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Protective effects of polarizing cardioplegia with Na*

channel inhibitor tetrodotoxin (TTX) on isolated rat hearts
YANG Shuanggiang, et al
(Department of Cardiothoracic Surgery, College of Clinical Medicine , Chongqing Medical University)

[Abstract] Objective : To investigate the protective effects of polarizing cardioplegia with Na* channel inhibitor tetrodotoxin (TTX)
on isolated rat hearts. Methods : While Langendorff and Neely perfusion model were steadily established, the rat hearts(10 hearts in
each group)were respectively arrested by depolarizing cardioplegia (St. Thomas No. 2 solution , STH~2)in Group I (control group),
and by polarizing cardioplegia( TTX)in Group Il . These arrested hearts were preserved in corresponding cardioplegia solution respec-
tively at 7C for 5 hours and then underwent 30 minute reperfusion. Pre — ischemia and post — ischemia indexes of the rat hearts were
studied, including hemodynamic parameters, myocardial enzymology , ATP content, and ultrastructural changes. Results : There were no
differences between two groups before myocardial ischemia. But the recovery of myocardial hemodynamic parameters during reper-
fusoin in Group Il was better than that in Group I ( P<0.01). The leakage of CPK and LDH in Group [l was less than that in Group
1 (P<0.05). The content of ATP in Group Il kept relatively higher level after reperfusion. Myocardial ultrastructures were better
protected in polarizing cardioplegia group. Conclusion : Na* channel inhibitor TTX could prevent myocardial ischemia/reperfusion in-
juries caused by intracellular Na* — overload and Ca?* — overload, and reduce the consumption of energy by arresting heart under po-
larizing condition. Polarizing cardioplegia( TTX) plays more effective role than depolarizing cardioplegia(STH—2) in long — term my-
ocardial preservation of donor rat hearts.
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“H,HA 10 R, 1 ANV EA: HEREHER S
Thomas No 2(STH-2) 4§ T AN L RA, AR AFER
[FREWE J 20pumol /L B TTX IIA K ~ H 28 3P (Krebs —
Henseleit buffer) &4,
1.2 &M Hizkige

TTX,ATP,ADP fl AMP $# H Sigma 22 &) ; ULERBEBR
B4NE (creatine phosphokinase, CPK) #1788 i 5, B8 (lactate de-
hydrogenase, LDH )& & 0 B AW TR KM,

K-HZ &R 2> (EEEE R mmol/L): NaCl 119,
NaHCO; 25,KCl 4.75. MgSO, 1.2,KH,PO, 1.18,CaCl, 1. 4,
Glucose 11,pH 7.8, STH-2 .UM (REKE N
mmol /L) : NaCl 110, KCl 16, MgCl, 16,CaCl, 2.0, Glucose 11,
pH7.8,
1.3 FHRMERGHE 10 AFHFIHFNNE

J s v S 40 200U, 20min J5 3 AL 58 K B, B B
T BB AR Langendorff M8 yESIA, 3 3 BRAR %6
B 37C, BB 95%O0, + KA 5% CO, RS54
#4540 K-HZM#, E S 60mmHg(1mmHg=0. 133kPa),
BEREELCBEE EERE BT Neely £.0E THEHE
TR, M TE 15mmHg, 5 4 S0mmHg, 85E 15min, R
PowerLab/8ML785 & 8 58 7 A B il 5 Y (ADInstruments,
A FI T )€ 22 .0 % FE (left ventricular pressure, LVP) B2
OEENEMEFE(+dp/dt), ELEWEDREKEL LK
2ml, AT WUBRBE AR % 85 (CPK) M 2L AR R & B8 (LDH) T
HE. 2R ASARAKEER 2ml A E SR ER 8 5
A B0 REEH, ic Rl B R (s), BEERT O,
BETHNEMKCERTFR D, £ 7CHRTF. SAEEET
Langendorff %6 & FH B H A, id RE oA, HAERME
[F L, Mz F & SREARIKE ., T 30min )51
K, BUA O ZE AL 100mg KR (- 80C) R, ATl &
ATP,ADP Fl AMP, [F] i} SR 48 3 il & s B AR A
1.4 CPK,LDH #v% %40 3 86 6§ @) &

R &, A UV8500 414 56365 1 ( Techcomp,

M (ATP, ADP 1 AMP) § B, Waters RABHAERL
(Waters. Co, £ ) ,CigtE(150mm X 3. 8mm, 4um) ; JAI R
BB 0.2mol/L BB E M (pH=6.0), KP T HRE XK
B 3mmol/L BHEAR B H 188 (thticharbituric acid TBA) , #f1
A3 12% B B S 53 : 0. Sml/min; %8 #MR W0 B £ : 254nm,
OUURABEEHRE. # lmg AL 20 & HLBIMA 4T
FEWE 0. lmol/L WM, 1K B L5 ¥, 4T 150001/
min B0 20min, B 1§ ¥ 20p #E8E,
1.5 %hitgam

ERUTHE L IFEE (T + 5)FDN,SAS6. 12 BiFi#
g EL, ARARAER : KK, P<0.05 ®RRREEF
RERER.

2 5 B

2.1 #H#EaALEGELEALD
5 TH LA/ B, R A5 1T A5t
M REE, ERAEBEH(P<0.05), WAEH
AR LR, THEERE, 5 | dURERARE
#(P<0.01),
1 ERASMMBASMA Y E] M E
MR E LRz ts,s5)

Sl it a] gt
1 A(E=mAibEE4) 6.440.7 7.8%0.9
14 (AL ) 4.140.6 5.7+0.7

®2 WmACHRLRHHFEEBRIE
BEEEB(T+s,%)
! LVESP  +dp/dt,, - dp/dtu,
T H(EMmILEE4) 77.5+8.9 70.1+£5.6 66.8+7.5
THAGRIEEA) 93.5+5.4 93.8+3.4 87.5+5.4
£3 RACESMT.BETE
LVEDP R ILE(Z + 5, mmHg)

Fus )W E rR Bk s B b CPK,IDH S &, WEKES | EHE BHExE
$14 :CPK, 660nm; LDH, 440nm, I H(ERAEHEA) 5.4*1.5 15.9+5.4
B0 T TR R A 3 00 S UL 0 G I s 2 T4 (R fFda) 5.5t2.0 12.7+6.1
+£4 CPK,LDHWHBHRAELAR(x +5)
CPK w4 £ (U/ml) LDH & & & (U/ml)
4] =
A3 (n =10/4) e AR A AR
I A(EHAEEA) 33.7+4.6 49.6+8.9 1.71+0.15 2.70+0.36
I A (R AL ) 35.1+5.2 46.7+4.9 1.78+0.17 2.46+0.39
%5 ATP,ADP,AMP,TAN#M ECBLER (z £ s5,ug/g i REALR)
4 @A ATP ADP AMP TAN EC(%)
1 H (B mALEHE4) 67+7 55+4 40 +4 162+8 59+3
1 4 GRALEIEA) 86+5 77+3 438 205+5 61+2
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NUSEFAE AR5 %5 7 .2 22T/ I LS 55, BT R vy
5 Y BB G AT L ] s o A 1 R A1 4 4 2
B SIS R G R L 7 R AR B
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IE(lelt ventricuklar end — systolic pressure, LVESP)
i+ dp/dt FIRERIOME B W T L4l 2R
REPE(P<0.01). FFMEERT, PIALO I 205 47 3

A JE (lelt ventricular end — diastolic pressure,

LVEDP) EJE Al i, 22 747 W & HE (P <0.01).
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tH(pP<0.01),
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ER(P<0.01). 1141 CPK,LDH fil &1 B A% F

[ 21, R 547 0 & (P<0.01),
2.4 BHEGSILERE ATP, ADP, AMP, & 3 3%
# (1otal adenine nucleotides, TAN ) 42 & # ( energy
charge, EC) 3] % (L& 5)

FREESE S, AR (5544 11 41 ATP, ADP, AMP i1
TAN(ATP+ADP+AMP) SRS T T4, 2R AR

FRERE L P<0.01). EL‘.(E(E%&%@W
] L4 25 e G R (P >0.05) .,
2.5 SR AT

BRAS EIH ] 22005 (PEMETE G 20min), 7 5T
{5 B8 CTEM) IR 8% . 4R Ak 545 1T 4.0 L
PR BOR B8 1.2),
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P (ol B0 IE R 73 4 St Thomas i, UW il
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SO FA0E IO TN Cad
(3)Na' il Ca®* BB & 22 1 — BN B 46, A
FOU Sl RE ML ; (4 ) Bl A St L 0T ) 46 100 UL 40 B
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PR EARALFIE M Nat B S BER SR E , F &
b5 Na" i@ HF RS & — R B EE 7R R
FHH 7, A Na® BB AR TTX P Na*
TERLTT AR R B R B 0, (O AU AEARALARES
Snabaitis ZF £ % {F 5 TTX 0] fif B e {7 4E F5 1F -
OmV £ A, BE FEFEMNMAEDHRNM(-
80mV)!7), Chambers F1 Hearse ¥ i, ff 45 75 X #ic
VE“$R AL 42 (polarizing arrest) "],

AR TTX A K — H 28 iyl (B 7 )
R ANE ) R B R K RO E, 5 STH-2 i)
LA LAY, TTX A HELO B Rl  RIR AR AT S
ANEHRE RGO MO RRE, | K LR
O LA Na 58 38 916 AT, TR E T ]
Pt e K- A E R HERAEE -
SSmV AT B Na ™58 8 4 0O 41, B S
PLAMEAR B - 80mV B LA B H B A XA
AR W EE R4y TTX Bl Na™ @ EEM
HEEHARAE, Hi TTX 5 Na* 38 ¥ Bl E
M, FHEER Na" @l E B MR
Bkes () 2180 B4 T AR AL RIMER T RS
Na'" & DHTL, Wiz T AR AR AL e T B 4 i R
RS | RAH Na* /HY 358 #, (8.0 WUBRI BT &2 4= Na*
BB Co2* BB BB R, B Wi A 3K H B
LT e LR /PR AR A2, K AT A A
LRI AR, OB MR BIBSTF R
CPK #1 LDH & & A x50 ; ¥ & LVEDP
WEARYIE,LVESP & +dp/dt WK E RHBEF
FARACETHE 4 X B

OB M B BB B A R A PERS, 8 Na* - K
- ATPE(Na® ) £ 31512 Na* B4 RS RUBE S
KAREAR, TTX AR A5 75 B B R E P T Na* 78,
1518 A A PN A1 B ik B e AT e R B AR K S, T
4 R 40 MBS 7 YRR AR A B - 3R 6 BE [ B B (PR
B, VARRYR, S ETFREOASREREE, A
T ERETE o R E KRR PP ERIhEE. 40T
FARR A TTX AR AL 45 AR 1R AR A7 B A K RLO
5h /& ,ATP,ADP,AMP #l TAN & & & T E&LE
4,

SR AR STH - 2 ik, LA TTX
BELIKT Na* 38 18 5 45 AR AL IS M A R R K
BLC U I 3 3 7 24 Sh B A B LR /D BE B TH R
DA R AR O LR AR 5 4 45 T 38 st Y R G
o, %ot i (] ( Shrs ) K 8O BEAR A7 B BUR IR 88T o
A A B A — AR O R T 8
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