + ahppt
RABITE 24T AR AN T 7 B HAEE AT R %
A AL FPREFNT A

5 % 4 f& (aristolochic acid) ent: & F-PML ¥ p Sigma = 7 (SIGMA,
USA) > # 7 3 40%¢+h aristolochic acid I (AA-I). @& * chgrz & sSA
HITACHI L-7000 liquid chromatographic system > ¢ 7z 3 pump (L-7100) ~
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column thermostat ~ a model 77251 injection value (sample loop 20 uL) r+ %
K oeh Sk i P B (UV detector, L-7455). # * 2k 47 ¢ L = Mightysil RP-18
(GP 250 mmx»4.6 mm, 5 um) ~ ¢ 18 & % 30°C ~ # # 1p (the mobile phase)
i% it % acetonitrile (45%)12 2 NaH,PO4 (55%, add 6.9 g of NaH,PO, into 2
ml of 85% H3PO, to a total volume of 1000 ml) =& & /% ~ gk 25 1.0

mL/min ~ ® B4 & 5 400 nm -

3-4. LPS %% ALI/ARDS # %~ #-%

11 2P| & 91§ (rectal temperature, RT) ¥ 3ed52. o 5 Sk 47 & * i)
= F REER S & * T # 4 L 2% isoflurane (Halocarbon Laboratories
Div Halocarbon Products Crop, River Edge, NJ) » ¥ /i 5 0.5 I/min 0%

FRE o X B {S ) -H PR §E 2t 4 £ i 5 o LPS (Escherichia
coli 0055:B5, Sigma Chemical Co., St Louis, MO, USA)##| £ 5 16mg/Kg
7%t 0.5 ml 53 Phosphate Buffer Saline (PBS)pr » ™ lcc 17 &4 46 P~ >

B4rEE B R L & V& % o9 (Model 1A-1B, Penn-Century, Inc., Wyndmoor,

PA, USA) - i * /| # 4 & * cwgdi(Small Animal Laryngoscope, Model
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LS-2)# ~ Blrgeg $* B > & P 4L+ & vocal cord (i m T > #
MicroSprayer® Aecrosolizer  4&# » § # N 3 ML F » L FLSF LR
I3 #6304 0 A~ LPS s 43323 2 AN AS RIFE - R L
AR RIS REEDE P RS RFEid o PSR
< EUALIARDS 2 0 5 % i » G950 L2 ¥ 2 AR % 3 2 0 95 4

E‘j'j;ﬁ > "’Li‘ih(ﬂ’ 191, 192, 232) |

R ARED AR IR REE X RPEP RS EP BT Fk

S

Ferr COy ¢ B & B5e o F < Bl5v= (8 2 EFELF F WA

N

(Bronchoalveolar lavage, BAL) » P~} ¥ ;2 j# 2 % (BALF) 1 & {7 {8 S &
1o RS T DR RGN Y o B R L F E
FRAE BRI S - RN b BT A
FoORUGAFAPNBBco i FA A MK 2R RIS E B

F
o> & 3% &

fe XA 224 mlend 1S HE-L > vk 20 ml 05 e

|

7 5% (BALF) » 4538 200 um = mesh i g -4k t6 > £ 3o (1500x g,
4C) 15 ~ds > A HrimPs Uik M2 bR o s FiR A K S S 0
S0C A4 ? » F2 (8817w ek iRl 5 w2 Uk 1 2 ml i PBS &

{7 resuspension > 4K 2 3 %% % (10X HBSS) Ak ‘= d k(s > £ 12
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1 2 e PBS it {7 wash » A {63~ 2 > 2 x 10° k f BALF ehim® > & *

cytospin #-lm¥e B Z 3t F b o RS FH N4 ¢ (Liu's stain) > 1B (T

3-6. L F g iR v FRARRIT

iz * Bradford protein assay (Bio-Rad, Hercules, CA, USA) » #-H s 42 3
fm¥e 2 Fev Frertie i po- 80 Crk4# B 4151 * ELISAreader & 595
nm ¥k B o i x4 BSAREER 2 Heck @R Ay AE o I RE

W S 532 B TR (ug/ml) (233-235)

N

o W& 1B {8 HVE B E MG (FRELE BRS04 um D A B
= ~Ep f 8

B BWE {887 HEE stain ¢ o A =877 4 B A BTG F ok 2

=

A GARR D 0 AP S B2 BN REIES R T

L S AN S LR EE ER RS SRS Sl T TR
WA B en g S SN I AR ] RS A R > h ik B Kristof % (1998

Eyer g @0 o HYP AR AR EFHIT G AR TS P

FHFAREG LB F - BFREHF L P 5 30 lobesy 11 L f
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FaP o b 2E 3R fields T HEE 4 B fields & 10
# fields i& 734 o 34 38 P & %] 5 ! 1) alveolar and interstitial cellular
infiltration (**j2 2 ¥ B3 X ¥ R JE42 &) - 2) alveolar protein exudation
(FFe N F-v % A4z &)~ 2 % 3) alveolar hemorrhage (%7 p 1 & 42 7))
Fo A - BRRERLPBRES 34 R2RFHES 04 0 131
TR RIBLEA 1A 12 eRiEEA 28 & - A RES

-+ 1 lung fileds F & % 374 » & = Bfp 2 3k 4e iy 10 B fileds 4
Beis 0 3 IR LA oK - T RAM AR RA S 3 4
1o #ez 4kt o % 4k 5 totoal lung injury scores o Aok B L BT A B 2. A

Yo FELE 4 0 M A F AR T R Y

3-8. ¥ s MPO 7 2 iR 2
aAummmﬂ’%@$wwmﬁ@m§wuﬁ;aﬁﬁ&ﬁﬁﬁﬁ%
Phosgir s 2™ ®D s s ch g1 g skt 6 1.5~4.0
N-ethymaleimide (Sigma)i& {7 #2  (homogenized) %304, » Xt %4 °C¥
7 A0 12,000 g0 & 304 480 3w {8 #pellet)4 4 mlsipotassium phosphate
buffer (50 mM PH 6.0)frhexadecyl-trimethyl- ammonium bromide (HTAB)

7=

& 4 % iE fTresuspension ° Buffer volume (ml) : Tissue weight (g) = 10 :

Vid

1 o H#resuspensioneiit & ek F B TAZF A AT 60~90F) 15 > 24°CP &
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73 12,000 g > 304 48 > Bt ik o P10 ul et ik & o-dianisidine
dihydrochloride (0-DA) solution (167 mg/ml; Sigma-Aldrich, USA) :& {7
incubation 304" 4& » B« {5 121460 nmek £ i (7% Sk (@ a0 i R 0+ 30 sec
B - Sk E o UE TR R BB T B E RO - 3.5 mine 0-DA solution
;2 % 3 ;2 4 P~ 10mg o-dianisidine dihydrochloride ;% ** 50 mM
potassium phosphate buffer (KH,PO,, PH 6.0) 2 %2 12 ul #7# «7H,0,

(1.5 M)

3-9. F¥% b5 & 47i% (ELISA) B % @ i ik 2. w2 &

B BRI IRILRBSAGS 0 B E R LR Y E R AR M e g iR
T _o i * gkl ¢ 35 TNF-o (BMS622MST, BenderMedsystem) ~ IL-1f3
(BMS630, BenderMedsystem) ~ MIP-2 (#KRC1022) ~ 1L-6 (BMS625MST,
BerderMedsystem) 4 2 1L-10 (14-8101-62, eBioscience) ; TAT complex
(TATc, ET1020-1 Lot No. 1259916R1) ~ PAI-1 (Catalog # RPAIKT-TOT,
Molecular Innovations MI USA) o B~ 100 uL 7% ;2 /% &2 ELISA %8 mix
508 A37TCH #E 60 248 Ris&well P 3 ;%% 01 > # * wash
solution #-& i well wash 3 =t - 4t » Horseradish peroxidase (100 uL)#£2 $<
e A37CY #4530 ~45f5 > = B well 4c » 100 uL 7 subtrate

solution RMB(tetramethylbenzidine) > # % >t £/ T 15 & 4% © 4v » stop
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solution (100 pL, IN solution of hydrochloric acid in water) > 4 colorimetric
determination (Microplate Reader BIO-RAD Laboratories CA, USA)ZK %_ix
450 nm R Gk BT R T HE o R AT PP e sk B 0 & Jf 7 standard

curve & (T ¥ o RS F I adciE H = 5 pg/mL.

3-10. & & B & A 45 INOS £ &
Pl KRR e B s ysis buffer (RIPA with protease

inhibitor, with a ratio of lung tissue /lysis buffer equal to 100 mg /400 ml)

A LD o KIDET Y i 8 sonicated X 3o 30 4 48 (12,000xg,4 C) >
PR 15 R E 3¢ FJE & (Bradford protein assay, Bio-Rad, Hercules, CA) - &
40 pg F-v Btk & o 0 7% SRR R o iR T A
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis ; SDS-PAGE)
A Y F-9 0 R F K39 B 83 (transfer) I A 1Y & & 9 (nitrocellulose
membranes, Amersham. USA) » " it 5% 5 %02 f2 fE ¥ /% (blocking
buffer ; 20 mM Tris-HCI, pH 7.6, 140 mM NacCl, 0.1% Tween-20, 5% skim
milk powder) k FEFE o 2% {8 12 L polyclonal rabbit anti-mouse iNOS Fu4d
(1:500 dilution, GTX213110-01, GeneTex, CA, USA)k % & INOS 3¢
B o~ 4 Actin 488 kg & Actin -9 F o B & Al - =il
peroxidase-conjugated  anti-rabbit antibody % it & F k=

(chemiluminescence) ECL (Amersham, Buckinghamshire, UK) % st %k ¢ &
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R S

3-11. & 3R-KE AR & A 47

SRR AREIGKERRE > AT T ERET - R B

\f“\ﬂ

KW hig I WHI A2 g HA T E » Fie 5 BE(Wet
weight, W) o 28 {5 -5 E‘%«}i > 60 C e N F 8 48 pFis B0y A
rfEE > £ E 552 E (Dry Weight, D) o #2€ (W) 2 52£(D) > #7

73 endg £ 7 5 Lung Weight Gain (LWG)» ¥ ™ E Ji ~ BV R enf & o

3-12. %8¢k 3E5% 2. ¥ i Neutrophil

R et &R < B B E G 250~300 5. 0 p R EFREL
fe 3t 7 EDTA g g @ > MFEF Y MIRA G o A gy Ik 2
= ' Percoll gradient centrifugation method » % & BB Delclaux % (1997 #)
wrgf &= 2% F & 0 # % Ficoll-Paque (1.077 g/ml)#-im e 4
o RS A 18C ~300x g TiEFHC 30 A4 #- plasma #5 % & > #

Ficoll 14 2 red blood cells (RBC) transferred 3| z 5 76% Percoll ¢ +

B - -}

oo Bdmie i T % - X 4w (8C ~300x g) 30 4 45 0 & Hank Balanced
Salt Solution (HBSS) 12 2 76% Percoll interface 2. F erfm e T 4
Neutrophils o #-¢ 43k J2 & ¥ transferred #7758 ¢ > 1 1IX PBS i 7 »

< (300 x g, 5 min at 4 °C) ~ resuspended ** 6 ml 7 RPMI 1640 solution
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(RPMI 1640/1%PS/10%FBS) » & {7 fm*z - » iepF o Den? MR

>99% > T ke B it (T o

3-13. m¥z 13 % iv 3 & $7~trypan blue exclusion assay

1345 Wang % (2010 )2 2 Tai ¥ (1993 )2 < &> # i & * T Trypan blue
exclusion test | e17 ;2 k8 FiEchwmrrgep P8PV e =22 s B
B3kl x 10% #2272 &£ 02 4 f5(0, 20, 50, and 200 pM) & i7
co-culture = | FF > FR{sH#2 Zrw (100x g, 5~ 48)° 2 ",%J ks o K
pellets resuspension * 1 ml PBS /2 & 0.4% trypan blue 733 /% ¢ o #-'m%
27 % 0.4% trypan blue 592 £ ;% incubation *> % /8 T (20°C) 3 4 45 > X {4
Bdiinre > AEMETIREF me o TR L BRI
(unstained) > @ 7* = gdm 2 % I trypan blue g ¢ o 4 J EAL T A

S A4 A TR AA S s i a BB B

=1l

3-14. %2 ¥~ ~ 47~ Pl/annexin V assay and flow cytometric analysis

AtS

L jpe

o

% Van Engeland % (1996 &)< )F*J% » # * T Pl/annexin V assay | %
{7 ¢ Pakiet 4 co-culture {52 Mm% /&= (apoptosis) (F* A 450 .
32 BAREBILa? Mk 7 B AE 2 & A0, 50, and 200 uM)
i 7 co-culture = /| F¥ » 12 Annexin V-FITC Apoptosis Detection Kit
(Pharmingen, San Diego, CA, USA) &7 4 ¢ & » & * i3t w2 & ( flow
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cytometric) k & 7 fm*e 4 @ ¥ annexin V en2 & 2 B 0 U K e = R
oo #8322 g As co-cutlure fh¢ 3k 12 PBS wash {8 0 £ 12 100 L of
annexin V binding buffer (Pharmingen, San Diego, CA, USA)#-m ¥z
resuspension > £ 4 » SuL 7z 3 FITC-conjugated annexin V (Pharmingen)
%5 g/mL propidium iodide (Sigma) =R & & 4 > o B-lmiz R £ %R
£353 {43 2 B T i {7 incubation 15 4 48> X {¢ 72 400 uL binding buffer
it {7 dilution > F #8i¢ * Jh 3N imr2 (RiE {7 A 47 o Apoptotic cells #- ¢ 4%

2zt annexin V (AV) . Apoptotic cells =t & » % 12 (AV+/PI- plus AV+/PI+

cells) i 5 3+ & o

3-15. ¢ [rxflmie B 4 A 4T

¢ 7k (1x10%ells) 222 % Fe &) & e 4 f5(0, 50, and 200 uM) & {7
co-culture {& » f /”J‘ v » fluorescent-labeled (yellow-green) latex beads (10’
beads/mL; 2.0 uM, 2.5% solids, Sigma Missouri USA) ** 37 C#7E B T i
{7 6 -] ¥ e incubation © 1345 Wu % (2009 £ )™ % > @ * i3t e ik o
2 fluorescence intensity (mean £ SEM) % % 7+ ¢ {4+3% & #% fluorescent-

labeled beads st & 5 i B #HciE fj‘u{ " phagocytosis index ; * o

3-16. ¢ M3fmief Ta 4 A4
POk FIARI 1F* A 4 ehf$ (7 i 4 (Neutrophil chemotaxis) » %1934
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Kawa % (1997 &)= LEJ% wrig % e R F s 22 5 @ % transwell
chamber (Costar, Cambridge, MA) » % well & 4r » 6.5 mm diameter
polycarbonate filters (3 uM pore size) = #-¢ 3% ~ 600 ul RPMI 1640 -
0.5uM fMLP 12 2 7 e & & 2 g B (0, 50, and 200 pM):iE {7 incubation
{5 > ¢ f 3k (5%10°neutrophils /200 pl /well) seededing » * &
transwell chamber » + B well p #7% #7600 ul RPMI1640 12 %2 0.5 uM
fMLP 1% 5 4% #| (chemoattractant). #-1+ & 22T k chwell £ @ 5 —

8 0 3% 5% CO, enifi8 $6(37°C)# incubated 6 -] P& » 2518 £ #-T § chim
g dt.o > T2 trypan blue exclusion method 3+ 5 H #ic® - Tk w22,

fmre feant @ WL P M3k 74 4 (neutrophil migration ability) e

317, #at
AR AT enieticF 4o 3 74502 mean £ SEM > A1 chds e F Bk 2
Lk AEISAN=6 11 > INOS ek Adics N=4> wme P 5% i
T hF 3 EAS SR o Rk k@ Y Prism 3.02 software

(GraphicPad Software Inc. CA, USA) - i * one-way ANOVA & {7 % ‘e’

.

R et # (post hoc Tukey test). A 3 *r5 %% » £ p<0.05 * £ 3 %

PE g F AR o
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A&

5L
% I = .

i

4-1.LPS # % ALI/ARDS = &2  Time course ¥ 3
4-1-1. F R inAn®

BOARROAEA r S BB B A PR R T 1L LPS A 2
EUALL 2 P pfh a2 4 R g - g BT 2% RPFA > & 2 RS H (0
hr) ~ 2% {4 8 -] PF(8 hr) ~ 2% 14 16 /) PE(16 hr) ~ 2% 14 24 -] P5(24 hr)

TR A S A8 ) PE(48hr)% £ 5 ko F i N=6oF Hinfedc ] 4-1 0 77 o

B 4-1. 2 LPS# % ALI 2 R BE 7

Ohr e @ RS LPS#H% ¥ k4t i 8hrie : & LPSH 31 8/ pFr3 U
45 16 hr e @ A LPS #4185 16 [ B3 114k ;24 hr e : & LPS 3
1624 P PEA R A8 hrle T B LPS A (8 48 ) P N R o 1
5LAIRES UNIPSEF EPRE BN AL ASETLPS SF F M

RE RO RARA REPETR -
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4-1-2. ~ RAzjg &

doBl 42 957 0 A R ASIPSHF S > ZFHF T RMEEHTE > T 5
16 /| PR Pl B M BE > RIGEH T > 35 48 [ PEIEX € W D4RIT D
R R o A EALR A 4T 0hr:37.1+£02C ~8hr:35.8+£0.5C ~ 16
hr : 34.7+£0.3°C ~24hr : 358+ 0.4°C ~48hr : 36.4+0.3C - & H2) -

B A BT R L TR 0 T T AR LT R AR 2 o

| |
—
#
%-.{ i
e
=
E
-
j="
=
-]
P
=
ES
~
Ohr 8hr 16hr 24hr 48hr

# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05

W42 <~ HAESLPS#H% ALI 42 A I $1 -
Ohrie @ A5 LPS#% T3 ks 8hrie: A LPS #4515 8 ] @ 1

B4 16 hrie @ A LPS #1516/ P53 44 5 24 hr 2 @ & LPS 3%
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W15 24 [ PEA CUHRH D48 hre A LPS H5 15 48 [ B kg o
B N=6-#i% % 22 Ohr 4o+t > ZIRMEF LB > p<005- *it & §hr»

16 hr~24 hr 2 % 48hr & 22 FF 3 fprvide > R IALEEEF L B > p<0.05 -

4-13. % EURILE ¥ 2 4 ALR R 1

"2 LPS % * BLALL 2 PF A P9 3 5 A2 % 1V 4ok 4-1 12 2 [§] 4-3
ARl 44 Apom o AR B AR R 22 8 Thd 3 B A BcAe B 17 R 5
@ P e R AR R (cellularity)~ %% 2 p F-d 7% 4 A2 & (protein exudation)
& e o g 47 B (hemorrhage) o

BRI AA S G D Ohr At 0 & 2 HIFGARR e N mee
EREARARBEREF S PR 2ZEE > 24 hr S G ARR B BT
o2 AShr PR ARR A A E T 28618 BT AT RS 2E
S S L W2 24 PR S EME G RBLFH GRS o

WA e N e R EARR S S U E 16 FiEkE w8 hrs16 hr
WE2hr = 22 FREBFLNLR o 2 48 hr#FH T » 2 2716 hr 4
o ERBEFSRGZE -

e p Fw FRNEBARAT R % 8 LERF > ®8hr- 16hr
ME 2 hrzez REFWR LR o 2 A8hr#FF ™" > 2 228 hr 4

Ll ,J_;;ngg*’i; ,‘;_r__,ﬁl o
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AREERN e AFR S I UEH 16 PFEERE 2 8hr22 16hr = &

o

ZRREEFHR LR o 2 24hr % 48hr#F T > 2 8hr~ 16 hr 4p

L R A F LB o

F 4-1. * RAZLPS#% ALI 2 & 29 JF 5 2 8 v 4

Cellularity Protein exudation = Hemorrhage Scores
Ohr 2.3+ 0.6 4.540.5 5.0+1.2 11.8+1.4
8hr 18.8+1.9 " 13.6+1.3 " 12.1£0.6 P 44.5+2.4 "0
16hr 20.9+1.0 ® 12.4+0.9 * 13.4+1.0 P 46.7+1.3 "
24hr 18.9+1.5 " 10.5+1.7 " 7.5+1.2% 36.9+2.1 "P°
48hr 15.8+0.5 " 8.1+1.0% 4.7+1.0% 28.6+1.8 “PY

Data are presented as mean + SEM. #: p < 0.05, compared with Ohr, o: p < 0.05,
compared with 8 hr; B: p < 0.05, compared with 16 hr; y: p < 0.05, compared with 24 hr;
d: p <0.05, compared with 48 hr. N=6
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Iy

60~
g

g I;E4

8 B = ke

% 40- 8=

2 =In

= =HP

£ \ . = |||

o , e =

c 4 4 —

3 o4 o 1 — E3 Oh

2o I&AL . — 0 sh

o —| | }= 4 # L —

- = IT ‘T = E3 16hr
= = B = ] @ 24hr
= - Q:‘g = 48hr

0 = - —E= =
Cellularity Exudate Hemorrhage Total Lung Injury

W 4-3. 4 B &7 LPS 354 ALL S R3% 2 2 #if g 2R £ 1

<

ARG ARRZ G A hd 3B AR A T kS N e RIEARR
(cellularity)~# ;2 o F—v & /% 11 42 /& (protein exudation) ' % * je p 1} i 42
B (hemorrhage) o #: ™ & 22 Ohrdp 2§ %3 B F L B, p<0.05; *:

RAHET2 A edprt s RIS EFLE > p<0.05-
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A2 et BdcE 200 B2 HIL o R EA k= 5 (a) 0 hre(b) 8 hre
(c) 16 hr~(d) 24 hr 12 2 () 48 hro + B Ak ks B H L Wi (T /M= &
"2 H&E stain % ¢ {53 (7945 i f2 & 2 2] 2~ Bl(a) O hr i je p 80
PRIk s mh A R TR IR GT A e N eiedR S o K AR

B eI AR e
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4-1-4. = BV e b ik e 2. BT

1 LPS #a ~ RE MR 2 P B (0% 2 e 3 e 1L 4o ) 4-5 47
7T e e % 2. kP % Hc(total cell counts)4r B] 4-5 (a)#ToF 0 4 % 16 ] BF A
B o 8hr~16hr % 24hr= 22 FFEBFHRITLE - 2 A8hr¥FY
T > " 8hr~16hr 2 24 hr 4pt > SR RE FHRIFAR o W ek 2
® 4 3% (neutrophil counts)4- @] 4-5 (b)#77+ > 121 % 16 ] BF 5 &% > 2 8 hr~
l6hr %2 24hr= 22 RalgEhzt AR 3 A8hr#F 4§ T2 &2 8 hr~

16hr 2 24hr 4+t > SR A FHT LB o

(a)

e
I |
10 B
A —_—
84 #
=
wn
s+ 6
o =
—_— =1
s 2
= 2 4
==
-
)
2-..
e '
Ohr Shr 16hr 24hr 48hr

# significant differences when compared with Ohr, p<0.05
* significant difference between two lnked groups, p<0.05
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|

o
1
|
|

l'otal Neutrophil counts
(10°/mL means +/-SEM)
IS

%]
1

...

- I... 1 1
Ohr Bhr 16hr 24hr 48hr

# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05

B 4-5. LPS 3# 3% ALI {8 ~ BUF je R tm¥e 3- fc2 i
(a)% je & Pz s i (total cell counts) o (b)* e p & @ MR
(neutrophil counts)¥ it o #: % A2 0 hrapt 23 S E ¥ L8, p <

005;*: NAfE T2 3 BF 1tk TIRAITHEELR > p<0.05-
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4-1-5. * B bk v DR R 2B

LIPS A A RERMF G2 BAE P e iRE e BRI 4
B 4-6 #75r o "2 ;% 2. F-v Jk & (protein concentration mg/ml) > 14 % 8 -]
L% ® > 8hr~16hr1% 24hr= oz RPEAEFi" 48 o 2 48hr

FF T 22 8hr~16hr %2 24hr 4p » BHF R F LR -

=
=)
]

A

=
o]
1

-
[\ ]
1

Protein Conccentration ( mg/ml )
o
F -9
[l

\\\H

o
o

16hr  24hr  48hr

# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05

B 4-6. LPS #% % ALI {3+ &% 2 kv kR 2 1t
#: N A2 OhrApr £ 3 3B F LR p<005;*: A& T2a

Bt > TIRMBFLE > p<0.05-
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4-1-6. * B2 bk AR M e i d 2 B

v LPS A & RE B G 2 A e iR AR B e e i
%2 4Bl 4-7 %77 o (@) INF-oz. 2 RE NS 8 FFikd » Ris1
ES 16hr."1?£§,7£?‘§s§¥§ Mo % 8 ] FF2 TNF-0& ILE £ 16hr~24hr 1 %
48hriptt P BB A F N2 LB - (b)IL-1B2Z 4 E P ¥ 8 | SR
bebgFE LD o U 16 F 5B o w 8hr~16hr 2% 24hr = w2z P
BRI Z B o F A8 hr4F ™% » 2 ¥ 8 hr 2 16 hr 4p+* » 9% LA
FHRPAR c(O)IL-6 2 2R EPF 8 [ BHEELEE > 4% 16 /]
PEmARaF A RF nERE 8hr 12 l6hr2 FR@BFRI L8 -1 %
24hr S BASEEE T 0 1% 48 | A LB E 3 B o Shr ¥ 24 hr

2 AR hr et » IR B F AR o 16hr 22 24 hr 2 48 hr ‘e 4p it »
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[1 * ]
2000+ : * I I

1 * 1
— #
é 1500+
[
&
£
E 1000
g
2
g
o
=
% 500+
= —

b
0 | | V.|

Ohr 8hr 16hr 24hr 48hr

# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05

(b)

IL-1B Concentration (pg/mL)

*
600 - | |
*
: |
4 #
400-
200-
u | | | r/ T /j]
Ohr 8hr 16hr 24hr 48hr

# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05
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1500 - L * |
: £ ,
1 1
# *
_ T I n 1
E e
& 1000 —
E
=
=
&
g
3 500+
¢
|
-
0 T
Ohr 8hr 16hr 24hr 43hr
# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05
(d)
*
1 * 1
3.0- ' '
*
I ® 1
. 25- 1
gﬂ 1
B 2.0
=
b= i —
5 15
z
g 1.0- o
o
By
= 0.5-
0.0 T T T 1
Ohr 8hr 16hr 24hr 48hr

# significant differences when compared with Ohr, p<0.05
* gignificant difference between two linked groups, p<0.05

Bl 4-7.LPS 3% ALI 15 % &% 5828 LipM mve jrd 2 1

(a)% ;2 ;% TNF-00% 8 o (b)% ¢ ;% IL-1p& g o (c) " &% IL-6 1
70



$o(d) ™ieie MIP-2 23R8 o#: R4 2 Ohr4pt p<0.05; *~ £ &7

2 e RIS EEFLR - p<0.05

4-1-7. « BW e kR G AR B e g E 2 B 1

vOLPS A < BUA AR G 2 PR B M e kR R 5 A B e
H2 b 48T o) L TATC 2 2 RERMF LI E LR
(b) #ieiep 2 PAI-l 2 LB f 5 8 [ PFUE B E 2 > 15 16 ) B
LEhFo o 8hr 2 16hra w2 WRMFHRIL B p 24 P2 48hr

FH T, 2 8hr % l6hr fpt » IR M F LR o

TAT Concentration (ng/ml.)
o

Ohr 8hr 16hr 24hr 48hr

# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05
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—
(=]
—
-

PAI-1 Concentration (ng/mL)

1

() s : = | E: : |
Ohr 8hr 16hr 24hr 48hr

# significant differences when compared with Ohr, 7<0.05
* gignificant difference between two linked groups, p<0.05

B 4-8. LPS 3% ALI {4 * &% ;2 2% 0 AP M fo e ek 2. B 1
(a) % 2% TATC % L& o (b) &% PAI-1 2 3E - #: 42 0 hr4p
WEG AP EREFLE Pp<005:* R AT B IR

¥4AE > p<005-

4-1-8. = BU% s MPO # T & 2 % 1
"0LPS A3 < A MR G 2 R s MPO 4 L8 % 1 4ol

4-9 “is7 o W e M MPO £ IE D ATHHE S L BB 0] Pl

W-

2~ g
ESEEACI ¢

s

BT AR AFET MPO £ E LK 8 PFL

B o BN QAR H 24 BT A8 PFEE T 0§ 8
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516 At > PR FELIR - 5 16/ A 0 5 B FHEF

=y

TR R F 24 S 16 AR RIAZRFEFALE o

LPS g f FReAats  ing A2 v pakii2 Spgr 8

4

MPO t+.% 8 /| FFE P& B 2> RiSRPFREEE A LR o

800-

600-

5

200-

MPO activity (unit/g tissue)

Ohr 8hr 16hr 24hr 48hr

# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05

B 4-9. LPS 33 ALI & + 8% 25 MPO £ 3R E 2 £
#r A2 Ohriprt B3 S EREFLAR . p<0.05; *R AT 25 2 4p

R RIRAEFLAR P<0.05-
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4-2. 32 g %+ LPS 3% ALIARDS + &2 9% 20538 (7% 2 5 =
42-1. B BB AR R 2t

SRR

~7.
~~zm|

B s B CRGIEY  H{ ARG 2 F LR
SR S § AR R S S REY S IR N
AR R e AT A N (S B BB P RL{S - 2 i 14 LPS-induced
ALL Z &4 #4] > A B g s w1 E F 3

s A RaRg BHE

CIRZ A ER A LT L e ES o A REFET C BE2

ﬂ

i > &~ = (A)PBS & ; (B) LPS % ; (C) Pre-treatment ¥ (MCR-LPS); (D)

Post-treatment 2 (LPS-MCR)- & 23t % 16 /] AR FARF S
3= o & B N=0> 7 B 4240 B 4-10 77 o
Oh 16h
A PBS group A >
O
S Oh 16h_
; group ‘ o
C. Pre-treatment 24h 4h 1h Oh 16h,
(MCR-LPS group) ] ] ] A o
D. Post-treatment: Oh b 4h  8h 16h
(LPS-MCR group) AT T 1 o~

B 4-10. $2 & ;5% LPS 3% ALI 2% 32 3 %
(A) PBS i : %3 § & M iLst PBS v % 16 -} {53 1134 5 (B) LPS
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S F %A LPSH# ALD &% 16 /] PFis 4 3k $: ;5 C) Pre-treatment
&2 (MCR-LPS ) : a2 LPS %% ALI = 24 /| PF > B dpdo3 v JRA&& S
#E AL 2 gKg £ 3 = BFHF ALL 6% 16 [ P 103k (D)
Post-treatment = (LPS-MCR %): &2 LPS %% < & ALL {4 1 /] PFE 40
LA RS R 2 gKg B 35 0 ARG AFEE G B E 16 ] A

DR BHLA D RAS 0 LPS S5 ERRE BRA AL RS

LPS G f § P48 5 B30 0 1 A 8 S P prd g -

422, $2 g2 HPLC i A R 2 7 5 5 EOML FE T

A ¢ B & ehdg ik 4~ 5 Paeonol ™ % Paeoniflorin A § % 1Y
A BHALIITL SR /fs‘fﬁ“‘ #2 v 4% (B 4-11) - & * Paeonol i% 3
standard- 7 retention time = 14.68 ~ &P+ 5 — i peak & 1138 (B 4-11a)>
AohR SRR Y L AR LY B 0 8 S(paconol) 40 0 B
retention time = 14.68 4 4%~ 3 — B peak E(#) I IR (K] 4-11b) » * £
z7 a‘;. &= & paeonol ° B] 4-11c % i * Paeoniflorin i* 5 standard » %
retention time 7 8.46 4 4&PF 3 — B peak E(**) IR > @ AF BTk * 2
E HEakt A ¢ E o, 4R 5. (paeoniflorin) 4p 't 0 F % f retention time
s 8.46 »4EpFs 5 - I peak B IR & 7 F dp ik 4 Paeoniflorin ([

4-12d) > ¥ ez N HEL R & REF A F %7 2 MCR ¥ %
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? 7B EEE > i HPLC ¥ - Bl 4-12¢ 5 6 * § &R 2 kS
4 Aristolochic Acid-1(AA-1)i¥ i standard ° % retention time % 15.89 4
) - B peak IR A AF STk 2 kM MCR ¢ Eis 0 87 AA-
& AR 5 e & fretention time 5 15.89 & & PF T K 1 IR peak B ()

4-12f) » * F AF BT * m,}aﬂ’ﬁMCR PEZ 7G5 AA-L -
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(a)# * Paeonol ¥ 3 & ¥ » % retention time % 14.68 4 452 HPLC 4 47 ; (b)ik Hpat A ¥ &5 % retention time A

14.68 %~ 452. HPLC 4 #7 ;5 (c)#@ * Paeoniflorin 3 & 5. » * retention time 5 8.46 4 452 HPLC 4~ 17 ; (d)ik i{ﬁq‘i.l
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B P %kt retention time 7 8.46 4~ 482 HPLC ~ 17 5 (e) 5 & * 5 %4>
i al;] & = & Aristolochic Acid-1(AA-1) 5 & & 5.3t retention time =
15.89 & 482 HPLC 4 +7:(f) Jk¥g4= & ¢ %4> retention time & 15.89

b2 HPLC A 4% o

4-2-3. 4 BLiE

Bl4-12 53 225 % 0/ FNE % 16/ FF2 X BRI Bl -2 0 |pF
Aprt LIPS 2 R B2 AR T8 ~PBS % AR F 2 > 2 B IR % 22 Time
course F F 55 % Ap 02 0 v Wi LPS 16 mg/Kg i # 16 > < B ¢ ;i%é:}i‘*ﬁ
FIRMAME % ;@ PBS 55§82 PBSy « A% 16 21
Bk E o 230 % 3 MCR &0 % #Hhpea %% 2 (MCR-LPS) s | B LE
Z2(LPS-MCR)* % 16 | FFe2 5% 0 /] FF2 18 £ B 7 < » 5 R E g F 03t
ZFEo B %S MCR 2% 5 £ ERBEDSEY » Sxgd g

:‘}E% %i)i”#’ /)é‘ = )% :Lk:}; },@4&?‘_@5" /)i?\‘ ’ '”‘«’gxzm_m’gfi °
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38.04

. €3 Ohr

Loy E 16hr

37.04

36.5+

36.0+

35.54

35.0-+

30+

Rectal Temperature(C)

X
<

10+

PBS LPS MCR-LPS LPS-MCR

# significant differences when compared with Ohr, p<0.05
* significant difference between two linked groups, p<0.05

B 4-12. 32 4358 LPS #% ALI 2 & 2918 81§

PBS o @ 5§ i 47 05cc2 PBS: &% 16 [ Bfss ks LPS & ¢

SF %3 LPS (16 mg/Kg): tdh s 15 % 16 | PFis 3 134 MCR-LPS
DB 24 L PEB AR 3= v JRMCR (2 g/Kg) 0 AL S F i B

LPS (16 mg/Kg) » &34 i4 % 16 ] F¥ 153 24k 4 ; LPS-MCR & © 54
F L4 LPS (16 mg/Kg) g 18 1/ BPFR 45> %+ v JRA & MCR 2 g/Kg
E3x 0 R AFFFE L 16/ A Mgk E B N=6#iN L &
Ohriptt > EIRAFEHELE »p<005c*R A7 2 3 gt &
Al FEFL R > p<0.05-
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4-2-4. X BpIR V2 WAT G AR A R

AR 2% LPS # 3 ALI 2 & 4 #3) » k=% MCR 5wt > H &
B2 WA AR R Aok 42 122 B 4-13 13 B 4-14 47T o AR AR
BRzZBAGd 3 BAasicthelda ¥ okt sWigpwmivs RIERRE
(cellularity)~ # ;& o 3= /% 11 42 & (protein exudation) 14 & % ;& b i 42
& (hemorrhage) -

ARG RS S e WA RRE A2 R R 5 LPS (48.12.2) >
LPS-MCR (44.8 + 1.4) >MCR-LPS (32.2 +1.3) >PBS (11.1 £ 1.7)¢ & &7
PBS Aptt o % F St EEEF AR o A B2 AT s 2 LPS 4pt
(MCR-LPS & LPS)» *#4f i A2 & &g ¥ "% < ; ji¥{s i 87 LPS e qpt
(LPS-MCR & LPS) » ##4p g A2 vt 5 T > L @ S S F L B o v
e B LS af ARt (MCR-LPS & LPS-MCR) » fis#h ¥ % 2 2 % 3F
BRAERM > ZRIEHEFLR - SFHAET > MCR 55 o 2t ' it
ARG ARR o

AV e N e BERARE G P M IPS 22 E&FQ202£1.1) H=
LPS-MCR /(153 £ 0.8) » #4454 ¥ MCR-LPS #(12.3 £ 0.9)- # ¢ >
MCR-LPS ‘& LPS 2% LPS-MCR = 5 X » 28 ¥ 532 5 8 ; LPS &
LPS-MCR & fZipit > S A F A8 L 8 o B 42 4w ok e
(MCR-LPS)st % M9 3 20w T3 o
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pAEE N e FR AR S G L LPS i B3 (13.0£09) H=
% LPS-MCR 2 (11.1 £ 0.7) > #8156 4 . MCR-LPS #(79+0.7)- £ 7 >
MCR-LPS ‘& LPS 2% LPS-MCR = 5 X » 28 ¥ 532 5 8 ; LPS &
LPS-MCR @& fipit > A F A8 1 8 o B 42 4w ok o
(MCR-LPS)#; " 4% s sk b 2. Fov Fri% AR o

hE N I w 2R > G ¢ 2 LPS-MCR 2 % 5% (184 + 0.8) » H =
% LPS 2(14.9£0.6)> #5 t4 4 £ MCR-LPS % (12.0+0.4) # ¢ >MCR-LPS
% LPS 3o LPS-MCR %% 4 > 2% 224 8 ; LPS ¥ MCR-LPS
SEAp o BRFRFFLL BT AFFE S RHEHGRL LT UK

MCR » ¢ 4 & + B2 p I cfe B o
Fo4-2. P2 g oak LPS#78 ALI 2 & e %45 G 2 8 &

Cellularity Protein exudation Hemorrhage  Total Scores
PBS 1.6+0.8 4.540.5 5.0+1.2 11.1+1.7
LPS 20.2+1.1% 13.0£0.9" 14.9+0.6" 48.1+2.2"
MCR-LPS  12.3+0.9"" 7.9+0.7"" 12.0+0.4" 32.2+1.3%"
LPS-MCR  15.3£0.8"" 11.1+0.7%% 18.4+0.8""S 44 841 4%

Data are presented as mean £ SEM, n=6. PBS: PBS group with PBS challenge; LPS:
LPS group with lipopolysaccharide (LPS) challenge; MCR-LPS: MCR-LPS group; oral
treatment with Moutan Cortex Radicis (MCR) before LPS challenge. LPS-MCR:
LPS-MCR group; treatment with MCR after LPS challenge. “p <.05 compared with PBS;
*p < .05 compared with LPS; Sp<.05 compared with MCR-LPS
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3*

I}

204

%
. : : PBS
r L B LPs
P e O MCR-LPS
LPS-MCR
ol = - o o

I 1
Cellularity Exudate Hemorrhage Total Lung Injury

*I*

Total Lung Injury Score

—]

(LT TR ==

T+ I
~ |T

LT
TIRRHRRIN
y- L

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

Bl 4-13. £ 4 5% LPS %4 ALI 2 + R% 3 24

AR AR R Z A Thd 3B A B A F o R S ) e RIEARR
(cellularity)~# ;2 o F—v 7 /% 11 42 /& (protein exudation) ' % * je p 1} i 42
& (hemorrhage) - #: 2 &2 PBS Epvt £ 3 S FHF L R, p<0.05;

Pl A s A Eapr > B RS HFL SR p<0.05-
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s

(f) MCR-LPS

B 4-14. £2 2 i5% LPS 35 ALL 2 4 % psme ¥
A B2 (a)(c)(e)(g)*c = B 200 B 2 a2 & ;5 (b)(d)(f)(h) %=~ & ¥k
5 400 i 2 B 7L & o(a)(b) 5 PBS 2i(c)(d) 5 LPS ‘i(e)(f) 3 MCR-LPS
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; (g)(h) 5 LPS-MCR & - = B fgkitis B’»;F.!»‘{,.s#:@r;j}%gl,, b, H
&Estain % ¢ (827 FARR 2 2] T - Bl(a) Ohr 2. %% e p B g @ |4
s ow IR v ’;T;i;:“,;&f oo e N AT AR S > F O I ARERE
ORI G ARR o F R A e e R A HE PR Y PR R A e p

Eﬁﬁ‘\é }»""_‘3'_ 'Jij‘&:lo

4-2-5. + B3 & gk kit w3 o2 81
LIPS A RERMFE G2 A KT > Linfied 2
< RV e b ek e e 2t B T A ) 4-15 ATom o e ik 2 e i3 Hic(total
cell counts)4- @] 4-15 (a) #777 » 11 LPS % 2 &% > &2 PBS smqpt » 52
R B EF VAERTEER A BT AR REAET & LPS 24
o S A g gkew sk B(MCR-LPS) 2 2 fiFté 75 2 (LPS-MCR)#5 47
e mie B B F AL E X B o ji e 0 2 (MCR-LPS) 2 fieis
%% w (LPS-MCR)4g +* » MCR-LPS " # 4% iz % 'm¥e Heerme % {5 A
ERFARLE
g % 2. ¢ 13k (neutrophil counts)4c @] 4-15 (b) #77+ o £ PBS &4p
WO LPS ey REEF L A o R ASE SRR it RIER 5 Y Pk
4o 22 LPS %4ptt > MCR-LPS ‘22 2 LPS-MCR 2+ Bz %2 %@ 4

S E B LT - MCR-LPS % j2 % @ 143k 4cp # LPS-MCR
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At LM R EHEFLR o

—_

#®

4
12- ._ 1

104

Total cell counts
(10°/mL means +/-SEM)
i

PBS LPS MCR-LPS LPS-MCR

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

(b)
14 [ i |
e ——
124
4 E 104
=
= L
St s *
z £ —
= 3
S E 6 i
& =
2 E
7z n.l"é 44
—
— p
24
PBS LPS MCR-LPS  LPS-MCR

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

B 4-15. 2 & 5% LPS %% ALI 2 4 B¢ % fmre 3 dk

()Pt je p & e wmve 3% HcF 1 (total cell counts) o (b))% e p & ¢ MEIR
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(neutrophil counts)® it o #: * 22 PBS g B 5 S B F LR, p <

005;*: NAHE T2 3 gt TR FLE > p<0.05-

4-2-6. * BV e it ki B0 R R 2 S
" LPS # % + B ALL 2. # 4 #734) k32 MCR ;5 »c* 2+ B e
PR v B R RV A4oB 4-16 Fror o M JE R 2. F-9 Jk B (protein
concentration mg/ml) » LPS %2 5 £ 3 » 2 PBS 24pit » F -8 ¥ &
% B AP HREAIET . 2 LPS Eipt o B B 4 ET ARk e
(MCR-LPS) it "¢ M e e ded kR » SHFRIF LR - iFidinh e
(LPS-MCR)#£ LPS ‘fefpit - 82285 T 2 484> e A5 FHF LR o
MCR-LPS 2 # LPS-MCR 22 # &% d-v kR 5 M-t A E NI ¥

AR o B oo n S EEER R FAAERL L RN ER
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=

2 0.24

£
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ool EEEEE SRR .
PBS LPS MCR-LPS LPS-MCR

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

B 4-16. 3:2 & 5% LPS #% ALI2 < &%#;e2 %9 kR
H:R A2 PBSARW B 4 S EEFELR Pp<005;*: NAEF LA

At EIMAEFALR > p<0.05-

4-2-7. & BUME e e g AR B dm e ok 2 0
1 LPS A S RARHI G 2 85 B3 k3= MCR s s 2 < &

W e b kit AP M Sm e e E 2 8 1 4o 4-17 #77 o (@) TNF-q 2 4 7

I
R

2 FREFNLR (L) IL-152 £3mE 1 & PBS &4pt - LPS
egEtH o FRGFHEFLE - 2 LPSAp o MCR-LPS & A ¥ 5t
BT, & LPS-MCR 27 AR AR EREEFLR S (0
MIP-2 2. % JL§ 122 PBS e4p+t »IPS g% + 2 -3 s Bl ¥ 1 B o

22 LPS 4p+t » MCR-LPS % & F 4228 7 %% » &£ LPS-MCR 82783 &

=
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AEF 0 R AR F LB - MCR-LPS 22 LPS-MCR 27 8 ¥ T
AR TRV EFLR S (A)IL-62 23LE & PBS &4prt 0 LPS &
BEE P A, Ut B 4 B o LPS 4p v > MCR-LPS %17 2 LPS-MCR
EIOL TR E R EEFALR ; (e)IL-10 2 £ ILE ¥ PBS ZaApt o
LPSedg® + 2 EXN3FHFLE - 22 LPS4pt > MCR-LPS & A
FUAFHF TR LPS-MCREEAR G TGS L AZNERHFLE -

()

1000+

8004

600

4004

2004

TNF-a Concentration (pg/mL)

PBS LPS MCR-LPS LPS-MCR
# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05
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IL-1p Concentration (pg/mL)

MIP-2 Concentration (pg/mL)

(b)

2000

—
15004
#
#
1000+ I
500+
0- T : y T
PBS LPS MCR-LPS LPS-MCR

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

(c)

600+ ®
1;% '

500+ I
4004
3004 -0
2004
100

0- T T

PBS LPS MCR-LPS LPS-MCR

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05
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(d)

800+ I i
E
A
—#—

=
2 600+
8o
=
=
=
F 4004
=
b1
g
o | —
2004
=

I LI

PBS LPS MCR-LPS LPS-MCR

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

(e)

60+

n
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=
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IL-10 Concentration (pg/mL)

—
=
1

-

PBS LPS  MCRLPS LPS-MCR
# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

Bl 4-17. B2 L io% LPS %% ALI 2 4+ &% 5227 3 L Ap M i e 3
2 g

(a) %3¢ TNF-o0& E ; (b) %2 IL-1BARE 5 (c) 2% IL-6 2
90



R 5 (d) e MIP-2 238 5 (e) e IL-10 2 T8 o #: R 42

PBS 4p+t p<0.05:* R 2472 & gt o F IR A EF L B -p<0.05

4-2-8. +« BV e k% s AR B fm e g 2 B 1
7ILPS 3 + B ALz 40 H03] k3B A A Ao ® 2 & R e

i AR B e E 2 %1 4o 4-18 #77 o (a) & 2 f TATC 2 4 7

PalsEn g L8 ; (b)"ier )2 PAILl 2L © 2 PBS 4p* » LPS

PP AERIERFLR s Ll PR ENIHFLE

o |

TAT Concentration (ng/mL)

et e e

0 2
PBS LPS MCR-LPS  LPS-MCR

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05
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=
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# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

W 4-18. 32 4 5% LPS 33 ALI 2. 4 &5 &2 ¢ s 4p b 0% 3

2 g

(a)%* ;2 ;& TATC % L€ ; (b)% 2% PAI-1 £ 3L & o #: X 4 & PBS 4p
FRFEHFLR p<005;* R AET 2 A EApt o R E

A3 > p<0.05-

4-2-9. * BV 2% MPO £ L& 2 ¥ it

—

" LPS A < RALLI 2 & 4 {3 k35 MCR jsf s ¥ 2. < B3 ‘e
}%‘« MPO # & 2_ % it 4[] 4-19 #71 o ¥ E%‘«mMPO g & PBS
gt CLPS e M EH F LA BT AT &RBAE T 2 LPS Eip

vt > MCR-LPS %122 LPS-MCR 2. MPO £ IE355 T 'F » iF 3zt
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A% ¥ B o MCR-LPS £2 LPS-MCR 2 4p+t » A F S Bl F L B o 57 »

X% MCR v PR > % & ks 8 jirts (B %> 355 Frd| < BV IR MPO 4 R

12004

[
=
=
T

8004

600+

400+

MPO activity ( unit/g tissue )

200+

0 = - S
PBS LPS MCR-LPS  LPS-MCR

# significant differences when compared with PBS, p<0.05
* significant difference between two linked groups, p<0.05

B 4-19. 2 5% LPS #% ALL 2 ~ &% 38 MPO £ &
#rR A2 Ohriprt B3 S FREFALR p<0.05; *R AT 25 2 4p

el FIRILEFALE > pPp<0.05-
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4-3. 2 g ¥ LPS 3% ALI/ARDS =+ 8lz " IRIEZE T % 2 8§45+
4-3-1. F %K EALT &
MCR £ F F#ipL ~ Fi CARGEY > L FEFREEET D

5 AR R MCR» i % ALI 2.5 % F A 2 B T* o Ra > 724k

FmER ARG A 4 hALIE ¥ LR BIRE > A DA
:f}%k%‘—’y}i\—%%&g@f" BE R B T RR A B A A S

LRI R EHT) 0 & A A MCR ¢ b E & i i e kR SR AHE
hAhE s BLALL RS » &7 At A e s £ F acecd <~ BLALIARR - ¥ &
e P A EE G R E T o NP LPS A ALL 5 @5 R A
0~ 4ap &+ « BUEE 502 4 As(25 mg/Kg 2 2 50 mg/kg) > 113 & i 2
EFEFInRES c ARFEFETE S LE2ZHE > A 2 (A) PBS-DMSO
B F M %A PBS» aEiA 5 DMSO) ;5 (B) PBS-Paeonol (54 &
%4 PBS 0 "R VEA &% 3 DMSO £ paconol 25 mg/Kg) ; (C) LPS-DMSO
e (5 F M %3 LPS16 mg/Kg» g ¥ii &+ DMSO); (D) LPS-paeonol-25
BEF M %A LPS» Mvpid 5% DMSO 3 paeonol 25 mg/Kg) 5 (E)
LPS-paeonol-50 =(5 4% ¢ P %3 LPS- #g¥%i3 &% ** DMSO ¢ paeonol
50mg/Kg) e & 230 % 16 /] PFis 3 MR H > T8 (75 F =0 o & 8 N=6 -

B Bk A2 Ao B 4-20 F1oT o
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Oh 16h
A PBS-DMSO =

A 0

Oh - 16h_

B. PES-paeonol

A o”

C.LPS-DMSO i lDImm léhi-
10 mi _

D. LPS-paconal-25 i Imm léh;
Oh 10 min 16h

E. LPS-paconol-30 ‘ I o) >

B 4-20. > A fsiof LPS 38 ALL »c# 3257 %K 3t

(A)PBS-DMSO (i.t PBS > i.p DMSO)

(B)PBS-Paeonol (i.t PBS > i.p paeonol 25 mg/Kg)

(C)LPS-DMSO (i.t LPS16 mg/Kg > i.p DMSO)

(D)LPS-paeonol-25 % (i.t LPS > 1.p paeonol 25 mg/Kg)

(E)LPS-paeonol-50 . (i.t LPS - i.p paeonol 50 mg/Kg)

it T RAEF AR IS ip RARIEVEN IS E B A A
PULPS EF F MR BEAIR A RS E LPS N F PR E; B0

A R PR R -
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432, + BILiE

Bl 4-21 2 228% 0/ FFLE % JPEZ S R RV o ¥ 0] AR
WOLPS B R A F AR T 'E PBS R MR o i2 B IR % 22 Time course
FEREEApP L AW LB LPSIOmg/Kg A4 6 > + 8§ s T miK
BEDRY ;@ PBS Z 54 %2 PBS) ~ &A% 16 [ PF2izfw g o

IS 2 A B ip s 2 (LPS-paconol-25 12 2 LPS-paconol-50) » % 16 -

PR s 0 P2 A8 7 X > BAEFRIAFE B rlb 2 ARV
R ERMEDSES S Hgd R G g U F R RER

Mot MREE e 4 o

——
D 37.0-

Rectal Temperature(

"Compared 16hr with Ohr by #-test, p<0.05
*Compared with LPS-DMSO at 16hr, p<0.05
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B 4-21. > A gsick LPS #8 ALI 2 & 238 21§
#AR A2 2 ez % 16/ FE % 0/ Fdpyt > R FLR > p<0.05-

FRAET A R FIAEF LR o p<0.05-

4-3-3. X BB V2 WA AR R R

AF % LPS At & S IE G 2 03] RER 2 A Fein koot
oo H L WG ARR ok 43 00 % B 4-22 11 % B 4-23 Hior o AR
BRAEZ B A GY 3 BAEAEAE R AFEN me BEAR
(cellularity) ~ % ;2 b 3= 7% 1) #2 & (protein exudation) ™ & %72 p 1) i £2 R
(hemorrhage) °

WEIE RS G R B B E AR R (= 5 LPS-DMSO (45.4 + 1.0) >

LPS-paeonol-25 (26.8 £ 2.4) > LPS-paconol-50 (23.7 £ 2.9) > PBS-DMSO

(19.0 £ 2.5) > PBS-paconol (14.9 £+ 1.2) - PBS-paconol £ PBS-DMSO #p +* >
BUFRAIR > VAL ARG RIFGRLS G T EOAES BT 2 A
foid bt £ T2 €33 = AW~ B2 W3 - LPS-DMSO £ PBS-DMSO ##
W RV EREFALAR O RTAFRETHARTL LA LA R R
(LPS-paeonol-25 12 32 LPS-paeonol-50)£2 LPS-DMSO #p +* > 355¢ B % "% (4%
FEAER > TG MEE o 2 AR S0mgkg 5 B FILBEAE o

BAEE N e AR S w 0 LPS-DMSO £ 5% % (18.0+£0.7) > H

=t % LPS-MCR &(15.3£0.8) » #X13 1 #_LPS-paeonol-25 ¥ (10.8 £ 0.9)12 %
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LPS-paeonol-50 (9.1 £ 1.2) » jpJf 2 ¥ LPS-DMSO Ap+t » % 2 0" 8 F
AR o Bt APl A MR RN 20 IR o

Lie N Bed Wi DAZAR S G 0 2 LPS-DMSO & % B (10.9 £ 0.8) -
2k 14 1 4_LPS-paeonol-25 %#(4.5+0.8)12 2 LPS-paeonol-50 (4.1 £0.4) ;5
Jp o2t LPS-DMSO Apt » ¥ 2 S F R F A 8 o Bpor 2 A e il s e '8 1
RN 2 G TR AR

Aoie N g 2R 2 & ¢4 LPS-DMSO = % 58 (164+1.0)» 5t
4_ LPS-paconol-25 2 (11.5 £ 1.5)12 % LPS-paconol-50 % (10.5 £ 1.5) >
LPS-paconol-50 % ¢2 LPS-DMSO 4pt » 53 Bl F A B o lgor /1642 &

= 50 mg/kg st "# MEjE ) n (AR R o

% 4-3. * A Fiok LPS A% ALI 2 & e %y fe R ' &3

Cellularity  Protein exudation = Hemorrhage Scores
PBS-DMSO 7.2+ 1.0 3.8+0.6 8.1+1.8 19.042.5
PBS-paeonol 4.5+0.2 2.7+0.6 7.8+0.7 14.9£1.2
LPS-DMSO 18.0+0.7 10.9+0.8 16.4+1.0 45.4+1.0
LPS-paeonol-25 10.8+0.9" 4.5+0.8" 11.5¢1.5 26.8+2.4"
LPS-paeonol-50 9.1+1.2" 4.1x0.4" 10.5+1.5" 23.742.9"

Data are presented as mean = SEM, n=6. PBS-DMSO: PBS group - i.t challenge with PBS
and i.p 1ml DMSO; PBS-paeonol: PBS-paconol group - i.t challenge with PBS and i.p with
paconol 25 mg/kg dissolved in 1 ml of DMSO; LPS-DMSO: LPS-DMSO group - i.t
challenge with LPS and i.p with 1 ml DMSO ; LPS-paeonol-25: LPS-paeonol-25 mg/kg
group - i.t challenge with LPS and i.p with paeonol 25 mg/kg dissolved in 1ml of DMSO ;

LPS-paeonol-50: LPS-paeonol-50 mg/kg group - i.t challenge with LPS and i.p with paeonol

50 mg/kg dissolved in 1ml of DMSO : *p < 0.05 compared with LPS-DMSO
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£’ 30- =
| 1y =
=1 .*_| * -
g o0- e = E3 PBS-DMSO
- = Ky & = .
E = — = = PBS-paconol
el =H . = = B3 LPS-DMSO
% é % O LPS-Paeonol-25
= r — = LPS-Paconol-50
0 o = N = =
Cellt.l'lalrit'_yr Exu;:late Hemo;'rhage Total L'ung Injury

# significant differences when compared with PBS-DMSO, p<0.05
* significant difference between two linked groups, p<0.05

Bl 4-22. & A @isk LPS #% ALI 2 + 8545 24

AR G ARR 2 A A Thd 3 B AR A T TR e N e RIEALR
(cellularity) ~ * j¢ b 3=+ /% 1) #2& (protein exudation) ¥ % # 2 p 1) & 42 R
(hemorrhage) - # : * A2 PBS & fp it & 3 - EHF L £ ,p<0.05: *

FARsezd egpt o B B EHEF LR p<0.05-
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W 4-23. * A g=ic LPS # 4 ALL 2 < R 5 3

ARz (a) (b) (c) (e) () *= =~ Bdcs 200 B2 5> V' ARl (d) %< B
s 400 B2 /327 7 o (a) = PBS-DMSO & ; (b) & PBS-paeconol & ; (¢)
% LPS-DMSO % ;(d) LPS-DSMO Z%>*x+ 3 400 & ;(e) » LPS-paconol-25
f 5 (f) % LPS-pacenol-50 ‘& o + Rl ik B H 0o (T3 7 > 1Y

H&E stain % ¢ {$:& (7 %3 G MR 2 22 - B (a)(b) %™ PBS iS4 ¢ g
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ToVHFRAMERN BT E P Mok o R FD TR IR & o Bl(e)(d)
B IPSEFEPMFBFEL A BUREG o F RH e R 2 e RIE  Fod
BRI 2w IRBRHPE > FRIERG FRE G A2R o Bl(e)(f) ki
LPS 4 g P AFEM S HWP G2 B3 Jipp A52 A i 5 o o

gre)(d)dprt o T ORH e N 2 iR s Ben BB R ik SRR

i

Bh e d o F el AT G ATR e s E K o KR A W e A H P

2 ¢ MIRBE, 2R AN i %’?5 fom R o

4-3-4. & BEUHERNRE 2 8L

IR R B LM G2 FRE R BRI APH o 20 RIFRES 2
A Fs SOmg/kg A 8tipdy 6 A F gl A Mmook E - 270 &R
Beoo Bb A BURH BN A 2 A o INFHITEE LD
A eg > o plend £ LR E (Wet Lung weight - WLW) » 45 55 A 22 i
W 60°C 2 Y dh B Yk 48 [ PR (B pEargEz £ § 5 30 € (Dry lung
weight, DLW) o #-& & & 3 52 £ (WLW-DLW) > #7{7 end & ;T‘*u{’\ 0 3R e
& B & (Lung wet gain, LWG)(B] 4-24) - 4Bl #77+ » 5 LPS # % 2
LPS-DMSO 11 2 LPS-paconol-50 ‘=¥ PBS-DMSO ‘e 4p it » % /& £ (LWG)
w R Atk 2 o PBS-paeonol 222 PBS-DMSO ‘ejfpit » I @\ 3t E A4

BRI AP AT 2 €id kR < B2 %K% o LPS-paconol-5 & ¢2



LPS-DMSO 4ptt » R 5z B R F2 T - B2 g fisk ¥ el LPS

t’"—i—}f;( B‘rl; :}'E’ f% _i Efl; 7J( Eif’_ o

3.0

i
th
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i
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1

-
h
1

-
o
1

Lung weight gain (LWG) (g)

e
th
1

PBS-DMSO PBS-paeonol LPS-DMSO LPS-paeonol50

# significant differences when compared with PBS-DMSO, p<0.05
* significant difference when compared with LPS-DMSO, p<0.05

Bl 4-24. 2 A Ei5% LPS #% ALI 2 & &% IRE 1L
#: %42 PBS-DMSO #p1t & 4 s ¥R ¥ £ B, p<0.05; *: * 4457

7t Ap it )% (¥2 LPS-DMSO Apvt) > Rl A FAL R > p<0.05-

4-3-5. & BURE e bRk mve th i L
1l LPS E%";?‘\ kk\ ALI ;}’ﬂﬁf Jj\’I-I—.l iﬁ”/\:"}% ;:'}'» 7 % kk\B#/E ok

Pk dmPe 2 g 1 Ae B 4-3-5 9t o B 4-25 (a)#tor ° PBS-paeonol £
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PBS-DMSO #p+t » & 535 £ 8 > ¥ /3 & paeconol & @ i ¥ e p chim e
By TEOARE > BT A AFBAM AL TR gE S A < R
X o LPS-DMSO £ PBS-DMSO 48t » $ A S HE L B - 7 29 %5 %
WA fE 2o %4 2 A fe e 22 (LPS-paeonol-25 14 2 LPS-paeonol-50) &2
LPS-DMSO #pt > 3os 8 % " Mg h endwiz S fic > ¥ 3 B E s o W
72 % 2. ¢ 1438 (neutrophil counts)4r ] 4-25 (b)#77+ ° ¥ PBS-DMSO ‘e 4p it >
LPS-DMSO =5 &g ¥ + 2 » R A F e Wiep2 fwmre RiBH 5?3k i
Ao ¥A 2 A B s B (LPS-paconol-25 2 2 LPS-paeonol-50)2 LPS-DMSO
AR B BEEE MO e R N ind Mkl T F AR o Tt o ¥ 2

A s S0mg/kg 5 B F sk AE o
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E 5 4
=
= E
SR p=0.05

B 4-25. > A Bick LPS #8 ALI 2 ~ &% 2 R ‘wm¥e 31k
()% je p & B wre B Hc % 1 (total cell counts) o (b))% je p & ¢ IR
(neutrophil counts) % i o#: £ & PBS Apt & 5 S HEHEF L R, p<0.05;

LR AR A EAp bR R FALE > p<0.05-

4-3-6. * B ek o kR 28T

LIPS HE 4+ RALL 2 4 {07 k3mim & A e oot 2 % B e
et F-v R R % 1Y 4e B 4-26 757 - B 4-26 #7151 » PBS-paeonol ¥2 PBS-DMSO
o BHIELR KT LABAKALT 2 4 E X B2 e Ry
¥ i% ik o LPS-DMSO &2 PBS-DMSO #ptt » Z i B ¥ A 2 - Hox 2§ &

HEFAFE T B 2 A peiof 2 (LPS-paeonol-25 14 2 LPS-paeonol-50)£7
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LPS-DMSO #p b » 355 B F "% e e p chged kA > 2 BBk o F)

P @ 2 g A S0 mg/kg LA E oA E o

0.8+

-

e
ra
1

Protein Concentration ( mg/ml )
=
-

0.0

Compared PBS-paeonol with PBS-DMSO, p=0.05
“Compared with PBS-DMSO, p<0.05
*Compared with LPS-DMSO. p<0.05

B 4-26. 2 A ik LPS #3 ALI 2+ &% 82 %9 kR
#: N AEPBSAP LG M FHEFLE p<005; % RA{RT 2D EAp

el FIRILEFALE > p<0.05-

4-3-7. % Bl bR g AP e e F 2 1L

vl LPS A3 ~ BALI 2 B i3] k3P e & L feip i o 20 = B e b ik
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e AR B A e E 2 8 1 4o 427 #17 o (@)TNF-o2 2 R @ &
PBS-DMSO e 4ptt » LPS-DMSO efg % F = » 5 FF L1 8 o &2
LPS-DMSO ‘e 4p+* » LPS-paeonol-50 2 e TNF-oF "2 F 525 L B o
LPS-paeonol-25 =5 T *% 2 48%" - v &2 LPS-DMSO 24pit » AF 53 ¥
8 ;(b)IL-1B 2 % £ : ¥ PBS-DMSO ‘e 4p+t » LPS-DMSO kg % + = »
FHRITEREF LR o &2 LPS-DMSO & 4p+t » LPS-paeonol-25 %
LPS-paconol-50 e IL-1 T "3 g F -5 1 8 ; (¢)IL-6 2. £ E : &
PBS-DMSO g+t » LPS-DMSO efg % F 2 » F 5 FhaF 1 8 o &2
LPS-DMSO ‘e 4p+* » LPS-paeonol-25 2 LPS-paconol-50 & e 1L-6 T "% i &
FHRPFFE LR (e)IL-10 2 £ R E : & PBS-DMSO 24p+t » LPS-DMSO
lF+HA L ERFEREF LR - 2 LPS-DMSO /&4t » LPS-paconol-25

% LPS-paeonol-50 2 ]L-10 F " F kg F - 4L 8 -
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W 4-27. 2 A peick LPS# 3 ALIZ + B e n e 2 L Ap Mmoo ik 2 %
1L

(a) "2 ;% TNF-o0 L& o (b) "2 % IL-1B& & - (c) "2/ IL-6 & IR
B o(d) e IL-10 # R o #: % % 2 PBS-DMSO 4pt p<0.05; *: &

F AT 2.3 EApt (¥ LPS-DMSO &4ptt) R A F L R > p<0.05

4-3-8. & B e Rk i AP B dmte ek 2o %L
LPS A S AR G2 B A kTR 2 AR is Rt 2 4 B
W e kit Rk AR B e ik 20 % 1C 4o 4-28 1 o (a) & 2 h TATC 2

ARBEEBEFRIE LR (b) Wieap 2 PAIlL 2% 1 # PBS-DMSO

108



4p1t s LPS-DMSO g % + 2 » i A B i % £ B - 2 LPS-DMSO ‘.47

v » LPS-paconol-25 %2 LPS-paconol-50 2t PAI-1 T kg F 38 1 8 o
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TAT Concentration (ng/mL)
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B 4-28. 2 A Biom LPS 33 ALLZ + B3 e ¢ 32u 4p Mm% jrd 2 %
1L
(a) " i ;% TATC % E ;(b) "¢ PAI-1 % & ; #: X 4 2 PBS-DMSO

A Pp<0.05; * £ 4E7 2 5 E4p 0t #i (22 LPS-DMSO f&4pit) » & IR ezt

4-3-9. * B 3 MPO £ L& 2 % 1

LPS H < RAMI I G2 84 02 k=R 2 APisRoc 2 4 8]

e

MPO # & 2 % it 4o B 4-29 #775 o ”*,f‘:ﬁ'_.f‘%‘«i MPO # R E :

PBS-paconol & PBS-DMSO #ptt » & 35 L 8 > ot 7 2 A fmiist A &
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#7 §4E A B2 % 83 LK i o LPS-DMSO £ PBS-DMSO 4t » i 5
VERFLEL O ONTATRAFTHARLL BT AR E
(LPS-paeonol-25 12 2 LPS-paeonol-50)22 LPS-DMSO #p +* » 355 &g ¥ *5 4%
,E’_]%‘«mMPO ZIE > PG RE I o Flpt o B F A A fe S0mgkg & B iE
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B 4-29. > A gsiak LPS 33 ALI 2« 8% 38 MPO £ L&
# . &2 PBS-DMSO 4p+ p < 0.05; * @ v 2 4% 2 & fip it (&

LPS-DMSO ‘edptt)» T AIEE L B > p<0.05
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4-3-10. ~ &% o8 iNOS 4 g 2 % 1t
7 LPS H4 4 RA NI G 2 bk ] R B LRk 2 4 B’

LI

—i

iNOS Z 32 2 %1 4c[§] 4-30 #7771 o w2 INOS #RE :
PBS-paconol ¥2 PBS-DMSO #ptt » @ sz 8 XL 8 » kgom 1 2 A fii st & &
TR g Eﬁ%iﬂ 4v INOS ¢4 L& o LPS-DMSO ¥ PBS-DMSO #p+t > i
R ERHEFLE O ORETAIRFIETHIARL - BT 2 Aol

(LPS-paeonol-50)£2 LPS-DMSO 48/t » ic & ¥ % 9% 2 8 7 iNOS 2 R E -
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W W W W |~ ctin (43kDa)
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=
<
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S
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=
24 p=0.05

B 4-30. = & 55ia% LPS 3% ALI 2 + 8% 3% iNOS £ L
#: % 42 PBS-DMSO #8%* p < 0.05; *: A {E7 2 & ‘o 4p st (2

LPS-DMSO &4ptt)» TR EEEF LR > p<0.05-
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4-4. 2 L pa gt IRz Agpied

4-4-1. F % BT L

SRR PR AR EAL LR T AT R i g 3
i97% ek 4o TNF-a and IL-1B74 79 - 02 2 40§ 0 g o fh 2 & st 5270
LB P R RS o R GHOEN LSS L T LG kg e oo
BrkzE 2 MIP-2~MPO £ 3LE > & e poen? Mok 4§ diex B0 i
S EREBEIEEPN 0 FP 0 AP REIFHS A LD b § P
MrRenk o ¢ FLRAEP MBIk enime B~ Frdg| P (43 o migration 1 % 3

PrY BrkenB i 4 %o AcB 4310 A B SRS BB B AR ¢ B

A KGR AL B IR S A R AR A
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(a) - (b) ]

Pulmonary capillary vessel

Paeonol administration

Bl 4-31. > ARt ERTRKT TR

(@)LPS 54 #piBA» x BWe » B gl F ek ~ a8 ko
R sk p WEINHE A TR o (b) B R LRI S
Mo 22 AP v i e IR I o 2 RRIRGR e =~ el R

Slm 27

TRA 7R gl d PIR BT B .
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4o @] 4-32 #75¢ 0 @ * trypan blue exclusion assay k=i ¢ f43k 47 & E
LA TG ESF e A ARER G SOUM T > ¢ B3 E S A
LB ait LB w2 g sk R T 200 UM PEF > ¢ 3k ey
EEXREFTE OB L e > SR EREF LR o RIRED lf%&ﬁfr ’
LR fe il (T e F S g AR G 20-50 M e EUERFRIP 0 2 AR

eSS e S § Y £ E S

:
100- | |

. 85 i =
~ 804 E

P

= 754

=

.; 70-.

S 60

e R
s

3
1
ettt TS et
SN

- I
Paeonol (uM) O 20 50 200
W 4-32. 2 A B¥HP Mok w5 AR

# N AT gt PSRV EFLR > p<0.05-

115



4-4-3. & AL pagte k2 iy B

4[] 4-33 #7757 > & * Propidium iodide/annexin V assay 14 % 73\ fm v ik Kk A
el O 2R SR C s LA I G LERL R ST I A I 3 ELA AT
o BT AmEREESOUM TR, Rl BRRERFNGALR  Ra o

LA kR e 200UM PE o 2 H B L maprt > AT BAE Y MIk e

(a)

Paconol OpM Paeonol 20pM
: 10" 7
19°%0.15% 2.70% 31.36% 2.55%
g 107 av+pis| 10 At
s .
o2 : . 2
E 10°4 ) 107 1
g y 1 U
= i - . s ;
e 1 10 A A+ P -
10 = AV+IPI- ] oy =
o e
" % ] 9% .29%
6.64% o 189 80% - 6429 %
o I 7 1 ¥ o S S
mmn o' 102 100 10¢ 197 10" 107 10”10
Annexin V Fluorescence Annexin V Fluorescence
. Paeonol S0pM Paeonol 200pM
4
10" 10.98% 2.99% |'° Jo.97% 6.50%
] 3
210 AV+/PI+ | 1077 AV+/Pl+
[ ¥
£ .2
= 10 1l:|2 _
= "
== 1 o~ '
& 10 _ AL AP | : .
R rriraks b 10 T AVH+IPI-
0.4 5.62% S
.":II:I N e e 11.56%
10" 10" 10° 10° 1010° ’ , . ' ;
10 10 10 10 10
Annexin V Fluorescence Annexin ¥V Fluorescence

116



-
=]
[]

-
o
1

-
f -9
L

LY
1

(=]
1l

%o of Apoptotic cells
— b

0 T T
Paconol 0 20 50 200 (pM)

W 4-33. 2 A8y Bk fmee p= BF

Al AT A At EIRATEEF LR o p<0.05-

(@) B* N wie RRATY PR ASEE 2 AL R 6/ Fig 2 Ais A
THP ML G BiBw2 k= 0T * o 3 8 &= M (Early apoptotic cells)

T T 42 mreE (AVHPL) ) Kk e W AR R Bl(a)2 & et

ETTRS

& e F(AVHPLY ) » % 8L % = ‘m ¥ (late apoptotic cells) & & & #p 3

‘% (early necrotic cells) ; 3+ & 1! (AV+/PI- plus AV+/PI+ )im®e | #75 dm¥e iy
WS P RE T S e B 7o (b) MR R R 2 Bdpi TR BT
AR ESOUM M TR o2 falFattL R Ra » 2 AER

B200uUM PF o = H @ 2 egpit > PETG R MIRimre B niER o

117



4-4-4. L L ps¥EY Mk Bega 4 BB

4ol 4-4-4 om0 FOREIRSE A P MR EET R Y il RATHE B
S KR A MR BEN Y R RS R TR 2 AR ER &S50 uM
PFoBER L OuUM ARy > B AP B F LR Ra 0 2 A RRA & 200

UM PF > 2 H 8 & et o @B G drdl ¢ Mok B 4o ehiEw o

(a) _
a0, : :
L # 1
I 1 Y
35 i
= 304
—
= 25
=
=
= 2u_ pr——
=
=
& 154
=
=
= 1D-
=
5=
0 f T
Paeonol (pM) 0 200
()  Paeconol OpM Paeonol S0pM Paeonol 200uM
45001
. 29 73% | 1 33.20% 20.57%
2 25 ] T
E \ hl"‘ :r\ M
~ 113 A ]
[} ] : - iy
14 |“ 1ot ||| ||| i 1 1ii 16F 1 1w
Red I'qurrsrcncr: Red ﬂunresrnlre Red fluorescence

Bl 4-34. 2 A Bie Mok B 4 B8
#iiv AT s gt PRI F LR op<0.05-(a) = A B S0 uM

118



B2 OuM 2% 200 uM Ap it iy BEER HIkehB e 4 o E RV ERF LR
A A fe 200 uM 22 O uM 12 Z SO uM Ap it s g el ¢ sk enB e 4 0 F AL
SEEFLR(b) RS R IR ¢ PR R

FH N me R kAo E B F > TN LAY Bk B 4 oo

4-4-5. = AP ¥Y sk B Fa 4 B
4o @) 4-35 #7571 > & * [ transwell chamber (Costar, Cambridge, MA) ;> # £ 5
3 },LM gt ko j\*E‘-f”’ v Hlﬁf} 7 Ae 4 mAv\Jf'?W"- F"T » 4 P‘»ﬁnu&)ﬁ 50 },LM

122 200uM 22 OuM AR > B F BEE el P IR (a0 4 eniE ¥ p<0.05 (K

4-35).
50- L # [ ]
] | }
L # [
40 _l_' '
g ]
S e
P e
= 304 EEEEEEE
= i —
.
(=) b :
S 9p- gﬁéﬁﬁé
= EEE
= e
2P S
= .
104 po
s
nnymy e =
R in
it
P 200

Paeonol (uM)
B 4-35. 2 A paite Bk 7w 4 BF
#REAE TS B FIATHEFALR > p<0.05-

119



IE

-n\@

AEFE G m A A > FLLR BB Y 2 R A R A

KETRALIZ I 2 SR o AP FH P AR IR 0 ¢ 02k
e Tl s e ok cnk 15 2 TR ;];:,,__“‘9 By POy B AR R | 2 E o Y
FARERILPSHFE I G 8516/ BF 5 o Rrc Sk LB BE2 2 H =0 o

DRSS R SRl ¢ 2 MCRZ i 2ei®ip o 2% P9 I pgra B3

MCR« JRA @@ %~ B> 3 E Mg E & 5 W iv* > Hiv* L7 5 &

\

Fr| v 2R K F oo A 4oll-6 > IL-1B12 2 MIP-2¢h4 B § M o 4 % 2

N

G H A K (s S8 MCREST 3 8 RLE ~ 7 4IMPO4 & ehit ¥ -

B2 IMCReA & Focit £ 22 A gy o B2 e Rl 2 2§ Ldien

g LIE* o pRZR I 0 JRMCRE 5 R 18% > 2R a o v RRA ] H RS
LR F g R R R 0 T MBS 3 R AT e

EE SN FAEE RN S 4% 1 58 B I R S L E A
Peeb s AP B TR RF A T RETVARIER S LT T PRE > 4 )
TR BB AL R FREAEEES  (RZFRE LY J ok
Boo Tt BT FaEI@d > AR Y L g Eid s T LPSHE ARG 2 <
B kT HEFE i oRoe? c REFR LT L AW EEF G
At B R E R BASE T e o X F R 0 4o TNF-o >

IL-1B ~ IL-612 2 MPO{=INOSen4& ILE » B pF > 2 f i3 b 7 20 rd] < B

120



woe NPAL-Iend JE - UF MR H A FP o B BRHRET 2 AL

At5
P2

P LR Fuge cniEY o (T % En VAR E-HMCRHA & PR R
e odep c MCRemFEw (PR FH 2 Piu 22 A5 B o e BIRA > d

LB RS e dxaR 25T T JRMCR 0 E e e MR S A B bt e
B T rE o NP ARt A BT M E A I R Y P ke g o AP
Mk RPOBIRA ARk > B 2 RER S A2 (TR 5 (TP
BEY Pakr s i Bk o SR 0 AL G BEEFIHY RS F
TERIER o RGeS BB o AP S ER- PRRAFE L
Kt FRFLWAER > Sd FREFEA S22 > REFHFEL RERL
BEFiehRk P X E S SEHEAT R B AT AR
PR RS KBV s Bk o LS TRk 6 IR kg 0 1
3%%@%ﬁ&$$¢£%%°UT%?%&@%@F#%Q

BR BB A% 2 SRR RE S 2 B s

3 F27RAEBRHF GO B e WLPSH# “TR (PALI/ARDS ¥ Ji Tk
FPWELATIROE AR eI 4 TR S RiT o ip B R ngEd > A0 LPSE 4
# B M #is > 7124 2 Neutrophil-dependent ALI/ARDS > & % i n % ei0¥

MIR LI LFE Bwre i & "L’ it 2% eniv* > & d adhesion ™ %

migrationm B & T e p o7 K g iRk ALIJARDS A & (18 11 @ Mk i3
Baepme g 20 LPSH g > AR # % P16 mgkgiid

121



o3 B TR IUT G AR S RBE o BpIZ BT L A A

‘1‘3\‘*\

B L ~ Fd WRENRMUE cn xE > SRR EFEG > L i

-\
gh’{

R EF G RE T L%k LR ELGRER o é’%‘u%% 1504 pE
E 5 AT A4 PEPN SRR L AW o AZIB24 ) PEIL LS R LTS
SMALE o AAT T LPSHF AR G S pE A B L 0 A P
08162411 % 48[ & 2 LA TR > e pehA{t 2 6 > 771 &

WMyt B9 FRR e ARER D AP ERAYS

§4
grq,
—43\
3
ot

E:I Hl/m m?

)
ju

BopImty 802 MPOA 45 5 2 A 492 6 » i1
Blo %7 ARHRY MBTDFFEELPSTREMFI G~ B
Bre AT WA - R DA R A0 MR s e b L e g
BpizEz 2 Ragd gmamep @00 npmaanga b3
B 58 Benmie g AMBEE I BF 0 R G LR RS
Bed » RS s T REFAAR T AFE S 58-16/) F
R ERPITEEER A AR RDOETBER I N2z w R R ETER
6] PF 5 BLIPIPF R 8L o

#r#|LPS-induced ALIAR B 3 X & M3t © M LPSHE % 2 &% F 4
AP o g N AR R A B AR > 4oTNF-o0 ~ IL-1B17 % IL-6% 45 5% 7
B W F &M % 35 & inflammatory cascasebr s & ¢ 30D o ipit g g
% 5 4oTNF-o ~ IL-1B ~ IL-6 ~ IL-82 2 IL-10% £_d *t % j¢ B thE vl fm 9%

122



IR UD sty

A AEA S 0 P oehE
) i""]'*;b]]\ :3_ _% ﬁ}i§(4’137’141’242’243)0 K/Z]:‘j iiﬁmpé

I H AR

IL v r"PTJ{‘

WA R sk R iR )

pEFINOF A sigm A4 {5 E’ﬁperoxynitritem3 20, mm A 4§

246, 247)

P 3

o I HSE T IRy

B e A IL-1P17 2 IL-65k B ~ $r ] fm v 4% i

2

MO e R N ¢ MR Bch L Y TR A ER -

- \\

(LPS-MCR) > % 7

BT EARR LIPS oA G B

FUP LB g

—\\

5 o W e R
< ,_T.l

P MPOd B Y R IREF T E o

JRAEE A ALPSHE B A E v S E S U F B kE A BN A
VEIE G 5 AT A e d e d L F ek R B B A F 0 T @ 2
&E%‘E‘f‘ﬁ}"f’#d v 'ri;‘ﬁﬁﬂ' IR E"f‘lg‘r';;}ﬁ' f% Aol g ﬁ;},: E,-J-_'_ 7 s ;Z = &

B SRR T e i N LF e

IL-1Bot 2 IL-6ik B ~ ¥ M08 % e b ¢ sl 2 v Ji% 2
oo os @ 57“353%“«“ SIMPOeH4 ILE T A F T "% o F]p »

LIPS (864 Ao A fin > ¥ MBI LF o R

o= e
Wi _

A

= B
\:v

Lo

LG s AFT

123

SEIBVE T ST BEAC LI

T e M IL-6cA TR o 2 A2 e ek

Fgt o AP

e

#c% ¢t » MIP-2(CXCL-2)
Foe o BE & w2 1YY I MPOA B BT

B INO#h 4 LR 3 4e  § 1€ 3%

(236, 243,

—
—
—\
N

ks

a LT L i R

e MIP-2:0k B~

Mmoo S LB e

~ B4k @ MCR

# % TNF-o ~
kR

" e

i B 22

jEm v JRMCR Y 2 e s 3 b2



A 0 AR e R e ek thd R o LA A 0 B R LS

BE - wHFeflarck (B IOV CREL LRGES o imd Y i

“rﬁ

B B T RES S TR RS e ? o 0 E 2 4 EMCR
PER gl LF B BB M 8 e R RRES AR
PR B Y 0 VO iR P ] MAPK 3 BL B R ER IS 0 @ ¥ RAW 264.7
macrophage-like cells & 5 LPSH1ris #r & 4 chiNOST #4795 sk » ppara
LA T ad 7% F A4INOSE R E 87 7 v 45 %] LPS-induced ALI
model > ¥ A G ARM F - AT RS R FEY HF T L AR ARSI TR
¢ $PNINOSH A B 4 B4 B ¥ ek P o

$r#|LPS-induced ALIAP B 4&a # it X Ptk WG ahy o - B
T & m/ﬁaiﬂo’_%‘ v & o TR e o fibrint2 2 platelet plugsit# » & = ¥ e 2 7 e
& g R E 0 e cofibrinidE R {8 0 » € % ¢ 13k 12 2 fibroblasts
Lit- HepiE it gt RERFEGHEY 2B FLF B R R
o E AT RS S up I g ,T}—kg 4OEINE RE Y S L s M p A
B gh IR A5 ek H @A 5 RR S RE RBYE I R AT
Wogd R AR FRaAsd B8 UF Rowjd R 407G B
4eTNF-0~ IL-1B12 & TL-6% » i3 ‘moe ek i 2 > # @ ¢ TlcTissue
factor (TF)ehi& it > o prs € BB F A NPAL-1 A Frdg p 4 B a3 2%

S,

¥ s Btk th i%{}ﬂ;f\ £ g 127 & (225,146,152, 153) | 4 NMOR v JR 4 5 e

=~

124



A

g > ANPHFR L w2 FepTATCA R EHOEHE2Z 48 o Ra >

BPAL-1:04 L E F o8RG 3 0 v REE 1L Z 8 18 T JRIGEF OV @ PAI-]
FRETE RBHAEHEFAYELR A o a2 AN LD
P P2 LI s 0 BRI X B e N TATCE RE B2 58
7% e H HAPALIHR R ey B F e iv % 5 ¥ R IRAE A o F
B0 F 3 0 MCRY it s B BB Fr{IPAL-1enA 8 kg T drd
WA FRIEY > TP B M 6%%#%%5§mr%iﬂ%Jﬁ¥’$—i
AR e iy o 3T ip iR eniEd B P 3RS T {IPALIhA R o B F] L P

#]7 IL-6en& & & FPAl-1endk s A EFEIrHIm A4 8% >

T

4R
—HeEET g o B d FEL e 2 E PANES  LEFRRE G
FrlPAL-1eniE® 0 B F R HE Y

B ARALY MIRA RN 26 D e g o P R
SRR CLLELE E S SRR B SR S AL SR PN
iﬁm%m“@o%&ﬁﬁiiiﬂﬂﬁ’%{%*%%A@ﬁW%W@ﬁﬁ

B

/ F& 248 250 251 ~ T 2, + 2 3
N 12 e ) o M d A vEIIE (T H m@f«r,ebjgm:j};‘a}gz%gg

b

# %5 »phagosomep > R4+ EehF pd A& NOMZE Hiw Fado
Apeptidesc B » T AMAREE FOV o 2 g pichb b G % LG
B3 2 Apais o = ff’\’gfq‘f‘:.l?_,f‘%‘iMPO% BEMEINOSZ B F T % o A

¢

mre R HE R S A G50 UMT RS Y MR enA e o e £ A F |

I

125



200 uMPEF & @ g el P ok BeEiEr o SRS E LT EF AT D A
Fagte Mo r A F A REY J M VaEIF AT o B P rkd B if

B RAB T, 4R

\\\?{r

¥2 e 7% ek § TNF-o~ IL-1B ~ IL-6 ~ IL-8 ~ IL-10
"1 E CXCL-5% 2 % 5iRp %56 p chP eim e op A (4 192.202.28.259) g 4 o
LT 2 AT NP S TNF-afl g & R w4k 515 VCAM-1
11 %2 ICAM-1 % % < x ? mg gl E BT e A g R BB 0 e 2

Apmiddt s e ICAM-12 RE LA AL P ERKEFLE - we P R
2 BEFOoHMY BB A ABEOE B FNS B2 ARER 550 uM Iz 2 200
UM% BB F T %% o 23015 BIR % A7 B8 B 32 rd] e 3 4oIL-6 ~ IL-8

2 F £ ICAM-12* F VCAM-1 i& = > ¥ 38 {7 {8 §UF » a7 3475 -

126



B

v
sl
v

AT ERARAFFL S AisR L RS B 5 —ALIVARDS 2 *
B Bt oA B 4 S 0 IR S R S A R A % s o
T R H TP ER B HRY FRG BpEE o ER
Br PR ES > UERFEBAELE P A IEREE AR S CRES 2 T
PIEG o hEH G ERFEEG TFHRe 0 T A
S L AR ERE R o SRR RIS B AT L E L
[ SIS - Rl SN L i EAR AR S R L £ o S 8
PR P TARALALEY c RELHRBERIA LI HMF L ABELT
LIFr 2 AR 4 o ER PP FHRHKES  FTLARSEHF LE BN
EoFupa #oac R gt o MERLPSHTR K BURAT G o d 20 P ki 2 3 LR
Moo AAFHIS L IR BEATWAH > FP > A PieFi L ABmEe
F RN Y Tl AT B Rrdl Y Bk BTt 3 M
BRI T B 0 RETRA M AR A v RZE 2 A )ﬁaﬁv«fﬂ%s- v BR 1S
BN FH LR P FEMGH ERT O REELL RREF 2 AV A
Z s e P od %5 &Iﬁuﬂc%%‘f.zg—g N o A e R A B A A
Evidence-Based Complementary and Alternative Medicine (eCAM) 11 %
Phytomedicine % B 8 7] o B ¥ 4 1 > “,f THPEE AR 2P Rz (T
BEEFLF T LHFES NP B ARSI o REF S S

127



S TN o '41 Vs . N SR a7 271 20 > gl o~ SN 2 iy
s P B A L (YA T s ookt R 0 R T SRR F O F

Tk

Ep AL FEGRA L HREG  (FFFL SR F

BEE2iehRY P » E39 %‘Wv‘agﬁ.ﬁ@‘égﬁwpﬁw

128



10.

I1.

12.

\\\?{.r

2 g

Rubenfeld GD, Caldwell E, Peabody E, Weaver J, Martin DP, Neff M, Stern EJ,
Hudson LD. Incidence and outcomes of acute lung injury. N Engl J Med.
2005;353:1685-1693

Schultz MJ, Haitsma JJ, Zhang H, Slutsky AS. Pulmonary coagulopathy as a new
target in therapeutic studies of acute lung injury or pneumonia--a review. Crit Care
Med. 2006;34:871-877

Tsushima K, King LS, Aggarwal NR, De Gorordo A, D'Alessio FR, Kubo K. Acute
lung injury review. Intern Med. 2009;48:621-630

Ware LB, Matthay MA. The acute respiratory distress syndrome. N Engl J Med.
2000;342:1334-1349

Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute respiratory distress in adults.
Lancet. 1967;2:319-323

Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, Lamy M, Legall
JR, Morris A, Spragg R. The american-european consensus conference on ards.
Definitions, mechanisms, relevant outcomes, and clinical trial coordination. Am J
Respir Crit Care Med. 1994;149:818-824

Ventilation with lower tidal volumes as compared with traditional tidal volumes for
acute lung injury and the acute respiratory distress syndrome. The acute respiratory
distress syndrome network. N Engl J Med. 2000;342:1301-1308

Stewart TE, Meade MO, Cook DJ, Granton JT, Hodder RV, Lapinsky SE, Mazer CD,
McLean RF, Rogovein TS, Schouten BD, Todd TR, Slutsky AS. Evaluation of a
ventilation strategy to prevent barotrauma in patients at high risk for acute respiratory
distress syndrome. Pressure- and volume-limited ventilation strategy group. N Engl J
Med. 1998;338:355-361

Brochard L, Roudot-Thoraval F, Roupie E, Delclaux C, Chastre J,
Fernandez-Mondejar E, Clementi E, Mancebo J, Factor P, Matamis D, Ranieri M,
Blanch L, Rodi G, Mentec H, Dreyfuss D, Ferrer M, Brun-Buisson C, Tobin M,
Lemaire F. Tidal volume reduction for prevention of ventilator-induced lung injury in
acute respiratory distress syndrome. The multicenter trail group on tidal volume
reduction in ards. AmJ Respir Crit Care Med. 1998;158:1831-1838

Roch A, Guervilly C, Papazian L. Fluid management in acute lung injury and ards.
Ann Intensive Care. 2011;1:16

Wiedemann HP, Wheeler AP, Bernard GR, Thompson BT, Hayden D, deBoisblanc B,
Connors AF, Jr., Hite RD, Harabin AL. Comparison of two fluid-management
strategies in acute lung injury. N Engl J Med. 2006;354:2564-2575

Mitchell JP, Schuller D, Calandrino FS, Schuster DP. Improved outcome based on

129



13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

fluid management in critically ill patients requiring pulmonary artery catheterization.
Am Rev Respir Dis. 1992;145:990-998

Dreyfuss D, Ricard JD. Acute lung injury and bacterial infection. Clin Chest Med.
2005;26:105-112

Grommes J, Sochnlein O. Contribution of neutrophils to acute lung injury. Mol Med.
2011;17:293-307

Balamayooran G, Batra S, Fessler MB, Happel KI, Jeyaseelan S. Mechanisms of
neutrophil accumulation in the lungs against bacteria. AmJ Respir Cell Mol Biol.
2010;43:5-16

Abraham E. Neutrophils and acute lung injury. Crit Care Med. 2003;31:S195-199
Abraham E, Carmody A, Shenkar R, Arcaroli J. Neutrophils as early immunologic
effectors in hemorrhage- or endotoxemia-induced acute lung injury. Am J Physiol
Lung Cell Mol Physiol. 2000;279:L1137-1145

Sapru A, Wiemels JL, Witte JS, Ware LB, Matthay MA. Acute lung injury and the
coagulation pathway: Potential role of gene polymorphisms in the protein ¢ and
fibrinolytic pathways. Intensive Care Med. 2006;32:1293-1303

Lee WL, Downey GP. Neutrophil activation and acute lung injury. Curr Opin Crit
Care. 2001;7:1-7

Meduri GU, Belenchia JM, Estes RJ, Wunderink RG, el Torky M, Leeper KV, Jr.
Fibroproliferative phase of ards. Clinical findings and effects of corticosteroids. Chest.
1991;100:943-952

Gunther A, Mosavi P, Heinemann S, Ruppert C, Muth H, Markart P, Grimminger F,
Walmrath D, Temmesfeld-Wollbruck B, Seeger W. Alveolar fibrin formation caused
by enhanced procoagulant and depressed fibrinolytic capacities in severe pneumonia.
Comparison with the acute respiratory distress syndrome. Am J Respir Crit Care Med.
2000;161:454-462

Fukuda 'Y, Ishizaki M, Masuda Y, Kimura G, Kawanami O, Masugi Y. The role of
intraalveolar fibrosis in the process of pulmonary structural remodeling in patients
with diffuse alveolar damage. Am J Pathol. 1987;126:171-182

Martin C, Papazian L, Payan MJ, Saux P, Gouin F. Pulmonary fibrosis correlates with
outcome in adult respiratory distress syndrome. A study in mechanically ventilated
patients. Chest. 1995;107:196-200

Bellingan GJ. The pulmonary physician in critical care * 6: The pathogenesis of
ali/ards. Thorax. 2002;57:540-546

Bastarache JA, Ware LB, Bernard GR. The role of the coagulation cascade in the
continuum of sepsis and acute lung injury and acute respiratory distress syndrome.
Semin Respir Crit Care Med. 2006;27:365-376

Sebag SC, Bastarache JA, Ware LB. Therapeutic modulation of coagulation and

130



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

fibrinolysis in acute lung injury and the acute respiratory distress syndrome. Curr
Pharm Biotechnol. 2011;12:1481-1496

Hofstra JJ, Haitsma JJ, Juffermans NP, Levi M, Schultz MJ. The role of
bronchoalveolar hemostasis in the pathogenesis of acute lung injury. Semin Thromb
Hemost. 2008;34:475-484

Xu GL, Yao L, Rao SY, Gong ZN, Zhang SQ, Yu SQ. Attenuation of acute lung injury
in mice by oxymatrine is associated with inhibition of phosphorylated p38
mitogen-activated protein kinase. J Ethnopharmacol. 2005;98:177-183

Tajima S, Bando M, Yamasawa H, Ohno S, Moriyama H, Takada T, Suzuki E, Gejyo
F, Sugiyama Y. Preventive effect of hochu-ekki-to on lipopolysaccharide-induced
acute lung injury in balb/c mice. Lung. 2006;184:318-323

Yeh CC, Lin CC, Wang SD, Chen YS, Su BH, Kao ST. Protective and
anti-inflammatory effect of a traditional chinese medicine, xia-bai-san, by modulating
lung local cytokine in a murine model of acute lung injury. Int Immunopharmacol.
2006;6:1506-1514

Yeh CC, Lin CC, Wang SD, Hung CM, Yeh MH, Liu CJ, Kao ST. Protective and
immunomodulatory effect of gingyo-san in a murine model of acute lung
inflammation. J Ethnopharmacol. 2007;111:418-426

Yeh CC, Kao SJ, Lin CC, Wang SD, Liu CJ, Kao ST. The immunomodulation of
endotoxin-induced acute lung injury by hesperidin in vivo and in vitro. Life Sci.
2007;80:1821-1831

Luo Y, Zhang B, Xu DQ, Liu Y, Dong MQ, Zhao PT, Li ZC. Protective effect of
bicyclol on lipopolysaccharide-induced acute lung injury in mice. Pulm Pharmacol
Ther. 2011;24:240-246

Sun J, Xue Q, Guo L, Cui L, Wang J. Xuebijing protects against
lipopolysaccharide-induced lung injury in rabbits. Exp Lung Res. 2010;36:211-218
Schuster DP. Ards: Clinical lessons from the oleic acid model of acute lung injury. Am
J Respir Crit Care Med. 1994;149:245-260

Martynowicz MA, Minor TA, Walters BJ, Hubmayr RD. Regional expansion of oleic
acid-injured lungs. Am J Respir Crit Care Med. 1999;160:250-258

Wiener-Kronish JP, Albertine KH, Matthay MA. Differential responses of the
endothelial and epithelial barriers of the lung in sheep to escherichia coli endotoxin. J
Clin Invest. 1991;88:864-875

van Helden HP, Kuijpers WC, Steenvoorden D, Go C, Bruijnzeel PL, van Eijk M,
Haagsman HP. Intratracheal aerosolization of endotoxin (Ips) in the rat: A
comprehensive animal model to study adult (acute) respiratory distress syndrome. Exp
Lung Res. 1997;23:297-316

Chen H, Bai C, Wang X. The value of the lipopolysaccharide-induced acute lung

131



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.
53.
54.
55.
56.
57.
38.
59.
60.

injury model in respiratory medicine. Expert Rev Respir Med. 2010;4:773-783
Folkesson HG, Matthay MA, Hebert CA, Broaddus VC. Acid aspiration-induced lung
injury in rabbits is mediated by interleukin-8-dependent mechanisms. J Clin Invest.
1995;96:107-116

Modelska K, Pittet JF, Folkesson HG, Courtney Broaddus V, Matthay MA.
Acid-induced lung injury. Protective effect of anti-interleukin-8 pretreatment on
alveolar epithelial barrier function in rabbits. Am J Respir Crit Care Med.
1999;160:1450-1456

Frank L, Bucher JR, Roberts RJ. Oxygen toxicity in neonatal and adult animals of
various species. J Appl Physiol. 1978;45:699-704

Moore BB, Hogaboam CM. Murine models of pulmonary fibrosis. AmJ Physiol Lung
Cell Mol Physiol. 2008;294:1.152-160

Gharaee-Kermani M, Ullenbruch M, Phan SH. Animal models of pulmonary fibrosis.
Methods Mol Med. 2005;117:251-259

Dos Santos CC, Slutsky AS. Invited review: Mechanisms of ventilator-induced lung
injury: A perspective. J Appl Physiol. 2000;89:1645-1655

Lachmann B, Robertson B, Vogel J. In vivo lung lavage as an experimental model of
the respiratory distress syndrome. Acta Anaesthesiol Scand. 1980;24:231-236
Hubbard WJ, Choudhry M, Schwacha MG, Kerby JD, Rue LW, 3rd, Bland KI,
Chaudry IH. Cecal ligation and puncture. Shock. 2005;24 Suppl 1:52-57

Villar J, Ribeiro SP, Mullen JB, Kuliszewski M, Post M, Slutsky AS. Induction of the
heat shock response reduces mortality rate and organ damage in a sepsis-induced
acute lung injury model. Crit Care Med. 1994;22:914-921

Bastarache JA, Blackwell TS. Development of animal models for the acute
respiratory distress syndrome. Dis Model Mech. 2009;2:218-223

Wang HM, Bodenstein M, Markstaller K. Overview of the pathology of three widely
used animal models of acute lung injury. Eur Surg Res. 2008;40:305-316
Matute-Bello G, Frevert CW, Martin TR. Animal models of acute lung injury. AmJ
Physiol Lung Cell Mol Physiol. 2008;295:1.379-399

gﬁﬂiﬁ‘d‘. AT i a7 & w%l mb; 1997:pp. 190-193.

A, (i8S, A AR S S 1995:pp. 91-92.

ST, fl I%E'JEH w71 VS 1984:pp. 188-189.

FEUAE. BB JoF I EREEL A 1993:pp. 65.

WAL plEep TR AT R 1981ipp. 72-73.

iz~ = Fji}\c A 'W“;‘ ’?*f I fl I?ﬂ L‘“L[ Hymt; 1986:pp. 406-408.
F' J@[. FE IR 5 N A TR 1982:pp. 48 49.

B plvRE, B g SR ’F",FH: %’ﬁé“ﬁ{"?ﬁi; 2001:pp. 52.

MEpE. FERERL 5 F N R YT 1997:pp. 84,

132



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Tatsumi S, Mabuchi T, Abe T, Xu L, Minami T, Ito S. Analgesic effect of extracts of
chinese medicinal herbs moutan cortex and coicis semen on neuropathic pain in mice.
Neurosci Lett. 2004;370:130-134

Lin HC, Ding HY, Ko FN, Teng CM, Wu YC. Aggregation inhibitory activity of
minor acetophenones from paeonia species. Planta Med. 1999,65:595-599
Yoshikawa M, Ohta T, Kawaguchi A, Matsuda H. Bioactive constituents of chinese
natural medicines. V. Radical scavenging effect of moutan cortex. (1): Absolute
stereostructures of two monoterpenes, paconisuftfrone and paeonisuffral. Chem Pharm
Bull (Tokyo). 2000;48:1327-1331
Rho S, Chung HS, Kang M, Lee E, Cho C, Kim H, Park S, Kim HY, Hong M, Shin M,
Bae H. Inhibition of production of reactive oxygen species and gene expression
profile by treatment of ethanol extract of moutan cortex radicis in oxidative stressed
pcl2 cells. Biol Pharm Bull. 2005;28:661-666

Okubo T, Nagai F, Seto T, Satoh K, Ushiyama K, Kano I. The inhibition of
phenylhydroquinone-induced oxidative DNA cleavage by constituents of moutan
cortex and paeoniae radix. Biol Pharm Bull. 2000;23:199-203

Oh GS, Pae HO, Choi BM, Jeong S, Oh H, Oh CS, Rho YD, Kim DH, Shin MK,
Chung HT. Inhibitory effects of the root cortex of paeconia suffruticosa on
interleukin-8 and macrophage chemoattractant protein-1 secretions in u937 cells. J
Ethnopharmacol. 2003;84:85-89

Kim HS, Kim AR, Lee JM, Kim SN, Choi JH, Kim do K, Kim JH, Kim B, Her E,
Yang YM, Kim YM, Choi WS. A mixture of trachelospermi caulis and moutan cortex
radicis extracts suppresses collagen-induced arthritis in mice by inhibiting nf-kappab
and ap-1. J Pharm Pharmacol. 2012,64:420-429

Xu SJ, Yang L, Zeng X, Zhang M, Wang ZT. Characterization of compounds in the
chinese herbal drug mu-dan-pi by liquid chromatography coupled to electrospray
ionization mass spectrometry. Rapid Commun Mass Spectrom. 2006;20:3275-3288

= f\,ij . ip:"' [ %ﬁr‘d%)ﬂ A ERE] A SN 1990:pp. 430.

AT, 3 [ (SRR . S [ [ S T
1995:pp.54-60.

Hirai A, Terano T, Hamazaki T, Sajiki J, Saito H, Tahara K, Tamura Y, Kumagai A.
Studies on the mechanism of antiaggregatory effect of moutan cortex. Thromb Res.
1983;31:29-40

Koo YK, Kim JM, Koo JY, Kang SS, Bae K, Kim YS, Chung JH, Yun-Choi HS.
Platelet anti-aggregatory and blood anti-coagulant effects of compounds isolated from
paeonia lactiflora and paconia suffruticosa. Pharmazie. 2010;65:624-628
Nizamutdinova IT, Oh HM, Min YN, Park SH, Lee MJ, Kim JS, Yean MH, Kang SS,

Kim YS, Chang KC, Kim HJ. Paeonol suppresses intercellular adhesion molecule-1

133



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

expression in tumor necrosis factor-alpha-stimulated human umbilical vein
endothelial cells by blocking p38, erk and nuclear factor-kappab signaling pathways.
Int Immunopharmacol. 2007;7:343-350
Pan LL, Dai M. Paconol from paeonia suffruticosa prevents tnf-alpha-induced
monocytic cell adhesion to rat aortic endothelial cells by suppression of vcam-1
expression. Phytomedicine. 2009;16:1027-1032
Hsieh CL, Cheng CY, Tsai TH, Lin IH, Liu CH, Chiang SY, Lin JG, Lao CJ, Tang NY.
Paeonol reduced cerebral infarction involving the superoxide anion and microglia
activation in ischemia-reperfusion injured rats. J Ethnopharmacol. 2006;106:208-215
Chae HS, Kang OH, Lee YS, Choi JG, Oh YC, Jang HJ, Kim MS, Kim JH, Jeong SI,
Kwon DY. Inhibition of Ips-induced inos, cox-2 and inflammatory mediator
expression by paeonol through the mapks inactivation in raw 264.7 cells. Am J Chin
Med. 2009;37:181-194
Reutershan J, Ley K. Bench-to-bedside review: Acute respiratory distress syndrome -
how neutrophils migrate into the lung. Crit Care. 2004,8:453-461
Bhatia M, Zemans RL, Jeyaseelan S. Role of chemokines in the pathogenesis of acute
lung injury. AmJ Respir Cell Mol Biol. 2012;46:566-572
Zemans RL, Colgan SP, Downey GP. Transepithelial migration of neutrophils:
Mechanisms and implications for acute lung injury. AmJ Respir Cell Mol Biol.
2009;40:519-535
Zhou XH, Dai QC, Huang XL. Neutrophils in acute lung injury. Front Biosci.
2012;17:2278-2283

Saguil A, Fargo M. Acute respiratory distress syndrome: Diagnosis and management.
Am Fam Physician. 2012;85:352-358
Bhargava M, Wendt CH. Biomarkers in acute lung injury. Transl Res.
2012;159:205-217
Barletta KE, Ley K, Mehrad B. Regulation of neutrophil function by adenosine.
Arterioscler Thromeasc Biol. 2012;32:856-864

FRERSH, HRT, % [R RN (BRI R B )
a f//[éﬁ/f//ﬁzﬂi 2006;15:113-115

W, AT RS SR, £ I,
2006;28:7-8
TFR, Jre . PR AR O RS R T
2002;33:11-12

7 P, PRI, & L IR . AT I
1980;3:3-6

RIS, B, Bl (R AT (RO 7 A
2008;28:243-245

134



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

= O, T, BYVAL R RS AT AR SRR S H A R
F{Uﬁ:’ﬁ«‘]‘. /f///ﬂ“/ﬁ,w ,/{‘;é:'fﬁ?. 1982;2:77-81

TFEE, Bl IR - AT AT BRI,
F%.2002;33:11-12

S, AR STH), BIRVE, SR Alifards BN 500 7 2 ) ﬁ%ﬁ'ﬁﬁﬁﬁ C 4
?Jﬁ%‘g‘ IR SRR 2011;30:215-217

B RSB FURT). SR PR S B R
2008;12:113-115

’3[1ﬁ TR, e Y f YRGB ards PR L TR

2006 11:16

Yuan X, Wang Y, Du D, Hu Z, Xu M, Liu Z. The effects of the combination of sodium
ferulate and oxymatrine on lipopolysaccharide-induced acute lung injury in mice.
Inflammation. 2012;35:1161-1168

Xu M, Yang L, Hong LZ, Zhao XY, Zhang HL. Direct protection of neurons and
astrocytes by matrine via inhibition of the nf-kappab signaling pathway contributes to
neuroprotection against focal cerebral ischemia. Brain Res. 2012;1454:48-64

Liu L, Lu W, Ma Z, Li Z. Oxymatrine attenuates bleomycin-induced pulmonary
fibrosis in mice via the inhibition of inducible nitric oxide synthase expression and the
tgf-beta/smad signaling pathway. Int J Mol Med. 2012;29:815-822

Liu L, Xiong H, Ping J, Ju Y, Zhang X. Taraxacum officinale protects against
lipopolysaccharide-induced acute lung injury in mice. J Ethnopharmacol.
2010;130:392-397

Xie JY, Di HY, Li H, Cheng XQ, Zhang YY, Chen DF. Bupleurum chinense dc
polysaccharides attenuates lipopolysaccharide-induced acute lung injury in mice.
Phytomedicine. 2012;19:130-137

Cheng XQ SL, Li H, Di H, Zhang Y'Y, Chen DF. Beneficial effect of the
polysaccharides from bupleurum smithii var. Parvifolium on "two-hit" acute lung
injury in rats. Inflammation. 2012

Tseng TH, Chu CY, Huang JM, Shiow SJ, Wang CJ. Crocetin protects against
oxidative damage in rat primary hepatocytes. Cancer Lett. 1995;97:61-67

Wang Y, Yan J, Xi L, Qian Z, Wang Z, Yang L. Protective effect of crocetin on
hemorrhagic shock-induced acute renal failure in rats. Shock. 2012;38:63-67

Yan J, Qian Z, Sheng L, Zhao B, Yang L, Ji H, Han X, Zhang R. Effect of crocetin on
blood pressure restoration and synthesis of inflammatory mediators in heart after
hemorrhagic shock in anesthetized rats. Shock. 2010;33:83-87

Yang R, Yang L, Shen X, Cheng W, Zhao B, Ali KH, Qian Z, Ji H. Suppression of
nf-kappab pathway by crocetin contributes to attenuation of
lipopolysaccharide-induced acute lung injury in mice. Eur J Pharmacol.

135



104.

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

117.

118.

2012;674:391-396

Yunhe F BL, Xiaosheng F, Fengyang L, Dejie L, Zhicheng L, Depeng L, Yongguo C,
Xichen Z, Naisheng Z, Zhengtao Y. The effect of magnolol on the toll-like receptor
4/nuclear factor kappa b signaling pathway in lipopolysaccharide-induced acute lung
injury in mice. Eur J Pharmacol. 2012

Burns JJ, Zhao L, Taylor EW, Spelman K. The influence of traditional herbal formulas
on cytokine activity. Toxicology. 2010;278:140-159

Lee KH, Yeh MH, Kao ST, Hung CM, Chen BC, Liu CJ, Yeh CC. Xia-bai-san inhibits
lipopolysaccharide-induced activation of intercellular adhesion molecule-1 and
nuclear factor-kappa b in human lung cells. J Ethnopharmacol. 2009;124:530-538
PR S P B S SRR R REEP TR, 2 S
AAZHEEE 2009;18:140-143

Zhang SW, Sun CD, Wen Y, Yin CH. [effect of treatment with xuebijing injection on
serum inflammatory mediators and th1/2 of spleen in rats with sepsis]. Zhongguo Wei
Zhong Bing Ji Jiu Yi Xue. 2006;18:673-676

Li YP, Qiao YJ, Wu ZX, Qian FF, Yao YM, Yu Y, Wu Y. [effects of xuebijing injection
on protein ¢ and tumor necrosis factor-alpha mrna in rats with sepsis]. Zhongguo el
Zhong Bing Ji Jiu Yi Xue. 2007;19:488-491

Zhu XQ, Wang L, Liu QQ, Yao YM. [protective effects of xuebijing injection on
kidney in rats with sepsis]. Zhongguo W&l Zhong Bing Ji Jiu Yi Xue. 2006;18:680-683
Fo P30 B0, iy S sET E S R I R R O B YA
BEEEPTEE . 2010510:526-528

Qi F, Liang ZX, She DY, Yan GT, Chen LA. A clinical study on the effects and
mechanism of xuebijing injection in severe pneumonia patients. J Tradit Chin Med.
2011;31:46-49

WTR !, WP 2, B & flSE TSI FRE ST E R PR A
W R Y. /ﬁéﬁ%ﬁ@’ﬁi 2012;4:6-8

Murray JF, Matthay MA, Luce JM, Flick MR. An expanded definition of the adult
respiratory distress syndrome. Am Rev Respir Dis. 1988;138:720-723

Ranieri V, Rubenfeld G, Thompson B, Ferguson N, Caldwell E, Fan E, Camporota L,
Slutsky A. Acute respiratory distress syndrome. The berlin definition. JAMA.
2012;307:2526-2533

Angus D. The acute respiratory distress syndrome. What's in a name? JAMA.
2012;307:2542-2544

Thomsen GE, Morris AH. Incidence of the adult respiratory distress syndrome in the
state of utah. AmJ Respir Crit Care Med. 1995;152:965-971

Villar J, Slutsky AS. The incidence of the adult respiratory distress syndrome. Am Rev
Respir Dis. 1989;140:814-816

136



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Webster NR, Cohen AT, Nunn JF. Adult respiratory distress syndrome--how many
cases in the uk? Anaesthesia. 1988;43:923-926

Luhr OR, Antonsen K, Karlsson M, Aardal S, Thorsteinsson A, Frostell CG, Bonde J.
Incidence and mortality after acute respiratory failure and acute respiratory distress
syndrome in sweden, denmark, and iceland. The arf study group. AmJ Respir Crit
Care Med. 1999;159:1849-1861

Frutos-Vivar F, Ferguson ND, Esteban A. Epidemiology of acute lung injury and
acute respiratory distress syndrome. Semin Respir Crit Care Med. 2006;27:327-336
Brun-Buisson C, Minelli C, Bertolini G, Brazzi L, Pimentel J, Lewandowski K, Bion J,
Romand JA, Villar J, Thorsteinsson A, Damas P, Armaganidis A, Lemaire F.
Epidemiology and outcome of acute lung injury in european intensive care units.
Results from the alive study. Intensive Care Med. 2004;30:51-61

Bersten AD, Edibam C, Hunt T, Moran J. Incidence and mortality of acute lung injury
and the acute respiratory distress syndrome in three australian states. Am J Respir Crit
Care Med. 2002;165:443-448

Rubenfeld GD, Herridge MS. Epidemiology and outcomes of acute lung injury. Chest.
2007;131:554-562

Acute lung injury and the acute respiratory distress syndrome in ireland: A
prospective audit of epidemiology and management. Crit Care. 2008;12:R30

Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, Opal SM,
Vincent JL, Ramsay G. 2001 sccm/esicm/accp/ats/sis international sepsis definitions
conference. Crit Care Med. 2003;31:1250-1256

Shaz BH, Stowell SR, Hillyer CD. Transfusion-related acute lung injury: From
bedside to bench and back. Blood. 2011;117:1463-1471

Matthay MA, Zemans RL. The acute respiratory distress syndrome: Pathogenesis and
treatment. Annu Rev Pathol. 2011;6:147-163

Kinoshita M, Ono S, Mochizuki H. Neutrophils mediate acute lung injury in rabbits:
Role of neutrophil elastase. Eur Surg Res. 2000;32:337-346

Chignard M, Balloy V. Neutrophil recruitment and increased permeability during
acute lung injury induced by lipopolysaccharide. Am J Physiol Lung Cell Mol Physiol.
2000;279:L1083-1090

Quesnel C, Nardelli L, Piednoir P, Lecon V, Marchal-Somme J, Lasocki S, Bouadma
L, Philip I, Soler P, Crestani B, Dehoux M. Alveolar fibroblasts in acute lung injury:
Biological behaviour and clinical relevance. Eur Respir J. 2010;35:1312-1321
Bitterman PB. Pathogenesis of fibrosis in acute lung injury. Am J Med.
1992;92:39S-43S

Idell S. Coagulation, fibrinolysis, and fibrin deposition in acute lung injury. Crit Care
Med. 2003;31:S213-220

137



134.  Tomashefski JF, Jr. Pulmonary pathology of acute respiratory distress syndrome. Clin
Chest Med. 2000;21:435-466

135.  Sheridan BC, Mclntyre RC, Jr., Moore EE, Meldrum DR, Agrafojo J, Fullerton DA.
Neutrophils mediate pulmonary vasomotor dysfunction in endotoxin-induced acute
lung injury. J Trauma. 1997;42:391-396; discussion 396-397

136. Delclaux C, Rezaiguia-Delclaux S, Delacourt C, Brun-Buisson C, Lafuma C, Harf A.
Alveolar neutrophils in endotoxin-induced and bacteria-induced acute lung injury in
rats. AmJ Physiol. 1997;273:1104-112

137. Steinberg KP, Milberg JA, Martin TR, Maunder RJ, Cockrill BA, Hudson LD.
Evolution of bronchoalveolar cell populations in the adult respiratory distress
syndrome. Am J Respir Crit Care Med. 1994;150:113-122

138.  Parsons PE, Fowler AA, Hyers TM, Henson PM. Chemotactic activity in
bronchoalveolar lavage fluid from patients with adult respiratory distress syndrome.
Am Rev Respir Dis. 1985;132:490-493

139. Matthay MA, Eschenbacher WL, Goetzl EJ. Elevated concentrations of leukotriene
d4 in pulmonary edema fluid of patients with the adult respiratory distress syndrome.
J Clin Immunol. 1984;4:479-483

140. Matthay MA. Conference summary: Acute lung injury. Chest. 1999;116:119S-126S

141.  Shinbori T, Walczak H, Krammer PH. Activated t killer cells induce apoptosis in lung
epithelial cells and the release of pro-inflammatory cytokine tnf-alpha. Eur J Immunol.
2004;34:1762-1770

142.  Olson TS, Ley K. Chemokines and chemokine receptors in leukocyte trafficking. Am
J Physiol Regul Integr Comp Physiol. 2002;283:R7-28

143. Matthay MA, Geiser T, Matalon S, Ischiropoulos H. Oxidant-mediated lung injury in
the acute respiratory distress syndrome. Crit Care Med. 1999;27:2028-2030

144.  Chabot F, Mitchell JA, Gutteridge JM, Evans TW. Reactive oxygen species in acute
lung injury. Eur Respir J. 1998;11:745-757

145.  Schutte H, Lohmeyer J, Rosseau S, Ziegler S, Siebert C, Kielisch H, Pralle H,
Grimminger F, Morr H, Seeger W. Bronchoalveolar and systemic cytokine profiles in
patients with ards, severe pneumonia and cardiogenic pulmonary oedema. Eur Respir
J. 1996;9:1858-1867

146. Ware LB, Bastarache JA, Wang L. Coagulation and fibrinolysis in human acute lung
injury--new therapeutic targets? Keio J Med. 2005;54:142-149

147. Gando S, Kameue T, Matsuda N, Hayakawa M, Morimoto Y, Ishitani T, Kemmotsu O.
Imbalances between the levels of tissue factor and tissue factor pathway inhibitor in
ards patients. Thromb Res. 2003;109:119-124

148.  Welty-Wolf KE, Carraway MS, Ortel TL, Piantadosi CA. Coagulation and
inflammation in acute lung injury. Thromb Haemost. 2002;88:17-25

138



149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Bastarache JA, Wang L, Wang Z, Albertine KH, Matthay MA, Ware LB.
Intra-alveolar tissue factor pathway inhibitor is not sufficient to block tissue factor
procoagulant activity. Am J Physiol Lung Cell Mol Physiol. 2008;294:1.874-881
MacLaren R, Stringer KA. Emerging role of anticoagulants and fibrinolytics in the
treatment of acute respiratory distress syndrome. Pharmacotherapy. 2007;27:860-873
Ware LB, Camerer E, Welty-Wolf K, Schultz MJ, Matthay MA. Bench to bedside:
Targeting coagulation and fibrinolysis in acute lung injury. Am J Physiol Lung Cell
Mol Physiol. 2006;291:1.307-311

Wygrecka M, Jablonska E, Guenther A, Preissner KT, Markart P. Current view on
alveolar coagulation and fibrinolysis in acute inflammatory and chronic interstitial
lung diseases. Thromb Haemost. 2008;99:494-501

Abraham E. Coagulation abnormalities in acute lung injury and sepsis. Am J Respir
Cell Mal Biol. 2000;22:401-404

Rijneveld AW, Weijer S, Bresser P, Florquin S, Vlasuk GP, Rote WE, Spek CA,
Reitsma PH, van der Zee JS, Levi M, van der Poll T. Local activation of the tissue
factor-factor viia pathway 1n patients with pneumonia and the effect of inhibition of
this pathway in murine pneumococcal pneumonia. Crit Care Med.
2006;34:1725-1730

Schultz MJ, Millo J, Levi M, Hack CE, Weverling GJ, Garrard CS, van der Poll T.
Local activation of coagulation and inhibition of fibrinolysis in the lung during
ventilator associated pneumonia. Thorax. 2004;59:130-135

Fuchs-Buder T, de Moerloose P, Ricou B, Reber G, Vifian C, Nicod L, Romand JA,
Suter PM. Time course of procoagulant activity and d dimer in bronchoalveolar fluid
of patients at risk for or with acute respiratory distress syndrome. Am J Respir Crit
Care Med. 1996;153:163-167

Idell S, James KK, Coalson JJ. Fibrinolytic activity in bronchoalveolar lavage of
baboons with diffuse alveolar damage: Trends in two forms of lung injury. Crit Care
Med. 1992;20:1431-1440

Idell S, Koenig KB, Fair DS, Martin TR, McLarty J, Maunder RJ. Serial
abnormalities of fibrin turnover in evolving adult respiratory distress syndrome. AmJ
Physiol. 1991;261:1.240-248

Ware LB, Matthay MA, Parsons PE, Thompson BT, Januzzi JL, Eisner MD.
Pathogenetic and prognostic significance of altered coagulation and fibrinolysis in
acute lung injury/acute respiratory distress syndrome. Crit Care Med.
2007;35:1821-1828

Levi M, Ten Cate H. Disseminated intravascular coagulation. N Engl J Med.
1999;341:586-592

Liu KD, Glidden DV, Eisner MD, Parsons PE, Ware LB, Wheeler A, Korpak A,

139



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Thompson BT, Chertow GM, Matthay MA. Predictive and pathogenetic value of
plasma biomarkers for acute kidney injury in patients with acute lung injury. Crit
Care Med. 2007;35:2755-2761

Ware LB. Prognostic determinants of acute respiratory distress syndrome in adults:
Impact on clinical trial design. Crit Care Med. 2005;33:S217-222

Welty-Wolf KE, Carraway MS, Idell S, Ortel TL, Ezban M, Piantadosi CA. Tissue
factor in experimental acute lung injury. Semin Hematol. 2001;38:35-38

Zarbock A, Singbartl K, Ley K. Complete reversal of acid-induced acute lung injury
by blocking of platelet-neutrophil aggregation. J Clin Invest. 2006;116:3211-3219
Kuebler WM. Selectins revisited: The emerging role of platelets in inflammatory lung
disease. J Clin Invest. 2006;116:3106-3108

B e B, SRR B .
2011;20:1817-1818

Planck A, Eklund A, Grunewald J. Markers of activity in clinically recovered human
leukocyte antigen-dr17-positive sarcoidosis patients. Eur Respir J. 2003;21:52-57
Chu EK, Whitehead T, Slutsky AS. Effects of cyclic opening and closing at low- and
high-volume ventilation on bronchoalveolar lavage cytokines. Crit Care Med.
2004;32:168-174

Bellardine Black CL, Hoffman AM, Tsai LW, Ingenito EP, Suki B, Kaczka DW,
Simon BA, Lutchen KR. Relationship between dynamic respiratory mechanics and
disease heterogeneity in sheep lavage injury. Crit Care Med. 2007;35:870-878

Zick G, Frerichs I, Schadler D, Schmitz G, Pulletz S, Cavus E, Wachtler F, Scholz J,
Weiler N. Oxygenation effect of interventional lung assist in a lavage model of acute
lung injury: A prospective experimental study. Crit Care. 2006;10:R56

Lethvall S, Lindgren S, Lundin S, Stenqvist O. Tracheal double-lumen ventilation
attenuates hypercapnia and respiratory acidosis in lung injured pigs. Intensive Care
Med. 2004;30:686-692

Schermuly RT, Gunther A, Weissmann N, Ghofrani HA, Seeger W, Grimminger F,
Walmrath D. Differential impact of ultrasonically nebulized versus tracheal-instilled
surfactant on ventilation-perfusion (va/q) mismatch in a model of acute lung injury.
Am J Respir Crit Care Med. 2000;161:152-159

Holm BA, Matalon S. Role of pulmonary surfactant in the development and treatment
of adult respiratory distress syndrome. Anesth Analg. 1989;69:805-818

Kuckelt W, Dauberschmidt R, Bender V, Hieronymi U, Mrochen H, Winsel K, Meyer
M. Experimental investigations in adult respiratory distress syndrome (ards).
Repeated pulmonary lavage in lewe-mini-pigs. I. Pulmonary mechanics, gas exchange,
and pulmonary hemodynamics. Exp Pathol. 1981;20:88-104

Claesson J, Lehtipalo S, Bergstrand U, Arnerlov C, Winso O. Negative mesenteric

140



176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

effects of lung recruitment maneuvers in oleic acid lung injury are transient and short
lasting. Crit Care Med. 2007;35:230-238

Roch A, Michelet P, Lambert D, Delliaux S, Saby C, Perrin G, Ghez O, Bregeon F,
Thomas P, Carpentier JP, Papazian L, Auffray JP. Accuracy of the double indicator
method for measurement of extravascular lung water depends on the type of acute
lung injury. Crit Care Med. 2004;32:811-817

Gust R, McCarthy TJ, Kozlowski J, Stephenson AH, Schuster DP. Response to
inhaled nitric oxide in acute lung injury depends on distribution of pulmonary blood
flow prior to its administration. Am J Respir Crit Care Med. 1999;159:563-570
Neumann P, Berglund JE, Mondejar EF, Magnusson A, Hedenstierna G. Effect of
different pressure levels on the dynamics of lung collapse and recruitment in
oleic-acid-induced lung injury. AmJ Respir Crit Care Med. 1998;158:1636-1643

Ito K, Mizutani A, Kira S, Mori M, Iwasaka H, Noguchi T. Effect of ulinastatin, a
human urinary trypsin inhibitor, on the oleic acid-induced acute lung injury in rats via
the inhibition of activated leukocytes. Injury. 2005;36:387-394

Eiermann GJ, Dickey BF, Thrall RS. Polymorphonuclear leukocyte participation in
acute oleic-acid-induced lung injury. Am Rev Respir Dis. 1983;128:845-850
Moriuchi H, Zaha M, Fukumoto T, Yuizono T. Activation of polymorphonuclear
leukocytes in oleic acid-induced lung injury. Intensive Care Med. 1998;24:709-715
Vadasz I, Morty RE, Kohstall MG, Olschewski A, Grimminger F, Seeger W, Ghofrani
HA. Oleic acid inhibits alveolar fluid reabsorption: A role in acute respiratory distress
syndrome? Am J Respir Crit Care Med. 2005;171:469-479

Cousineau D, Rose CP, Goresky CA. Plasma expansion effect on cardiac capillary
and adrenergic exchange in intact dogs. J Appl Physiol. 1986;60:147-153

Hofman WF, Ehrhart IC. Permeability edema in dog lung depleted of blood
components. J Appl Physiol. 1984;57:147-153

Derks CM, Jacobovitz-Derks D. Embolic pneumopathy induced by oleic acid. A
systematic morphologic study. AmJ Pathol. 1977;87:143-158

Miyazawa T, Nakagawa H, Hiramoto M, Arita K, Hiramoto T, Nishida O.
Ultrastructural study on the alveolar-capillary injury with pulmonary edema induced
by oleic acid in dogs. Hiroshima J Med Sci. 1981;30:183-190

Brigham KL, Meyrick B. Endotoxin and lung injury. Am Rev Respir Dis.
1986;133:913-927

Welbourn CR, Young Y. Endotoxin, septic shock and acute lung injury: Neutrophils,
macrophages and inflammatory mediators. Br J Surg. 1992;79:998-1003

Bannerman DD, Goldblum SE. Mechanisms of bacterial lipopolysaccharide-induced
endothelial apoptosis. AmJ Physiol Lung Cell Mol Physiol. 2003;284:1.899-914
O'Grady NP, Preas HL, Pugin J, Fiuza C, Tropea M, Reda D, Banks SM, Suffredini

141



191.

192.

193.
194.
195.
196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

AF. Local inflammatory responses following bronchial endotoxin instillation in
humans. Am J Respir Crit Care Med. 2001;163:1591-1598

Wu CL, Lin LY, Yeh HM, Chan MC, Yang CH, Hsueh CM. Delay of Ips-induced
acute lung injury resolution by soluble immune complexes is neutrophil dependent.
Shock. 2009;32:276-285

Wu CL, Lin LY, Yang JS, Chan MC, Hsueh CM. Attenuation of
lipopolysaccharide-induced acute lung injury by treatment with il-10. Respirology.
2009;14:511-521

R s SRR R AR ’F",:l“*. T W%} o F’J; 1982:pp.162.

E R WIS Fid YT 2 il 1986,

A RL £ IZ@F;I A AR ATy 2005,

Kim J, Lee H, Lee Y, Oh BG, Cho C, Kim Y, Shin M, Hong M, Jung SK, Bae H.
Inhibition effects of moutan cortex radicis on secretion of eotaxin in a549 human
epithelial cells and eosinophil migration. J Ethnopharmacol. 2007;114:186-193

Wu M, Gu Z. Screening of bioactive compounds from moutan cortex and their
anti-inflammatory activities in rat synoviocytes. Evid Based Complement Alter nat
Med. 2009;6:57-63

Riley CM, Ren TC. Simple method for the determination of paconol in human and
rabbit plasma by high-performance liquid chromatography using solid-phase
extraction and ultraviolet detection. J Chromatogr. 1989;489:432-437

Li N, Fan LL, Sun GP, Wan XA, Wang ZG, Wu Q, Wang H. Paeconol inhibits tumor
growth in gastric cancer in vitro and in vivo. World J Gastroenterol.
2010;16:4483-4490

Chou TC. Anti-inflammatory and analgesic effects of paconol in carrageenan-evoked
thermal hyperalgesia. Br J Pharmacol. 2003;139:1146-1152

Ma LY, Xu XD, Zhang Q, Miao JH, Tang BL. Paeonol pharmacokinetics in the rat
following i.M. Administration. Eur J Drug Metab Pharmacokinet. 2008;33:133-136
Xie'Y, Zhou H, Wong YF, Xu HX, Jiang ZH, Liu L. Study on the pharmacokinetics
and metabolism of paeonol in rats treated with pure paconol and an herbal preparation
containing paeconol by using hplc-dad-ms method. J Pharm Biomed Anal.
2008;46:748-756

LiuHX, HuY, Liu Y, He YQ, Li W, Yang L. Cypla2 is the major isoform responsible
for paconol o-demethylation in human liver microsomes. Xenobiotica.
2009;39:672-679

FIER, WM, PR, BES, WL B L] BT B Al
Ay 7] "ﬂ J‘I‘ﬁjiﬁdﬁlfjﬁﬁ?}l‘é. Yok B2 2011;23:45-47

Gjertsen FB, Solheim E, Scheline RR. Metabolism of aromatic plant ketones in rats:
Acetovanillone and paeonol. Xenobiotica. 1988;18:225-234

142



206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Ftpete, [ie, LS, By, = OB, 5 MREE. Hple ISR e8] i - B
RE D% b%?ﬁ%&fpﬁ?}t H 1R 1REFE 2010535:2826-2828

Ishiguro K, Ando T, Maeda O, Hasegawa M, Kadomatsu K, Ohmiya N, Niwa Y,
Xavier R, Goto H. Paeconol attenuates tnbs-induced colitis by inhibiting nf-kappab and
statl transactivation. Toxicol Appl Pharmacol. 2006;217:35-42

Hu S, Shen G, Zhao W, Wang F, Jiang X, Huang D. Paeonol, the main active
principles of paconia moutan, ameliorates alcoholic steatohepatitis in mice. J
Ethnopharmacol. 2010;128:100-106

Huang H, Chang EJ, Lee Y, Kim JS, Kang SS, Kim HH. A genome-wide microarray
analysis reveals anti-inflammatory target genes of paeonol in macrophages. Inflamm
Res. 2008;57:189-198

Zhang HY, Ge N, Zhang ZY. Theoretical elucidation of activity differences of five
phenolic antioxidants. Zhongguo Yao Li Xue Bao. 1999;20:363-366

Li Q, Engelhardt JF. Interleukin-1beta induction of nfkappab is partially regulated by
h202-mediated activation of nfkappab-inducing kinase. J Biol Chem.
2006;281:1495-1505

Zhong SZ, Ge QH, Qu R, Li Q, Ma SP. Paconol attenuates neurotoxicity and
ameliorates cognitive impairment induced by d-galactose in icr mice. J Neurol Sci.
2009;277:58-64

Chen J, Sanberg PR, LiY, Wang L, Lu M, Willing AE, Sanchez-Ramos J, Chopp M.
Intravenous administration of human umbilical cord blood reduces behavioral deficits
after stroke in rats. Sroke. 2001;32:2682-2688

Mi XJ, Chen SW, Wang WJ, Wang R, Zhang YJ, Li WJ, Li YL. Anxiolytic-like effect
of paeonol in mice. Pharmacol Biochem Behav. 2005;81:683-687

Wu JB, Song NN, Wei XB, Guan HS, Zhang XM. Protective effects of paeonol on
cultured rat hippocampal neurons against oxygen-glucose deprivation-induced injury.
J Neurol Sci. 2008;264:50-55

Kim SH, Kim SA, Park MK, Park YD, Na HJ, Kim HM, Shin MK, Ahn KS. Paconol
inhibits anaphylactic reaction by regulating histamine and tnf-alpha. Int
Immunopharmacol. 2004;4:279-287

Lee B, Shin YW, Bae EA, Han SJ, Kim JS, Kang SS, Kim DH. Antiallergic effect of
the root of paeonia lactiflora and its constituents paconiflorin and paeconol. Arch
Pharm Res. 2008;31:445-450

Du Q, Feng GZ, Shen L, Cui J, Cai JK. Paeonol attenuates airway inflammation and
hyperresponsiveness in a murine model of ovalbumin-induced asthma. Can J Physiol
Pharmacol. 2010;88:1010-1016

Ma YL, Bates S, Gurney AM. The effects of paeonol on the electrophysiological
properties of cardiac ventricular myocytes. Eur J Pharmacol. 2006;545:87-92

143



220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

Siu D. A new way of targeting to treat coronary artery disease. J Cardiovasc Med
(Hagerstown). 2010;11:1-6

Li H, Dai M, Jia W. Paeonol attenuates high-fat-diet-induced atherosclerosis in rabbits
by anti-inflammatory activity. Planta Med. 2009;75:7-11

Nizamutdinova IT, Jin YC, Kim JS, Yean MH, Kang SS, Kim YS, Lee JH, Seo HG,
Kim HJ, Chang KC. Paeonol and paeoniflorin, the main active principles of paeconia
albiflora, protect the heart from myocardial ischemia/reperfusion injury in rats. Planta
Med. 2008;74:14-18

Tsai HY, Lin HY, Fong YC, Wu JB, Chen YF, Tsuzuki M, Tang CH. Paconol inhibits
rankl-induced osteoclastogenesis by inhibiting erk, p38 and nf-kappab pathway. Eur J
Pharmacol. 2008;588:124-133

Kanazawa I. Short review on monoamine oxidase and its inhibitors. Eur Neurol.
1994;34 Suppl 3:36-39

Kong LD, Cheng CH, Tan RX. Inhibition of mao a and b by some plant-derived
alkaloids, phenols and anthraquinones. J Ethnopharmacol. 2004;91:351-355

Xing G, Zhang Z, Liu J, Hu H, Sugiura N. Antitumor effect of extracts from moutan
cortex on dld-1 human colon cancer cells in vitro. Mol Med Report. 2010;3:57-61

Sun GP, Wan X, Xu SP, Wang H, Liu SH, Wang ZG. Antiproliferation and apoptosis
induction of paconol in human esophageal cancer cell lines. Dis Esophagus.
2008;21:723-729

Kim SA, Lee HJ, Ahn KS, Lee EO, Choi SH, Jung SJ, Kim JY, Baek N, Kim SH.
Paeonol exerts anti-angiogenic and anti-metastatic activities through downmodulation
of akt activation and inactivation of matrix metalloproteinases. Biol Pharm Bull.
2009;32:1142-1147

Ye JM, Deng T, Zhang JB. Influence of paconol on expression of cox-2 and p27 in
ht-29 cells. World J Gastroenterol. 2009;15:4410-4414

Chunhu Z, Suiyu H, Meiqun C, Guilin X, Yunhui L. Antiproliferative and apoptotic
effects of paeonol on human hepatocellular carcinoma cells. Anticancer Drugs.
2008;19:401-409

Wan XA, Sun GP, Wang H, Xu SP, Wang ZG, Liu SH. Synergistic effect of paconol
and cisplatin on oesophageal cancer cell lines. Dig Liver Dis. 2008;40:531-539

Fu PK, Wu CL, Tsai TH, Hsieh CL. Anti-inflammatory and anticoagulative effects of
paeonol on Ips-induced acute lung injury in rats. Evidence-Based Complementary and
Alternative Medicine. 2012;2012

Bradford MM. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal Biochem.
1976;72:248-254

Zor T, Selinger Z. Linearization of the bradford protein assay increases its sensitivity:

144



Theoretical and experimental studies. Anal Biochem. 1996;236:302-308

235. Noble JE, Bailey MJ. Quantitation of protein. Methods Enzymol. 2009;463:73-95

236. Kiristof AS, Goldberg P, Laubach V, Hussain SN. Role of inducible nitric oxide
synthase in endotoxin-induced acute lung injury. Am J Respir Crit Care Med.
1998;158:1883-1889

237. Odell EW, Segal AW. The bactericidal effects of the respiratory burst and the
myeloperoxidase system isolated in neutrophil cytoplasts. Biochim Biophys Acta.
1988;971:266-274

238.  Wang P, Henning SM, Heber D. Limitations of mtt and mts-based assays for
measurement of antiproliferative activity of green tea polyphenols. PL0S One.
2010;5:€10202

239. Tai H, Kobayashi T, Hara K. Changes in complement and immunoglobulin g receptor
expression on neutrophils associated with porphyromonas gingivalis-induced
inhibition of phagocytosis. Infect Immun. 1993;61:3533-3535

240. van Engeland M, Ramaekers FC, Schutte B, Reutelingsperger CP. A novel assay to
measure loss of plasma membrane asymmetry during apoptosis of adherent cells in
culture. Cytometry. 1996;24:131-139

241. Kawa S, Kimura S, Hakomori S, Igarashi Y. Inhibition of chemotactic motility and
trans-endothelial migration of human neutrophils by sphingosine 1-phosphate. FEBS
Lett. 1997;420:196-200

242.  Williams EA, Quinlan GJ, Anning PB, Goldstraw P, Evans TW. Lung injury following
pulmonary resection in the isolated, blood-perfused rat lung. Eur Respir J.
1999;14:745-750

243. Kobayashi A, Hashimoto S, Kooguchi K, Kitamura Y, Onodera H, Urata Y, Ashihara
T. Expression of inducible nitric oxide synthase and inflammatory cytokines in
alveolar macrophages of ards following sepsis. Chest. 1998;113:1632-1639

244.  Su CF, Yang FL, Chen HI. Inhibition of inducible nitric oxide synthase attenuates
acute endotoxin-induced lung injury in rats. Clin Exp Pharmacol Physiol.
2007;34:339-346

245. Razavi HM, Wang le F, Weicker S, Rohan M, Law C, McCormack DG, Mehta S.
Pulmonary neutrophil infiltration in murine sepsis: Role of inducible nitric oxide
synthase. Am J Respir Crit Care Med. 2004;170:227-233

246. Razavi HM, Werhun R, Scott JA, Weicker S, Wang le F, McCormack DG, Mehta S.
Effects of inhaled nitric oxide in a mouse model of sepsis-induced acute lung injury.
Crit Care Med. 2002;30:868-873

247.  Enkhbaatar P, Murakami K, Shimoda K, Mizutani A, Traber L, Phillips GB,
Parkinson JF, Cox R, Hawkins H, Herndon D, Traber D. The inducible nitric oxide

synthase inhibitor bbs-2 prevents acute lung injury in sheep after burn and smoke

145



248.

249.

250.
251.

252.

253.

inhalation injury. AmJ Respir Crit Care Med. 2003;167:1021-1026

Mayer-Scholl A, Averhoff P, Zychlinsky A. How do neutrophils and pathogens
interact? Curr Opin Microbiol. 2004;7:62-66

Hampton MB, Kettle AJ, Winterbourn CC. Inside the neutrophil phagosome:
Oxidants, myeloperoxidase, and bacterial killing. Blood. 1998;92:3007-3017
Borregaard N. Neutrophils, from marrow to microbes. Immunity. 2010;33:657-670
Lee WL, Harrison RE, Grinstein S. Phagocytosis by neutrophils. Microbes Infect.
2003;5:1299-1306

Shen YC, Chiou WF, Chou YC, Chen CF. Mechanisms in mediating the
anti-inflammatory effects of baicalin and baicalein in human leukocytes. Eur J
Pharmacol. 2003;465:171-181

Strieter RM, Kunkel SL. Acute lung injury: The role of cytokines in the elicitation of
neutrophils. J Investig Med. 1994;42:640-651

146



Anti-inflammatory and Anticoagulative Effects of
Moutan Cortex Radices and Paeonol on LPS-induced

Acute Lung Injury in Rats

Name: Pin-Kuei Fu
Major Advisor: Ching-Liang Hsieh

Institute: School of Chinese Medicine, China Medical

University, Taichung, Taiwan
Abstract

Moutan Cortex Radicis (MCR) is a Chinese herbal medicine that was
widely used over a long period as an analgesic, antipyretic, and
anti-inflammatory agent in China. Paeonol is a major active component of
Moutan Cortex Radicis. Lipopolysaccharide (LPS)-induced acute lung injury
(ALI) in rat models is considered similar to adult respiratory distress syndrome
(ARDS) in humans. Therefore, the present study investigates the effect of MCR
and Paeonol on ALI. The ALI model was developed through the intra-tracheal
(IT) administration of LPS (16 mg/kg) to Sprague-Dawley (SD) rats, which
formed the LPS group. MCR was orally administered before and after LPS was
introduced into rats (MCR-LPS group and LPS-MCR group, respectively). In
the MCR-LPS group, rats received MCR 2 g/kg/times 3 times before LPS
challenge; the LPS-MCR group received MCR 2 g/kg/times 3 times after LPS

challenge. The results of this experiment indicate that the number of total cells
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and neutrophils and the concentration of protein exudation in bronchoalveolar
lavage fluid (BALF) significantly decreased in the MCR-LPS group. Cytokine
levels, including IL-1b, MIP-2, IL-6, and IL-10, in BALF were also
significantly inhibited at 16 h after LPS administration in the MCR-LPS group.
Myeloperoxidase (MPO) activity in lung tissue was reduced in the MCR-LPS
and LPS-MCR groups at 16 h after LPS administration. Furthermore, leukocyte
infiltration and protein exudation in the alveolar space were less severe in the
MCR-LPS group than in the LPS group. Therefore, the findings of this study
suggest that the administration of MCR prior to LPS improves ALI, possibly
mediating ALI through antiinflammation.

The intraperitoneal administration of paeonol successfully reduced
histopathological scores and attenuated myeloperoxidase-reactive cells as an
index of polymorphonuclear neutrophils infiltration and also reduces inducible
nitric oxide synthase expression in the lung tissue, at 16 h after LPS
administration. In addition, paeonol reduced proinflammatory cytokines in
bronchoalveolar lavage fluid, including TNF-a, IL-1p, IL-6, and PAI-1. These
results indicated that paeonol successfully attenuates inflammatory and
coagulation reactions to protect against ALI

Key words: Moutan Cortex Radicis; paeonol; Lipopolysaccharide; Acute lung

injury; Anti-inflammation; Anti-coagulation
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ARTICLE INFO ABSTRACT

Keywords:
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Acute lung injury (ALI)
Anti-inflammation

Moutan cortex radicis (MCR) is a Chinese herbal medicine that was widely used over a long period as
an analgesic, antipyretic, and anti-inflammatory agent in China. Lipopolysaccharide (LPS)-induced acute
lung injury (ALI) in rat models is considered similar to adult respiratory distress syndrome (ARDS) in
humans. Therefore, the present study investigates the effect of MCR on ALL The ALl model was developed
through the intra-tracheal (IT) administration of LPS (16 mg/kg) to Sprague-Dawley (SD) rats, which
formed the LPS group. MCR was orally administered before and after LPS was introduced into rats (MCR-
LPS group and LPS-MCR group, respectively). In the MCR-LPS group, rats received MCR 2 g/kg/times 3
times before LPS challenge; the LPS-MCR group received MCR 2 g/kg/times 3 times after LPS challenge. The
results of this experiment indicate that the number of total cells and neutrophils and the concentration of
protein exudation in bronchoalveolar lavage fluid (BALF) significantly decreased in the MCR-LPS group.
Cytokine levels, including levels of interleukin (IL)-1[3, macrophage-inflammatory peptide (MIP)-2, IL-
6, and IL-10, in BALF were also significantly inhibited at 16 h after LPS administration in the MCR-LPS
group. Myeloperoxidase (MPO) activity in lung tissue was reduced in the MCR-LPS and LPS-MCR groups
at 16 h after LPS administration. Furthermore, leukocyte infiltration and protein exudation in the alveolar
space were less severe in the MCR-LPS group than in the LPS group. Therefore, the findings of this study
suggest that the administration of MCR prior to LPS improves ALl possibly mediating ALI through anti-
inflammation.

Crown Copyright © 2012 Published by Elsevier GmbH. All rights reserved.

Introduction have been developed to study the pathophysiologic mechanism of

ARDS. These models possess high clinical relevance (van Helden

Acute lung injury (ALI) and acute respiratory distress syndrome
(ARDS) are responsible for significant morbidity and mortality
in critically ill patients (Ware and Matthay 2000). Inflammatory
cascades developed in the lungs are the major manifestations of
ALI and ARDS. These inflammatory responses can be summarized
as polymorphonuclear neutrophil (PMN) accumulation (Abraham
et al. 2000; Chignard and Balloy 2000; Kinoshita et al. 2000;
Abraham 2003), disruption of epithelial integrity, interstitial
edema, and protein exudation leakage into the alveolar space
(Ware and Matthay 2000; Dreyfuss and Ricard 2005; Sapru et al.
2006). Several animal models, including models with in vivo
intra-tracheal (IT) administration of lipopolysaccharide (LPS),

* Corresponding author at: Graduate Institute of Integrated Medicine, College of
Chinese Medicine, China Medical University, 91 Hsueh-Shih Road, Taichung 40402,
Taiwan, ROC. Tel.: +886 4 22053366x3500; fax: +886 4 22037690.

E-mail address: clhsieh@mail.cmuh.org.tw (C.-L. Hsieh).

et al. 1997; Matute-Bello et al. 2008; Wang et al. 2008) and
have been successfully implemented in our previous studies (Wu
et al. 2009a,b; Fu et al. 2012). LPS-induced ALI is considered a
neutrophil-dependent ALI that contributes to local recruitment
and activation of neutrophils (Sheridan et al. 1997; Abraham
et al. 2000; Kinoshita et al. 2000; Abraham 2003); the release of
pro-inflammatory cytokines (Schutte et al. 1996; Matthay et al.
1999; Bauer et al. 2000; Shinbori et al. 2004), such as tumor
necrosis factor (TNF)-a, Interleukine (IL)-13, and IL-6; and the
formation of reactive oxygen and nitrogen species (Schutte et al.
1996; Matthay et al. 1999; Williams et al. 1999; Nys et al. 2002).
Neutrophil recruitment in the lungs is regarded as a histological
hallmark in the progression of ALI (Reutershan and Ley 2004;
Balamayooran et al. 2010; Grommes and Soehnlein 2011). In rat
models with ALI and ARDS, macrophage-inflammatory peptide-2
(MIP-2, also called CXCL2) plays a crucial role in neutrophil
accumulation in the lungs (Gupta et al. 1996; Olson and Ley 2002;

0944-7113/$ - see front matter. Crown Copyright © 2012 Published by Elsevier GmbH. All rights reserved.
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Abraham 2003; Reutershan and Ley 2004). Whereas MIP-2 (CXCL2)
has been suggested as the most important chemoattractant for
neutrophil recruitment, TNF-« and IL-13 have been determined to
increase the expression of cell adhesion molecules. Activated and
recruited neutrophils contribute to increases in protease activity
(e.g., myeloperoxidase (MPO) and lysozyme activity) and promote
the formation of various oxygen metabolites, finally leading to
diffused alveolar matrix damage (Zemans et al. 2009).

Recently, increasing evidence has been presented concerning
the connection between coagulation and inflammation in ALl and
ARDS (Sapru et al. 2006; Schultz et al. 2006; Slofstra et al. 2006;
Ware et al. 2006). High levels of pro-inflammatory cytokines, such
as TNF-q, IL-13, and IL-6, are released during ALI and ARDS, leading
to an inflammatory cascade and simultaneously triggering pul-
monary coagulopathy (Ware et al. 2005; Sapru et al. 2006; Schultz
et al. 2006; Wygrecka et al. 2008). The coagulation cascade is pos-
sibly activated because the inflammatory cascade stimulates tissue
factor (TF) expression, attenuates fibrinolysis by stimulating the
release of plasminogen activator inhibitors (PAI), and finally causes
fibrin deposition in the airspaces and lung microvasculature (Levi
and Ten Cate 1999; Abraham 2000; Ware et al. 2005; Bastarache
et al. 2006; Wygrecka et al. 2008). Although pulmonary coagulopa-
thy is now accepted as a new target in the treatment of ALI and
ARDS (Schultz et al. 2006; Ware et al. 2006), no effective medicines
currently approved by the Food and Drug Administration (FDA) are
available to treat these severe diseases.

Moutan cortex radicis (MCR), the root cortex of Paeonia suffruti-
cosa Andrews, is widely applied as an analgesic, antipyretic, and
anti-inflammatory agent in traditional Chinese medicine (TCM;
Lin et al. 1999; Tatsumi et al. 2004). In TCM, MCR has been
shown to alleviate sickness in humans by eliminating heat, pro-
moting blood flow, and removing blood stasis. Previous studies
have demonstrated that MCR has a scavenging effect on free radi-
cals and superoxide anion radicals (Yoshikawa et al. 2000), inhibits
the production of ROS and oxidative stress by over-expression of
heme oxygenase (HO) and cathechol-O-methyltransferase (COMT)
(Rho et al. 2005), and restrains oxidative DNA cleavage (Okubo
et al. 2000). MCR is also reported to inhibit eosinophil migra-
tion (Kim et al. 2007) and the secretion of IL-8 and monocyte
chemotactic protein (MCP)-1 (Oh et al. 2003). The major chemical
components of MCR include paeonol, paeonoside, paeonolide, and
paeoniflorin (Rho et al. 2005). Paeonol, a major phenolic compo-
nent of MCR, is reported to improve blood circulation by inhibiting
both platelet aggregation and blood coagulation (Hirai et al. 1983;
Koo et al. 2010), and to inhibit the expression of cell surface
adhesion molecules (Nizamutdinova et al. 2007), pro-inflammatory
cytokines such as TNF-« and IL-1[3 (Hsieh et al. 2006; Pan and Dai
2009), and reactive oxygen species production (Hsieh et al. 2006;
Chae et al. 2009). In addition, recent research performed by the
authors of this study has demonstrated that paeonol attenuates
LPS-induced ALI through anti-inflammatory and anti-coagulative
effects (Fu et al. 2012). However, the paeonol component of
MCR employed in our previous study was dissolved in DMSO
solution and administered through intra-peritoneal injection. Con-
sequently, this study investigates MCR’s effects and mechanisms
when a subtle granular extract formula of MCR widely used in Tai-
wanese clinical settings to treat ALI is employed as well as the
effects of MCR administration before and after LPS challenge.

Materials and methods
Reagents
Almost all reagents and media used in this study were pur-

chased from Sigma Chemical (Deisenhofen, Germany), except
for specific cytokines. Lipopolysaccharide (LPS; Escherichia coli

0055:B5, Sigma Chemical) was purchased from Sigma Chemical
(St. Louis, MO, USA). Pro-inflammatory cytokines, such as TNF-a
(BMS622MST, BenderMedsytem), IL-13 (BMS630, BenderMedsys-
tem), and IL-6 (BMS625MST, BenderMedsystem), were purchased
from Bender MedSystems (Vienna, Austria). IL-10 (14-8101-62,
eBioscience) was purchased from eBioscience Systems (San Diego,
CA, USA). MIP-2 (#KRC1022) was purchased from BioSource
International, Inc (CA, USA). TATC (ET1020-1 Lot No. 1259916R1)
and PAI-1 (Catalog # RPAIKT-TOT) were purchased from Molecular
Innovations, Inc (Novi, MI, USA).

Preparation of MCR

Subtle granular MCR extract (MU DAN PI; KO DA; Product
number: 420701903 ) was obtained from Koda Pharmaceuticas Ltd
(Taoyuan, Taiwan). During preparation, 4.34 g of crude MCR was
made into 0.67 g of plaster, and the ratio of crude MCR to plaster
MCR was 6.5:1. Finally, the plaster was added to 0.33 g of starch to
become subtle granular MCR extract.

High performance liquid chromatography (HPLC) system

Paeonol and paeoniflorin, the major chemical components of
MCR, served as the authenticator and quality proof of this drug were
used for the chromatographic fingerprint analysis. The plaster was
identified using a HPLC system (interface D-7000, Pump L-7100,
UV-Vis Detector L-7455, Autosampler L-7200, Hitachi Instruments
Service Co. Ltd., Ibaraki-ken, Japan). Separation was carried out on a
Mightysil RP-18 reversed-phase column (5 pm, 250 mm x 4.6 mm).
For paeonol analysis (paeonol as a standard from the laboratory
room of Professor Tsai, National Yang-Ming University, Taipei,
Taiwan), the mobile phase was set at 38% acetonitrile (mixed with
62% of 0.03% H3PO,4) with the flow rate 1 ml/min, the column tem-
perature was 30 °Cand the detection wavelength was set at 274 nm.
For paeoniflorin analysis (paeoniflorin as a standard from China
National Institutes for Food and Drug control), the mobile phase
was started with 16% acetonitrile (mixed with 62% of 0.03% H3PO4)
for 25 min with the flow rate 1 ml/min, the column temperature
was 30°C and the detection wavelength was set at 230 nm. The
percentage of acetonitrile was increased to 30% at 25 min, 50% at
30-45min and finally to 16% at 50 min. A 20 wl injection valve
(Rheodyne) was used in all analyses.

The aristolochic acid of MCR was authenticated by using the aris-
tolochic acid (SIGMA, USA) which contains 40% of aristolochic acid
I (AA-I) as a standard. All analyses were performed on a HITACHI
L-7000 liquid chromatographic system which consisted of a pump
(L-7100), a column thermostat, a model 7725i injection value (sam-
ple loop 20 wl) and a UV detector (L-7455). The analysis was carried
out on a Mightysil RP-18 (GP 250 mm x 4.6 mm, 5 wm) column at
30°C. The mobile phase was a mixture of acetonitrile (45%) and
NaH;PO4 buffer (55%, add 6.9 g of NaH,PO4 into 2 ml of 85% H3PO,4
to a total volume of 1000 ml) with isocratic elution at a flow rate
of 1.0 ml/min. The column eluate was monitored at 400 nm. The
injection volume was 10 1.

HPLC fingerprint analysis of paeonol, paeoniflorin and aris-
tolochic acid from subtle granular MCR extract was marker in
Fig. 2a-f. Therefore, there has components of paeonol and paeoni-
florin in the subtle granular MCR extract, but no aristolochic acid
component was detected. Each gram of the extract contained
0.67 g of MCR and an 8.68 mg dose of paeonol, and 15.79 mg dose
of paeoniflorin.

Effects of MCR on LPS-induced ALI

Animals and experimental design
During the animal study, pathogen-free Sprague-Dawley (SD)
rats, weighing approximately 250-300g were obtained from
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Fig. 1. Experimental designs for the in vivo study. Sprague-Dawley (SD) rats were randomly assigned to 4 groups (n=6 for each group). (A) The PBS group: rats received
0.5 ml of PBS (phosphate buffer saline) through intra-tracheal administration (A) at 0 h and were sacrificed (O) at 16 h; (B) the LPS group: rats received lipopolysaccharide
(LPS; 16 mg/kg) through intra-tracheal administration (a) at 0 h and were sacrificed at 16 h; (C) the MCR-LPS group: rats received oral treatment with Moutan cortex radicis
(MCR; 2 g/kg, 3 times) (1) prior to LPS challenge; (D) the LPS-MCR group: rats received MCR (2 g/kg; 3 times) after LPS challenge.

BioLASCO Taiwan Co., Ltd (Taipei, Taiwan). The rats were housed
in climate-controlled quarters with a 12-h light and dark cycle and
free access to food and water. Animal experiments were conducted
according to principles presented in the Guide for the Care and Use of
Laboratory Animals, and were approved by the Animal Study Proto-
col Review Board of Taichung Veterans General Hospital. The rats
were randomly divided into 4 groups, and each group consisted
of at least 6 rats. Some animals were challenged with IT admin-
istration of 16 mg/kg LPS dissolved in 0.5 ml PBS (n=6), whereas
others were treated with 3 consecutive doses of orally adminis-
tered MCR (2 g/kg) before (n=6) and after (n=6) LPS challenge. The
control group received intra-tracheal instillation of PBS only (0.5 ml
PBS; n=6). The pre-LPS treatment group was treated with MCR
(2 g/kg, dissolved in 2 ml of distilled water). Groupings and exper-
imental designs are shown in Fig. 1. Prior to the experiment, body
weight and rectal temperature (RT) were record; the animals were

then anesthetized using inhaled 2% isoflurane (Halocarbon Labo-
ratories Div Halocarbon Products Crop, River Edge, NJ) in 0.5 I/min
0,. Following anesthesia, an IT spray was administered by insert-
ing a MicroSprayer® Aerosolizer (Model IA-1B, Penn-Century, Inc.,
Wyndmoor, PA, USA) into the trachea under visual guidance. The
micro-sprayer was then removed and the animals were placed in
a vertical position and rotated for 30s to let the spray distribute
evenly throughout the lungs as described in a previous study (Fu
etal.2012). Sixteen hours after inoculation, RT was measured again
and rats were then sacrificed using CO, asphyxiation.

Cell counts and total protein assay in bronchoalveolar lavage
(BAL)

Sixteen hours after LPS administration, animals were anes-
thetized through the inhalation of 2% isoflurane in 0.51/min O,
and the thoracic cages of the rats were carefully opened after they
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Fig. 2. HPLC fingerprint analysis of subtle granular MCR extract. Contents of chemical markers of subtle granular MCR extract were detected as follows: both retention time
of paeonol were 14.68 min in the standard (a) and in the subtle granular MCR extract (b; #); both retention time of paeoniflorin were 8.46 min in the standard (c) and in the
subtle granular MCR extract (d; **); The retention time aristolochic acid I was 15.89 min in the standard (e), but no peak was identified in the subtle granular MCR extract
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were sacrificed. The right main bronchus was subsequently lig-
ated and a catheter was inserted from the trachea into the left
lung. Eight milliliters of warm saline (37 °C) was run through the
catheter 3 times. Resulting bronchoalveolar lavage fluids (BALF)
were then passed through mesh (200 wm) to remove mucus, and
centrifugation (1500 x g) at 4°C for 15 min followed. The result-
ing pellets were re-suspended in 2 ml PBS. Erythrocytes were lysed
using cold water and a hypertonic recovery solution (10x HBSS).
The erythrocyte-free cell suspension was then washed once using
1x PBS and was employed for total cell count. Finally, 2 x 10° BALF-
derived cells were evenly distributed onto a cytospin slide and then
stained with Liu’s stain for 2 min to perform further cell counting
under a microscope (Wu et al. 2009a). The resulting supernatants
were stored at —70°C until the analysis stage. The total protein
concentrations in BALF were measured using a bicinchoninic acid
(BCA) assay according to company protocol (Bradford protein assay,
Bio-Rad, Hercules, CA, USA).

The determination of cytokine levels in BALF

Cytokine levels in BALF, such as those for TNF-a (BMS622MST,
BenderMedsystem), IL-13 (BMS630, BenderMedsystem), IL-6
(BMS625MST, BenderMedsystem), MIP-2 (#KRC1022), and IL-10
(14-8101-62, eBioscience), were measured using commercially
available ELISA kits and in accordance with manufacturer proto-
col (Assay Designs, Inc., MI, USA). BALF supernatants were added
to pre-coated monoclonal antibody microelisa wells and were
measured using a micro-plate reader (Microplate Reader BIO-RAD
Laboratories, CA, USA) at 450 nm for 15 min. Concentrations of BALF
cytokines were measured by comparing the absorbance of stan-
dards, and expressed as picograms per milliliter (pg/ml).

Thrombin-anti-thrombin complexes (TATC) were used as a
measure of coagulation through the tissue factor pathway; a high
TATC level reflects the activation of the coagulation system (Weijer
et al. 2004; Slofstra et al. 2006). TATC levels in BALF were measured
using the TATC enzyme-linked immunosorbent assay Micrognost
kit and by following suggestions from the manufacturer’s instruc-
tions (AssayMax human thrombin-anti-thrombin TAT complex
ELISA kit, ET1020-1 Lot No. 1259916R1). The levels of plasminogen
activator inhibitor (PAI-1) antigen in BALF were measured by apply-
ing a Rat PAI-1 total antigen assay ELISA kit (Catalog # RPAIKT-TOT,
Molecular Innovations, MI, USA) according to the manufacturer’s
instructions.

Measurement of MPO activity in lung tissue

The level of MPO in lung tissue, a marker of neutrophil infiltra-
tion (Abraham 2003; Zemans et al. 2009), was also measured. Right
lung tissues (1g) were homogenized in approximately 1.5-4.0
N-ethylmaleimide (Sigma) for 30s on ice and were then cen-
trifuged at 1.2 x 10* g for 30 min at 4°C. The resulting pellet was
re-suspended in 4 ml of potassium phosphate buffer (50 mM, pH
6.0) with 0.5% hexadecyltrimethylammonium bromide (HTAB). The
sample was sonicated for approximately 30-90s on ice. It was
then incubated at 60 °C for 2 h to deactivate tissue MPO inhibitors,
and was then centrifuged at 1.2 x 10%g for 10min. The super-
natant fluids containing MPO were incubated in a 50 mM potassium
phosphate buffer (KH,PO4, PH 6.0) containing H,0, (1.5 M) and o-
dianisidine dihydrochloride (167 mg/ml; Sigma-Aldrich, USA) as
substrate for 30 min. Enzymatic activity was determined spec-
trophotometrically using a 96-well plate reader to measure the
change in absorbance at 460 nm.

Assessment of histopathological changes

The right lungs of the rats were fixed with 10% paraformalde-
hyde through trachea infusion and embedded with paraffin.
Hematoxylin and eosin (H&E) staining was conducted using 4-p.m
tissue slides. Lung injury assessment was conducted following the

modified scoring system described by Kristof et al. (1998). In brief,
two experienced pulmonologists randomly selected 10 fields of
lung sections from 3 lobes of right lung tissue for each rat, and used
a microscope at 200x magnification to read and score the dam-
aged levels in these sections according to the presence and extent
of interstitial cellular infiltration, alveolar protein exudation, and
tissue hemorrhage as previously performed in a series of studies
written by the authors of the present work (Wu et al. 2009a,b; Fu
etal.2012). The sum of each category from 10 different microscopic
fields was recorded as the final damaged score for a rat. The total
lung injury score for each rat was determined as the sum of 3 indi-
vidual scores for alveolar cellularity, protein exudation, and tissue
hemorrhage. If the interpretations of the two physicians differed
significantly, the slides were checked by a pathologist.

Statistical analysis

All data were expressed as mean 4+ SEM using in vivo data from
at least 6 rats. Statistical analysis of the data was conducted using
Prism 3.02 software (GraphicPad Software Inc., CA, USA), and one-
way ANOVA was applied for multiple comparisons (post hoc Tukey
test). Results of p <.05 were considered statistically significant.

Results
Effects of MCR on RT in LPS-induced ALI rats

The RT in the LPS group at 16 h after LPS administration was
lower than that at the baseline (0 h) (p <.05; Fig. 3), whereas the RT
at 16 hin the MCR-LPS and LPS-MCR groups was similar to RT at the
baseline (both p >.05; Fig. 3). The RT at 16 h after LPS administration
in the PBS group was higher than that at the baseline (p <.05; Fig. 3).

Effects of MCR on BALF leukocyte accumulation and protein
exudation in LPS-induced ALI rats

The total leukocyte counts in BALF were higher in the LPS group
than in the PBS group at 16h after LPS administration (p<.05;
Fig. 4a), and total BALF leukocyte counts were lower in the MCR-
LPS and LPS-MCR groups than in the LPS group at 16 h (both p <.05;
Fig. 4a). The total leukocyte counts for BALF were lower in the
MCR-LPS group than in the LPS-MCR group (p <.01; Fig. 4a).

The total PMN counts in BALF were higher in the LPS group than
in the PBS group at 16 h after LPS administration (p <.05; Fig. 4b),
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Fig. 3. Effect of Moutan cortex radicis (MCR) on rectal temperature (RT) changes in
lipopolysaccharide (LPS)-induced acute lung injury (ALI) in rats. The RT in the PBS
group was higher at 16 h than at 0 h, whereas the RT in the LPS group was lower at
16 h after LPS administration than at 0 h. PBS, PBS group; LPS, LPS group; MCR-LPS,
MCR-LPS group; LPS-MCR, LPS-MCR group; *p <.05.
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Fig. 4. Effects of Moutan cortex radicis (MCR) on cell analysis and protein exudation level in bronchoalveloar fluid (BALF) for lipopolysaccharide (LPS)-induced acute lung
injury (ALI) in rats. Cells counts and protein exudation levels for BALF were measured at 16 h after LPS administration. The total leukocyte counts in BALF were higher in
the LPS group than in the PBS, MCR-LPS, and LPS-MCR groups (a); the total leukocyte counts in BALF were lower in the MCR-LPS group than in the LPS-MCR group (a); total
PMN counts in BALF were higher in the LPS group than in the PBS, MCR-LPS, and LPS-MCR groups (b); total PMN counts in BALF were lower in the MCR-LPS group than in
the LPS-MCR group (b); the protein concentration in BALF was higher in the LPS group than in the PBS and MCR-LPS groups (c); LPS, LPS group; MCR-LPS, MCR-LPS group;
LPS-MCR, LPS-MCR group; *p <.05 compared with LPS; #p <.05 compared with MCR-LPS.

and total counts were lower in the MCR-LPS and LPS-MCR groups
thaninthe LPS group at 16 h (both p <.05; Fig. 4b). Total PMN counts
for BALF were lower in the MCR-LPS group than in the LPS-MCR
group (p<.01; Fig. 4b).

The protein concentration for BALF was higher in the LPS group
thanin the PBS and MCR-LPS groups at 16 h after LPS administration
(both p<.05; Fig. 4c). BALF protein concentration in the LPS-MCR
group was similar to that in the LPS group (p >.05; Fig. 4c) and also
similar to that in the MCR-LPS group (p >.05; Fig. 4c).

Effect of MCR on BALF cytokine levels in LPS-induced ALI rats

The TNF-a level for BALF at 16h after LPS administration in
the LPS group was similar to that found in the PBS, MCR-LPS, and
LPS-MCR groups (all p>.05; Fig. 5a). The BALF TNF-a level was
not significantly different between the PBS and MCR-LPS groups,
between the PBS and LPS-MCR groups, or between the MCR-LPS
and LPS-MCR groups at 16 h after LPS administration (all p>.05;
Fig. 5a).

The IL-13 level in BALF was higher in the LPS group than
in the PBS and MCR-LPS groups at 16 h after LPS administration
(both p <.05; Fig. 5b), and this level was not significantly different
between the PBS and MCR-LPS groups, between the PBS and LPS-
MCR groups, or between the MCR-LPS and LPS-MCR groups at 16 h
(all p>.05; Fig. 5b).

The MIP-2 level for BALF was higher in the LPS group than in
the PBS and MCR-LPS groups at 16 h after LPS administration (both
p <.05; Fig. 5¢), and this level was lower in the MCR-LPS group than
in the LPS-MCR group at 16 h (p <.05; Fig. 5¢). The MIP-2 level was
not significantly different between the PBS and MCR-LPS groups or
between the PBS and LPS-MCR groups (both p >.05; Fig. 5c).

The IL-6 level for BALF was higher in the LPS group than in the
PBS, MCR-LPS, and LPS-MCR groups at 16 h after LPS administration
(all p<.05; Fig. 5d). Furthermore, the level was not significantly
different between the PBS and MCR-LPS groups, between the PBS
and LPS-MCR groups, or between the MCR-LPS and LPS-MCR groups
at 16 h (all p>.05; Fig. 5d).

The IL-10 level for BALF was higher in the LPS group than
in the PBS and MCR-LPS groups at 16 h after LPS administration
(both p<.05; Fig. 5e). This level was not significantly different
between the PBS and MCR-LPS groups, between the PBS and LPS-
MCR groups, or between the MCR-LPS and LPS-MCR groups at 16 h
(all p>.05; Fig. 5e).

Effect of MCR on BALF TATC and PAI-1 levels in LPS-induced ALI
rats

The BALF TATC level at 16 h after LPS administration in the LPS
group was similar to that discovered in the PBS, MCR-LPS, and
LPS-MCR groups (all p>.05; Fig. 6a). Furthermore, this level was
not significantly different between the PBS and MCR-LPS groups,
between the PBS and LPS-MCR groups, or between the MCR-LPS
and LPS-MCR groups at 16 h after LPS administration (all p>.05;
Fig. 6a).

The BALF PAI-1 level was higher in the LPS group than in the
PBS group at 16 h after LPS administration (p <.05; Fig. 6b). This
level was not significantly different between the PBS and MCR-LPS
groups, between the PBS and LPS-MCR groups, or between the MCR-
LPS and LPS-MCR groups at 16 h (all p >.05; Fig. 6b).

Effect of MRC on MPO activity in lung tissue for LPS-induced ALI
rats

MPO activity in lung tissue was greater in the LPS group than in
the PBS, MCR-LPS, and LPS-MCR groups at 16 h after LPS adminis-
tration (all p<.05; Fig. 7), and MPO was not significantly different
between the PBS and MCR-LPS groups, between the PBS and LPS-
MCR groups, or between the MCR-LPS and LPS-MCR groups at 16 h
(all p>.05; Fig. 7).

Effects of MCR on histopathological changes in the lungs of
LPS-induced ALI rats

Histopathological changes in lung tissue were observed 16 h
after LPS administration. In the PBS group, fluid and protein accu-
mulation and the infiltration of inflammatory cells and red blood
cells was not prominent in the alveolar space (Fig. 8a and b). By con-
trast, the alveolar space for rats in the LPS group demonstrated fluid
and protein accumulation, large amounts of inflammatory cells, and
red blood cell infiltration (Fig. 8c and d). When MCR was adminis-
tered orally before LPS challenge (MCR-LPS group), inflammatory
cell infiltration and alveolar wall thickening were markedly atten-
uated and alveolar edema was reduced (Fig. 8e and f). However,
when MCR was administered orally after LPS challenge (LPS-MCR
group), marked alveolar hemorrhage and moderate alveolar edema
were induced, despite some attenuation in leukocyte infiltration
(Fig.8g and h). A semi-quantitative analysis of the histopathological
scores for rat lungs is shown in Table 1.
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Fig. 5. Effects of Moutan cortex radicis (MCR) on cytokine levels in bronchoalveloar fluid (BALF) for lipopolysaccharide (LPS)-induced acute lung injury (ALI) in rats. Cytokine
levels in BALF were measured at 16 h after LPS administration. The TNF-« level in BALF for the LPS group was similar to that for the PBS, MCR-LPS, and LPS-MCR groups
(a); the IL-10 level in BALF was higher in the LPS group than in the PBS and MCR-LPS groups (b); the MIP-2 level in BALF was higher in the LPS group than in the PBS and
MCR-LPS groups (c); the MIP-2 level in BALF was lower in the MCR-LPS group than in the LPS-MCR group (c); the IL-6 level in BALF was higher in the LPS group than in the
PBS, MCR-LPS, and LPS-MCR groups (d); the IL-10 level in BALF was higher in the LPS group than in the PBS and MCR-LPS groups (e); LPS, LPS group; MCR-LPS, MCR-LPS
group; LPS-MCR, LPS-MCR group; *p <.05 compared with LPS; #p <.05 compared with MCR-LPS.

Discussion cannot be obtained with MCR treatment after LPS challenge.
Pre-treatment with MCR down-regulated the level of the pro-
The results of the present study indicate that treatment with inflammatory cytokines IL-13 and IL-6 as well as the chemokine

MCR before LPS challenge can reduce histopathological damage MIP-2, and also reduced the infiltration of activated PMN and
scores in LPS-induced ALI rat models, whereas similar results protein-rich exudation in BALF (i.e., the alveolar space). In addition,
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Fig. 6. Effects of Moutan cortex radicis (MCR) on thrombin-anti-thrombin complexes (TATC) level and plasminogen activator inhibitor (PAI-1) level in bronchoalveloar fluid
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Fig. 7. Effects of Moutan cortex radicis (MCR) on myeloperoxidase (MPO) activity
in the lung tissues for lipopolysaccharide (LPS)-induced acute lung injury (ALI) in
rats. MPO activity was greater in the LPS group than in the PBS, MCR-LPS, and LPS-
MCR groups. LPS, LPS group; MCR-LPS, MCR-LPS group; LPS-MCR, LPS-MCR group;
*p <.05 compared with LPS.

Table 1

MPO activity decreased in lung tissue because of MCR treatment.
Therefore, we suggest that MCR reduces lung tissue damage in LPS-
induced ALI rat models. This effect of MCR is closely related to its
anti-inflammatory effects. The results of the present study were
also somewhat similar to our previous findings that paeonol (a
component of MCR) can inhibit the migration of neutrophils from
capillaries into lung tissue, and that it enhances the phagocytotic
ability of neutrophils in alveolar space (these results are as of yet
unpublished).

Several animal models have been developed to mimic the patho-
physiology of ALI after LPS exposure (van Helden et al. 1997;
Matute-Bello et al. 2008; Wang et al. 2008). In the present study,
we produced a consistent and reproducible rat model to investigate
the protective and therapeutic effects of MCR on ALI by delivering
LPS directly into the airways of rats in our laboratory (Wu et al.
2009a,b; Fu et al. 2012). Similar to findings from our previous stud-
ies, an IT challenge with a high dose of LPS (16 mg/kg) induced
hypothermia at 16 h after LPS administration (Fu et al. 2012). The
results of the in vivo study indicate that MCR treatment (both pre-
LPS and post-LPS treatment) reduce the drop in RT that typically
follows LPS challenge. Hypothermia may be an early indicator of
sepsis; thus, MCR may play a critical role in preventing sepsis devel-
opment. The finding that MCR regulates RT after LPS challenge is
similar to results presented in our recently published study, which
evaluated the effect of paeonol on LPS-induced ALI in rats (Fu et al.
2012).

Numerous studies have provided circumstantial evidence that
neutrophil recruitment in lungs is a histological hallmark of ALI

The effect of MCR on histopathological scores in lipopolysaccharide-induced acute lung injury in rats.

Cellularity Protein exudation Hemorrhage Total scores
PBS 1.6 £ 0.8 4.5+ 05 50+ 1.2 111+ 1.7
LPS 20.2 + 1.1% 13.0 + 0.9* 14.9 + 0.6* 48.1 +2.2%
MCR-LPS 12.3 + 0.9%° 7.9 + 0.7%" 12.0 + 0.4* 32.2 + 1.3%°
LPS-MCR 15.3 + 0.8*" 11.1 £ 0.7%% 18.4 + 0.8*"% 44.8 + 1.4*3

PBS, PBS group with PBS challenge; LPS, LPS group with lipopolysaccharide (LPS) challenge; MCR-LPS, MCR-LPS group; oral treatment with Moutan cortex radicis (MCR) before

LPS challenge. LPS-MCR, LPS-MCR group; treatment with MCR after LPS challenge.
Data are presented as mean +SEM, n=6.

# p<.05 compared with PBS.

" p<.05 compared with LPS.

$ p<.05 compared with MCR-LPS.
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Fig. 8. Effects of Moutan cortex radicis (MCR) on histopathological changes for lipopolysaccharide (LPS)-induced acute lung injury (ALI) in rats. Histopathological damage in
lung tissue developed 16 h after LPS (16 mg/kg) administration (at 200x (c), at 400x (d)). The alveolar spaces (*) were filled with a mixed mononuclear and neutrophilic
infiltrate (»), red blood cells (— ), and protein exudation. Cellular debris and proteinaceous material were present in the air spaces in the lung tissue of the LPS group (at
200x (c), at 400x (d)). No prominent neutrophil infiltration, red blood cells, or protein exudates were seen in the PBS group (at 200x (a), at 400x (b)). The infiltration of
neutrophils and protein exudation was reduced in the MCR-LPS group (at 200x (e), at 400x (f)). In the LPS-MCR group (at 200x (g), at 400x (h)), a significant number of
alveolar red blood cells, comparable to those seen in the LPS group, appeared. LPS, LPS group; MCR-LPS, MCR-LPS group; LPS-MCR, LPS-MCR group.
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(Balamayooran et al. 2010; Grommes and Soehnlein 2011). The
early effects of ALI in humans on pulmonary histopathological
changes are characterized by marked accumulation of neutrophils,
disruption of epithelial integrity, interstitial edema, and leakage
of a large amount of protein into alveolar spaces (Abraham et al.
2000; Chignard and Balloy 2000; Kinoshita et al. 2000; Ware and
Matthay 2000). Administration of LPS through an intra-alveolar
route serves as a model of typical neutrophil-dependent ALI, and
induces adhesion and migration of neutrophils from pulmonary
capillaries into the alveolar space. In the present study, we demon-
strated that treatment with MCR (both pre-LPS and post-LPS
treatment) significantly attenuated total cell and neutrophil counts
in BALF. A comparison of the MCR-LPS group to the LPS-MCR group
demonstrates that pre-treatment with MCR suppresses neutrophil
infiltration into and protein-rich fluid flooding of the airspace more
significantly than post-treatment (Fig. 3).

High levels of pro-inflammatory cytokines, such as TNF-a, IL-1[3,
and IL-6, perform a central role in the initiation and propagation of
the inflammatory cascade in LPS-induced ALI (Schultz et al. 2006;
Matute-Bello et al. 2008). Cytokines, such as TNF-«, IL-1f3, IL-6, IL-
8, and IL-10, that are secreted by alveolar macrophages stimulate
more chemotaxis and attract more neutrophils to injured lungs
(Strieter and Kunkel 1994; Kobayashi et al. 1998; Williams et al.
1999; Ware and Matthay 2000; Shinbori et al. 2004). It has also been
suggested that MIP-2 (CXCL2) is the most essential chemoattrac-
tant for neutrophil recruitment in the LPS-induced model (Olson
and Ley 2002; Grommes and Soehnlein 2011). Fig. 4 shows that the
expression of IL-1[3, MIP-2, IL-6, and IL-10 in BALF was significantly
lower in the MCR-LPS group than in the LPS group at 16 h after LPS
challenge. These reductions may have contributed to the decreased
neutrophil count in BALF in the LPS-induced ALI model treated with
MCR before LPS challenge. However, in a comparison of the post-
LPS treatment group (LPS-MCR) and the LPS group, cytokine levels
(except those for IL-6) in BALF in the LPS-MCR group were not sig-
nificantly lower than those in the LPS group. In addition, MIP-2
expression in the MCR-LPS group was significantly lower than that
in the LPS-MCR group. These differences in cytokine expression in
BALF may have contributed to the varying effects of pre-treatment
and post-treatment with MCR.

Another major pathologic feature of ALI is the deposition of
fibrin and platelet plugs, which induces the occlusion of microvas-
culature in the alveolar space (Ware and Matthay 2000). When
excessive fibrin is deposited in airways, neutrophils and fibroblasts
may be further activated. This scenario compromises gas exchange
and pulmonary endothelial integrity, decreases alveolar fluid clear-
ance, and finally leads to pulmonary microcirculation damage and
death (Sapru et al. 2006). Pulmonary coagulopathy is now accepted
as a target in therapeutic studies of acute lung injury or pneumonia
(Schultz et al. 2006; Ware et al. 2006; Wygrecka et al. 2008). Avail-
able data suggest that high levels of pro-inflammatory cytokines,
such as TNF, IL-1(, and IL-6, may activate coagulation cascade by
stimulating TF expression. High levels of these cytokines may also
attenuate fibrinolysis by stimulating the release of PAI (Abraham
2000; Ware et al. 2005; Bastarache et al. 2006; Wygrecka et al.
2008). Our previous data showed no significant difference in TATC
levels in BALF after paeonol treatment, but demonstrated signifi-
cantly decreased BALF PAI-1 levels after this treatment (Fu et al.
2012). As shown in Fig. 5, treatment with MCR before or after
LPS challenge appears to down-regulate the expression of PAI-1
in BALF. However, this result did not reach statistical significance,
suggesting that the anti-fibrinolytic effect of MCR is not as sub-
stantial as that in paeonol for treating ALI-induced coagulopathy.
Whether the differences between administration route and for-
mula for MCR and paeonol (oral treatment vs. intra-peritoneal
injection; crude extracts of herbal medicine vs. ethanol extraction
of MCR) causes this result should be studied further in the future.

Further experiments are also required to clarify target effects on
cells and the causal relationship between the anti-inflammatory
and anti-coagulative effects of MCR.

MPO activity is a marker of neutrophil activation (Abraham
2003; Grommes and Soehnlein 2011). In the LPS-induced ALI
model, a large amount of PMN is recruited from peripheral blood
into the lung, producing a substantial amount of MPO and reactive
oxygen derivatives, and finally resulting in a cascade-like response
and tissue damage (Razavi et al. 2004; Grommes and Soehnlein
2011). Our results showed phenomena similar to those in pro-
posed theories, and demonstrated that, after LPS was administered
through IT, large amounts of pro-inflammatory cytokines were
expressed in BALF in rat lung parenchyma with enhanced activity
of MPO. MCR treatment before LPS challenge significantly reduced
LPS-induced pulmonary parenchymal MPO activity and cytokine
expression of IL-1[3, MIP-2, and IL-6 in BALF. Furthermore, the num-
ber of PMNs in BALF decreased 16 h after treatment, suggesting the
mechanism by which MCR attenuates LPS-induced ALI.

In conclusion, the results of the current study demonstrate that
MCR reduced lung tissue damage in the LPS-induced ALI rat model.
This effect of MCR possibly results from its anti-inflammatory prop-
erties. Thus, MCR may be a potential therapeutic reagent that can
be used to prevent ALl in the future. Further studies should be
implemented to investigate these outcomes.
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Paeonol is an active component of Moutan Cortex Radicis and is widely used as an analgesic, antipyretic, and anti-inflammatory
agent in traditional Chinese medicine. We wanted to determine the role of paconol in treating adult respiratory distress syndrome
(ARDS). We established an acute lung injury (ALI) model in Sprague-Dawley rats, which was similar to ARDS in humans, using
intratracheal administration of lipopolysaccharide (LPS). The intraperitoneal administration of paeonol successfully reduced
histopathological scores and attenuated myeloperoxidase-reactive cells as an index of polymorphonuclear neutrophils infiltration
and also reduces inducible nitric oxide synthase expression in the lung tissue, at 16 h after LPS administration. In addition,
paeonol reduced proinflammatory cytokines in bronchoalveolar lavage fluid, including tumor-necrosis factor-a, interleukin-
153, interleukin-6, and plasminogen-activated inhibition factor-1. These results indicated that paeonol successfully attenuates
inflammatory and coagulation reactions to protect against ALL

1. Introduction in vivo intratracheal (IT) administration of lipopolysaccha-
ride (LPS) has been widely accepted as a clinically relevant
animal model of ALI/ARDS [5-7]. The molecular events

observed after LPS-induced ALI are local recruitment and

Acute lung injury (ALI) and acute respiratory distress syn-
drome (ARDS) are initiated either by direct injury to the lung

or by a systemic inflammatory process. Both conditions are
characterized by serial pulmonary inflammatory responses
of the alveolar-capillary membrane. These responses include
polymorphonuclear neutrophils (PMN) accumulation [1,
2], disruption of epithelial integrity, interstitial edema,
and leakage of large amounts of protein into the alveolar
space [3, 4]. Previous research has used animal models
to study the pathophysiologic mechanism of ARDS. The

activation of PMN [1]; release of proinflammatory cytokines,
such as tumor necrosis factor (TNF)-«, Interleukine (IL)-15,
and IL-6 [8]; the formation of reactive oxygen and nitrogen
species [9, 10]. Upregulation of inducible nitric oxide
synthase (iNOS) that increased nitric oxide (NO) production
plays an important role in mediating lung inflammation, a
fact that has been well established in both animal models and
humans [11-14]. In addition, activated PMN contributes



to an increase in protease activity (such as myeloperoxidase
(MPO) and lysozyme activity) and promotes the formation
of various oxygen metabolites, finally leading to diffused
alveolar matrix damage [2, 15].

High levels of proinflammatory cytokines such as TNF-
o, IL-1f, and IL-6 are released, leading to an inflammatory
cascade and triggering pulmonary coagulopathy at the same
time [5, 16, 17]. These proinflammatory cytokines may
activate the coagulation cascade by stimulating tissue factor
(TF) expression and attenuating fibrinolysis by stimulating
the release of plasminogen activators inhibitors (PAI). The
final stage is fibrin deposition in the airspaces and lung
microvasculature [16, 18-21]. Studies regarding pulmonary
manifestations in patients suffering from ARDS have found
enhanced expression of TF, factor VIla (FVIIa), and TF-
dependent factor X (FX) in bronchoalveolar lavage fluid
(BALF) [22-25]. In a large multicenter study, higher levels of
PAI-1 (the hallmark of impaired fibrinolysis) showed a syn-
ergistic association with ALI/ARDS, resulting in higher mor-
tality rates among such patients [26]. Recently, researchers
have become increasingly interested in the interplay between
coagulation and inflammation in ALI/ARDS. Pulmonary
coagulopathy is now accepted as a new target in the treatment
of ALI/ARDS [16, 27].

Moutan cortex Radicis (MC), the root cortex of
Paeonia suffruticosa Andrews, is widely used as an anal-
gesic, antipyretic, and anti-inflammatory agent in tradi-
tional Chinese medicine (TCM) [28, 29]. According to
ancient Chinese medicine, this herb is used to regulate
human sickness such as eliminating heat, promoting blood
flow, and removing blood stasis. Paeonol (20-hydroxy-
40-methoxyacetophenone), a major phenolic component
of MC, improves blood circulation through its inhibitory
effects on both platelet aggregation and blood coagula-
tion [30, 31]. Research also indicated that paeonol could
inhibit the expression of cell-surface adhesion molecules
[32], proinflammatory cytokines such as TNF-« and IL-
18 [33, 34], and iNOS-mediated NO [35] and reactive
oxygen species production [34, 35]. In addition, paeonol
inhibits the generation of proinflammatory cytokine, and
increases the production of IL-10 in carrageenan-evoked
thermal hyperalgesia rats [36]. However, the effect of paconol
treatment on proinflammatory cytokines (TNF-a, IL-1/3, and
IL-6), iNOS-mediated NO, and illness severity had not been
studied in the LPS-induced ALI rat model prior to our
research. Furthermore, we wanted to investigate the effect
of paeonol regarding anticoagulation and antifibrinolysis
after LPS challenge. We studied the effects of paeonol using
intraperitoneal (IP) injection in an experimental rat model of
ALI (induced by IT instillation of LPS) in vivo and attempted
to clarify the mechanism involved.

2. Materials and Methods

2.1. Preparation of Paeonol from MC. The source of paeonol
isolated from the root bark of Paeonia suffruticosa and
extracted with 95% ethanol (1: 10, w/v) at 50 °C as described
Hsieh et al. (2006) [34].
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2.2. Establishment of LPS-Induced ALI Animal Model. This
study used pathogen-free, adult male Sprague-Dawley (SD)
rats, weighing around 250 to 300g each. The rats were
housed in standard iron cages with a twelve-hour light/dark
cycle in the animal facility of Taichung Veterans General
Hospital (TCVGH). The animal experiments were approved
by the Animal Study Protocol Review Board of TCVGH and
were conducted according to the principles stated in the
“Guide for the Care and Use of Laboratory Animals”

The body weight and rectal temperature (RT) of the
rats were checked before the LPS challenge was introduced
(0h). The rats were then lightly anesthetized with inhaled 2%
isoflurane (Halocarbon Laboratories Div Halocarbon Prod-
ucts Crop, River Edge, NJ, USA) in 0.5 L/min O,, 16 mg/kg
LPS (Escherichia coli 055: B5; Sigma Chemical Co., St Louis,
MO, USA), and 0.5mL of phosphate buffer saline (PBS).
This mixture was delivered into the lungs of the experimental
rats by a Micro-Sprayer and Laryngoscope (Penn-Century,
Philadelphia, PA, USA) as previously described [37, 38]. An
equal volume of PBS alone was used for the control group.
After IT instillation, the rat was placed in a vertical position
and rotated for 30s to let the instillation distribute evenly
throughout the lungs. Sixteen hours after inoculation, the
rats’ RT was measured again, and they were then killed with
CO, asphyxiation, as described in our pilot study.

2.3. Grouping. A total of 30 SD rats were randomized on
a daily basis to a PBS control group or a treatment group.
Treatment groups received paeonol resolved in DMSO. The
effective dosage of paeonol resolved in DMSO was tested in
the range of 10 mg/kg to 50 mg/kg, according to guidelines
presented in previous literature [32, 34, 39—41]. The double
dose of the effective dosage was also tested to investigate the
dosage effectiveness. All agents were administered in IP bolus
injections under light sedation with 2% isoflurane within
10 min after instillation of LPS. Control group rats (LPS-
DMSO) received IP administered with the same volume of
DMSO. In contrast, the control group (PBS-DMSO) was IT
challenged with a PBS solution lacking LPS. At 16h after
inoculation, all rats were sacrificed with CO, asphyxiation,
and their lungs were removed.

In summary, the rats were randomly divided into five
groups comprising 6 rats each, as follows

(1) PBS-DMSO group: IT-challenged PBS and IP DMSO,

(2) PBS-paeconol group: IT PBS and IP paeonol
25 mg/kg,

(3) LPS-DMSO group: IT LPS and IP DMSO,

(4) LPS-paeonol-25 group: IT LPS and IP paeonol
25 mg/kg, and

(5) LPS-paeonol-50 group: IT LPS and IP paeonol
50 mg/kg.

2.4. Assessment of Histopathological Changes in LPS-Induced
ALI Rats. The right lung of the rat was fixed with 10%
paraformaldehyde by trachea infusion and embedded with
paraffin. Hematoxylin and eosin (H&E) staining was con-
ducted with 4 ym tissue slides. The lung injury was assessed
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with the modified scoring system described by Kristof et al.
[13]. In short, two pulmonologists, who were blind to the
treatment, randomly selected 10 fields of lung sections from
3 lobes of right lung tissue per rat and read and scored
the damaged levels according to the presence and extent of
interstitial cellular infiltration, alveolar protein exudation,
and tissue hemorrhage by using microscope at 200x magni-
fication. Normal presentation in each category was scored as
0, and the most severe damaged in each category was scored
as 3. If the alveolar space is full with inflammatory cells (such
as neutrophils and macrophages), it is denoted as grade 3.
Grade 1 reflects just a few inflammatory cell infiltrated. [Less
than half of the alveoli are filled denotes as grade 2]. Similarly,
the extent of pulmonary infiltration of protein exudation
(reddish-stained) and alveolar hemorrhage in the lung is
determined by this way. The sum of each category from
10 different microscopic fields is denoted as final damaged
score in a rat. The total lung injury score of each rat was
determined as the sum of three individual scores of alveolar
cellularity, protein exudation, and tissue hemorrhage. If the
interpretations of the two physicians are quite different, the
slides will be checked by a pathologist.

2.5. Measurement of MPO Activity. The level of lung MPO,
a marker of neutrophil infiltration [2, 15], was measured.
Right lung tissue (1gm) was homogenized in 1.5~4.0 N-
ethylmaleimide (Sigma) for 30 s on ice, and the homogenate
was centrifuged at 12,000 g for 30 min at 4°C. The pellet
was re-suspended in 4 mL of potassium phosphate buffer
(50 mM pH 6.0) with 0.5% hexadecyltrimethylammonium
bromide (HTAB). The sample was sonicated for 30~90s
on ice once more. The sample was then incubated at 60°C
for 2h to deactivate tissue MPO inhibitor and then was
centrifuged at 12,000 g for 10 min. The supernatant fluids
containing MPO were incubated in a 50 mM potassium
phosphate buffer (KH,POy4, pH 6.0) buffer containing the
substrate H,O, (1.5M) and o-dianisidine dihydrochloride
(167 mg/mL; Sigma-Aldrich, USA) for 30 min. The enzy-
matic activity was determined spectrophotometrically by
measuring the change in absorbance at 460 nm by using a
96-well plate reader.

2.6. Western Blot for the Measurement iNOS. Frozen right
lung samples were defrosted and were homogenized with
lysis buffer (RIPA with protease inhibitor, with a ratio of lung
tissue/lysis buffer equal to 100 mg/400 mL). The homogenate
was sonicated and centrifuged at 12,000 Xg for 30 min at 4°C.
The supernatant was collected, and its protein concentration
was measured by conducting Bradford protein assay (Bio-
Rad, Hercules, CA, USA). Aliquots (40 ug) of protein from
each lung tissue supernatant were electrophoresed on a
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (7%) for 3 h at 100 V. The protein samples were
transferred onto a nitrocellulose membrane (Amersham,
USA). The membrane was then probed with polyclonal rab-
bit anti-mouse iNOS antibody (1 : 500 dilution, GTX213110-
01, GeneTex, CA, USA) at 4°C overnight, with appropriate
secondary antibodies. After three washes with TPBS, blots

enhanced with brown color indicated the expression of
iNOS.

2.7. Cell Counting and Measurement of Protein, Pro-
Inflammatory Cytokines, and Thrombin-Anti-Thrombin
Complexes (TATC), Plasminogen Activator Inhibitor (PAI-1)
in BALF in LPS-Induced ALI Rats. The right main bronchus
was ligated, and then a cannula was inserted into the
left lung through the left main bronchus. The BALF was
obtained with three aliquots of 8 mL sterile saline instilled
up to a total volume of 24 mL, and withdrawn three times
each, with final fluid recovery being around 20 mL. The
BALF from each animal was recovered and was then passed
through a mesh (200 ym) to remove the mucus, followed
by centrifugation (1500 xg, 4°C) for 15 min. The sediment
cells were resuspended in 2mL PBS. Erythrocytes were
lysed using cold water and a hypertonic recovery solution
(10x HBSS). The erythrocyte-free cell suspension was then
washed once by 1x PBS and was used for total cell count.
Finally, 2 X 10° BALF-derived cells were evenly distributed
onto a slide by cytospin and then stained with Liu’s stain
for 2 min, before the neutrophils were counted under the
microscope.

The resulting supernatants were stored at —70°C until
the analysis stage. Cell counts and protein concentration
were measured by Bradford protein assay (Bio-Rad, Her-
cules, CA, USA).

The proinflammatory cytokines in the BALF, such as
TNF-a (BMS622MST, BenderMedsystem), IL-15 (BMS630,
BenderMedsystem), IL-6 (BMS625MST, BenderMedsystem),
and IL10 (14-8101-62, eBioscience), were measured using
commercially available ELISA and in accordance with the
manufacturer’s protocol (Assay Designs, Inc. MI, USA).
Specifically, this entailed pipetting the samples of BALF
supernatant (100 L) and the standards into the cytokine
antibody precoated microplate wells. The plates were tapped
gently to mix the contents and incubated at 37°C for 60 min.
The contents of the wells were removed, and the wells were
washed three times with 400 4L of wash solution. Human
cytokine antibodies (100 uL) were added into each well and
incubated at 37°C for 60 min. We emptied the contents
of the wells and again applied 400 4L of wash solution
to every well three times. Horseradish peroxidase (100 uL)
was added to conjugate the human cytokine antibody. After
incubation at 37°C for 30 min, 100 uL of Substrate Solution
TMB (tetramethylbenzidine) was added into each well for
15 min at room temperature.

Color development was stopped by adding Stop Solution
(100 uL, 1N solution of hydrochloric acid in water). Col-
orimetric determination was read at absorbance of 450 nm
(Microplate Reader BIO-RAD Laboratories, CA, USA). Serial
dilution of each original recombination human cytokine was
performed to draw a standard curve with linear range from
0 to 500 pg/mL. Concentrations of BALF cytokines were
measured by comparing the absorbance of the standards, and
expressed as picograms per milliliter (pg/mL).

TATC was used as a measured of coagulation through
the tissue factor pathway; high TATC level reflects the



(e) LPS- paeonol-25

Evidence-Based Complementary and Alternative Medicine

._.4 ;“ ,
T3 NE
X '"!V?}( o A A #
BT T

NFATN

(f) LPS- paeonol-50

FiGure 1: Effects of paeonol on LPS-induced histopathological damage in rats. Histopathological damage developed 16 h after intratracheal
administration of LPS (16 mg/kg). The alveolar spaces () are filled with a mixed mononuclear/neutrophilic infiltrate (» ), red blood cells
(=), and protein exudation. The alveolar walls ( — ) are thickened and edematous. Note the presence of cellular debris and proteinaceous
material in the air spaces in the lung tissue of the LPS-DMSO group (c) with 200x; (d) with 400x. No prominent neutrophil infiltration, red
blood cells or protein exudates were seen in the PBS-DMSO group (a) and PBS-paeonol group (b). The infiltration of neutrophil, red blood
cells and protein exudation was reduced in the LPS-paeonol-25 group (e) and LPS-paeonol-50 group (f).

activation of the coagulation system [42, 43]. TATC was
measured using the TATC enzyme-linked immunosorbent
assay Micrognost kit, in accordance with the manufacturer’s
instructions (Assay Max human thrombin-antithrombin
TAT complex ELISA kit, ET1020-1 Lot no. 1259916R1).
The level of PAI-1 antigen in BALF was measured by Rat
PAI-1 total antigen assay ELISA kit (Catalog no. RPAIKT-
TOT, Molecular Innovations, MI, USA) according to the
manufacturer’s instructions.

2.8. Measurement of Lung Weight Gain (LWG) in LPS-Induced
ALI Rats. The other 24 SD rats were divided into four groups
of 6 rats as follows:

(1) PBS-DMSO group,

(2) PBS-Paeonol group,

(3) LPS-DMSO group, and

(4) LPS-Paeonol-50 group.
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38
37.5
37
36.5
36

35.5
30

Rectal temperature (°C)

PBS-paeonol
LPS-DMSO
LPS-paeonol-25
LPS-paeonol-50

Compared PBS-paeonol with PBS-DMSO, P > 0.05
#Compared with LPS-DMSO at 16 h, P < 0.05

*Compared 16 h with 0 h in each group, P < 0.05

F1Gurek 2: Effect of paconol on rectal temperature (RT) changes after
LPS-induced acute lung injury in rats. In the PBS-DMSO group, RT
was greater at 16 h than at Oh; in the LPS-DMSO group, RT was
lower at 16 h than at 0h. *P < 0.05 compared with 0 h. *P < 0.05
compared with 16 h.

The LPS-induced ALI animal model was the same as
described above. At 16h after inoculation, all rats were
sacrificed with CO; asphyxiation. The total lung (including
bilateral trachea) was separated from the chest cavity of the
rat, and the body fluid coating the removed lung was wiped
gently. The bilateral main bronchus was cut from the hilum
area. The residual whole lung was placed on silver paper on
an electronic scale, and the weight was recorded as whole
lung weight (WLW). The whole lung on the silver paper was
placed into an oven at 60°C for 48 h. Then the sample was
taken out of the oven and weighed again on an electronic
scale, with the weight being recorded as dry lung weight
(DLW). The WILW minus the DIW indicated the net lung
weight gain (LWG). LWG reflected the net lung edema status
after manipulation [44].

2.9. Statistical Analysis. All data were expressed as mean =+
SEM, using the data from at 6 rats except iNOS (n = 4).
Statistical analysis of the data was conducted using Prism
3.02 software (GraphicPad Software Inc. CA, USA), via one-
way ANOVA for multiple comparisons (post hoc Tukey test).
Results with P < 0.05 were considered statistically significant.

3. Results

3.1. Effects of Paeonol on Histopathological Changes of Lung in
LPS-Induced ALI Rats. In the PBS-DMSO and PBS-paeonol
groups, the alveolar space was not prominent fluid, protein
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FiGure 3: Effect of paeonol on myeloperoxidase (MPO) activity in
LPS-induced acute lung injury in rats. The MPO activity was similar
between PBS-DMSO and PBS-paeonol groups (P > 0.05), whereas
the MPO activity was lower in the LPS-paeonol-25 and in the LPS-
paeonol-50 groups than LPS-DMSO group. *P < 0.05 compared
with LPS-DMSO.

accumulation, and the infiltration of inflammatory cells and
red blood cells (Figures 1(a) and 1(b)). In contrast, the
alveolar spaced presented with fluid and protein accumu-
lation, large amounts of inflammatory cells, and red blood
cell infiltration at 16 h after LPS IT instillation (16 mg/kg)
(Figures 1(c) and 1(d)). Paeonol treatment with 25 mg/kg
or 50 mg/kg, administered after the LPS challenge, markedly
attenuated inflammatory cell infiltration and alveolar wall
thickening and diminished alveolar hemorrhage and edema
(Figures 1(e) and 1(f)). A semiquantitative analysis of the
histopathological scores of the rats’ lungs is presented in
Table 1.

3.2. Effects of Paeonol on RT in LPS-Induced ALI Rats. The RT
in the LPS-DMSO group at 16 h after IT administration was
lower than at baseline (0h), with the difference being sta-
tistically significant (P < 0.05) (Figure 2). In contrast, for
the PBS-paeonol and LPS-paeonol-50 groups, the RT at 16 h
was similar to the baseline temperature (both P > 0.05)
(Figure 2). The RT in the PBS-DMSO group at 16h after
IT administration was higher than at baseline (P < 0.05)
(Figure 3).

3.3. Effect of Paeonol on MPO Activity and iNOS Expression.
The MPO activity of lung tissue was greater in the LPS-
DMSO, LPS-paeonol-25, and LPS-Paeonol-50 groups rel-
ative to the PBS-DMSO and PBS-paeonol groups, at 16h
after IT administration (all P < 0.05) (Figure 3). The MPO
activity of lung tissue was lower in the LPS-paeonol-25 and
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TasLE 1: Effect of paconol on the histopathological scores in lipopolysaccharide-induced acute lung injury.

Cellularity Protein exudation Hemorrhage Scores
PBS-DMSO 72+1.0 3.8+0.6 8.1+1.8 19.0 £ 2.5
PBS-paeonol 4.5+0.2 2.7+0.6 7.8 0.7 149+ 1.2
LPS-DMSO 18.0 £ 0.7 10.9 £ 0.8 16.4 + 1.0 454+ 1.0
LPS-paeonol-25 10.8 + 0.9* 4.5+ 0.8% 11.5+ 1.5 26.8 + 2.4*
LPS-paeonol-50 9.1 +1.2% 4.1+ 0.4% 10.5 + 1.5% 23.7 + 2.9

Data are presented as mean = SEM; PBS-DMSO: PBS-DMSO group; PBS-paconol: PBS-paeonol group; LPS-DMSO: LPS-DMSO group; LPS-paeonol-25:
LPS-paeonol-25 mg/kg group; LPS-paeonol-50: LPS-paeonol-50 mg/kg group; *P < 0.05 compared with LPS-DMSO; n = 6.

| - -— |< iNOS (130 kDa)
| — — — — \ctin (43kD)

10 4

iNOS/actin ratio (fold)

PBS-DMSO
PBS-paeonol
LPS-DMSO
LPS-paeonol-50

Ficure 4: Effect of paeonol on inducible nitric oxide synthase
(iNOS) activity in LPS-induced acute lung injury rats. The iNOS
expression was similar between PBS-DMSO and PBS-paeonol
groups (P > 0.05), whereas the iNOS expression was lower in
the LPS-paeonol-50 groups than LPS-DMSO group. *P < 0.05
compared with LPS-DMSO.

LPS-paeonol-50 groups relative to the LPS-DMSO group, at
16 h after IT administration (both P < 0.05) (Figure 3).

The iNOS expression of lung tissue was greater in the
LPS-DMSO group relative to the PBS-DMSO and PBS-
paeonol groups, at 16 h (both P < 0.05) (Figure 4). The iNOS
expression of lung tissue was lower in the LPS-paeonol-
50 group than in the LPS-DMSO group at 16h after IT
administration (P < 0.05) (Figure 4).

3.4. Effects of Paeonol on Leukocyte Accumulation and Protein
Exudation. The total leukocyte counts of BALF were greater
in the LPS-DMSO group relative to the PBS-DMSO and
PBS-paeonol groups, at 16h after IT administration (both
P < 0.05) (Figure 5(a)). The total leukocyte counts of BALF

were lower in the PBS-paeonol-25 and PBS-paeonol-50
groups than in the LPS-DMSO group at 16 h (both P < 0.05)
(Figure 5(a)).

The total PMN counts of BALF were greater in the LPS-
DMSO group than in the PBS-DMSO and PBS-paconol
groups, at 16h after IT administration (both P < 0.05)
(Figure 5(b)). The total PMN counts of BALF were lower in
the LPS-paeonol-25 and LPS-paeonol 50 groups than in the
LPS-DMSO group at 16 h (both P < 0.05) (Figure 5(b)).

The protein concentration of BALF was greater in the
LPS-DMSO group than in the PBS-DMSO and PBS-paeonol
groups at 16h after IT administration (both P < 0.05;
Figure 5(c)). The protein concentration of BALF was lower
in the LPS-paeonol-25 and in the LPS-paeonol-50 groups
than these in the LPS-DMSO group at 16 h (both P < 0.05;
Figure 5(¢)).

3.5. Effect of Paeonol on the Expression of Pro-Inflammatory
Cytokines of BALF. The TNF-a expression of BALF was
greater in the LPS-DMSO group than in the PBS-DMSO and
PBS-paeonol groups at 16h after IT administration (both
P < 0.05) (Figure 6(a)). The TNF-« expression of BALF was
lower in the LPS-paeonol-50 group than in the LPS-DMSO
group at 16h (P < 0.05) (Figure 6(a)). However, TNF-«
expression in the LPS-DMSO group was similar to that of
the LPS-paeonol-25 group (P > 0.05) (Figure 6(a)).

The IL-1f expression of BALF was greater in the LPS-
DMSO group than in the PBS DMSO and PBS-paeonol
groups at 16h (both P < 0.05) (Figure 6(b)). The IL-
13 expression of BALF was lower in the LPS-paeonol-25 and
the LPS-paeonol-50 groups than in the LPS-DMSO group at
16 h (both P < 0.05) (Figure 6(b)).

The IL-6 expression of BALF was greater in the LPS-
DMSO group than in the PBS DMSO and PBS-paeonol
groups at 16h (both P < 0.05) (Figure 6(c)). The IL-6
expression of BALF was lower in the LPS-paeonol-25 and
LPS-paeonol-50 groups than in the LPS-DMSO group at
16 h (both P < 0.05; Figure 6(c)).

The IL-10 expression of BALF was greater in the LPS-
DMSO group than in the PBS DMSO and PBS-paeonol
groups at 16h (both P < 0.05) (Figure 6(c)). The IL-10
expression of BALF was lower in the LPS-paeonol-25 and
LPS-paeonol-50 groups than in the LPS-DMSO group at
16 h (both P < 0.05; Figure 6(d)).
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Ficure 5: Effect of paeonol on leucocyte cell count and protein exudation of BALF in LPS-induced acute lung injury in rats. The total cell
count (a), neutrophil count (b), and protein exudation (c) of BALF was similar between PBS-DMSO and PBS-paeonol groups (all P > 0.05),
whereas the total cell count, neutrophil count, and protein exudation of BALF was lower in the LPS-paeonol-25 and in the LPS-paeonol-50
groups than LPS-DMSO group. *P < 0.05 compared with LPS-DMSO.

3.6. Effect of Paeonol on the TATC and PAI-1 Concentration The TATC concentration of BALF in the LPS-DMSO
of BALF in LPS-Induced ALI Rats. The TATC concentration  group was also similar to that of the LPS-paeonol-25 and
of BALF in the LPS-DMSO group was similar to that of =~ LPS-paeonol-50 groups at 16 h (both P > 0.05) (Figure 7(a)).
the PBS-DMSO and PBS-paeonol groups at 16h after IT The PAI-1 concentration of BALF was greater in the
administration (both P > 0.05) (Figure 7(a)). LPS-DMSO group than in the PBS-DMSO and PBS-paeonol
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FiGurek 6: Effect of paconol on tumor necrosis factor-a (TNF-«), interleukin-1p (IL-1f3), IL-6, and IL-10 concentrations of BALF in LPS-
induced acute lung injury in rats. The concentrations of TNF-« (a), IL-1f3 (b), IL-6 (c), and IL-10 of BALF were similar between PBS-DMSO
and PBS-paeonol group (all P > 0.05), whereas the concentrations of TNF-«, IL-1§, IL-6, and IL-10 of BALF were lower in the LPS-paeonol-
25 and in the LPS-paeonol-50 groups than LPS-DMSO group. P < 0.05 compared with LPS-DMSO.

groups at 16h (both P < 0.05) (Figure 7(b)). The PAI-1
concentration of BALF was lower in the LPS-paeonol-25 and
LPS-paeonol-50 groups than in the LPS-DMSO groups at
16 h (both P < 0.05) (Figure 7(b)).

3.7. Effects of Paeonol on LWG in LPS-Induced ALI Rats.
Lung weight gain was greater in the LPS-DMSO and LPS-
paeonol-50 groups compared to the PBS-DMSO group (both
P <0.05) at 16 h after LPS IT administration (Figure 8). The

LWG in the PBS-paconol and LPS-paeonol-50 groups was
lower than that of the LPS-DMSO group (both P < 0.05)
(Figure 8).

4. Discussion

Our results indicated that paeonol attenuated histopatho-
logical damage scores in the LPS-induced ALI rat model.
Paeonol reduced the activity of MPO and the expression
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Ficure 7: Effect of paconol on thrombin-anti-thrombin complexes (TATC) and plasminogen activator inhibitor (PAI-1) of BALF in LPS-
induced acute lung injury in rats. The concentrations of TATC in BALF were similar between PBS-DMSO and PBS-paeonol groups (P >
0.05), between LPS-DMSO and LPS-paeonol-25 groups (P > 0.05), and between LPS-DMSO and LPS-paeonol-50 groups (P > 0.05) (a);
The PAI-1 was similar between PBS-DMSO and PBS-paeonol groups (P > 0.05), whereas the PAI-1 was lower in the LPS-paeonol-25 and in
the LPS-paeonol-50 groups than LPS-DMSO group. *P < 0.05 compared with LPS-DMSO.
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Ficure 8: Effect of paeonol on lung weight gain (LWG) in LPS-
induced acute lung injury in rats. The IWG was similar between
PBS-DMSO and PBS-paeonol groups (P > 0.05), whereas the LWG
was lower in the LPS-paeonol-50 groups than LPS-DMSO group.
#P < 0.05 compared with LPS-DMSO.

of iNOS, and the concentration of PAI-1 in lung tissue,
and also reduced LWG. In addition, Paeonol reduced TNE-
a, IL-1f3, IL-6, and PAI-1 concentrations in the BALE
Therefore, we suggest that paeonol protects the lung in LPS-
induced ALI rats, and that the effect occurs through the anti-
inflammation and anti-coagulation properties of paeonol.
MPO activity is a marker of PMN neutrophil [2, 15], whereas

iNOS increases NO production and mediates lung inflam-
mation [11-14]. The proinflammatory cytokines TNF-«, IL-
13, and IL-6 mediate the inflammatory cascade [8, 9, 12, 45].
PAI-1 may represent an activation of fibrinolysis [18, 21, 46].
In addition, we used paeonol 25 mg/kg and 50 mg/kg in the
present study, if paeconol 100 mg/kg such as Du et al. (2010)
[47] whether or not produce greater anti-inflammatory and
anti-coagulative effects need further study.

Our results remain one question unanswered that is
the levels of IL-10, is an anti-inflammatory cytokine, were
lower in the LPS-paeonol-25 and LPS-paeonol-50 groups
than these in the LPS-DMSO group were seemly contrast to
the results of Chou (2003) [36]. One possible explanation
was that the levels of IL-10 reached a peak at 16-24h
(48], whereas the IL-10 was measured at 16h after LPS
administration, therefore, the maximal levels could not
obtain in the present study. This explanation needs further
study.

Several animal models have been developed to mimic
the pathophysiology of ALI-following LPS exposure [5-7].
In the present study, we have produced a constant and
reproducible rat model to investigate the treatment effects
of paeonol in ALI by delivering LPS directly into airway in
our laboratory [37, 38]. The pulmonary histopathological
changes of LPS-induced ALI are characterized by PMN
accumulation, disruption of epithelial integrity, interstitial
edema, and leakage of a large amount of protein into
the alveolar spaces [1-4]. The results of the present study
indicated that paeonol treatment may reduce the drop in RT,
which typically follows LPS challenge. Hypothermia may be
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an early phenomenon of sepsis; thus, paeconol might play
a critical role in preventing sepsis. In contrast, LIWG may
indicate the degree of lung edema, which Paeonol may also
help reduce in the LPS-induced ALI model.

It has been well documented in both animal models and
humans that LPS stimulates iNOS expression and NO over-
production, which damages lung tissue via peroxynitrite
formation [12, 14, 46, 49, 50]. One recent report showed
that paeonol inhibits LPS-induced iNOS expression through
deactivating the mitogen-activated protein kinase (MAPK)
in RAW 264.7 macrophage-like cells [35]. However, the
effect of paeonol in the ALI rat model remains unclear.
In this study, we demonstrated that paeonol significantly
attenuates iINOS expression after a rat has been exposed
to LPS challenge, suggesting that one anti-inflammatory
mechanism of paeonol protects the lung from damage.

High levels of proinflammatory cytokines such as TNF-
a, IL-1p, and IL-6 play a central role in the initiation and
propagation of the inflammatory cascade [8, 9, 12, 45]. A
large amount of PMN is recruited from peripheral blood
into the lung, producing large amounts of MPO and reactive
oxygen derivatives. The result is a cascade-like response, and
tissue damage [2, 15, 49, 51]. In line with these theories,
we found that after instilling LPS by IT, large amounts
of proinflammatory cytokines were expressed in the BALF
in rat lung parenchyma, with enhanced activity of MPO.
Paeonol IP injections significantly suppressed the expression
of TNF-a, IL-183, and IL-6 in rat BALF; this also reduced
LPS-induced pulmonary parenchymal MPO activity. As
expected the number of PMNs in BALF had decreased 16 h
after treatment, suggesting a mechanism by which paeonol
attenuates the LPS-induced ALI model.

The hallmark of ALI is the deposition of fibrin and
platelet plugs, which induce the occlusion of microvascu-
lature of the alveolar space [3, 52]. As excessive fibrin is
deposited within the airways, neutrophils and fibroblasts
may further be activated. This situation compromises gas
exchange and pulmonary endothelial integrity, decreases
alveolar fluid clearance, and finally leads to pulmonary
microcirculation damage and death [16, 52, 53].

Pulmonary coagulopathy is now accepted as a target
in therapeutic studies of acute lung injury or pneumonia
[16-18, 21, 27]. The available data suggest that high levels
of proinflammatory cytokines (such as TNF, IL-1, and IL-
6) may activate the coagulation cascade by stimulating TF
expression. High levels of these cytokines may also attenuate
fibrinolysis by stimulating the release of PAI [16, 18-21]. Our
data showed no significant difference in TATC level of BALF
after paeonol treatment. However, the PAI-1 levels in BALF
were significantly decreased in the paeonol treatment group,
suggesting a strong anti-fibrinolytic effect of paeonol in ALI-
induced coagulopathy. Since proinflammatory cytokines
serve as potent regulators of macrophage PAI-1 production
in ALL it remains unclear whether the anti-fibrinolysis effect
of paeonol occur via inhibiting PAI-1 expression directly,
or is perhaps the consequence of anti-proinflammatory
cytokines. Further experiments are needed to clarify the
target effects on cells, and the causal relationship between
anti-inflammation and anti-coagulation effects of paconol.

Evidence-Based Complementary and Alternative Medicine

In conclusion, the results of the current study demon-
strated that paeonol protects against lung tissue damage
in the LPS-induced ALI model. This finding suggests that
these effects are because of the anti-inflammatory and anti-
coagulant properties of paeonol. Thus paeonol may be a
potential therapeutic reagent for treating ALI in the future.
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