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(HZE] & 4 4% 4 4 K #W # 7 (sodium-hydrogen exchange inhibitor, NHED) & % #n 38 & 47 3% 3 JF # #| (potassium chan-
nel opener,PCO) 8y AR AL R F B B BE M RPER . NHZRAANBERSMRPRE, Fo&  ELEREE
t#h Langendorff ## F F# 30 min 5, &R # 28 4 4. (1)Cel 4. 4 %5 Z 5 —/ 30 min B F# ¥ %, A Celsior 7 12 % 3 %
F8h#EHMEE 1 h;(2) Pin 4.8 JE A pinacidil(— # PCO) # H AL & 17 3 I+ (- 77 . & 7 Cel 41 ;(3)Cel+Car 4 : % =4 30 min
P 3 O O B0 EfE B 10 pmol/L 8y cariporide( — # NHED , 4 5 Cel 41 4 & ; (4) Pin+Car 4 .5 fE 8 % cariporide #y 4t 32
1 PCOBBAMEHRFAGRE 2R Cl #l, 4R :PintCa AHOREHHEKEEEZE T Pin A[(87.4+11.9% wvs (69. 0+
7.2) % ,P<<0.05],3 #| Cel 41 A F[(93.445.2)% . P>0.05], Cel 1 § Cel+Car A H A TR F R E £ 5, 4408 E R
BEXR¥E£Y, A :NHEI#EER T PCOBMMAMBEH R A HHE N RPBE. HRLEANRPBRE Celsior A
[REEIR] A0 & 52 340 % 0 5 47 78 38 TF B 50 JE B A 0 LR 77
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Protective effect of hyperpolarized preservation solution combining sodium-hydrogen exchange inhibitor and

potassium channel opener on donor heart
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[ABSTRACT] Objective: To study whether sodium-hydrogen exchange inhibitor (NHEI) can enhance the protective effect of
hyperpolarized preservation solution containing potassium channel opener (PCO), and the effect was compared with that of
Celsior solution. Methods: After equilibrated on a crystalloid-perfused Langendorff model for 30 min,rabbit hearts were divided
into four groups: (1) Cel group: receiving another 30 min of equilibration, 8 h cold storage with Celsior solution and 1 h
reperfusion; (2) Pin group: arrested and stored with pinacidil (a type of PCO) hyperpolarizing cardioplegia; (3) Cel+ Car group:
receiving the same treatment as Cel group except that 10 pmol/L cariporide (a type of NHEI) was administered during the second
equilibration period and reperfusion; and (4) Pin-+ Car group: receiving cariporide treatment and hyperpolarized arrest and storage.
Results: Recovery rate of systolic function in the Pin-+Car group was significantly higher than that in the Pin group ([87.4+11.9]%
ws [69.0£7.2]%,P<C0.05) and comparable to that in the Cel group ([93. 445, 2]%,P>>0. 05 ). No significant differences were
found in any parameters between Cel group and Cel + Car group. There were no differences in coronary flow among all groups.
Conclusion: NHEI can greatly enhance the protective effect of PCO hperpolarized preservation solution on the donor heart, and the
combination of them has a comparable protective effect to Celsior solution.
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157 L I 40 B 7 A T e W AR S L B GE FR hy < Rk
FOAFFE 2% S5 0 A P A AR e 0 L G 9 ol
Gl R AR B Na® (Ca™" N B3 I A & i e 51 &
) — 22 B 5 1~ PO 3 407, AT ™ s e T 0 L

B ATP U il 8 JF 3R (ATP sensitive po-
tassium channel opener, PCO) A4 #8 % b 15 A% 77 WK
DLFLAF A A8 3 A 67 DR S 09 455 4 L mT B 4 b ik 20>
PRA7 3 1] 410 1 BB B T FEL DR Na' L Ca”™ N
T IR TR B bk GRE KO PR 2 R KT Y
PE e KRR B b B AR AL O 7 V8 PR A7 RS T I 47
AT SEE K PR A B5F ) o0 O A7 O L 3 8 R S A7 T o
MR AT, B RN, 5& 50 %
e AR 45 IR AH B 8 B b 457 4 T hy B A L 0 i I
A A R P, AR AT A R,
pinacidil (—F #5845 5 ) Z 1) PCO) 1 #E A 1k i
A F W Ak T R B AL B A O LR B VE

£ & 32 40 il 7] (sodium-hydrogen exchange
inhibitor, NHED /& 7 — 2.0 WUR $ 25 9, & 3l i 40
BT RS Y Na®- H™ 284k R AER 1Y Na™-Ca™" 3¢
e A0 Y B Na© Bl Ca®" A, T 20 0 L
B - G, B AR R, R R
B K B[R] R A B B A 0 T L A NHETL J5 42
Ly TIRE 0 UL R7 P T Cs A 4 K500 Pk & 3 4 % HR 41
A AR K

HAro A BAgE " 3R .Y PCO fE N 25
T4k BEH F (pre-conditioning) B}, 5 NHEI & F fig
Xk LA AR R AR . B NHEL 5 PCO
I A 5% R 1) 2 75 U A I ) 28002 I v T A DG
T, IRATE T AL R WY NHET f8 & F— 2 3
T PCO A% Ak A5 FRT B8 AR AL O i DR AP ORI 5
B0 IERS M B T 1 2 W AL A5 DR A7 W Celsior W
PEAT FE 8, LA W22 40 A 0 B M AL 0 IO A 9 AR

1 #MBFTE

L1 SRERER BB 2 G (RBURE 1. 7~2. 2 kg,
Hh R RS A R e s W S B A AR ) S U S
M HVE F Langendorff #E W2 B L, LI 37°C i A
95% 0, il 5% CO, i K-H W17 ¥ 1, #IEE 70
emH, O (1 emH,0=0. 098 kPa). 5 & Jj 4 5 5 A
BRI BR R A 20 0 AR O BRE Y T K AR
el % &7 9K R s (LVEDP) 4 # £ 10 mmHg (1
mmHg =0. 133 kPa), & 1 I ¥ 8 & Buxco & &
(Buxco Electronics 2 F) #E T3 HL I % 22 W I IF: 58
Bfic sk, AT IEHE 1 60 min, BT /5 30 min 43 4

PROGER— R, 5 — ORI & 1 min 42
%5 #2 0> % JE (SLVP), LVEDP, X .0 % K J& &
(LVDP) Zebr 2 W R e KRR R (L dp/de) St
F(HR) , WCE I 1 min 56 Bk H A R FE N
KR (CF) . ZE0 % J1<C80/10 mmHg AL
N TE ST B AR v 2 3 B 05, AN HE AR P
S PR AR i Bk TR AR, AR F 3
KA MIFLEA 70 emH. O B J7 [0 EHE 1T 4°C (45
P 100 ml, Bl 560 JEHCT L BOA 50 ml AH [R] 4548
WP ACIRAE 8 hy W IRAFIIR 0 I H 37 4 1
A E I H Langendorff #AIFEF 60 min, &A%
B, 08 S kA AL TE A 0. 01 mg/ml Al £ R
L EZE WA RS, ORI &
WARDER

1.2 ARBH B RIE  Celsior ¥ . pinacidil #8# fh15
P e K-H B B R 1 iR, Cariporide H 2 [
Aventis 2590 vl WG 2%, FURE IR B4 b VL 75 me o AR 05 4L
22 PR A4 5% . Pinacidil 1 H Sigma A #

x1 LHEEHERREIRHOES
Tab 1 Composition of cardioplegia and perfusate

[ep/(mmol » L™ 1) ]

. Celsi'or Pinac}dil HE;Z};EH
Component solution solution solution(K-H)
(pH 7.27) (pH 7.65) (pH 7. 40)
Na™ 100 100 140. 7
K+ 15 6.5 5.9
Mg+ 13 13 2.4
Ca®* 0. 25 0. 25 2.5
Cl~ 41.5 33 127.8
SO, % - - 2.4
H,PO,~ 1.2
HCO; 22.6
Glucose 11.1
Pinacidil - 0.5
Procaine - 5
Mannitol 60 60
Histidin 30 30
Glutamic acid 20 20
Lactobionate 80 80
Glutathione(reduced) 3 3

1.3 S EWRE 1, AT, i
AHORER DL K-H AT . 5 ETRE L% 2
TAHALHL ., (1) Cel H(n=7) AF LA K-H R UL , 0 I
H Celsior W A5 3 R 77, (2)Pin H (n="7) . A5 LA
K-H HE T 0 M pinacidil #8 M b W% 15 I F AR 7E .
(3)Cel+Car 41 (n="7) . 7655 V{7 ] S P98 1 401 1)
K-H # il A 10 pmol/L ¥ cariporide. ¥ i3 0 lIE
Ph Celsior ¥ 45 # I R 7.0 . (4) Pin+ Car 4
(n="7) A5 V- W) S P9 v 91 1m) K-H Wb m A
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10 pmol/L 1Y cariporide, # ¥ O IE, VA pinacidil #8# AW A5 1 I PR A O E

Pre-storage

Equilibration | Equilibration 2 Storage Reperfusion

/L IWHWWH H[Wﬂﬂ[ﬂlﬂﬂ]ﬂ-ﬁ L
30 min 30 min ’ Ih
(1) Cel group ' KH © Celsior solution K-H
(2) Pin group : K-H * Pinacidil solution : K-H
(3)Cel+Cargroup - K-H+Cariporide *  Celsior solution - K-H+Cariporide
{4) Pin+Car group K-H-+Cariporide * Pinacidil solution - K-H+Caniporide .
Admittable baseline Pre-storage values Post-ischemic values

1 XBSATEE
Fig 1 A schematic map of grouping

Arrows show the detected time points. K-H:Krebs-Henseleit buffer

1.4 BFEHH ABSCR Buxco RYCRE W

Al s A0 P I RE . B8 AR SLVP LV-

EDP.LVDP. + dp/de. HR F1 CF, £ 48 br i % &2 2.1 BEANRZME EE IR, 4 40T
= PR/ 5 P AR PRI TEIX A (G 2), 4252 3F— 0 Ab 3 45 20 k2
1.5 itFam L rts kFn, HARRE BT

J7 22T AE BRI BOG e, I SNK-q IRPE4 1Y 2.2 3 aTd3E 7e58 AT oK L 4 41im) 1) 4% 48
BARLE, P<0.05 WERBAFKITHFE XL, BHED FRIGICIX ) (£ 3, EH AT cariporide /N & i
Ml SPSS 13. 0 B 4F5E 5%, O HETBE .

x2 ENEZKE
Tab 2 Admittable baseline values

(n=7,x%s)
Group LVDP +d]‘7/dt7 *dp/dz‘i CF B ‘ H'R7
p/mmHg (mmHg « s™1) (mmHg + s71) (ml » min™!) f/min !
Cel 85.4411.5 1489.7+323.0 —1350.5+144.3 23.9%£5.1 164.1+£15.5
Pin 88.6+9.6 1587.7+324.0 —1453.74182.5 31.6+6.9 185.2+26.8
Cel+Car 81.7+8.9 1377.8+195.8 —1308.84219.9 25.6+5.3 167.2+33.6
Pin+ Car 86.0+8.7 1431.8+194.8 —1 289.04100.0 25.4+4.9 154.4+11.4

Parameters were recorded at the end of the first 30 min of equilibration to determine if the heart could get further treatment. LVDP: Lelt ventricular de-

veloped pressure; +dp/dt: Maximun positive dp/dt; —dp/dt: Minimum negative dp/dt; CF:Coronary flow; HR:Heart rate. 1 mmHg=0. 133 kPa

®3I =HEEE

Tab 3 Pre-storage values

n="7,x=%s)
G LVDP +dp/dt —dp/dt CF HR
Froup p/mmHg (mmHg + s~ 1) (mmHg « s 1) (ml » min~ 1) f/min !
Cel 87.1+10.1 1482.1+311.1 —1398.24156.0 23.8+8.0 156.5+17.9
Pin 89.4+8.7 1617.0+323.2 —1483.24167.6 30.1+£6.7 179.6+26.7
Cel+Car 85.0£7.0 1381.3+182.0 —1351.7£221.8 22.2+6.1 156.9+31.6
Pin+ Car 85.5+7.3 1386.3+167.1 —1312.5£90.0 21.5+5.0 146.9+11.4

Parameters recorded at the end of the second 30 min of equilibration,just before arrest and storage. LVDP: Left ventricular developed pressure;

+dp/dt: Maximun positive dp/dt; —dp/dt: Minimum negative dp/dt; CF:Coronary flow; HR:Heart rate
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Tab 4 Recovery rate of parameters after preservation

(Y% sn="T7,7t%s)

Group LVDP +dp/de —dp/dt CF HR
Cel 93.4=E 5.2 95.4E 5.9 88.8-+10. 8 109. 1£35. 6 104. 4£16. 2
Pin 69.04 7.2%4 71.94£13. 74 73.94 9.8 81.0413. 3 91.4-+15. 52
Cel+Car 88.2+13.7 92.6+11.6 87.6+13.9 115.2427.0 99.4411.4
Pin+ Car 87.4+11.9 95.7410. 4 88.2+ 9.8 122.4432.3 110.0+ 3.8

* P<C0. 05 ws Cel group; £ P<C0. 05 vs Pin+Car group. LVDP: Left ventricular developed pressure; +dp/dt: Maximun positive dp/des —dp/

d¢ : Minimum negative dp/dt; CF:Coronary flow; HR:Heart rate

2.3.1 it 4 b Pin+ Car 44 LVDP K&
+dp/ MK E R R E S T Pin H(P<<0.05).5
Cel ZH A1 Cel+Car ZHAHY .

2.3.2 HmEHKAE R Pind—dp/de K
SR IEBUE L A 3 B L H 4 AR —dp/de 1
RSV ETE e =

2.3.3 WERMIKEER Pint Car 4190 FWEZ(H
b Pin 418 F N (P<<0. 05); X 2 M5 2 44)
SIAH LI I A Gt E 22 5

2.3.4 CFWWKEZE X4 Pin IAEEUE L A
3 YT — e (A Z MY CF K F TG 112 2%

=)
I o
3% it

AWFFELEE B 8K . Pin+ Car 41 LVDP, +dp/dt
Be HR (9K 52 2% 3% 5 T Pin 41, 1fi Cel+ Car 45
Cel ZHAH A& TR AR W IF JC W] W 22 5 . X UL cari-
poride B8 B I M35 M AR Ak A5 15 5 AR A7 09 B8 A 10
4 Bk AL S o0 B RE T RS 2 R 1 T Ak 0 E R A A
e B E, b AT 0T LUHEN cariporide 5 48
e A AT 35 22 18] ] RE A B[] 3800

Cariporide Fl pinacidil #H 1k & & FH 6EF= £ B
U (.0 WUBR 3P S8R, AT BEAIL R« (1) S (R 5 5
EH T, SCHRUY B cariporide SO IE B9 4% 4 4
PRI T LR (A B 8 T8 A TP, 100 pinacidil AN AE
TR 20 PR Y R R R K AR, T R AR
A5, L RE AT T ZORE A Y B0 0 3, 3 5 O JILER 7
YERM . K, pinacidil #8 8% 1k 38 i3 7 1 28 ki 4
HSE SE L ff cariporide XF .0 E BRI VE A5 LA 2 4
RAE 77 cariporide 15 RS A TN BT A
M LB B8 T, (2) X R RLAR Y £ 57, Pinacidil
R AL VBT LR A 38 18 L i 2R iR Y Ca® " MR
TR DR B 2Ok R T 52 A B - AR AL

cariporide i Na ™ -H " 28, {i £ 47 4 Ji] [l 14 Jifd o
Ca®" AN E T w5 — J5 TR T 2O R 7E B
- F- 3 7 R OIT AZ A AR A B R AR AR B R Gk
TRRETE S Bk J5 o0 LA B S bof 2 it e = L {0 Zh i
MBI R,

Cariporide AbFA I Celsior WS LA I A7
K LE Ll Celsior WA 2 1Y 45 &b . X 7T REA 40
TR . (1) Celsior i & £ 34 T 2 4 1.0 LA
1, L 2 F cariporide B0 WLAR 9 /E H B fiE 35 1
(OK B[] BB R AR T cariporide RO J1, B
A WF SR B AR IR BBV > Na™-H " 38 #, Bon]
T cariporide AYFRATRLN ), 1 AE A IE L AR IR
PRAE B [B] S AT R 256 5K, BT BB X cariporide
9.0 WUER AP VE TR B s e, (H X R 82 e HO f cari-
poride AYAE FHHI 55 1 A & 58 @ 3 5, BT LA cariporide
ThRE 2.2 $2 THE AL B O WLER S AE T . (3) Celsi-
or W5 B R 1Y L X FT RE 23 /M ik & Na™-H ' 28
e BT 75 B 5 15 pH KR EENS, T HI 55 cariporide AY
DAV AR . (4) Cel 4+ Car A E W EF 7.0 0F
By s 8

HI cariporide 4k B if 9.0 E 3 6 14 B0 T & B
(Cel+Car & 5 i, Pin+ Car 4 6 #il, Cel 2H 0 i,
Pin 41 0 #) , X 58 4 th TR ATHY ok, o SE i
Z R SCHRM IR IE | cariporide LA BRBR DI BE, Z BT
DAt B3k b 55 SCHR 4 T8 AH OF JE B934 L FRATT 4 b T
AE 5 9B BB AR [ A7 OC . 78 bR Sk i v, H
O JULABR B ] 38 S 4 (8~ 25 min) o T AR S5 56 (1) B ity
A IR 8 h, < [R] A9 Sk il i 405 35040 M o9 R vh
BRI, 0K S KA. A cariporide )5
T Na®-H" sc#, 7R3 H Na ™ 1o 46 g 4 i 14 [7)
F LA BHAT TR H A4 i — 2P T 4N
PYRR g TR W ) kA, S A — 2
Loy CANEH 2R A 28 vh 40 ML 9 H™ L8 i 9 R
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FHAERH X2 Cel 40 A1 Pin 4K 4 B = Bl 1 i
ALY o B ] A AP U O A7 7T RE AR 20 IRV 13X — 22 bk
R, 245 A cariporide J& , H: 2% W 4E A ) 8% 58 & 41K
H.EmW gL T,

Pin+ Car 4 M T Br B i 1) 2 K K7 24 50 & 4
0.2 mg, M7 Cel4Car 14U N 0. 05 mg., VLB Pin+
Car HIE WL Cel +Car HTEMEW . X HES
pinacidil i34 K" 4, 51 #2 A RAS 3 456 4, AT
ﬁﬁf‘ﬁﬁl W oy TR AE R B o WA e, )

& Pin+ Car 0 ZE Bi kb Cel+ Car 2415 /™8, {H H

BTG FR IR E H N Cel + Car A Y, Xt
S5 — M 1E 56 B3 pinacidil + cariporide 7£.0 LR |
FA YR RIS, X A% il A0 B2 43k 1) 5 A0 D) 47 4180
PR BT O B 4

ABFFEH Pin 2 LVDP, +dp/de FPRIZ R K
T Cel 2, B AT 1A B H 8 A A 5= 498 98 A vy 9 42 47 T
MRS PTALE . Celsior W& % 11 0 EF A 15 11 1)
T v S ol © 2 R AR AR Y 58 3, AR P AL
R T A 0 WE R A7 W & A il Z FR B9 UW i
5Z ML, pinacidil #8#% 1k W& i & — 0 i 4b T 25
BB i W B — PR A e ., AR
7~ s cariporide g 5 pinacidil 8 A6 W& 090 F
TRAPROR 2 A A X R AR AL R4 5 Celsior WAH
R E T HER LTS B KF X R AR A WA 2
FH kWA 0 AR, TR R A WA
P A LT P 2 R O A, FRATTR A e X AT
SEUCR LA BAER R B 1R R Celsior WA #T — 1%
1SR
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