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Effect of Myocardial Protection by a new Na*/H* Exchanger Inhibitor, HOE642

— A Study with Cross-flow Langendorff Circulation Model using Isolated Rat Hearts —

Masaru TSUKAMOTO, Tomio ABE, Shinji NAKASHIMA and Ryuji KOSHIMA
Second Department of Surgery, Sapporo Medical University School of Medicine
(Chief : Prof. T. ABE)

ABSTRACT [OBJECTIVE] Na*/H* exchanger (NHE) on myocardial cell membrane plays an
important role in the ionic changes observed during myocardial ischemia and reperfusion. HOEG642 is
a new NHE inhibitor which has been reported its cardioprotective activity. In this study, we inves-
tigated the cardioprotective effect of HOE642 with cross-flow Langendorff circulation model using '
isolated rat hearts.

[MATERIALS and METHODS] Isolated rat hearts were perfused with whole blood using cross-
flow Langendorff circuit for 20 minutes and were induced to cardioplegic arrest with St Thomas
solution (STS) (C group), STS plus HOE642 0.03mg/kg (H1 group), and STS plus HOE642 0.3
mg/kg (H2 group). Immediately after 30 minutes ischemia at 37°C, the hearts were reperfused
again. Left ventricle (LV) performances and Troponin-T (Tn-T) in coronary venous blood were
measured at pre-ischemic stage, 30 and 60 minutes after the reperfusion. Then, the hearts were
divided into two pieces, and frozen in liquid Nitrogen for further measurements of myocardial high-
energy phosphates and the other was evaluated as water content. )

[RESULTS] H2 group indicated significant superior preservation as compared with control
group in respect to better recovery of LV performances at 60 min (%LVP,,; C=46.9% vs H2=71.2%
(p<0.02), %dp/dt,,; C=47.8% vs H2=75.9% (p<0.02)), smaller level of Tn-T (C=104.9119.8
(mean=SE) ng/ml vs H1=61.9+7.6 (p<0.03), vs H2=51.3+4.9 (p<0.007)), better preservation of
myocardial high-energy phosphates of ATP at 60 min (C=0.57£0.14 vs H1=1.21+0.08 (p<0.006), vs
H2=1.402£0.19 (p<0.001)), and lower water content in myocardial tissue (C=3.82+0.09 ml/g dry-
weight vs H1=3.48+0.05 (p<0.001), vs H2=3.3910.04 (p<<0.0001)).

[CONCLUSIONS] From these experimental results as shown by H2 group, we proved that
HOE642 (0.3 mg/kg) as a additive to cardioplegia resulted in significant myocardial protective effects
by preserving high energy phosphates (ATP, ATP/ADP and energy charge), reducing myocardial
water content and obtained significantly improved myocardial enzyme level and cardiac functions on
ischemic-reperfusion injury under cross-flow Langendorff circuit using isolated rat hearts.

(Recieved Feburary 25, 1999 and accept Octobeer 4, 1999)
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Fig. 1 Schematic drawing of Cross-flow Langendorff circuit.
Using a supporting rat, the isolated heart is perfused with whole blood (Ht 20-25%), and the driving

pressure of coronary flow is kept at 100 cm H,O with this circuit.

The temperature of the heart and

perfusing blood are maintained around 37°C by warming tubs.
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Fig. 2 Chemical and structural formula of HOE642.
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Fig. 3 Protocol of experiment.

Isolated hearts were perfused at least 20
minutes before the first measurement (pre
ischemia). Cardioplegic arrest was induced
with St. Thomas Solution (STS) and the
hearts were kept at 37°C in warmed water-
tub for 30 minutes. Subsidiary, they were re-
perfused and the second and the final
measurements were performed at 30 and 60
minutes after the reperfusion. After all the
process, the hearts were immediately
separated to two pieces and frozen in liquid
nitrogen for further measurements.
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60 A& b2 p<0.05vs HEIMATE), H1EES K@%
BLTEBEOE NS D (p<0.02, ANOVA), 304>
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Table 1 Transition of coronary flow (ml/min) and %CF

group n pre-ischemia reperfusion 30’ reperfusion 60’ ANOVA#
C(%CPF) 8 3.84+0.25 2.63+0.40%(70.3%) 2.11%0.375(54.1%) p<0.001
H1(%CF) 8 3.16%0.25 1.96+0.31%(55.5%) 1.8940.40 (48.7%) p<0.02
H2(%CF) 8 3.11+0.43 2.09+0.505(62.0%) 2.13+0.62%(58.0%) p<0.002
ANOVA* ns ns

¥; p<0.05 vs pre-ischemia by Wilcoxon signed rank test.
ANOVA*, Oneway Factorial ANOVA, ANOVA? Oneway Repeated Measures ANOVA.
%CF, percent recovery of coronary flow after the reperfusion.



68 (4~6) 1999

3-2 DHEREDZEL
3:2:1 ZOEEEREEE (%LVP,) (Table2, Fig.
4)

%LVP, B CHTEHHERBERLETETL
(p<0.0003, ANOVA), 3043481z 1% 56.8%, 6043
I3 46.9% L x5 72 (& 12 p<0.05 vs FBIMATHE,
W), —F, HIBXU H2 b, BEREZCERD
B F 2R3 (H18p<0.0001, H2E p<0.002,
ANOVA, p<0.05, W) BCE LY LHERRES
(30 43E 79.59% 8 X UF 72.2%,. 60 53 fH 58.7% 8 £
71.29%), 260 5 H2 BN CHHRLTEE
WRIFZEEZR L (p<0.02).
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Fig. 4 Transition of %LVP,, of the three groups.
In C and HI groups, LV pressure kept deter-
iorating after the reperfusion whereas, in H2
group, the value stayed around 759% with
significant difference comparing to C group
(p<0.02) at 60 min after the reperfusion.
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Fig. 5 Transition of %dp/dt;, of the three groups.
The values show similar change as that of %
LVPy. At 60min after the reperfusion, H2
showed significant higher recovery than C
group (p<0.002).

Table 2 Transition of Left Ventricular Function

parameter group n pre-ischemia reperfusion 30’ reperfusion 60’ ANOVA?
C 8 116.5+£7.3 - 62.8+10.9%(56.8%) 54.1+6.2%(46.9%) p<0.0003
LVP,, H1 8 110.5£8.1 87.8+8.9%(79.5%) 64.6+8.0%(58.7%) p<0.0001
(%LVPy,) H2 8 114.5+8.9 83.8+4.9%(72.2%) 81.1£6.0%%(71.2%*) p<0.002
ANOVA* ns ns p<0.04(p<0.05)
C 8 3300371 1825+4008(59.8%) 1581+£2465(47.8%) p<0.003
dp/dTs, H1 8 32381365 2563365%(79.5%) 1825+323%(55.6%) p<0.0003
(%dp/dt.o) H2 8 33121401 2400£2425(74.3%) 2325+£207%(75.9%*) p<0.02
ANOVA* ns ns ns(p<0.04)

*; p<0.02 vs C group by Fisher’s PLSD.

§; p<0.05 vs pre-ischemia by Wilcoxon signed rank test.

ANOVA*, One-way factorial ANOVA, ANOVA?# One-way Repeated Measures ANOVA.
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Table 3 Tvansition of VO2 (ul/min) and %V02

ALWREREE

group n pre-ischemia reperfusion 30’ reperfusion 60 ANOVA?#
C(%V02) 8 37.8+4.6 22.21+4.4%(60.9%) 16.8+£3.4%(43.2%) p<0.0001
H1(%V02) 8 34.5+2.3 19.3+3.45(59.7%) 22.2+3.7 (68.7%) p<0.01
H2(%V02) 8 29.5%3.3 19.6+3.7 (72.3%) 20.7+4.5 (76.0%) ns
ANOVA* ns ns ns
§: p<0.05 vs pre-ischemia by Wilcoxon signed rank test.
ANOVA®*, Oneway factorial ANOVA, ANOVA¥* Oneway Repeated Measures ANOVA.
VO,, oxygen consumption of the heart, %VO,, %recovery of VO,.
Table 4 Transition of Tn-T (ng/ml) in coronary veturned blood
group n pre-ischemia reperfusion 30’ reperfusion 60’ ANOQVA?
C 8 7.3+0.8 58.84+10.55 104.9+19 .85 p<<0.0001
H1 8 4.6E£0.4 42.2+5.7 61.9+7.6%¢ p<0.0001
H2 8 8.8+1.9 39.1+5.08 51.344.9%%8 p<0.0001
ANOVA* ns ns p<0.02

*. p<0.03 vs C group, **; p<0.007 vs C group by Fisher’s PLSD.
35 p<0.02 vs pre-ischemia by Wilcoxon signed rank test.

ANOVA*, One-way factorial ANOVA, ANOVA? One-way Repeated Measures ANOVA.

ng/mi

140

§ p < 0.02 vs pre-ischemia

s [ *p<0.03

120 7 ** p<0.007
100
80 1
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60 Groups
40 |
20 1 B
Lle
0 -

Pre Post Post
Ischemic Reperfusion 30  Reperfusion 60°

Fig. 6 Transition of Troponin-T in coronary retur-
ned blood.
Though the values increased remarkably after
reperfusion in all groups, H1 and H2 groups
kept significant lower level than C group (p<
0.03 and p<0.007, respectively) at 60 min
after the reperfusion.

p<0.007).
35 DA AN AMP, ADP, ATP 2 (Table5,
Fig. 7)

FER 0B L LN AMP B L U
ADP 2iZ 3 EEZ 3w, ATP I H1HS
FUH2EE(1.21+0.08 8L 00 1.40+0.19 pug/g dry-
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(0.26+0.05) WHLEEDEEERLE (b p<
0.0001),
3.6 LOFFHABKDEE (water content) (Table 5,
Fig. 9)
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p<0.0001).
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Table 5 Adenosine phosphates and water content of myocardium after 60 min of reperfusion

AMP ADP ATP Water Content
group |n (ug/g dry-weight) Energy Charge | ATP/ADP (mig dry-weight)
C 815.47+0.39 1.97+0.17 0.57+£0.14 12.5£1.9 0.26x0.05 3.82+0.09
H1 814.66%+0.55 2.34+0.17 1.21+0.08** 19.9+2.3 0.53+0.03% 3.48+0.05"
H2 814.75+0.52 2.55+0.24 1.40=+0.19% 24.9%5.0* 0.54+0.03% 3.39£0.04
ANOVA* ns ns p<0.002 p<0.05 p<0.0001 p<0.0001
*: p<0.02 vs C group, **; p<0.006 vs C group, T; p<0.001 vs C group,
§; p<0.0001 vs C group by Fisher’s PLSD.
Energy Charge= QATP+ADP)/2(ATP-+ADP+AMP).
Water content = (wet weight-dry weight) /dry weight
ANOVA?*, One-way Factorial ANOVA.
g/g dryweight Hg/g dryweight
6 z 6
5 5
4 4
3 3
2\ 2
1 1
0 0
CR AMP
ADP * p<0.006
ATP *x P<0.001

H2

Fig. 7 Comparison of AMP, ADP and ATP level in sampled myocardial tissue between three groups is shown.
H1 and H2 group have higher ATP content than C group (p<0.006 and p<0.001, respectively).

% p<0.02
Energy Charge ATP/ADP  **Pp<0.0001
* ** T
%01 0.51
2 0.41
20+ ] '
031 ]

151 1 o
101 :

51 0.1 '"

0 0

c H1 H2 c H1 H2

Fig. 8 Energy status of sampled myocardium.

Energy charge, representing total amount of energy in myocardial tissue, and ATP/ADP ratio, re-

presenting phospholization activity of the tissue, are compared among the three groups.

H2 group

reveals higher energy charge than C group with significant difference, while both of HOE groups show
significantly higher ATP/ADP ratio than C group.
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mi/g dryweight
4.2 oy

4.0 A B
] T i

3.8 ]
[ *p<0.001

3.6 -
3.4 1 A

[+ p<0.0001
[

3.2 1
3

Cc H1 H2
Experimental Groups

Fig. 9 Comparison of water content of three groups.
Both of HOE groups have less water content
than C group with significance (p<0.001, p<
0.0001, respectively).
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HUB W pH O 2GRS 2 Z Lz, #ild
P4tD pH ALK e 5, Zhss, BUNHE 25
52z &y, HIERO Ca?t overload % 2 51
HETEE, HEREEEHESRT S (pH paradox).

L7zh3-C, ZNHOBEHDE 14 Ths NHE 2]
Fl3 2 Z Ll kD, ABAMEND Ca?t overload %#
Z, VWTRBREERRHTES LHELONTVS,
4-2 HOE642

Sholtz &' X # N & TOFRERRIME 1 4 i
EIHF amiloride 1233 % # 7z A BN NIHE ##H]
Fl LT, %3 HOE694 %, #LT%® NHE #I%IF
M & NHE 1123603 2 R R %5 o7 HOE642 % 5%
U7z, 5003 FIRMEBR~D Na+ FA KT 5 HE
{fEFIOMETC, amiloride 1 & % ABHERE 300 uM
wxil, HOE642 1 3 uM THZOHEZRSE SN
JeELTwa, %72, HOE642 D NHE 74V 7 % —
4 (NHE 1, NHE 2, NHE 3) i3 3 RS0k % it
FHRA D2 Na* AKX T 2HEFEH TR L Ts
V, ZOKifEid NHE1 wwxU 0.05 uM, NHE2 iz

AL ERRR

ML3uM, # UTCNHE3 X L1ImMT® Y,
NHE 1 ot U GEIRIGIC B EERINH 26 Z L iR L7,

20k 27, AFOERT: NHE 1125653 2581 &
BIfEF O il &, VERCIREERIGF @ ig)Ls
WIFFEDMTh T\ B18-162620 Rz, L EifREICEI L
T, % OBIMBERETRREOANBIRIIGIER S P, L
HEBERERh R 21019 Nk H s h, AMOHEERE I
N4 5 FERBOEEE, Bk 2 CERER,
Z U CLIFRBEIC BT % donor DORFIE ELTD
MEBME SN T D,
4-3 FEBROER

4-3-1 3ZZEFERI Langendorff [EIEE

INET, W OrDOFEHL%E V2 Langendorff €
FTNVOEERHBITHON T B121418 23 Z 51k 3T XT
KHB W L 2 ERERTDHD, FFFRO LS 22llls
AuToOHERREH -, B, QMBRIIEER
BEZSSEITERLLTEETHN B, ZOELE
BEER 2 HERESEO T ERT T 51, ST
o, AEBICHWZZER I Langendorff [BIEE,
THEIE 2 v 5. 2 L2 & D &1 X % Langendorff
BHEAREE LTV THY, IDBERECBITLH
DAl DD RERITEB E W R B,

RMFEEREECBT 2 HMEROBEE LT, HE
MR OEMINE B 2NEAOEEF LHZEC L % no
reflow JHE® WEETHY, ZOBRBEIMTRIIE T 2.
REERIZBWT S, 3EE b ICHERBOEMRESE
EWETLTBY, HOE 0FECEDb &> FaMEkO%
B2 L % no reflow REV b o7z LFEZ2 oMb,

4-3+2 HOE642 N UEHRENR

AL RER (St. Thomas #) WBEMNE iz
HOE 28, EERNCLIHRENRERTEERL TS,
Thbb, 1) LHEREOEIEER (YLVP,, B & %dp/
dtw), 2) EERIRERTMAR To-T 18, 3) O ATP
BEB LU IVF—REE (energy charge, ATP/
ADPh), 4) EEBETROLEEBASEE (water
contetnt), WREIL T, H1# (HOE0.03mg/kg) T
¥ Control BEIZEL L EE00D 2), 3) O—&EB (ATP BE
& ATP/ADP L), BIU D) TEEERRYD, 518
BEOLBEESENA Oz, —7, H2E(HOE 0.3
mg/kg) W FBIIEER 60 3 TLRE1D) ~4) HEEOE
TWRBWT Control I LERCEN BB EZRL
Fo. THLS QR LD, HOEO0.3 mg/ke 13 55 i
NHE 1 % ORFREIMRH BRI HIS 5 22wk b,
e MR REE 2 305 U LMl O = 20 £ —fR
BERERL, LEMREOFECGL, BEREOL
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BEEDEHE 2 BIFIC$ 2 2 L SRS Rz,

4-3-3 HOE642 NEEREE

HOE642 13 % DEED B 2 SN TREMIZ Z D%
HEE3 ¥, Sholtz 52 i3t MivIMED NHE 205
LHEET, HOE642 @ amiloride B2t NHE 23§
2 509% B RKINEIERE (IC50) 1 0.2 uM/l, £72TF v
FOLEBRBEEEAT Ve AIBYRLEL, #
OMEApH ORE*BET 2FEERT, RIC5 13
0.1~1uM/I THolz LT3, BAXOEBRRTIE
SMEHERT 3725, HOE O XN TH 55,
Ave 519 DIRELRERIIBILBREEBDEE L Lk,
BTy rOEHIREFER-FERT 27V, HOE
% 0.0l mg/kg 25 3mg/kg FTEEL, ZOHER
BABIRTIR 28R L, BMai#5 ik 0.1 mg/
kg L BT, (7-BMEBORES T 0.3 mg/kg BLETE
NlFESREN, 77, 1me/kg T3 0.3 mg/kg &
FEOHMRIE EZ -7 EBE L T2, RERIB
Wi, HIBETRF—F v NOREREREI 0.03 mg/
kg%, £ H2¥ CT0.3mg/kg # 5m/ ® St.
Thomas WML THE Lz, BEMRBETEEL
T, FH—I v rOEEN300g LT5E, FhFh
4.75 yuM/1 BEU47.5 yM/1 THY, Sholtz HOWE
2B B ICH0 fEDOR 5 & s 500 f5TH5, Ll,
ERIMBELARE 1 ERETH D, MRE2BIIETEES
BL, FRXLTIE, 0.03mg/kg &5 (HI) B
HifAR ATP B, ADP/ATP It, LB ASSE,
BLUTn-TRHELCEIEREOHRELTLIY, L
BEDHEWBE L THROETIEZ L, Aye DDER L
iIZ, 0.3 mg/kg WAEBR LERRESEEEZ SND,
4:34 FORZ>—T (Tn-T) EREOESE
Tn-T ik, EHOHIELZHETT 2 r X EE
BOY T2y s O—D2RBRT 2EREY 87T
B0, LS BRI TREFDTY I S SER S,
ARz THWR Dy F AT AN PRy
TI2 3008 Tn-T 2RBENCERT5F THD,
DFEE RN ZIEES) L LT, BROBIBY
ThbHWwsRT»S, @ED Langendorff BIEKIZ BT
2EEBTIE, LDH ® CPK 50, LAHGRESRE Hv
2L, KERICBWLWTIX, FEIEOEE
KEIRU T QIR 2 EET T 57280, BRGICbEER
3N DERIERMERL, BEXLTEHESL
VW, 208 LB Tn-T B OBHEBRICEBENTHY,
EEIRERMTOEE2HET 228 2ED, 200
BHEEORE RS Z XA THY, 2, BLE
[MHTES R BETHIE, 00 Langendorff #
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FWRIERD B t s h, ZheEATs2EbT
%, EBROBERHD 2 FTERTH 3.
44 FHARORTE LFE

1:4+1 FHEHORERTFOEE

Langendorff R BB B 2 Vw5 Z £ T,
S X 2 OERISIIRE L2 - 7223, FEIE
SEHENZRERFCHEI NS WREYD S, M
BhE o T 3 BRI & 0 3R L7288, {EffE
BhHY, BHBEMOMESE T LB, &
ZREOHT AT I OEENTEEN, BT 20
PREERNFTH 5.

4-4-2 HOE642 DIFFRHR L1352 3

REETRIERIBLLTZEE L, HOE i LARE
WML CRIFEMRICRE L THY, #-T, £
OEA#ERF & Uit NHE 6z & 2 B LHBEZEOT
finsErzsb0eEZzoN5, L, HERRIZD
HOE 2SN LT WS aEMsSH Y, HERE
ERPHERIV TR LBEZLN, EbonERkD
TERTH 5 pARERD S ZHS Tk, HOE &5
BRI B3 28 E» o MR T 2 &, BINATH 3 WikE
HE L AERO BB DR ER & L ToRE%
73, Langendorff #E T 7 MBI 2 B IIFRERZDL
REREEIEZIR P10, SEEIIREAZE - MERE T MIZBIT 5
FEZE Y4 X OIEIZIE B L UFIREIRIE? 3R b &
<, FEREH, FERROADOHRE TIEEDOER
A TH % & ST 5141639 Garcia-Dorado
5% 13 HOE I & 5 [ MHE % 5T % fER LR
EHRICHMFELTEY, ToRENR RS
OIZIZEBIMEFD NHE HFINSHETH 2 LIBT3,
%72, Chakrabarti ©3® (ZREMMEFDLAS apoptosis O
R L, BIEE 10 22 IZBEIC apoptosis 288,
oh, 30 aLIBICERAREERZRT EL, HOE ORMATE
5T, ZHHW apoptosis Bl E D LHELTE D,
10 A LA EOBMmMEFEIH 21545, ZORBMEESZES
WHilhs 3 L iZRECHZ 2 EBRBRL TS,

U EDREROHED S HOE X MIETS X U Mm%
SEREORETHL EFz 60, ZOHEPS LN
BT 2 LREEECEOTHERER L WES, &
ERRTIED L L b LHRERC AR ERNT S5 2 &
T, SMERETVIEBWT S EEOOHEENRN
Bon/-BEAHL 272, S8IZ, LHRERCAA
BT 5 Lwhng, £l X3 EEREC b AR
OFFRE 2T 5 Z L ¢, BERBEFHO LT
IR DD 205, B B5ME 21T FETDH 5.

—77, LSRR 2 EE R E 2 285G, RINH]
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BE5GWREETH 55, PTCA % X2 & % intervention
FOBIMEEESEP, BRI NA A8 5
TIERATR S B L UTIERRERSIYES) &% 5 vTRelE
BH D, ZOERMETEOFRHALBLETHA S,

5 & B

Z v MEHD I X 2R XHERS Langendorff 47
WEFEBY, #HLWwNar/H 28R 5§ #
HOE642 O LF RSN R - DWW TR L, EBIE,
i 0 & 4 M1 T 20 4 B Langendorff # ¥, St
Thomas 2 & %018 30 D 37°CREIM, %D
% 60 D FEOFHER TIT>72. HOE642, 0.3 mg/kg %
St. Thomas WIZEML, BIMERNCLHHEERELT
51U H2 BT, Control BRIz L UFHHER 60 4%
OFEMET 1) Z0EE L AZE dp/dt BEENEE,
2) FEIRER LT Tn-T B MEME, 3) LA ATP
EVEE, 4) OFEB energy charge 3 & WATP/
ADP HsEfE, 5) LEABKRS SENEME, BE, v
ThHERREFZFERIEO N, ZhsDERE
D, HOE642 X 2IMERIC & 2 H{HLETFTAMBWT
LIRS RINT 2 2 & BN LARES R R
AL, SHBROERCBT S, FihUiREkE LT
BHEERTHZ Z L BEEATE 2,

Ei

MZRZBIL/), ABFichiaRz ZRE 72 -
TR RREERINIE =%, S 1 SR8
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