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 ZE. Hiy #F5HE 20 (lipopolysaccharide, LPS) T M4 47 (acute lung injury, ALT) (55 Bt 72 , 2RI 0k i
Yt AR E FEH R R ( pyrrolidine dithiocarbamates , PDTC) Xt LPS fr &t ALL (R 3P 1VE T S WLl . J5d: 96 2 SD HEdE B
Gy RS BREH BRI, PDTC TR . #RIKEESS LPS(6 mg/kg) S il ALL ZhW#RY, 435 T HEHT S 2.4 8,12 h 3% 4%, PDTC
T2 AL S LPS Hi 30 min 3~ LA PDTC (120 mg/kg) JE BT . M@ Mt/ T B L (W/D) , AL Y) v 2 HE Jefafy
it 20 205 Y43, TUNEL 2530 i 360 5 0 40 il ( alveolar macrophages , AM) i T 2%, 4t 932 4 Ak 26 4G I #% K] -k Bp65 ( nuclear
factor-k Bp65 , NF-kBp65 ) 21k , RT-PCR y:4&1 AM 11t sPLA, [ A \Bel-2 \Bax JER (93655, S5  S5XF B4 Huds , A1 40 fidi
W/D 20 ZU5R P43 AM 1) NF-kBp65 323k X JAT- AM 1y sPLA, TT A FERI A1 (P <0.05) , AM Bel-2  Bax E:[F 3
IKNRE(P <0.05) , SHAIZ LA, PDTC TR 2 bR e 2B A5 LI agi i | Jtidbd A 1 2 W b o8 (P < 0.05) . 8518 TRivE T
L PDTC A4l AM NF-kB {46, #0ii] sPLA, T A LR35, i Bel-2 SEPRI eIk, ] AM 1=, XF LPS FrEus) ALL A — &
R ER]

SRR : MR s LR o AR TR R AL s RS A
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Protective effects and mechanism of pyrrolidine dithiocarbamates on acute lung

injury of LPS-induced septic rats

XIONG Yi, WANG Xing-yong, ZHOU Hai-yin, HE Rong, DING Miao, QIU Chun-lan, ZHOU Jing, HE Yin (Intensive
Care Unit, Children’ s Hospital, Chongging Medical University, Chongqing 400014, China)

Abstract. Objective To investigate the pathological process of lipopolysaccharide (LPS)-induced acute
lung injury (ALI) in rats, and to explore the protective effects and mechanisms of pyrrolidine dithiocarbamates
(PDTC) on it. Methods Ninety-six SD male rats were randomly assigned into 3 groups: control group, model
group, PDTC prevention group. ALI was induced by intravenous injection of LPS (6 mg/kg), and then these
animal were respectively killed in 2, 4, 8 and 12 h after LPS injection. The rats from PDTC prevention group
were given PDTC (120 mg/kg) by intraperitoneal injection in 30 min before the LPS injection. The lung
wet/dry weight ratio was calcuated, lung pathology was observed with hematoxylin and eosin ( HE) staining,
alveolar macrophages ( AM) apoptosis ratio with TUNEL method, nuclear factor-kBp65 ( NF-kBp65) expres-
sion with immunohistochemical staining, and mRNA expressions of secretory phospholipase A2 type [l A (sPLA,
ITA), Bel-2 and Bax with RT-PCR. Results Compared with control group, the lung wet/dry weight ratio,
lung pathologic tissue score, AM apoptosis ratio, AM NF-kBp65 expression, and sPLA, Il A expression were
increased, and AM Bel-2 expression was decreased in model group (P <0.05). These changes were inverted
in rats of PDTC prevention group, and the degree of lung injury was markedly attenuated (P <0.05). Conclu-
sion The prophylactic PDTC administration potentially exerts protective function in LPS-induced ALI rats,
probably through inhibiting the activation of NF-kB, decreasing the expression of sPLA, [l A while increasing
Bel-2 expression in AM, and thus suppressing AM apoptosis.
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i A Mt 5 D Il i - B 2 PR I 45 £ (acute
lung injury, ALI) a§ 24 PR 30 2551k (acute respir-
atory distress syndrome , ARDS) J& ff5 55 i B & 80 HE 5% 2
B R R 22— i dor — A Ra E F R 3k ( pyrro-
lidine dithiocarbamates, PDTC ) J& NF-kB 43 5 P 1 i
A, HAYUEVER A — S ) S50 E & R,
HLIT LA PDTC A B 8 ol 2 % el Jirt A1 e 3250 ) il 7K e
WA AL o AT R F I 224 (lipopolysaccha-
ride, LPS) ALI sy, i ik Wipi ¥ 457 PDTC W
ELR IR, LLAFEST LPS 2k U5 475 1Y LI Az
PDTC {44 A HLT

1 #R5FE

1.1 ERBLEAZRA

LPS PDTC( 3 [E Sigma 24 #]) , TUNEL J {7 i T 46 I 125
& (3£ Roche 23] ) , RNA #2J f PCR &5 & ( 32 [E Fermen-
tas W) ), CO, G 3546 5 A 0T L2 6 0% B i (S BERIAE T )
AG22331 %I PCR Y (& = eppendorf 23 &) ) , 22 [E Bio-Rad %EJi
R R .
1.2 SEBshih 4R AR

96 H 40 ~50 d i SD MEPER SR [ W T 5 R ERLR 750 50 3
Yrrboes BT (250 £20) gl 43R0 R ZH BERIZ  PDTC FiBiy
H, A2 H, BHESEHNE248.12h4 NMEH(n=8),
K HIKEE 5 LPS 6 mg/kg Bl i s 5 %f B4 7
KR S AR B ER 7K s PDTC - 19 41 76 2 ¥ ik v 4% LPS T 30 min
JE RS PDTC 120 mg/kg, RRLAES S 2 ml/kg, 433178
A TR] SRR 1 2% o
1.3 HAH &

VR[5 A, JF MO il 2 U) F ) HE 3
i, 37 CAMELIK S ml x5 K, BERZEN, WBE DR , ks
>90% , FEEE 1 000 r/min B0 10 min, 25 [ 35, TR0, 3
FlF 6 FLAR, WP E 2 h, & L0E, WAR WG REAN I . % 40 i 22 A7
TG, T B2 M A 20 R TC o 2 B — o il 96 5 I 4 L
(alveolar macrophages, AM) fil A 1 ml tripure Y& 2L/ ) , 847 56
PRIAGE
1.4 WERIRARBR Ty &
1.4.1 Jii/+ 5L A v e il W T 2% T VA PRV T
LA 80 CHEAR 72 h FRECT i, 1148 W/D fA.
1.4.2 Uil L4056 BEIE Sy B Hofbauer %% 1 5
9 BT H U T4 5 R O PR B 2 IR AR G .
1.4.3  AM JH TR 4 240 FEL I 42 4 T 080 1 A 0 3R]
BAESBRIAT . REIRIE 7 LI 5 A= A5 EF (< 400) JRAH,
FH Image-Pro Plus6. 0 S HRHAT R, TR (%) = W14
it AT AR E % 100%
1.4.4 AM NF-xBp65 fJ3Ri5 40 R4 G2 41 1k 3
ERELRIAT, AR BEPLE 5 A~ &£ BT ( x 400) 18
#H, Ji] Image-Pro Plus6. 0 #RA4THAF-BDG% BE(H D(255) .
1.4.5 AM sPLA, I A & Bel-2 Bax R:[H )ik AM ZL i

W R ] RT-PCR $ A Xt sPLA, T A &% Bel-2, Bax mRNA #E47 30
Ry, ARSI B¥H RiEEBAEYHE AN R A B
B-actin 5| 4 (825 bp) J¥ 5, IF L %% : 5'-GTCAGAAGGACTC-
CTACGTG-3', JZ X #4%: 5'-TAGGAGCCAGGGCAGTAATC-3';
Bel-2 5[#)(731 bp) F41, IF L4 :5'-CCCCTTCATCCAAGAATG-
CAAAGCACATC-3", J& X #%: 5'-ACAAAGGCATCCCAGCCTC-
CGTTATCC-3";Bax 5[4 (502 bp) J¥41, IE 4 :5'-GGCGGGC-
CCACCAGCTCTG AA-3', JZ X 4f .5 -CCACAAAGATGGTCACT-
GTCTG CCATGTG-3';sPLA, TT A 2|4 (569 bp) JF41], iF S 4%
5'-GCTAGC AGTTGTGATCATGGCC-3', JZ X 4% :5'-AGGCTTCA
GCGGCTCCTTCTGGGT-3'

1.5 %itso#

THRPTRIL 2 £5 278, FH SAS 9. 13 At T = K (LPS,
PDTC B18]) J7 224341 s if ] 5 LPS \PDTC A 22 B AR, R L&
PEXF FVR A T2 B LA L R B . A5 AL FE B 7] 56 ZR A Pear-
son FHICHE 3BT, IR 5C R BB A 30

2 HR

2.1 MR/ FREKR

TR il W/ D {5 Fif e A5 B (7] JE - 20 34 188 A, 4% i (1] o5
5% BR2H A 0 M 25 5% (F = 640. 52, P <0.05) , PDTC Fijj 26
A i 5 SRR St WD) ] /I (F =369, 53, P <
0.05) (HE X HRZL AT W/D {H38 K (BRSNS G 2 h4h) , B 83%
PEZER(P<0.05) , K 1,
F1 ZBHAHTIT W/D FiHLARETS K AM F 1T % NF-kBp65

BIRIE(n=8,x£5)

g5 At WD SIS AM JAT(% ) NF-kBp6s Kik
Xof i

2h  4.108 +0.090 0.883 +0.285 7.308 £0.796  0.147 +0.030
4h  4.143+0.072 0.902 +0.282 7.676 £0.927  0.146 +0.041
8h  4.114 +£0.093 0.919 +£0.301 7.124 £0.551  0.143 +0.018
12h  4.150 0. 106 0.953 +0.368 7.458 £0.929  0.133 £0.001
FRAUZH
2h  4.535+0.080* 1.905+0.151*  17.361 +4.504® 0.228 +0.003?
4h  4.846+0.102¢  2.010+0.278*  22.035 +3.224* 0.268 +0.002?*
8h 5,144 +0.242°  2.200+0.158*  23.189 £4.569* 0.274 +0.003*
12h  5.505+0.2378  2.579 £0.146*  41.618 £5.361* 0.278 £0.004°

PDTC FiRjj2H
2h 4198 +0.097"  1.405 +£0.285%> 10.606 +1.6842> 0.194 +0.0062
4h  4.303+0.056" 1.661 £0.2702> 14.562 +1.231%" 0.208 £0.001%"
8h  4.366+0.127°> 1.786 +0.253 17.260 £2.0072> 0.223 +0.0012
12h  4.494 +0.159%> 1.837 £0.2382> 16.314 +1.413*" 0.226 +0.006%

a: P<0.05, 5 lBarb4;h: P<0.05, 5488 20 1b 4%

2.2 FhARAG AR LR IR IR 5

FCBE T URER i R AL It A 2R 45 ¥ FE AR IE 7 o B0 20 I s
A DA R T AT PE N (F =5.71,P <0.05) , 7] DLt 20 2K
Jib Rz 04 (L 1B, SO N H L, B s KB i, kb
PR AN ke R il A i, S o Ml o i 24 o W SO Ak (81 1B) .
PDTC Ty 20 S AU A LY , #6451 B ) it K T i P s 240 A
R 4% (F =82.89,P <0.05) , K ILAfi N & I, Tl
EANR
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A s RRZLERJE 12 hy B AR Z8E 445 12 h;C.PDTC B 4AE4/E 12 h

1 HAFESFE12 h HAAKERT

2.3 AM 8 = NF-kBp65 &% & ik 4 & 2 5 il 40 47
SR IR e AR K

A 20 45 I (i) i 0t B ZE AML 0 7= B 00 348 o, o 7 A e [1)
T JRT-RBE W0, A WM 2R (P <0.05) , [A]Hf NF-«B
P65 [ F A AN, A B E 2R (F=1033.31, P<0.05),
FLBAE AL I (8] RE <, RIR B Wi g i (F =13.52, P <0.05);
PDTC T [55 20 45 B[] o7 S5 A5 700 £ 9 1~ W 4 [ A1, NF -k Bp65 B 3%
TR S B, R PRI T 5, 28 o e (P <0.05) , &
EASTERTSG , & VB3 R TSR 23 A o 43 ST il 28 200 BT
535 AM JH T2 % NF-kBp65 1) 1k BEATAH G 43 BT KA 56 3
B RS 1, 25 S il 24U BT 4> 55 AM T 34 56 R 4
H7:r=0.6107,P <0.01, B BGFEE S AM JH -3 8
TEARDC ; iU BT 43 5 AM NF-kBp65 A I C R ECh
r=0.8325, P<0.01, Ui W20 U 152 i 5 AM NF-kBp65 (1
FIKBIEMHK, W1,
2.4 AM sPLA, T A % Bel-2 .Bax mRNA #) &%

HEEF 21 4% 5] 7] o 3500 BB 20 sPLA, Il A . Bax mRNA % 5Bl i
B A R R (F =7 123.75, P <0.05), H K& @8 AT
FEK: , IR (F =892.04,F =150.36, P <0.05),Bcl-2
mRNA 5B B R (F =2 827.8) , Bel-2/Bax L (B 7R W] i FRAK
(F=491.7) 45 5B 235 5 (P <0.05) ; PDTC TR 21 45 i fia] 15,
BRiRIZH sPLA,TIA Bax mRNA %% 5B B FEAK (F =777.31,F =
224.44) ,Bcl-2 mRNA #5505 i 4935 (F =39. 68 ) ,Bel-2/Bax HAH
WK (F =137.33) . 2 R0 BEME(P<0.05), %2 K2,

%2 AMSPLA, I A Bcl-2 Bax mRNA fy55%[ D(255) ,n =8 % +5]

415 Bel-2 Bax Bel-2/Bax sPLA, T A
Xof HEZH
2h  0.651£0.036 0.126=0.007 5.179 £0.200  0.039 0. 004
4h  0.654x0.038 0.127£0.007 5.150£0.224  0.039 =0.004
8h 0.642£0.026 0.1230.004  5.157 £0.205  0.040 =0.003
12h  0.644+0.029  0.125+0.005 5.168 £0.215  0.039 +0.004
R ZH
2h  0.604 £0.024* 0.169 £0.010* 3.592 +0.237* 0.098 +0.009%
4h  0.354+0.035* 0.209 £0.012¢ 1.700 £0.179* 0.225 £0.006*
8h 0.185+0.009° 0.306=0.015* 0.606 +0.029* 0.370 +0.009%
12h  0.061 £0.005% 0.400 +0.029* 0.153 £0.016* 0.540 £0.0142

PDTC i ¢H
2h  0.649 +0.026°> 0.067 +0.016* 10.159 +2.2233> 0,052 +0.0092"
4h  0.421 £0.015% 0.166 £0.0112> 2.549 +0.2092> 0.138 +0.019%
8h 0.221+0.020%> 0.260 +0.023*> 0.858 +0.1102> 0.271 +0.0112"
12h  0.079 £0.0072> 0.338 +0.032°> 0.235 £0.029% 0.417 +0. 0312

a: P<0.05,5f4nrk4s; b; P<0.05, 5AER 41k

(HE x200)

M 1 2 3 4 5 6 7 8 9 10 11 12

1000 bp— . _
750 bp— e e R — (3 -actin 825 bp
500 bp— mmmbel < Bax 502 bp

M 1 2 3 4 5 6 7 8 9 10 11 12

1990 bp— T — — — - ——— Ry (R A
;ggtg: _—— . <*EPL/Q]]A 5()%bp

1000 bp—
750 bp—>
500 bp—

L e (3 -actin 825 bp

M 1 2 3 4 5 6 7 8 9 10 11 12

M7l ~4: 588402 4 8,12 h;5 ~8 &A1 2 4 8,12 h;9 ~
12.PDTC k7282 4 .8 .12 h
A :Bax mRNA ﬁ'ﬁﬁi&;B;sPLAz 1T A mRNA #) %% ;C. B-actin mRNA
#) % i4 ;D :Bel2 mRNA # & ik

B2 &KARAMIES Bax sPLA, 1A Bcl-2 mRNA f&Ri%

2.5 AMSsPLA, IT A %k 5 AM NF-kBp65 #) %% 6948
%M
ZIEPERES ,AM sPLA, T A 2K M IESMHS . X AM
sPLA, I A %355 AM NF-kBp65 1) 3R K5 #E 17 A0 5 M 2 #7 J AH
e R BB, 45 RAE R r=0.829 4 ,P<0.01, {51
AM sPLA, [T A 355 AM NF-«Bp65 [{)FiAE1EAHK,

NF-kB & — 7 Z2 R0 e 3 1 1, Head B AL 1 ik
THEATT LAY ALL p i f o S 2R . (258
il NF-«B {if f6 & H i I 8 A 36 J7 B8 J5 17 . NF-
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KBp65 1753k B HE S NF-kB WAL 00, A< 526
R Ik — Yk M TR G LPS 27 AL R, Fe 1] 22 5]
IR ZH 5 %) B 26 i WD Af B . b T, il 28 20U PR
I3, AM NF-kBp65S 114 3¢ 1K 58 i, fili 26 2055 BH 343
5 AM PR K NF-xBp65 12 ik 52 1E A ¢, 1t W ik
BE TSN ALL, FE B PRI 5 AM i B T
NF-kB 3 BEWRALA X6, H & B AM ik sPLA, 11 A #4
AR VE T HE D Bax 3840, P ToFE A Bel2 ik
FEAR , AM sPLA, T A ik 5 AM NF-kBp65 BRI EIE
HHK; PDTC 4k BRZH b A o 28 B (553 % | 3560 PDTC
TESHAR P X LPS Z i 461 475 A WA af B AR 34 . &)
ok L B 20 L T A D B AR 1B Y DR
PA P 20 L T R A 41 2k AR A RO, R 22
Fifie 8 R 7 A BE BE IR 722 k230 PDTC J& NF-«B
R ST AR ) T S — R TR AT AL ) , i
XA P g B B A L T R AR A LT A
FErf g L PDTC Fiab B , sPLA, 1T A k81 i TR,
PR NF-kB (552125 545 sPLA, T A JE[H %Kik,
HAFHAL AT FE sPLA, IT A 335, 3% 15— 26 [ Ah i 4K Py
SMIFFELE ALY . R ARG & B, PDTC i 4k 31
JERIRERIZ  Bel-2 JE 9235 194, Bel-2/Bax LEIY
w5, AM TR R, $278 LPS ¥ S0l fih , NF-«B
AL AM GEAEET- M . BAVFFE KRB LPS S
JiA5L05 , NF-«B 3% Ak, v Mok 40 Jf il 32 3 Fndn 4, o
Mok A T AR 4R R [ B 2 4L 40 g, NF-xB
TS EAL T PR TR ), X ] B T
S RIBRRARTE L SRR BHTIEsg, 3o 1Al
LUHEWT, PDTC AT LPS % S5 AM rft NF-kB (1)
WAk, AT T8 sPLALTIA KL 263k , i sPLA,TIA 45 n
%, Il AML BB A58, ik 3 AML A5 I S g, [ i PDTC

IR LPS i 510 AM HTiA 1= Bel-2 T, AM §
T /0 iR 1 B8 1 NG ; 75 PDTC 3@ i #P il NF-xB %
b, 9 TR R IR 0 A R, AR BT R IR R, 1YY
LPS FREHT R/ 18 R e R

SE Lk
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