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[ Z ]85 PP Amb AL BE (Ischemic preconditioning , TP) XU IETF- AR GRS EFR (Deep hypothermic circulatory arrest,
DHCA) TR PSR . 77 i . 24 RGN 4 41 5 FUASMIEIR (Cardiopulmonary bypass, CPB) B 4H (FEZR4H , n=
6) Jolili IP 1Y) DHCA £ (4 BEZH , n=6)  B.4lifiifi 1P i DHCA 2H (IP-1 20, n=6) F0-& FF Ml 1 A2 AL F A DHCA 4 (1IP-2 4, n=
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107K LA K ML A SR A b CD18 (YA (R, THE LA/PA {BLA It X R CHAE A Jot 5 RIS 11 4 M a5 BB/ N BRIt 4 41
MR TE L, 2% .(1)4 40 CPB J5 TNF-a ,IL-8 F1 IL-10 /) LA/PA {33400 ; A% IEZR 4 TNF—o XJ LA IP-1 41 CPB J5
1 h SN, IL-8 % HEZH CPB J5 Wi S F0 IP-1 2H CPB 4558 B %) 535 141, IL—10 #5525 T 15 R0 BRZH  TNF—o {1 IP-2 2H
CPB J5 1 h SRR, 1L-8 . IL—10 T IP £H# 3 FA% ; (2)CPB J5 SAZ A0 F CD18 A (E Fo B 1% B4 B Ak, T rp
KA I CD18 k(B LA, IP-1 41 CPB J5 1 h FIXJHEZL IP-2 41 CPB J5 T fi 35 58 2 0AA% ;  AFG BLER 24 SR 4 i - i AV
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) DHCA 21, Xl oy se AT AT g PRt 4

[ SR8EIA | RARIRASORER ; B i FUah 24 5 ke o, -8 T 2 475

[ FEBEHESHEEDZES |R614;R654.1 [ XHktRERD ] A [ KFs BH 12011-04-10

The experimental research of lung protection mechanism in deep hypothermic

circulatory arrest cardiopulmonary bypass
DONG Liya' ,ZHENG Jinghao® ,SHI Sheng',WANG Limin',YUAN Zhongxiang'
(1. Department of Cardiovascular Surgery ,the First People’s Hospital
2. Department of Cardiothoracic Surgery ,Shanghai Children’s Medical Center,School of Medicine,
Shanghai Jiaotong University)
[ Abstract]Objective . To investigate whether lung TP for a short period prior to surgery is sufficient to prevent symptoms of lung
ischemia reperfusion injury (LIRT) ,especially the inflammatory response. Methods:24 piglets were divided randomly into four groups:
regular CPB reperfusion group (baseline group,n=6),DHCA group without lung IP (control group,n=6),DHCA group with single
pulmonary artery (PA) perfusion twice in the lung IP process (IP-1,n=6),and DHCA group with lung ventilation together with PA
perfusion twice in the lung IP process(IP-2,n=6). Blood was simultaneously drawn from the left atrium(LA) and thepulmonary artery
(PA);The levels of TNF—a,IL-8 and IL-10,as well as the adhesion molecules CD18 on leukocytes, were determined. As a measure of
the pulmonary release,ratios of LA/PA levels were calculated.A piece of lung tissue was taken to measure the wet to dry lung weight
ratio(W/D) at three time points. Results; (1)The lung itself significantly produced more TNF-a ,IL-8 and IL-10 after CPB in each
group ; Compared with baseline group, LA/PA ratios for TNF—a at 1 h post—CPB in both control group and IP-1 group were signifi—
cantly increased, the ratios for IL-8 in control group after CPB and in IP-1 group at the end of CPB were significantly increased,the
ratios for IL—10 in other three groups were all increased ; Compared with control group, LA/PA ratios for TNF-a in IP-2 group at 1 h
Post—CPB were significantly decreased, the ratios for IL-8 and IL.—10 were all significantly decreased in IP groups.(3)Compared with
Pre—-CPB,LA/PA ratios of CD18 on monocytes only in control group significantly decreased after CPB,whereas ratios of CD18 on

VEENGE. 4 T (1978-), &, £ 4 EIF AL, PolymorPhonuclear leukocytes(PMNs)in TP-1 group at 1 h Post—
R ) AR SR T 64 B 2R B CPB and in both control group and IP-2 group after CPB were
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ratios of CD18 on monocytes in control group after CPB and in [P-1 group at 1 h Post—CPB were significantly increased,the ratios of

CD18 on PMNs in both control group and IP—1 group after CPB and in IP-2 group at the end of CPB were significantly increased;

Compared with control group, LA/PA ratios of CD18 on monocytes in IP-2 group and ratios of CD18 on PMNs in both IP-1 and IP-2

groups at 1 h Post—CPB were significantly increase.(4)Compared with Pre~CPB,lung W/D ratios in both control and IP-2 group after

CPB and in IP-1 group at 1 h Post—-CPB were significantly increased ; Compared with baseline group,ratios in control group after CPB

and in IP-1 group at 1 h Post-CPB were significantly increased ; Compared with control group,only in IP-2 group the ratios signifi—

cantly decreased. Conclusion ;Our data indicate that DHCA aggravates lung inflammatory response during CPB;lung IP has a pro—

tective effect in LIRI during DHCA ; moreover, maintaining ventilation together with PA perfusion in the lung IP process during CPB

trends to excel single PA perfusion.
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Jili ke 1f AL PR (Tschemic preconditioning , TP) X fifi 5 1L 75
FE 5145 (Ischemia reperfusion injury , IRT) BOPR3EFH E B UE
SEU AKSMIEFR (Cardiopulmonary bypass , CPB) AKIRISAEIR
(Deep hypothermic circulatory arrest, DHCA ) B Jiti 28 [ 52 4= )
B PR, 2% DHCA Fif S5 A Wil IP i i,
PG 1P XF O METFAR DHCA Hhr i 19 i A s i

1 #RFT*

1.1 ¥t

Sarns 7000 LHL(USA) 5 BE=E A #8 (AT VLT ) ; SN-
695A HIB BB G v M (_1IfF) s Epies XL 5 240 4L
(USA) ; TNF-a T8 . TL-10 i Ak 5 & (AL 5 A=Wk T )
F1A0 i CD18 2% 34 (i U =X 20 I - B 15 AR A I (351
BD Biosciences Pharmingen /L\\ﬂﬁ%ﬁt)o
1.2 FEEepAfetiRsE 5

RN 24 2 ARRE 3~4 F L IATE 7~10 kg, BEWLSY 4
AN, IR ME A T2 (G4, n=6) TG/ TP ) DHCA
A1 (KT HRAL , n=6) | A4l i it 79040 30 (4 DHCA 20 (TP-1 41,
n=6) M4 I Ml i B2 AL PG DHCA 41 (TP-2 41 ,n=6)

BRI SR A HE PRI, Pl A LA S, PRI
B 20 YR /min, WIS I 10 mi/kg, AR E 60%~80%,
T PACHE ST 50 P 8 0 ok A A 5 ok s el A A i,
SOHT. WA TE DI A S G R T A0 B A
fili 3l ik (Pulmonary artery, PA) & | 27 55 (Left atrium,LA) J& J%
SR AMARAS , FRE I A SR Sk Bl 3 Ik T i o4

TRFEIRIIAN I8 i #5 A T AR R A
AR RS, ShkemBe it i . FEZ Ll AXT IRg1 4
SMIEPRVEE B ESE . IP-1 410 P2 H Fsh kT Y &
O3 UG 28 s —VE T 5 I B I O TR 1 A A A 3 2 A v
HERG, ESWENEHRE OHE R IFR AR5
JEAUM AL, FAR RS IR R4 30~60 mmHg
Z[A],CPB T A CPB WA 4R 30 min fili <, 4E4F PaCO,:
4.66~5.99 kPa(35~45 mmHg) ,pH 7.35~7.45 DHCA 3} [a] 52
17 o RS,

fF LR AT CPB, JTA 3 min N, H R (35°C~37°C) %
TR AN 2 100~150 ml/(kg-min) 5 5 E LB, Lk
HEER 2 20 min 2245 FFIR B TR 18°C~20°CIR] i &2 I 4k 4
B 60 min (FEHHLIGES) ., XIRLLZE 20 min A2 A FE TR I%
T EATI 18°C~20°C, BRI 3=k A8 fiA 0 IR (15
ml/kg) , 5 1 EFE TR DHCA , 60 min J5 & iR E Ik 2
CPB, 52 MU A, 3% 0 2 L3R 35°C, 4k L3+ 476 A 3L 60
min J55 CPB, IP-1 Z07E CPB JF4f 8 min J& , TP A7 O ETE
TGRS ML DL 205 2 25 ml/kg IR RTE AN Sk
AL A B | AL (o A0 A AL Y TR 3 5 A L e 5 S i
FNKHETE S min JEE1IRHEE 5 min, 2RG BT 5 mint, FHET
FEIKITA DHCA , A4k BRIXT IR ZH , IP-2 ZHA7E CPB JF4h 8
min Ji7 , B A0 T R G (RIS S8 LA ML < (P
A 5 P min®, AR ENAR ) o kg A Sl i 3 ki 1
A S min 57 PR L FEE AR S S min, 2R 5 P
TEFIFEE A5 mint, 2 VBRI B4 AL RIS BELIKT = S OT 4R
DHCA , AXACFR[RIXHELL , 4 4145 CPB J5 ¥4kLHLIGE < 60
1.3 ARAREADE

CPB Hi S5 sk BIZ) S5 55 1 h M 8l ik T A 22 il e
B _EAR L, S B AS I L TNF-o TL-8  T1L-10 %S, 4% 1L
ORI 10 g/dl 71 IE (458 1 (B =081 > 1O/ A 1 21 36
FIME) , 7155 LA/PA (B, 7285 Il DX R A AE A 5T 2t 1 AR 0,

3 AN IA] Ze s R K i f CD18 A6 v s 40 i
A b A F R (E A/ NPT CD18-PE FRic BT KX iy
/NEL 1gG1-PE FRichuiA e i 20 i A 15 i) ek =2
P VHEE LA/PA AE 12555 5 DX 3005 ) R 240 it A o 4
it 2 B S

TN 2 2R 1 EE S St A R T 60°C A TR , 48
h JEHFRTE IR, BB T E L (The wet to dry lung weight
ratio, W/D) .
14 @itz ot

K] SPSS17.0 GEiH i FAb BRES | 5256 Kot LA 5 i+
M2 (v 5)Fom, N E E 0 7 22 991 (Repeated
measures ANOVA ) FeAE 8 T0] 5 A B, 20110) He AR F Dun—
neti—t K56, P<0.05 HEFA G5 L,
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2.1 ARME TNF-o IL-8 1L-10 #m) 2 %

ZH N HLE . AHX CPB i, 4 20 CPB J5 2 A 25 @ & 34
(4 P<0.05),

ZH A H3E . TNF-a HUAE, XTREZH RN IP-1 41 CPB J& 1 hAfl
o HLLR A B (P<0.05) ;TP-2 20 CPB Jii 1 h A%} FE4H
AR (P<0.05) . 1L-8 LU{H, X EZH I i F1 IP-1 2 CPB
25 o 2R o J 2 21 5 1A (P<0.05 ) ; TP=1 ZH AN TP-241
CPB Ji5 W Bif J5URE 0T o] BEZH $i 25 AIR (P<0.001 ) , IL-10 LB {H, 3
21 CPB J5 T B s RF OGS 2R 21 34 i 2388 in (P<0.05) ; PR 1P 4
CPBJi 19 B g5 R % %o 20 349 S 259k 2> (P<0.05) . TP 4[]
RIWREHZEF(P>0.05) (K1),

=1 TNF-a.IL-8.IL-10 iy LA/PA G5B L35

Tab.1 Comparision of ratios of LA and PA TNF-« ,IL-8,IL-10

concentmations
e it — ﬁwﬁmﬁ
CPBRE]  CPBZiRIZ|  CPB/S 1h
TNF-o  HE£841 099£0.06 1.32+0.134  130+0.134
XHEZH 1.00+0.07 1.40+0.144  1.52+0.094*
IP-141 0.97+0.07 132+0.06%  1.46+0.104*
IP-241 1.04+0.10 128+0.164 137 +0.064*
1L-8 LB 0.95+20.04 1.09+0.034  1.12x0.074
AL 1.00+0.07 1.43+0.064*  1.51+0.134*

IP-1£0  0.96=0.04 1.19+0.134** 1.18 £0.084*
IP-22H  1.0220.09 1.15+0.084% 1.16 £ 0.064*
IL-10  JE£k4H 0.89+0.07 1.12+0.054  1.12+0.154

YFHEZH 0.99 +0.04 1.62+0.254*  1.55+0.094*

IP-1£H  0.9420.07 1.42+0.074%* 1.41+0.044**

P22 0.88+0.06 1.33+0.154%* 1.31x0.074**
A . 5 CPB FiAHIL, P<0.05; % : 5L AL, P<0.05; & : 5% HE4L
AL, P<0.05; # 5 1P-1 411 HE, P<0.05

22 @#miak CDI18 & AMh# LA/PA 5%

ZH N L AHXS CPB R, FRAZ AL 1 3R (E L AR IR
#H CPB J5 2 M 5 B AR (P<0.05) 5 Fh ki 4 i 63k
FLAE X IR 2 TP—2 4H CPB J5 Wi & i 25 B A% (P<0.05) , TP—1
2 CPB Ji 1 h BEFFIR(P<0.05),

LI B4 . CD18 AL HUAZ A 1 3 3k ) L i %] B2 A4
Aif A F0 TP—1 41 CPB J& 1 h AHXS IR 41 i 25 F#4IK (P<0.05) ;
1P-2 2l CPB J& 1 h A X BE4H I 25 44 i (P<0.05) , CD18
TEH PR AN A L 65 LA AR LR 4, Bk TP-2 4 CPB J&
1 h A U582 8 (P=0.241) , HAR A LA 2 1 8 25 s
(P<0.05);CPB 45505 1 h T 1P ZLAR NS % B 28 i 348 o (P<
0.001) ; P IP ZH M| 22 S5 A Giit2% 5 L (P>0.05) (£ 2) .
23 MRFERENER

ZH N BB AR CPB i, % REZE RN 1P-2 41 2 3538 in (P<
0.05),IP-1 40 CPB J5 1 h B3EHIN(P<0.05),

ZHIA) L. I LR dl L B, T BRAH CPB 5 B 2 N (P<
0.05),TP-1 41 CPB J& | h B3/ (P=0.046) ; 5% B A
ke, IP-2 2 CPB J5 Wil s 35 i 2 B 1K (P<0.05) ; IP-1 40 AP

2 HZ A BA B EPEZEN (P>0.05) (5 3)

F2 Bz, hiHERIgAE E CD18 RiAER LAPA ZRELE
Tab.2 Comparision of ratios of LA and PA levels of CD18

expression monocytes and PMNs

Eiztay 3 R et i) 15
LN 5

CPBHj  CPB&Z5#BIZ]  CPBJ51h
BRAIM R4 091+0.08 0.87+0.08 0.90+0.14
SHRZH 0.91£0.06 0.77 +0.024%  0.60 + 0.054*
IP-141 0.86+0.07 0.82+0.10 0.70 £ 0.14*
P24 0.88+0.06 0.850.07 0.77 £ 0.09*
YRR 4] 0.86+0.11 0.87+0.12 0.80 + 0.06

YR 0.95+0.16 0.66 +0.064*  0.53 £0.054*

IP-14] 0.84+0.05 0.74=0.07*  0.710.104**

P24 0.93+0.11 0.72+0.064* 0.75 = 0.074¢
A : 5 CPBHIAHE, P<0.05; % : 5EER LA EE , P<0.05; @ - S5XT IR
A, P<0.05; # : 5 TP-1 4L, P<0.05

#3 MHZEFEILELERILE
Tab.3 Comparision of the wet to dry lung weight ratio

215 CPBFf CPBJE 45 o A %) CPBJi 1h
Jhekg] 437£0.76 4.66 +0.45 5.09 + 0.64
Xif B2 4.04£0.43 6.16 + 1.044% 6.29 + 0.704*
IP-14H 447 £0.52 553+1.23 5.86 +0.744%
IP-24H 4.36 £0.50 5.10 £0.344¢ 537 +0.354¢

A : 5 CPB i, P<0.05; % : 55 IEERAIAH L, P<0.05; @« 55X 4
L, P<0.05; # . 5 1P-1 ZHAM L, P<0.05

3o i

CPB Hili X & RE B2 1w 5 | e i 4% , % S R - At R 7
WAL PRI o ez R h K #5 T S<8EE T, CPB Y
(70 2 1 240 L PR %) 88 TS o 410 1 412 ¢ 448 e IR 7 1 A i e
PRI, (1 58 S5 FIHTT 48 J52 1o 41 P 55 i) R A0 S I A9 &
JEAIE RIS, ASSZIHE & B 4 ZH CPB Ji5 TNF-o IL-8 |
1L-10 ) LA/PA {35 8 380, 487K CPB JG Jili IX 4 AE 2 i Fl
PUAAE SV ARG 5, D] CPB (AN 2 5421 DHCA) e i 4
B RAE SN P ) Bt 5 | R i DX A S 7, S 56 X 2
TNF-o BIZ I, 1IP-2 4 CPB J5 SR 5 1P-1 %A B
2290, (HJE P2 AR NS 5o BEZE Ml Pk TNF - 7t B 4 ik
A T IP-1 AR DL ANk AS il 1L-8 TR 1P LA FX)
R 0 0, 5 R A LA TP—1 20 CPB 45 R 2 il 25
K, 1P-2 UM 118 SELELRAAA L C B E 25 W 1P
L BRI 1L~10 AT JEZR AU R AL th R w3, 4]
TNF-a IL-8 IL-10 A9 LA/PA {E 7254k B 5 idi 1P 155 fidi X 21
i B - T T AR 7 I 3 T RE A Ry 1P U TNF-a #1
T1-8 (S, 350 TL.-10 B SN, 19 255 P A7 ) of R4 i) £t
ST SN T ) R F% , T A TP 25 W) {85 1) 16 0 98 0 S v
RS, WA R BRAAE TP 4RGeSl 4 7 b B4 2 1)
Bt X E 20, (AR TNF-o IL-8 ¥ LA/PA {HAE{LE
3 IP=2 AR T IP-1 LA SO AT Bl R a3, HRTA %
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TIPS I 5 S50 I P T8 Yo A i s g P 645 1) 5 el A P 7 i 1 R
/b Alain S5 IR IP 51 1L-1Ra Bel-2 A3 BEZ A, MM
UG P ke ot P8 e 2ok R v 7 A P A LR~ TL—18 R TNF—
o AR RAE SN AN T2 R RN, XA IS SR 98 45 R —
.

CPB L AFF AR S EUR &L ST m oie it i,
ARG B F A2 B Re B R EEAE . [CAM-1 Al
VCAM-1 J& FZh il 1 e fE BR 8 FHE Z27% (Immunoglobin su—
perfamily ) , A= FILARASHF 3222 £l P B2 A IR T 3R58 LA
ZHNRIEEF A2 -1 R SR PEE 55 S ICAM-
| AR F 2NN aN N B 2000 | b R 20 A A G e
AT 200 M 3R T A L A M S REAH DGR -1 (LFA-1 RICD11a/
CD18) EWEANII—1 731 (Mac—1 BICD11b/CD18) ,CD43 454,
AR 12006 5 0 A P R R R B R

TE AR IR B IR AH B T b B2 48 A 2 4 O
VEF o XA IR A A A —> B 07 CD18, LAAES:
BriE 4 5 o WAL —A>, 433 CD11a, CD11b 5%
CDlle, I, CD18 FIL, AE ML B2 G K BARIFMHR
i5 . FRAZAN A R A M R T SRR CD18 3R,
AT LR M X 2 A S E . B CPB B O IET
ARIGEM 4+ LFA-1(CD11a/CD18) Hl Mac—1(CD11b/CD18)
PIFRIRIE NN ]y 55 ARG IR R A OG0, SEa Ui 8¢
FIXF AL CPB J& Bl G ¥R aiT e B I AE Hp o M 20 B Rn Az 4
Mt E CD18 ¥k, {HJ2 LA/PA FL{EH) B8/ , 156 0
5 2 1 v A R EAAZ A M B AR U i
PIAEIGIR CPB A Ms S B G — 34, 265 MRS MBI 2
RIS B FER I (R LA B FRAT 1 R
R SEL A AR S MIG PR I ) A5, A 28 5 5 4 I A1 ek e . -4
T, U A TR AN R B A A B ER A, R
CPB R R BA Geit2 75 Lo

s B AL T3 7 T AR e AL 2R A B A e i
AR ARy 4% e 2B AR AR X E S IE DHCA J= (1 40 1
CD18 FEAEIEAN, Wi 1P ZH7E CPB £5 5K 1 h Il L% Ak i) B3
2T BB R T o) B2 S /L T DL Bl af T A B DHC A
J I 2H 28 A B AL R AR A RIAE T B R B 2 5
IPIRAP ML, I IP )5 FF%52 TIRL, 358 T ICAM-I ik, )b
T AR, T alkd b TS IR, T 1P HS
DHCA Ji5 it 2 23 B3 6 11 BRAZ A1 i Sl AR X1 CPB &
SN T AL IR B e TR R (Y TP-2 21 AT Uit ZH 243
T B PR AT AT T %o HE 2 S S AR AR, B i e 4 Ak
T EVBALAL TP 0 1) EAAZ 200 8 f g 1 FH SRR T TP
H 25 DHCA Ji th MR A O AR SR AR XS T CPB A I i
B o T RE AR R O sk MG B 1 v I e T AR RN A 2T A s A
O3 FFIRERANE S UR B0 SR A W E A DG i
X /R PR A0 25 P v U3 5 B WA A 5 | P
T AEARHS 1 — LE B G W] J=y B AE 48 3R B B2 BT % 1
VR AR A AR 2 I e o | A M S 3 i T
DIAE Al E W AN TE A, FIF LA TP o B2 4 3% 1 By 410 0 56 o
B o TP=2 ZE AT 5% FE T A BLAZ A TR B o2, T TP—1 2
DA X el Ay | o] LAY 1P-2 41 H 1P-1 414 W iy
PR,

AT 28 ZE K e 8 ) 8 A I T B g B A v
AT LA 3, LR R WA CPB J5 ik i A2 () B (B i 2 |
X HE 4L CPB 5 7K b B W 8 396 T, TP 2 41 B % X BT 42 )i
DHCA i FOATZESUK b, i 1P—1 4L 3AT X Rl vl
DLIG TP AT LLgiss DHCA J& il TR, e rb il i i S T dch A
LBl TP ZH A FH A

i ] P A1 1 AT SCHR AR il TP R FH A ARSI P8
DHCA i, {FJ2 5208 AR £ 25 Ho by A e H At e i P
AR SCIGUE BT 1P T AB] & DHCA H fili o P51 4
YRR Rl 2 238 2 10— 25 1y dife i R 473
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