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IBEY B HiTHAE/HM-Y-NEHEHS/CSE)RF M/ HHEE MG CIRDFHER.
F ¥ 40 HSD KRBEN A RMBFARA.LIRI 4 .NaHS 4 e N EHE M (PPGIH 4 4 H E LR KRB
JE4z LIRI #£41, NaHS 411 PPG 41 43 | T | 8L 31 B B ¥ 51 NaHS 28 pmol/kg 3 PPG 30 mg/ke; B FRH
LIRI A% F4HiEK 0.5 ml. LW EH /S BM, 80 m % H.S % & .8 AP skiL 8 (SOD) . Bt "Ly s
(MPO)E# A — B (MDA S B B Ml fii 48 8 H,S & & .CSE #& # # CSE mRNA Fik K ¥ ;8 bt R B R
HWHEGRJAR);HUEMALFERE., R SBFARALAUR.LIRIAMFEAMWALR HS KF. HHH
CSE 7% £ #1 CSE mRNA 23X ¥ RE{K (3 P<<0.01), M3 SOD [&1%, MDA.MPO F & (¥ P<<0.01); i Z .
IAR #H (3 P<<0.01);[Hft LIRIAMASFHBHRENAE. 5 LIRI 4 3%, B S T NaHS 4 i 5 #
A4 H,S /K B 4 CSE 7 # #1 CSE mRNA ik F 8 (33 P<<0.01), i ¥ SOD 7 # ,MDA .MPO K&
(3 P<<0.001), B R IAR F&AK (3 P<<0. 01); IR f Al SR B AW R . MMAEA F PPG AN MR, 7T mE
LIRT B B9 i 48 45 (P<C0. 05 8} P<<0.01), &#® H,S/CSE A& THZ 5 LIRI BT R, WAL T
NaHS ¢t i 8 H RPEM .
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[Abstract] Objective To investigate the role of hydrogen sulfide/cystanthionine-7-splitting enzyme
(H,S/CSE) system in lung ischemia/reperfusion injury (LIRI). Methods A total of 40 Sprague-Dawley
(SD) rats were divided at random into four groups: sham operation control (sham) group, LIRI group,
sodium hydrosulfide (NaHS) group, and propargylglycine (PPG) group. The animal model of single lung
ischemia and reperfusion was established in vivo. NaHS (28 umol/kg) was given in the NaHS group and PPG
(30 mg/kg), in the PPG group by intraperitoneal injection before the model was made, while the sham group
and LIRI group were given equivalent normal saline 0.5 ml. The blood specimens gathered at the end of
experiments were tested for the content of H,S, melondialdehyde (MDA), the enzyme activities of superoxide
dismutase (SOD) and myeloperoxidase (MPO). The content of H,S, the CSE enzymatic activity and the
expression of CSE mRNA in lung tissues were measured. The lung/body weight ratio (LW/BW) and the
injured alveoli rate (IAR) were also counted. The histological and ultrastructural changes were observed as
well. Results Compared to sham group, the contents of H,S both in blood plasma and lung tissues, the
activity of CSE and the expression of CSE mRNA in lung tissues were decreased (all P<<0.01); the activity of
SOD was decreased and content of MDA, activity of MPO were increased in blood plasma in LIRI group
(all P<<0.01). The values of LW/BW and IAR were significantly higher in LIRI group than those in sham
group (both P<<0.01). Meanwhile, severe injuries of lung tissues were observed in LIRI group. Compared to
LIRI group, the contents of H,S both in blood plasma and lung tissue, the activity of CSE and the expression
of CSE mRNA in lung tissues were significantly increased in NaHS group (all P<C0.01); the activity of SOD
was increased and content of MDA, activity of MPO were decreased in blood plasma in NaHS group (all P<C
0.01). The values of LW/BW and IAR were significantly lower in NaHS group than those in LIRI group
(both P<C0. 01); the injuries of lung tissues were attenuated in the former group. In contrast, pretreatment
with PPG aggravated the injuries of lung in LIRI group (P<C0.05 or P<<0.01). Conclusion The down
regulation of H,S/CSE system is involved in the pathogenesis and development of LIRI. Pretreatment with
NaHS provides protection against the lung injuries.

[Key words] Hydrogen sulfide; Cystanthionine-7-splitting enzyme; Lung; Ischemia/reperfusion injury;
Sodium hydrosulfide; Propargylglycine
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FE NBEHRALEHS) BRANE -8k
ENOOM—EAKCOZEHE=MEEESH
Fo, ELOME RS H.S FEHHRM-V-NFEE
(CSE)4k ™4 , H,S/CSE &% A& &k i & ¥
JUL B4R I 490 ) ot 466 S 9 AL 48 B (VSMIC) 3 7 !
SXHABHRANIER. CFHLHXRKRE HS/
CSE R4 75 2 # i 65 CALD U g Lk it /75 9
EA/RBLG"SRELBFPHREEAC; B
FHRAMSM /B ERGCIRD PR EEERMN
FKRME, AR PEHEEKH LIRI #1, R
H.S #t#k NaHS ML EA MBI A RFEHER
(PPG) i Ab B, #F 1 H,S/CSE &4 # LIRI # B
F, s R B34 LIRI R H B ML B AKIE.

1 #R5H%

1.1 B H . NaHS (Lot 2326AH028) . PPG,
5-BERR ML B L Bt & R W B % E Sigma A H);
TRIzol g B % H Invitrogen /A &) ;cDNA XA & W
BESH#ERAR; BRA8E KM PCROMix WHX
o8l BB AL Y b 4L B8 (SOD) . H — B (MDA) . B8
SEAYEMPORMANEHWABRERE
Y TERHFRE; KRRAAB AT EF =5,

1.2 BYHHAREBHE . HERSD KR 40 R,
WA, A E 220~260 g, HIBME B3 Y%
FORE HEINBFREE KBS ABRTFAR4L.
LIRI 4 \NaHS #4{.PPG 41,4541 10 B, &% Sekido
ZUO0Re, FRSKMEBAEXSE. M3k
Ze Bt # Bk 30 min, FFR#ATE #EE 120 min EHE
AABRLIRIER, BFRANFE . FHEBIMIT.
NaHS 4 .PPG A 45 FARHM 5 d F 15 min HETE
Bt NaHS(28 pmol/kg, % F 0.5 ml A EH K PO
PPG (30 mg/kg, I F 0.5 ml £ B K P); BFAR
4.LIRI A% H HEESEEEK 0.5 ml,

1.3 RWEREFE _

1.3.1 TREFAHE HERDEHEEE EPR,
AFESBKBUM AL FE K B, FF M B & i 3R E L, 3T
RB(RE=2HRE/ARE) . WREFETH
HEMLZREFBMKBHEBEE 8h, ABTHEDF,
HARER-FARE, HETREHALRERE; R
A—BWAETHALHR_EEE  BRME-HRE
WH,4 CTREATHENE  HALWHL MK
BEF, ATFH &AL 5K #4T CSE mRNA #
Wk R-B &8RN (RT-PCR),

1.3.2 M¥+ HSHRN. 2B IR HERR
BiREMEmE HS &,

1.3.3 R4S+ HS F8&A CSE BHARN . R
KB ALAHSHATR, ZRIXR" HEBRHRE
Bk i 2 B 4R H,S & B0 CSE &4, i+ ® H.S
R, 4R nmol » min~! » mgT ' F R, AL H
CSEFHUBZERARELNEMNAR HS #
# (nmol/min)Z&E R,

1.3.4 JF4A4 CSE mRNA #iX M &E & RT-PCR
W ELRLBRETRMUE RNABHRER
cDNA.#47 PCR R . B PCR =¥ # 1T 5 &
Bk, RIEZERE EEBRRNBABRIFRES
R UBNFBEL Gactin)ffEARNSR. HERERG
4y B % 47 CSE mRNA #i B-actin IR )¢ & (A4)
&, 4 BB %% CSE mRNA A {5 fil B-actin mRNA
AEH(ERFE CSE mRNA R &,

1.3.5 I1% SOD.MDA.MPO & B KW .H &K
M LR B I 3 P SOD 4 AR E L 2B
(TBAYB: M€ M + MDA & &; i i % 0 & i
¥ 9 MPO it BB &AM &R BH#HTT.

1.3.6 MALUREFME LETURMAL KA
% # Murata A FE B, F 200 5 F HESE
WME 10 M B & 2 MU LI AR A AR
il ¥ R g 2400 i o) 3, BB Bl R 4R 45 & (TARD L 4E
F IR RE BRI, BHEET WEMA
STk,

1.4 Giit% k. R A SPSS 13. 0 Gt & 4174
. FEREEHTESHERR, BHRLRESE
() FER. FHUARFHRLBEHTHEFUERR,
FAHEEHFESH (one-way ANOVA),FH H
¥R A LSD &%, AR H X4 R A Bivariate
i B K Pearson XMk, HEENRA R
B, P<0.05 RERARITFE L.

2 & R

2.1 BHAKBEMAZAYAIAR B (FE 1) LIR],
NaHS.PPG A Z . IAR B EH FRFER4H,
NaHS 4% LIRI 4 B & (&K, 71 PPG AH BB H
® (P<0. 05 5 P<<0.01),

2.2 HANRAWALAHS SEHHBRGED:
LIRTEmMEMHHALA HS SEHRFRFRE,
NaHS 4 B & & F LIRI 4,PPG 41 8 F /& F LIRI
41 F1 NaHS 4 (P<<0. 05 &, P<<0.01).

2.3 FAMALR CSE E# Kk CSE mRNA FEikK
W GE L;E D LIRTAXRMAS CSE FiER
CSE mRNA £ EFBRFAA,NaHS A B F
LIRI 4 fi PPG # (P<0. 05 & P<0.01),
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£1 FEEARMHREN.JAR R %A AL H,S &1 .CSE E# .CSE mRNA XM HEB (x+s)

- 1AR mn¥EHS &% WHEAHSSK 4 4 CSE % #: AR CSE
am BN BRNK %) (pmol/L) (nmol/mg) (nmol * min~! « mg~1) mRNA F#i&
BFERA 10 4.4540. 26 14.914.2 46. 78+8. 64 362.52424. 37 0. 256+0. 054 0.414+0. 017
LIRI 4 10 5.3640. 45° 45.8+5. 8 25.1445.13° 303, 81122, 03¢ 0.17140. 042 0. 384+0.016*
NaHS 44 10 4.8440. 27* 26, 94:5. 2% 49.4749. 35° 407. 62+ 32. 57° 0. 37310. 064¢ 0.43240. 014
PPG 4 10 5.8240. 21 56. 416. 9 20. 33£3.23% 272. 37 30. 09%¢ 0.09140. 0234 0. 3654-0. 009

B 5BERE K, P<0.01;5 LIRI 4 H 4, P P<<0. 05,°P<C0. 0155 NaHS 4 H ¥ ,4P<0. 05,°P<<0. 01

@:BFEARD

®:LIRI4; ©:NaHS#4; @.PPGH

2 BETARSEXREERENEH @BRE-HBBNR, X12 000

M :Marker; A {8 £ A4 ;B;LIRI 4 ;C:NaHS 41 ;D:PPG 4
B 1 RT-PCR ®¥ &£ XM CSE mRNA %%

2.4 RAXBRWEA/TELRTENTLGE 2.
EBFEARMAHLE,LIRI 4 % SOD & # 8 1K,
MDA & &1 MPO &3 B & ¥ & (3 P<<0.01);
NaHS 4 SOD & # B % % F LIRI 4 #1 PPG 41,
MDA #EBM MPO FH#H BB EM T LIRIAM
PPG 41 (P<0. 05 8 P<0.01),

%2 £AKXRMYE SOD iEFH MDA &R MPO

EHEBGLs)

A%  FHPHK  SODW/L)  MDA(mmol/ml)  MPO(U/L)
BFARA 10 145.39419.77  5.74+ 1.69  24.46%12.77
LIRI 4 10 103.02435.83* 39.38% 9.12*  200. 67+40. 10
NaHS 4 10 143.14422.21° 14.66% 5.72° 108. 1046, 20°
PPG 4 10 68.45412.09% 52.02+11.34% 246. 624 26. 94

. 5BFAREHE, P<0.01;5 LIRI 4 & ,*P<0. 05,
P<<0.01; 55 NaHS 41 8 ,°P<0. 01

2.5 RETUEMALWELE . BRFRAWAR
GiHI TR, B ARAE MK b . LIRT 4 i (| i K i, R
B, Bl A AR A BB T . NaHS 41 i 18] J3 7K e 38k
B.MEBEAMARRENSFR LY. PPGA
i 5 J5 B S 7K P i ) % 360 P9 AR ik 4 B R 15

IHRER, RS EHBEESH.
2.6 HETHEMASEHRENHEWE 2).BF
REFH TR A AT 1DTKM, KBk
TR BAEEF K2 NMMEALEEESSE
WO LHESHA., LIRTAH AT I 40K Rb, BB HE
VR BRENMBEBS . ERER:BAEHE.
NaHS 4 AT I i85 Z KM, &2 /Mkiz 3h B 40
B — W AT B AN 2 3 s B MR HES R BB IR %
REHEWA . PPG A AT I AR BKM, BR 1k
i RBAMEB B, 2BRENMHEE AR H
B.EREH MAERE.
2.7 MXHELSW-m¥ H.S 5iFHAR CSE 1 H,S
BIEMXG,=0.778,r,=0. 747, P<0.01); 1 %
H,S 5 SOD B EFM %X (r=-0.878,P<0.01), 5
MDA £ i #% (r=-0.890, P<<0.01); Il ¥ H.S
EmMEHRERME(r=-0.703,P<<0.01),5 IAR
BHMEREGE=-0.796,P<0.01),
3 i #
LIRIRREEHIERBEARERENEER
BB, NHEBRTENHAR—ERANREHR
BRAEGE LM REEFENAPEHRLE " F
HEZYHMARA, EREXITELRE AN NO K
V. REAEHEKE BEREALEMLRM. TR
EAEREREEHEBRE QR 3(caspase-3)
mRNA MIEARE, ATiMH EEEEMARS
MR ERET, B2 LIRI, BES S HMARA, A
SEHREMH A LIRI MR A T-% H Bax Rk, ¥
B Bel-2/Bax Hoff, M TR/ 40 a8 -, W82 LIRI,
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EHFLIRI 3—FEZNRELE, BEBERIT
RFWEFIBI MR T EREBTHLE,

BEFEREZAHRIEL, ABRESKEESSFF
NO 1 CO AR MA WFFE&4& REEEAEHT
T%KE, 257 LIRI R4 % BHRET BN,
FOEHINT AR HS W E=MSKGEE4T.8
HFH2 5 SR REEET R TR BRI H
B-#K. AR RETH/SMEEHS BE
HAFEENR AL (R, ZEATRSHEL
360 W P P R 40 e A BB o BE A R AR R B A
R TF#NO/INOS R &, £l CO/M 1 % & 4 8-1
HO-DERE—FEXR. BENFHS#ELIRI§
MEEEAMNRLHRE.

ERRER, SBFRALE,LIRI 4 CSE &
PEFEAR, H.S KFE T M, B REGIAR AL AR
EEEWHABRE,. B2 /R SRWNARHRE.
i %4 F NaHS J§ H,S/CSE %% L8, B CSE 1%
PR H.S KEF 8, Fad i R B IAR RIS S
# & 7~ LIRI B B i it 83 45 2 5 T B 56 44 F CSE
M #I3) PPG Mi# R ,CSE & HERE MK, H.S K ¥ T F&,
LIRI #—%mE . #/7R H,S/CSE 4 & T LIRI
REIBRAE—EMNER,MATF—EEBK NaHS
AL RERPER KBS R+HERE AL
Keh W T Mm% SOD M MPO #&# & MDA & &,
NaHS 4 ffii 3 #ft 41 R H,S K FH#, Rt SOD K
F-F 8 MDA .MPO 7K M1 ; T PPG 4 fi 5 #1 i
4 A H,S K&K, 7 Bf SOD K ¥ B %, MDA,
MPO K ¥EF & XAt B, ¥ HS KF5
SOD K2 IEAMRK,5 MDA KFE2RMRK, KT
840 ,S0D &—F IR MR B B EH R A L,MDA
205 B E Ak R BB F MR AR  MPO R BT ks
PR EERE. #7 H,S &35 800 3% 5w
RMHMER, 5EBEHRALERRE—BHN,

LIRI B i 4 41 CSE & #£F1 H,S K ¥R KA 7T
BEJRHE . — b &2 LIRI B Bl 4 SR 8 ¥ 1 & R K
TCSEMAEYERE N\MFEMALR HS ERT
P& s & BFST R H,S #1 NO B A th H % R, LIRI &t
NO REZMATREFEIFH HS REEYFHHNT
2, B—rE.EEHRENROEAT AR
R CSE EEEHZKEIRTH. FHRERX
% 8% ,RT-PCR 8/5~,LIRI 41 CSE # 3k ¥ 8
BEFBFARA, NaHS %S CSE mRNA £
3% F CSE ¥t , 3+ W f 8 i XF 41 &40 BL 8% 1L %
MIEAREERPER.

GLERR.AHRLEREYN HS/CSEKEY
BTRELRINFEIBITE —EWEM;—
BB H,S(NaHS) 8 8 H,S/CSE & £ M %t b
AHAREFRH/ER,PPG Nn #— M HE RN
T BB 1 0 B4R 4
E Pl
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