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[(BE] f & RETARKELFBROLCERFRMELCHREFRR. & 40 H SD REBRBEHLRFEFEILGHNE
B %t PR 4 | Celsior 3 % FE 4H . Celsior ¥ + 0. 25 mmol/L B3R #b /R 2H . Celsior 3 + 0.5 mmol/L BEHF 3 /R 2H 1 Celsior ¥ + 1 mmol/L
MEARHL /R4 (n =8) o, BEIL Langendorff B0 EME LAY, RO IEE AR T 6 h, FHHEE 30 min, MBI LB A HLIRER
Wl ELCERERE(LVESP) ALZERRE(LVDP) EHEAE(CF) LLENERR EFAEE (dp/dt, ) MELERERKX
TFREEZE(dp/dt,,,) | DIBRERNALONABRTHEE. # 2 5 Celsior X 4L, Celsior ¥ + 0. 25 mmol/L Bt A 3th /R 4 F1
Celsior ¥ + 1 mmol/L MJF Hi/R 41 H.#% , Celsior ¥ +0.5 mmol/L B3 1 /% 4 K BLAE 4> LVESP.LVDP.CF.dp/dt, A dp/dt,, BE
RE(P<0.05), LUARATHHABEBEM(P<0.05) , HONABAMEREEH M A TE, #%& 554 Celsior LIERE
WAL, & 0.5 mmol/L MEFFH/REY Celsior LIERFWMBBR IR LREFCIHABHFAT, BALIEHRE , EHLKE
REMER
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Effects of heart preservation solution containing Pinacidil on donor heart
preservation

LIANG Wei-tao, Vitali Rusinkevich, ZANG Wang-fu, ZHOU Jian
( Department of Cardiac Surgery, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai 200025,
China)

[Abstract] Objective To observe the effects of heart preservation solution containing different concentrations of Pinacidil
on donor heart preservation. Methods Forty SD rats were randomly divided into normal control group, Celsior solution
control group, Celsior solution +0.25 mmol/L Pinacidil group, Celsior solution + 0. 5 mmol/L Pinacidil group and Celsior
solution + 1 mmol/L Pinacidil group according to different ways of donor heart preservation, with 8 rats in each group.
Langendorff model of isolated heart was established, and isolated hearts were preserved in preservation solutions for 6 h,
followed by reperfusion for 30 min. The parameters of cardiac function such as left ventricular end-systolic pressure
(LVESP), left ventricular development pressure (LVDP), coronary flow ( CF), maximum rate of left ventricular pressure
rise (dp/dt__) and minimum rate of left ventricular pressure rise (dp/dt_ ), myocardial ultrastructure and myocardiocyte
apoptotic index were observed and compared among groups. Results Compared with Celsior solution control group,
Celsior solution + 0.25 mmol/L Pinacidil group and Celsior solution + 1 mmol/L Pinacidil group, the parameters of LVESP,
LVDP, CF, dp/dt,_and dp/di_, significantly increased ( P < 0. 05), the myocardiocyte apoptotic index significantly
decreased (P <0.05), and the structures of myocardiocytes and mitochondria were intact in Celsior solution + 0.5 mmol/L
Pinacidil group. Conclusion Compared with single Celsior heart preservation solution, Celsior heart preservation solution
containing 0. 5 mmol/L Pinacidil can decrease myocardiocyte apoptosis after donor heart preservation, promote recovery of
cardiac function and improve the effects of hypothermic preservation of donor hearts.
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A PR _E T SR AL RS A B 4R O (R A I D
RRT 4 h, BHJE B#F K 4 77 3B 40 gkl R 8
EETMREE . oA LREBEE, 2518
Skl FEEER D, FA LU KR T, AT R B A
EHDI R A, R O RR R AR,
AR /R R — AR Be R4 ATP SURM B TEEIT K
7, FLAET 2 40 R i) A AR AL P R B AR E B = iR Ak,
i R S E R > ATP 78, R0 ALE R
MBI TR, WTTE B R OB ERS

B B, o BB 3t AR % 4 B 1R 90 UL 5k 1 R
ARPER. ATPRERMELRFHFEZE 6 h, WE
A [ ¥ JBE vl AR UK B BE AR A WO R RAF 6
J& B0 IhEE DAL S AL LA R TR R .

1 #P5FH%

1.1 #H

1.1.1 syfiad #E#ESD KE 40 B, KRE
250 ~300 g, Mg H ElHRELRIWAERTEL
Ao WA = 1k 5 5% : SCXK () 2007 - 0005,
S48 B AT E B 75 : SYXK (%) 2008 - 0050, KB
R4 O R A I BB AL 4 2 1E % % Bl 41 | Celsior ¥
%t B& 45 | Celsior ¥ + 0. 25 mmol/L i Ff s /8 45
Celsiorig + 0. 5 mmol/L B #E H#b /R 40 A1 Celsior ¥ +
1 mmol/Lult ARHL/R4H , 5540 8 H,

1.1.2 FREAH WA H/R (Sigma) ; Celsior I (&
KC1 15 mmol/L,MgCl, 13 mmol/L,CaCl,0. 25 mmol/L
HEE 60 mmol/L, %, ERE4 80 mmol/L. 4H & & 30
mmol/L. 4 B4 20 mmol/L. A8t H Ak 3 mmol/L),
Krebs-Henseleit 25 ¥ (& NaCl 118. 00 mmol/L.KCI
4.70 mmol/L.KH, PO, 1. 18 mmol/L.MgSO, 1.20 mmol/L.
NaHCO, 24. 50 mmol/L. & & ¥# 11. 10 mmol/L,CaCl,
1.50 mmol/L) , # ¥ §j A 95% 0, #1 5% CO, ¥ #&
10 min, BEEE T 37 C,EHHEFET 90 ~95 cmH,0
(1 emH, 0 =98. 0665 Pa) ,pH {H 4T 7.35 ~7.45,
1.1.3 EE{% Langendori B fhl B AT
BLA20E AP BEL R RE (ABHFHABLARA
")) ;LKB V ZUEE T AL, CM-120 % 5 B F B
(Philips) ;pH IH( EBEZRREFRAH) .

1.2 FE

1.2.1 BAOEEFEMNEY KEHFERE,
R HE i IR B L4 (65 me/kg) RAFER (1.4 U/g),
PEMIEE , 2B IEF U0 RE OB, RE T E3)
Bk 5 =R AR B T E 3 Bk, PR V1B BE , 5 S BP

E T 4 C Krebs-Henseleit & F & % EEUH R LA
BREMB, B SRAR WEL I LK. BE
BIfKE K E Langendorff FEEFE B, 37 C . F4%E
£ (95% 0,.5% CO, ) i Krebs-Henseleit J& gE 17,
ES%RT 90 ~95 emH,0,pH HER T 7.4 £4,
BACEEE, M RERUERALER
7, BEHFALE  BFEREHNREBEL L LB
BALZLZEN, FHRENEARBKULRFL O
%= &F 3% K IE (left ventricular end-diastolic pressure,
LVEDP) ¥ 5 ~10 mmHg(1 mmHg =0. 133 kPa) , &
ANES 0 ¥ 25 T B R 3 DA 4E 55 0 FFE 300 3K/ min
LEh. EE 10 min J5,i0 F 2.0 ZFWEE AR E (left
ventricular end-systolic pressure, LVESP) \AE.LE R B
JE (left ventricular development pressure, LVDP) . 7 ik
W& (coronary flow, CF)  ELZERNER K EFE
Z( maximum rate of left ventricular pressure tise,
dp/dt,,, ) FZELE RN E&H& KT BEE#E (minimum rate
of left ventricular pressure rise, dp/dt_ )., {5 IF Krebs-
Henseleit & 7 i , 32 BI A 4 C .75 emH,0 & /7.0
EEER (S0 ERFRAER) EE, #EE2 ~3 min
G EALEZLEE BREFYNRAHREEE
30 min Sh, HRABANERLENELBET
ACREFBRFTRF. RFEOhERBEAEESR
Langendorff# 13- 3¢ & #£17 F # I 30 min,

1.2.2 LIEERR BEOERRRE6 hIEEE
¥ 30 min J5,2 R0 WK TIE IR, @ LVESP,
LVDP.dp/dt,, . dp/dt , #1 CF,#: il 7 ¥ 7] 4t .0 7
T,

1.2.3 DAEMEHNE BEROERERAZF6L
FFEERE 30 min J5, RHAFEN TR AZLERE ER—
BOPLER,PBS RSFET 2. 5% MR _EBHER P
5 ,PBS vhik 3 Wi H A 1% HRKERE E,PBS it
JER 4% BB RS /K BB G 6 30 min, BB R
K REEK,AUXKRES@EAEZ 1REEE
HAERAmERLGE,00 CRE, 2BHRMABHEY
FJg 4% KBS BR4h Y & 20 min, T FI M0 Bk BR 4% 42
5 min, B F BHERE LB RS HRRE,
1.2.4 DULERATERN BECEKRRFO6L
FHEEE 30 min J5,YJRAELERFELELI,10%
FEEEE EABK A EE U, TUNEL 4l
DUgEREAT, BRARTRFRA R ERE, #$E
CEEKAE,37T CTRESR K 43 30 min FHA
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PBS #f{%;0.3% H,O0, F B F W Z IR T ¥ F 30 min,
PBS i ¥k)5 N A FITC 326 ARiE R A B S H
BRI RS M (TdT) MR AWK ,37 CRB M+ A
60 min, PBS # ¥t; B RS AW EEHE 30 min
(37 C),PBS #h¥t;DAB BB (BX) , HFABELRE
WK FHE. FAEBEHMETRE REERERS
BB EEARECHENE AR, KD HE
HE 10 MALEF, 15 8 148 8 (apoptotic index, Al)
(R4 SaEREBNESH) .
1.3 SZit¥h%

SRFE SPSS 12.0 Giit R AT G it S A0 3, it
BB E +s R, BUR B RARY t K, P <
0.05 ZErERBAGIT¥EX.

2 5 R

2.1 DLIMEETEAR

&4 V& ¥ ¥ K LVESP, LVDP, dp/dt__ .
dp/dt,, #1 CF W RERB X R ITFE X (P >0.05)
(£1), RBREF6 LG, AELERFRASIIE
W BEERTIER B4 (P <0.05); HH, Celsior
W& +0.5 mmol/L MEAR /R £ T8 B E R T HAt
DHERFBA(P <0.05) , Celsior i X Bl 41 & T {8 #x
BERTHMOBEAFERA (P <0.05) , i Celsiorik
+0.25 mmol/L MEFRHL/R4E 5 Celsior ¥ +1 mmol/Luj
M /RABETER LBRERY LA HTFEL(P >
0.05)(F%2),

1 FHFEEERODEEFLBE (35, n=8)
Tab1 Comparison of parameters of cardiac function in each group at the end of stabilization period (z +s, n=8)

HE LVESP LVDP CF dp/de,, dp/d,,
EEIEA 133.05 £7.74 127.10 £8.20 8.54x1.42 2 859 +£263 1854 £195
Celsior J& X 4 129.47 £6.15 122.60 £6.94 9.63 +1.06 2 618 £511 1 875 +265
Celsior ¥ +0.25 mmol/L mt3E #b /% 4 134.79 £9.50 128.55 £9.57 8.60£1.78 2 850 £222 1779 £276
Celsior ¥ + 0.5 mmol/L Rt # /R 4 132.47 £6.36 125.99 £7.06 9.38 £1.03 2 863 £447 1704 £253
Celsior ¥& + 1 mmol/L mit JF #1 /R & 134.35 £6.22 128.50 £6.82 8.85x0.92 2 915 £293 1758 £217

#¥ . F9 LVESP H1 LVDP ) #.47°% mmHg, CF R 84735 mL/min, dp/dt_ F dp/dt, BJ#AIN mmHg/ s,

£2 FHFRARFRRFRODEEFERE (35, n=8)
Tab 2 Comparison of parameters of cardiac function in each group after preservation with different preservation solutions (z +s, n =8)

#HE LVESP LVDP CF dp/dt__, dp/dt,,
E®MEA 132.17 £12.77C  125.06 +12.94C 9.38 +1.03% 2 875 +3487 1 946 + 1667
Celsior YA 41 75.54 +8.2370 69.87 +10.499 5.35 +0.6270 1 696 +201% 1361 +178%
Celsior ¥ +0.25 mmol/L Ht3F /R 4 92.08 +8.03 85.30 +8.57 6.70 £1.67 1986 202 1538 £120
Celsior ¥ +0.5 mmol/L BtHE 1 4R 4 108.74 £9.44%  103.10 £9.6779 7.99 +1.150 2 323 29790 1703 + 1667
Celsior ¥ +1 mmol/L Rt 3 i1 /R 4 92.00 £17.92 85.47 +17.81 6.70 £1.42 1975 £286 1530 £152

Y. % LVESP 7 LVDP @847 % mmHg, CF #)AA% mL/min, dp/dt,,, § dp/dt,, 8 24% mmHg/s OP<0.05 SEASMH L.

2.2 DLEMEH
EEX RO A LRI KRR, LN
RoEEE R LB B K, Celsior ¥ X FE 4H .00 WL 4F 4
I BEEA BT R AR, SORLR B B A ik , SRR A s ]
T2 AR 4 ; Celsior 3R + 7S 7] ¥ B2 Al R 32 /R 4.0 L
SEHED BT, AR W BB RBR, Rob k%
2, (VESBLRBAN K, LRI ERT (B 1),
2.3 DLEKEAET
OUATHENARZENE I AESNEES
HEREAFA, AR<EFHARE, ACHREN
SLBES A (B 2)  IEFH XA | Celsior X R4 |
Celsior Jf + 0.25 mmol/L R #f #it 4R £H ., Celsior ¥ +

0.5 mmol/ Ll [ # /8 4 #1 Celsior & + 1 mmol/L Bt
AR AR LB AT 435Kk 4.38 +1.74.24.76 +2.23,
10.46 +3.86.6.25 +3.27.,10.33 +3.69; G %44
£E 8 3 7R ; Celsior 3% %t B8 4H . Celsior ¥ + 0. 25 mmol/L
AL AR L /R 25 A1 Celsior # + 1 mmol/L pif FR 31 2R 4H 1Y
AT B E G TIEH X B4 M Celsior J +0. 5 mmol/L
AR /R 4H (P <0.05) , T IE % X B4 55 Celsior 3 +
0.5 mmol/L MEARH /R4 M Al U EZREGIHT ¥R
X (P >0.05) ; Celsior X FALK Al BE & T HAh
KBHH(P<0.05),7 Celsior ¥ +0.25 mmol/L Bt FRHE
IR 5 Celsior ¥ +1 mmol/L AR # /R 4H B AT %
EZRESITFEBEX(P>0.05),
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A. Celsior JE %7 B8 4 ; B. Celsior 3 +0.25 mmol/L BEIF #1 /R 4 ; C. Celsior }§ + 0.5 mmol/L BEIE#1/R 4 ; D. Celsior J§ + 1 mmol/L MEIFHIIR4H
Bl BFENSURESHEERERAEChEHNOIBREN x13 500
Fig1 Ventricular myocardial ultrastructure in each group observed by electronmicroscopy after hypothermic preservation for 6 h x 13 500
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A. Celsior JE % B84 ; B. Celsior ¥ +0.25 mmol/L BEIF #1484 ; C. Celsior & +0.5 mmol/L BEEF#L/R 4 ; D. Celsior 3% + 1 mmol/L BEIF H/R4H ; Bk

AR IR T ER.

2 FHEBRRFEOhELOUNBETHRSN TUNEL x400
Fig 2 Detection of cardiomyocyte apoptosis after hypothermic preservation for 6 h in each group TUNEL x 400
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ATP FURHHE FEE 247 T 0 UL 40 M E
MEPEBRE L, AR T EEELIWRPFHE
EEREMERT . REAHEY KW, 4B ATP
HENHE TEEASOFLESES ZEMEM,
B EHFRE AR, LBk ATP BURHEST B
FEEFEA ok m AL B AR EBZNHE. M
BRapaiR ATP R M E T EERBERE, MR
0 JBE X o5k 1 5 Ak R A R R R G, D B 40 BB A 4R
PR BB ATP SR TEEE IR T E
BHHEER" .

MEAR R AR R ATP SURMES B TEETT
TR , BEGE A FULAH M R A AR AL 5F (i bk B R Ak,
M HEERE T EENBERBROREBERET
ATP B 3k — 21 %6 , BB T BE 6 SOR AR B9 45 44 R T B

TR SEEE, T AR 3 GOR A B0 52 3 4 02 B Ak 5k i T
EERRGROEERED  ATFZ XL PR RS K
TEAMIEE T SMLIRHIR I Celsior £ 77 9K BESE I 3
RGO LA A SRR M, D
RENETEKE 6 h, AAENEAITES.
RRPRRE ATP AR 40 B 758 3 1 TP, 648
KRREERL, BOKXBEEANSE FRASR
P, By 1k 45 A8 2, 1 B 1k O L 40 S T R R A K B
SRTHERBRANABRNBES GPFTEYE
BT SREAEANEIRETABEAMENT
F00, 3k B O LA 4 R B T ¥ LK LK 7 7E ke
M8 DAREAE™  ATP B #6075 DA — B R4 K, X
FRXH AL Gk L B D SN BE R CF MR E R T
WA, AHFEE, 584 Celsior R 77
b, B2 6 h M IRIRAR A, & LR H AR ) Celsior
BERNEREBHLEREFN CF RELERSE
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i)

O LI T R 5k 1 3 )5 O LT BE T EE PR
BERERZ—, AR RASE R K TUNEL & # J5
%, 4 CRERF 6 h ERA, LA Celsior iR
L, BEFEHONFACHEANRS , MMA
MR R JE , H T S O LU T 0 E A X
Ao BFEEY R, O WL T B HL W R B R L
BRAAMFACZEBENATREEERE. £
HEhkeazEd , SEBZEXTLAY, BEERHHR
ArHERZ -, WHSEREERLONEEER
DEEEMONGER TR EER", Bel2 KEM
Caspases FIGREEENH - HEHEE,Bdl2 EXH
FIEBFERAL WHIFA TR ER (B2 %) AR
BT E (Bax %), Caspases R AT LA+
BREENEODE, A THREEMEED Caspases
FIBIETMEIM . Caspase-3 & Caspases FLBK KL
THREXRERNATCHGTELS, ES8MNBEFE
RATEFTEEEWAMNIEM. Caspases il % L)
IEENBEYAGFE, RALAABRRARER C
I BE N BTE Caspases 4 BEIRG TE T R IFEAE
AU, IR HUR B AR5 B TR R, IR
THRE Bax SR XRZHELAMBATERE B2 &
EHIEHAREE CEXKEEARER, #H
Caspase-3 B 3IE , DA T 1P 1l Bk 1 75 7 3 )5 O UL 40 B
BE T ERR PO EERERY,

AR E D 20 B EER P AR AR, W
RREAMMH R EFERGFHOINRPHE,EHT
B4R BB L B TR] B, IR R BB MR R B R AR D
R R A KR . ABFREE Celsior R H
MMAMERHUR AL ERFHEZKZ6 b, B
30 min J5 , RO AR R RR IR EE, H Al
W B, CF XRELZERBNREHERRES X
BHERMRBRERREGIFEY, XX FEKEE
KEEOREFNEAEENTE S E L, k3R /R 8
ERORERRENBHONFBERE - FFHR
WA
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