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HE] B g a2 5L P R (PDTC) X HE 21 (LPS) 53 19 2 MEBti5i 45 (ALD) /N Uit
VAR I R BRI BE MR  FT 5k SR BENLECT- 2005 40 HUHEPE Balb/e /INER A3 A 3R K (NS )X iR
LPS #5920 | PDTC 201 PDTC+LPS 41, 55240 10 Ho IS LPS 15 me/kg 755 ALL/NRARY ; PDTC+LPS 20
FEEG LPS 7 1 h EFEES PDTC 50 mg/kg #F4THIAREE ; NS X BRZH AU s 73 54 NS 0.1 mL, PDTC 4L{XIE f v
I3 PDTC 50 mg/kg. i85 24 h J5 A58/ NI A 21, 07 AT R £ T B It ZH 2L bt 48 A RE I (T-A0C),
SR PR A 0 LY 22 R v 22 i ZH 270 1% (MDA ) & 1t , SR FH 8K 11 5T S 782 B8 5% (Western Blot ) A6 it 21 £
ALY AL (SODL ., SOD2) Flid Ak 2 (CAT) M F3R5. B Iid U8biik, R PR M 1 9 ER
W7 200 8 LR = B AR TT (ATP) & 1, SR FH 2 FHIH R 2 2R AR B L A6 ( A W), SR FH R 53 — TR Tl
BEN (RT-PCR) K 2R AR A EE 2R 11 (UCPs) 1Y mRNA 63k, 558 LPS J30AT I Wil /1N B 41 4R
FEBHEOK -, SEE PRI ARG , B4 2] T-AOC H1 SOD1 7K 14 335K, MDA /K- Fh , kiR ATP
A, A Wm T, UCP2 mRNA B &AL ; MifiliZ141 SOD2, CAT ki f& UCP1, UCP3 ik G W B 48
fbo %57 PDTC FlAb BT B 5 22 i LPS 755 0 il 4 U 4SA AR N ORI & L Il SR IR D BE A, 5 LPS A7
2H AT, Il 2 2R T-AOC B B & (Ulg : 0.35+0.08 1 0.31+0.07), MDA 7K F- B B T % (umol/mg : 13.29+1.13
kb 17.54+1.72), SOD1 & #1508 FH 7 (SOD1 & A« 1.13+0.11 H 0.71 £0.09), A7 A& ATP A A .54 i
(umol/mg : 49.23+5.42 [, 36.92+2.21), A Wm BTt (mV : 226.03+11.69 Lt 194.86+7.79), UCP2 mRNA 3
ISHTE TS (272291 0.88+0.06 L 0.73+0.04), 22 5B e it 2 X (3 P<0.05). 14k, PDTC B kb B
I /N AT LU A B Al | W S A 3 AR R 2R AR ATP & EITET, 5 NS X B2 3%, 414 T-A0C
BT (Ulg: 0.49£0.09 Lt 0.43£0.06), MDA B % (umol/mg : 10.27 £ 1.25 Lt 12.17 £ 1.36), SOD2 £l CAT
I FRIE BT (SOD2 #E 14 : 1.33+£0.08 1 1.00+£0.11, CAT 2 11 : 1.39+0.08 1t 1.00+0.11), k4K ATP
A N BN (umol/mg : 61.53 £4.92 . 53.33£3.20), 22 946 G it 75 L (3 P<0.05) ; {HXFi414H SOD1
FARIBRLRR A Wm Al UCPs mRNA FILTCHH W2 4518 LPS Wi S ALL/NEUIZHZUR R 3, I
W ATP & B SRR D REREAS ; PDTC FiAMHEXS LPS i S/ ALL /NS AL 8VA S A, nldz
LRI REFREAS o
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[Abstract] Objective To investigate the effects of pyrrolidine dithiocarbamate (PDTC) on oxidative
stress and mitochondrial function of lung tissue in mice with acute lung injury (ALI) induced by lipopolysaccharide
(LPS). Methods Forty female Balb/c mice were randomly divided into normal saline (NS) control group, LPS model
group, PDTC group, and PDTC+LPS group, with 10 mice in each group. The model of mice with ALI was reproduced by
intraperitoneal injection of 15 mg/kg LPS. PDTC was administered intraperitoneally with 50 mg/kg PDTC 1 hour before
LPS treatment in the PDTC+LPS group. The mice in NS control group was given intraperitoneal injection of 0.1 mL NS
only, and those in PDTC group was given intraperitoneal injection of 50 mg/kg PDTC only. The mice were sacrificed
at 24 hours after model reproduction, and the lung tissues were harvested. The total antioxidant capacity (T-AOC)
of lung tissue was measured by spectrophotometric kits. The content of malondialdehyde (MDA) was determined by
thiobarbituric acid reactive substances assay. The protein expressions of superoxide dismutases (SOD1, SOD2) and
catalase (CAT) in lung tissue were determined by Western Blot. Mitochondria from mouse lungs were isolated, and
adenosine triphosphate (ATP) synthesis was measured with a luciferase/luciferin—based approach. The mitochondrial
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membrane potential (A Wm) was estimated by using Rhodamine. The mRNA expressions of mitochondrial uncoupling
proteins (UCPs) were determined by reverse transcription—polymerase chain reaction (RT-PCR). Results LPS
stimulation could significantly increase oxidative stress in lung tissue of mice and lead to mitochondrial dysfunction. The
results showed that the protein expressions of T-AOC and SOD1 were decreased, the level of MDA was increased, the
ATP synthesis was decreased in the mitochondrial, the A Wm was decreased, and the mRNA expression of UCP2 was
decreased. However, there was no significant change in the expressions of SOD2, CAT in lung tissue and UCP1, UCP3 in
the mitochondria. Pretreatment with PDTC could obviously alleviate the increase in LPS—induced oxidative stress in lung
tissue and mitigate mitochondrial dysfunction. Compared with the LPS model group, T-AOC in lung tissue of PDTC+LPS
group was significantly increased (U/g: 0.35+0.08 vs. 0.31£0.07), the level of MDA was significantly decreased
(umol/mg: 13.29 +1.13 vs. 17.54 +1.72), the protein expression of SOD1 was significantly upregulated (SOD1 protein:
1.13£0.11 vs. 0.71 £0.09), ATP synthesis was significantly increased in the mitochondrial (umol/mg: 49.23 £5.42 vs.
36.92+£2.21), A Wm was significantly increased (mV: 226.03+11.69 vs. 194.86+7.79), and the mRNA expression
of UCP2 was significantly increased (27**“: 0.88£0.06 vs. 0.73£0.04). The differences were statistically significant
(all P < 0.05). In lung tissue of normal mice, PDTC treatment also had the effect of anti—oxidizing, reducing oxidative
stress and promoting ATP synthesis in the mitochondrial. Compared with the NS control group, the level of T-AOC
(Ulg: 0.49£0.09 vs. 0.43%0.06) and the protein expressions of SOD2 and CAT (SOD2 protein: 1.334+0.08 vs.
1.00+£0.11, CAT protein: 1.39+£0.08 vs. 1.00+0.11), and ATP synthesis in the mitochondrial of PDTC group
was significantly increased (umol/mg: 61.53 £4.92 vs. 53.33+3.20), MDA was significantly decreased (wmol/mg:
10.27 £1.25 vs. 12.2741.36), with statistical differences, but had no effect on the protein expression of SOD1 in
Conclusions LPS can induce ALI in
mice, increased oxidative stress in lung tissue, and induce mitochondrial dysfunction by inhibiting ATP synthesis. PDTC

lung tissue and A Wm and UCPs mRNA expressions in mitochondrion.
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pretreatment has anti—oxidative effect on LPS—induced ALIL and can mitigate mitochondrial dysfunction.

[Key words]
ndialdehyde;

Acute lung injury; Oxidative stress;

Superoxide dismutase

Mitochondrial dysfunction;

Antioxidant capacity; Malo

Fund program: National Clinical Key Specialist Construction Project (2011-873)

VRN (ALD 2 g Bl . v Stk
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ViR BEREIR , B R P 2 PR s B R Al 41 4,
ALY ZVENEE 30 2551 (ARDS) B9 & L] -+ 4
52 4%, BT JC A ZLT B RRAS 10 i 0l o S SR Al 1
IR

M ot — A 1 22 56 FH R g (PDTC) J2 Bt B 4L
HW, B — A R AL 5 T —xB (NF—xB) il
HIF S A ROR, BLLE NF-«B i 6 T LI %
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1.2 o AR 2% - o8 40 H/N Bk HR B AL
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5 LPS 15 mg/kg (35 [E Sigma A H]) BT 15 S ALL
/NEAR Y s PDTCA+LPS 240 T HE i 4 LPS /i 1 h 18
Ji 1 5 PDTC 50 mg/kg CFf PDTC i £ 25 18K
JE[H Sigma 2~ F]) FEAT AL 5 NS X BE 4 A MR i 13
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(FHS : 2016-LW-128),
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1.3.1 g SV AL RIEOK A < BUZERTZHE 1 ¢,
HIA 9 mL NS 46 2)3 , 4 “CES.C 10 min B ETFH
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Wi AR A B ) Rl il B4t A AR J1 (T-AOC) 5
R ARG T LG Z WA N 1 (MDA ) & 6, #24F
FRn & (R s A BRI S i) BT B2k 4T
PL T-AOC F1 MDA PFA i 2 2L S AL R IOK -
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T (ATP) 2 1 5 SR 2 FHBH VL I 5 2 b A 5 e 437
(A Wm), #AEHLH & (35 E Sigma A H]) BT
YEAT o i BEH R AR B A I B o
Ji , il 2 ORI L, I A FHRR YL, N 96k
JE TR I S 7 20 DR E . DL ATP & i Bl
1A Um PHARZRRTIRE

1.3.3 & H AR B (Western Blot) 6 i il
20 418 A Ak W 5 AL B (SOD1 ., SOD2) K it 48 Ak &
fitf (CAT) (2R 23k - AR A B U5 (92
Thermo A 7)) $EHUITZH 22K 115, FH BCA 00 7 B
FIVRIE . 2T T he SERR AR — 2R D s Ik e v s Hh vk
(SDS-PAGE) 73 B £ 111 51 (30 ug), SR S5 ¥ 85 H 6 78
R w5 ZM (PVDF) i E . S S5 —HinE
( $t SOD1 Hifk (ab20926 )., 1 SOD2 Fifk (ab13533),
PU CAT PUik ) VRS, 5 ZBi & (1t i 2 1l
454 1P/ R 1eG Btik). UL B- W&l
(B —actin) fE A NS B, W HER T A2 (NTH) #E47
FE LT, DA B KBS NS RO BE(E Y L
EHARHEARRE,

134 St sk - RAMEEE RV (RT-PCR) 7 i 2H
LU FRIK 1 (UCPs ) (9 mRNA 35 ;{8 F] TRIzol
IR BB ZUA RNA, S5% 5 ASE—4% (cDNA ),
FR /N R 3L R 81050115 14 5.0, AF= A= 3 1 7=
Y. 4 B —actin ME 8 GEE M, [ 5L KUK Fi
HEAL. PCR 2454 :94°C 40's, 60 °C 30 s, 72 °C
355336 AR, SR 2700 BT F 41 41 UCPs
i) mRNA A&,

1.4 Giiteg)rek : B SPSS 17.0 B4k 7 481 2#
7M. K H Kolmogorov—Smirnov X E R AT
IEASTERTSS , IEZS A 3 T PR AR + bRl 2s
(x+s) Fon, AL R Ducan ZE KK, #F—
AWK ¢ K. DL P<0.05 NMESFA G

YN
=29 = 588
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SOD2 i iy, - A
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SOD1/p —actin
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2.1 JHALUEANOK T (R 1) : LPS JIUS , /)
BRIt ZH 2 S8 AL K ST BH S e, 26308 T-AOC BH
AR, MDA ZKF- B 5 5y, 55 NS G RE AT s 22
SAH G EE X (3 P<0.01); 4T PDTC Hikb 35 ,
fili 241 T-AOC % LPS A2 B 2 755, MDA /K-
B LPS BERU L B R [ (¥ P<<0.01), i PDTC
X LPS 55 1 ALL /N BRUB 41 20 5 A He A Ak 7R .
AN, PDTC A fitiZH 4 T-AOC % NS X B 2H B i Tt
fa1, MDA 7KF-4% NS X BEZH B & R % (1 P<<0.05),
ULAH PDTC XF1E /N UGl 20t B B f AR o

# 1 PDTC F4bEXT LPS 55 ALI /MR

Bifi 4B R A R FK RIS (x = 5)

2051 FPE(H)  T-AOC(Ulg) MDA (pumol/mg)
NS X HR 41 10 0.43+0.06 12.17+1.36
LPS fRAIZH 10 0.31+0.07% 17.54+1.72%
PDTC+LPS 41 10 0.35+0.08"  1329+1.13"°
PDTC 41 10 0.49+0.09° 1027+1.25%

T : PDTC g e — G SE R , LPS NARZHE, ALL
AR, NS NAEBEER K, T-AOC Ny M4 ALAE J1, MDA N TH
TR 5 NS WL AR, 2P<0.01, PP<0.05 ; 55 LPS IR A,
°p<0.01

2.2 filigh4! SOD1,S0D2 ., CAT By 13k (K 1)
LPS JJ# )5 , /N ZHZE SOD1 45 P 263k %8 NS Xt
ZH B BRI (P<0.05) ; SOD2, CAT & 113358 NS
X IR WA T R, 22 S RS it L (34 P>0.05).
257 PDTC fikbH 5, iliZHZY SOD1 8 K IAH LPS
5 20 B 53 T 5 (P<<0.05) 3 B8R PDTC fii i) T 1
8 SOD2 Il CAT F H#KiA  HERY TR I E X
(¥ P>0.05). Uil PDTC GERGN SOD1 ik, %f LPS
W) ALL/NUITZH LA SR IR T . otk
A1, PDTC ZHiliZH 4 SOD2 Fl1 CAT £ #3858 NS Xt
HEZH I B TH (34 P<<0.05), Ui PDTC A4 38 1F 4
It A A N e 1 R

1.33+
1.6 ; 1.6
0.08%
L4 T 1oox Lar
2 1.2F 0.1 0.89% 0.94% = 1.2
5 0.09 0.06 =
s LOf S 1.0F
! i
o« - -
= 0.8 = 0.8
o
A 0.6 [:c 0.6
2 04l © 04}
0.2 F 0.2 F
0
NS  LPS PDTC+ PDTCH NS LPS PDTC+ PDTCH
AL BRI LPSY w4 LPSYL
o 205

SOD1.SOD2 M8 A WL ALEG 1.2, CAT Jad AL A, NS M EREERIK , LPS g 24, PDTC Ak e — a2 L FH IR R
B —actin %7 B - WIEHEE [T 5 45 NS AT BILLILEE, 2P<0.05 ; 55 LPS A4 LA, PP<0.05

1 FEAFGEENTREE (Western Blot) #0145 2H/N U121 SOD1.,SOD2 F1 CAT [ ER ik
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23 ALZRARYIRE (3R 2) : LPS B, /MR
il 20 2L 2 AR T RE B A, 2 Bk ATP & 1l BH 2 08
B, AWm B RFE, 5 NS X IR i 22 A giit
RN (4 P<0.05) 5 45T PDTC FAbFE 5 , ZebifA
ATP & LPS #ERIZ B B34, A Wm % LPS 5
RIZH B B (3 P<0.05). Ui PDTC i b 38 ]
DIV LPS 75 5 A ALL /)N BRI 41 23 26 b7 1A 3 i i
fiF. ULAh, PDTC A KifR ATP A B NS X) HE 41
B BN (P<0.05), A Wm % NS X BRZHBE A T [
(P>0.05), UtB PDTC BEMEIE TN I it 41 21 ok A
ATP (G B ABIEARERZ I A W,

%2 PDTC FisbiEx LPS 55 ALI /MR

P 2B LR e R R T BE IR (x £ 5)
g5 Bk ATP & &F JEE R
((ED) (umol/mg ) (mV)
NS X B2 10 53.33+£3.20 233.83+23.39
LpS 2] 10 36.92+2.21° 194.86+ 7.79P
PDTC+LPS 4 10 4923+542° 226.03+11.691
PDTC 41 10 61.53+4.92% 229.93+15.58

T« PDTC SR b — Bt L T s, LPS WK ZH, ALL K
PR NS Syt B K , ATP Sl BRI T 5 5 NS % HEAL Hege,
ap<0.05,"P<0.01 ; 5 LPS BifIZ] He iz, ©P<0.05, 'P<0.01
2.4 JifiZH41 UCPs ) mRNA 323k (& 2) : LPS #il %
J&  /NEIZHZE UCP2 mRNA #3558 NS X B 2H B i
TR (P<0.05) ; UCP1 A1 UCP3 1) mRNA £ IABSA
e g, 022 R TG it 08 L (B P>0.05), 4T
PDTC FiAbH5 , ffiZhZH UCP2 mRNA A% LPS 4
RIZH B B TH i (P<<0.05) ; PDTC X§ UCP1, UCP3 )
mRNA FihA —E Wi ad B2 5T E
X (¥ P>0.05). ¥ PDTC AT F 3R ALL /)N BUI 2
21 UCP2 ik, PDTC 4 UCPs mRNA #ik5 NS X}
MRH L8 25 ¥ T Ge T2 28 L (34 P>0.05), i ]
PDTC X 1E 3 Afigl 2R UCPs AT i

1.00%
0.12

UCPI mRNA (2722¢)
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xof A2
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S il 4 2R A SR R O S NF—kB & —Fif
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il LPS 5 5 ALL K Bl NF-xB A9 75 1k, Ik 2> 9% P 4
i R R, DR I AL 4 S R N . AN BN
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SR, Fe Bk T-AOC B R RFK, MDA ZKF-8 &7t
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5 PR AE S B WG, BN SOD1 ik B & FEAIK,
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Ko 37 58 M W HE VR W (BALE) F i SR AE I 1 -
(TNF- o ) F1 148 B A 2 (IL-1B . IL-6) 7K °F- 34 1]
T ML SOD /KPR, TEAW5E
ALL/NRAf 4140 SOD2 %38 F R Geit#3 3, nl
A5 /AR SOD1 =224 A 7E 40 L5 (/5 91%),
MM SOD2 = B0 A5 AE LR A L 5, L8k H A ok 4/
SRR S, SRIBAEVUBIT BR W AP
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B AN PR IR
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B I U i b SR B B 75 R Y NF-xB
PO, DT i S E AR AR, o — D e 2K
A9 b R ATL ARG D o B . BRI 0 3 ORI SR S
TEARMFFE A TR E], PDTC FALFE AT $5 AL
/NEUIZHZY T-AOC, FEAI MDA 7K, &8 PDTC X
LPS i 309 ALI EA S8 /EH. [HE, PDTC Af
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AR S AR A A R AL/, SOD2 Fr b
4345 SOD1 RIR], LK )y i A o, T2
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ZEF SR FIIHAERERS > G B BB R R (et
TNF-« | IL-6 2 11-8 % K Bk, 3 8 e pi ik 1)
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7, RO B AR R A Wm [FEAIK, Rho A5G
B ek R, NF-kB p65 261k FIRITFAZ N .
Varela 25 3238 , 75 KN Bz 5 A o v, k4835 5
R, UCP2 TR AT R EEZAEM . UCP2
] A2 i C4 2ok PR, TR Sk AR AT AR
P ARBFSE R, LPS BB /N BUT 4141 UCPl
UCP3 mRNA 55 NS X R4l £ R LG 24 =
X, A[fE 5 UCP1 A1 UCP3 ¥ RS SRR D fE,
[IE S AT AN 3 a1 SIOR IR = B S

BRI RERAT AT REE ALL 1) E 2R, L,
W LRLAR Dy g v] LUE S — T8 AE /) ALLIR YT 7
o SRHERESED ARl i LR RS RS S A
Fo T 20 L A5 A IR ok AR T LAk il i . AEAR
WFFE R, FeATTR A PDTC i Ab B0 6 NF-«B 751k,
W T LPS W SRR D BE RS, ULHH PDTC 7E
LPS 550 ALL H EA R ER .

ZE LTI, LPS Al ALL /N R4 84 Ak 1
OR300 a4 ATP A B S 35 2R R A T BE
5 5 1 PDTC FALFEXT LPS i S8 ALL A Y a8 LE
FH AT LABH S gl B RAR D e B i . A IR ALK 7
Ji S 5T TP AT NF—xB 3% KRB, DA E— A2 UE 5K
NF-«B 7£ ALI T FIVER & PDTC XF ALL R4 L] o
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