Jowrnal o0 Cardiovasewdar Pharme oloss
T021-626 0 1991 Raven Presso Lad.s New Yark

Effects of R 56 865. a Preventer of Cellular Calcium
Overload. on Left Ventricular Diastolic Properties During
Pacing-Induced Ischemia in Dogs
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Summary: The ctfects of R 36 865« compound with un-
ustal calcium antagonistic properties. on altered left sen-
tricular (L) diastolic properties were studied during pac-
ing-induced ischemia in dogs with coronary stenosis. Sce-
vere coronary artery stenosis was produced on both the
feft anterior descending (1.AD) and circumtlex (Cxd cor-
onary arteries inanesthetized B-blocked dogs. The right
atrium was paced at 200 beats min for 2 min. In the post-
pacing pertod and before drug intervention, the most
characteristic observation was g significant increase in
1.V end-diastolic pressure (LVEDP) and 1 the time con-
stant of (1) LV pressure decrease: after return of TV he-
modynamics to baseline vialues (15 mini, R 36 865 (0,16

In several studies. a protound impairment of lett
ventricular (LVY relaxation and LV diastolic com-
pliance has been observed in patients during an cp-
isode of exercise-induced angina pectoris (1=, A
similar increase in LV end-diastolic pressure
(LLVEDP) has been observed during pacing-induced
tachvcardia in dogs with critical coronary stenosis
(5.6).

The cardiac pathophysiology underlving thesce
observations has been the subject of considerable
debate. Impairment of LV diastolic compliance has
been ascribed to @ sustained intracellular calcium
availability resulting in a persistent contractile ele-
ment interaction in the ischemic myocardium
throughout diastole (7). The increase in LVEDP has
been explained by an impairment of intraceliular
calcium homeostasis: however, it this s true. the
increase in LVEDP is not mediated by increased
calcium influx through the slow channels because
pretreatment with verapamil does not prevent it (7).
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meg - kg orsohvent tcontrob was injected wand four sub-
sequent pacing runs were performed at 30-min interyvals,
In the postpacing period ot these four subsequent runs,
there was a steep increase i LVEDP and s-values while
HR returned more slowly to bascline values, Atter R 36
R63 infusion. the incrcase i LVEDP and w-values was
significantiy Tower than in the pretreatment run and all
LAVEDP values were significantly Tower than in the con-
trol group. We conclude that R 36 865 effectively atten-
wates ischemia-imduced changes in TV diastohe stitfness.
Key Words: R 56 865 ~Culcum oserload—Ventriculur re-
lanation.

The compound R 56 8635 (N-[1-[4-t4-tTuoro-
phenoxyibutyvl]-4-piperidiny - N-mcthyl-2-benso-
thiazolamine) (Janssen Rescarch Foundation. Bel-
gium) has been shown in various species to protect
against ouabain-induced cardiac toxicity (8=111 and
against functional detects clicited by ischemia or
hypoxia in isolated heart preparations (12-14h . We
cevaluated whether R 36 865 influences changes in
[.V diastolic properties clicited by pacing-induced
ischemia in dogs with coronary stenoses.

MATERIALS AND METHODS

Experimental procedure

The experiments were performed on 20 mongrel dogs
of cither sex ranging in body weight from 15 o 25 ke,
After premedication with piritramide (3 mg - kg '+ and
anesthesia with nembutal (15 mg - kg "0 the animals
were intubated and venuliated (3007 OL 3077 NLO) using a
Stemens Servo-ventilator (tvpe 9001 The ECG was de-
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rived from imb Jeads (standard Tead 1ho BN pressure
(1VP) and aortic blood pressure tAoP were measured by
retrograde catherization through the femoral arteries with
catheter-tip manometers “F (Honevwelln, Zero-line cali-
bration (LVPY was achieved by simultaneously recording
the pressure signal through the Tumen of the catheter with
an external pressure transducer (Gould 231D) positioned
at midehest level and cquating both zero lines on the re-
corder.

A temoral vein was cannulated for injection froom tem-
perature ) of the sohvent ey clodestrine 107 or for injection
ol the compound R S6 86310 16 my - kg "1 Pacing elec-
trodes were connected toa catheter which was advanced
through the left jugular vein unnl the clectrodes were
placed into the right atrium. A dett thoracotomy was per-
formed through the fitth imtercostal space. and the peri-
cardium was opened. The proxvimal circumtles coronan
arters (Cx and lett anteror descending coronury arten
(LADY were treed from adipose tissue,

Propranolol (0.3 mg - kg " intrvenoushy i was in-
Jected at this stage of the experiment to prevent ventric-
ubar fibrllation (VE) (1310 Blectromagnetic flow probes
(Skalary tor flow measurement and lexan clips to reduce
anteerade coronary blood 1low to 3077 of baseline value
were placed on LAD and Oy arteries. Continuous regis-
tration of the signals was pertormed on an eight-channel
ink-jet recorder (Mingography,

The pressure vilues and ECG signals were fed by
transducer amplitiers mto o digital mimcomputer (PDP
1123 connected toa dual diskette drnve und displny ed on
a4 Maclntosh. The tollowing variables were caleulated on
line: heart rate (HRY (heats mino. systolic and diastohic
aortic blood pressure tAoPs and AoPdy imm Heoo TVP
(mnt Hey and s first derivative (8NP drand TNV AP
dey oo tmm He s D EVEDP anm Hegoand rate pressure
product (RPP). The ume constant off LVP decrease (71
tms) was measured as deseribed previoushy ol6),

Experimental protocol

Prereatment pacing ran. The lett atrium swas paced at
arate of L3 tmes resting HR for 3 min. and hemody nam-
s were recorded 15,30 and 46 sand 120340 and 3 nun
alter the end of the pacing pertod. Dogs entering ventric-
ular tuilure atter the pretreatment pacing-run showed a
substantial reduction in both AoP and LVdp dr values
that wias not comparable 1o results obtamed from the
other dogs. Theretore. the former dogs were excluded
trom the analysis. Most probably s a eritical degree of ste-
nosis or the presence of o too-extensive nyocurdial ische-
miit or both were responsible tor this phenomenon. A
reduction in AoPs 22007 was considered woeriterion o
exclude dogs trom anadyvsis. Foar dogs developed FV tail-
ure and 3 developed VE: these T dogs were excluded from
analysis. The remaining dogs were randomly allocated to
R 36 %63 or its solvent tcontrob).

Pacing runs subscquent to pharmacologic interven-
rion. Dogs received v injection of ROS6 865 (016
mg - kg 'in 61 or it solvent (B-hvdross propyleyelo-
dextrine: n - 7115 min after the first pretreatment pacing
run. Thereafter. four subseguent pacing runs were per-
formed at 30 min intervals, and the intfluence of R 56 863
on resting and postpacing hemodynamics was analyzed.
The ettects of treatment on .V hemodynamics were fol-
fomed - 103 min after injection with subsequent pacing
runs every 30 min (e, 15045075 and 105 min postin-
jectiond.
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Statistical analvsis

I'he values of the first run of seven animals in the con-
trol and six in the R 36 865 group were taken to evaluate
the chunges induced by pacing tachyveardia. The statist-
cal significance of the changes from the resting values at
cach recorded time interval was determined by Wilcox-
on’s test.

The effects of treatment were analyzed by computing,
for cach subsequent run, the average change during the
tfirst minute. This was done by computing tor cach run the
time-userage by integration with the hinear trapezoidal
rule. Within-group comparisons were made by comparing
the average chunge of cach run with the chunge obtuained
for the pretreatment run using Wilcoxon's test. The dit-
ferences between the individual average change and those
obtained trom the pretreatment runs were computed.
Group comparison was made for cach posttreatment run:
I'he dittferences obtaimed tor the control group were com-
pared with those of the exvperiments with R 56 865 by
Mann-Whitney U test. Results were expressed as per-
centages of the pretreatment run. In all statistical tests,
v o-tailed probabilities = 0,05 were considered statisu-
cally signiticant.

RESULTS

Postpacing hemodvnamics before
drug administration

In 13 of 20 animals, o signitficant increase oc-
curred in HR and t-valuc up to I min and in LVEDP
up to 5 min atter the ficst pretreatment pacing run
wus stopped. In these animals, LV tunction re-
mained preserved. with changes in AoP and LVdJP
de,, . and LNAP dr,,, - 10 and <2200 mm Hg - s
respectively (Tuble 1), Changes in AoP <210 mm Hg
and i LNJP dr and LVdP:de,,,,, values - 200
mm Hg - s "were considered of no physiologic im-
portance. despite statistical significance. The hemo-
dvnamic variables reflecting pacing-induced
changes in the presence of a reduced coronary per-
tusion were considered to be HR. 7-value. and es-
pecially LVEDP.

nian

Influence of R 56 865 on resting hemodynamics

Intravenous administration off R 56 8635 (0.16
mg - kg Dorits solvent. given IS min after the first
pacing run before initiation of the subsequent runs
induced no signiticant changes in hemodynamic
measurements (Table 2).

Influence of R 56 865 on postpacing
hemodynamic measurements

After administration of R 36 865 (n — 6). a sig-
nificantly shighter increase in LVEDP was obtained
tor all four subsequent runs as compared with the
control group. Furthermore. although in the control
group the values of the increase in LVEDP tended
to be higher than in the pretreatment period. they
were significantly lower for the treated animals. In
the control group (n = 7). subsequent pacing runs
resulted in a steeper inerease in LVEDP than in the
pretreatment run (Fig, .
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TABLE 1. Effect of pacing-induced ischemia and of R 56 865 in dogs with severe stenosis of LAD
and Cx coronary arteries on LV hemodynamics

Parameter HR Aobs Aold
Pacing-induced
Ischemia
Control 92 - 1| 100 - 6 Tk
Postpacing
15§ (R I 1OS - 82 -4
RIS [RREEEE los - 7 K o
BRIN [RREES " - = 86 - T
60 [N 106 - 6 xS - T
2 min (R o6 - 7 N T
imin 9 - 1 106 ™ 840 R
4 min o7+ o 1os - 7 N2 X
S min 105 - 10 104 - 7 W N
R56 863
Betore ht 102 - 11 B I
Atter
Smin 9y 16 g - |3 h N
15 min AR Ys - T1d 413

LVEDP LN LNGP e < Value
S8 0k | 667 - 127 1,632 1249 43 0 3}
13.0 - 1.6° 1543 - 192 FATE 1T [
1.0 - 0.6 624 - 17N .51 - 176 ol - 10
92 - 04 1,719 - 208 1627 - 72 Sy
86 - 06 [.7YR - 239 [ U B 4R - 6
R | T I RS 224 1.790 177 44 4

68 - 00 1874 - 22 1844 - 17y 42 - 4

6.3 0.8 841 - |98 [R32 - 73 30 -3

6.0 ¢+ 0.8 1826 - 186 1 497 - 29Re 400 R

61 - 14 1.634 - 3] [.338 - 278 47 -9

6.1 - 1.8 1625 - 438 1.530 - 376 47 -y

SN 1A |

1508 - 348 A09 - 256 46 0 7

and e
Values are mean o SEM.
o 03] postpucing values versus control vidues

Similar pharmacologic ettects on subscqguent pac-
ing runs were noted for HR (Fig. 210 Atter solvent
administration. HR decreased less markedly than in
the pretreatment run during the tirst minute post-
pacing. This difference remained significant after
the third pacing period. In contrast. HR returned
taster to bascline values within 45 min after R 56
®63: this etfect was significantly different from that
noted in the control group as well as from the value
in the pretreatment run.

In the control group (solvent-only). 7-value in-
creased during the first minute postpacing to a value
higher than the increase in the pretreatment pacing

% ot Control

o000 A

HR. heart rate: AoPs and AoPd. systolic and diastolic aortic pressure: EAEDPleft ventricular end-diastolic pressure: LN dP
muvimum and minimum of the fiest derivative of LV pressures 7-value, time constant of TV pressure decreuse.

run. In contrast. atter administration ot R 56 863,
the pacing-induced increase in 7-value was signifi-
cantly lower than that in the pretreatment pacing
run (Fig. 3. Despite substantially Tower absolute
values for increase in 7 in the first minute postpac-
ing in R 36 865-treated dogs. statistical significance
tor a difference after solvent treatment was not
reached owing to the high varability i both groups.

DISCUSSION

In this study. pacing-induced ischemia in dogs
with critical coronary stenosis was used as o moded

Solvent

FIG. 1. Effect of four subsequent pac-
ing runs on left ventricular end-
diastolic {LVEDP) in solvent- and R 56
865-treated groups. The changes oc-
curring during the first minute n the
control pacing run are set at 100°: the
changes occurring in subsequent pac-
ing runs (i.e.. after solvent or com-
pound administration) are expressed
as percentage of change in compari-
son with the changes noted in the con-
trol run. °p 0.05 R 56 865 versus
pretreatment value: p - 0.05. R 56 865
versus control group (solid squares)

R 56865 0.16 mg/kg

I Curdiovave Pharmacol. Vol 17 Nood0 [wel



624 G VANDEPLASSCHE ET AL,

% ot Control

300

FIG. 2. Effect of four subsequent pac-
Ing runs on heart rate (HR} in solvent-
and R 56 865-treated groups. The
changes occurring during the first
minute I1n the control pacing run are
set at 100°: changes occurring in
subsequent pacing runs (i.e.. after sol-
vent or compound administered) are 4
expressed as percentage of change in
comparison with the changes noted in

the control run. "p 0.05: R 56 865

versus pretreatment value: p - 0.05 R

56 865 versus control group (solid  "C9
squares).

200 o

Solvent

R 56865 0.16 mg/kg

to study phurmacologic ettects on impaired ventric-
ular relaxation. Such an ischemia elicited by energy
demand induces w steep increase in LVEDP and in
the time constant of LV pressure decrease
t7-value). indicative of impaired diastolic ventricu-
lur function. These findings are in agreement with
results obtained in other studies (7.17-19). A similar

% of Control

Jf Solvent

increase in LVEDP induced by atrial pacing (1) or
by exercise (20) has been observed in patients with
angina pectoris. An impairment ot L.V isovolumic
relaxation during pacing-induced ischemia was also
observed by MclLaurin and colleagues (21).

The mechanism of the abnormalities in diastolic
function causing an increase in LVEDP during an

FIG. 3. Effect of four subsequent
pacing runs on the time constant of
left ventricular pressure decrease
(7-value) in solvent- and R 56 865-
treated groups. The changes oc-
curring during the first minute in
the control pacing run are set at
100°: changes occurring in subse-
quent pacing runs (i.e., after sol-
vent or compound administration)
are expressed as percentage of
change in comparison with the
changes noted in the control run.

M "p -+~ 0.05; R 56 865 versus pretreat-
ment value.
[ R 56865 0.16 mg/kg
T T T T — min
3 oo a0 150
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anginal attack remains controversial. In contrast o
ischemia clicited by coronary artery occlusion,
ischemia induced by increasing myocardial energy
demand in the presence of coronary stenosis in
open-chest dogs results i an imcrease in myocardial
muscle stittness (19). Thus. the changes in the phys-
ical properties ot the myocardium induced by high-
cnergy demand ischemia appear to be directly re-
lated to an impairment of the active relaxation
process. affecting primarily the myocardial cell.
High-energy demand ischemia may impair cellular
metabolism so that calcium handling s altered.
which can cause a persistent interaction of contrac-
tile proteins throughout diastole and thus increased
active diastolic stiffness. It has been reported that
verapamil cannot prevent. whereas caffeine in-
creases. this effect of pacing-induced tachycardia
(7). The possibility that such @ mechanism s indeed
involved in the decay of ventricular relaxation cu-
pacity induced by ischemia is supported by several
observations. Paulus and co-workers (7) showed
that @ reversible torm ot hypoxic cardiac muscle
contracture may explain the decreased ventricular
distensibility. The cause of the increasce in myocar-
dial stiftness after cardiac pacing, contributing
to the observed diastolic abnormalities of pacing
ischemia, could be similar to the stiffness observed
during hypoxic cardiac muscle contracture. i.c..
persistence of cross-bridges because of impaired in-
tracellular calcium sequestration and becuuse ot the
formation of rigor bonds (22). Verapamil. blocking
calcium influx through the L-tyvpe slow channels.
did not prevent such ischemic relaxation. In con-
trast, caffeine. blocking Ca® " reuptake by the sar-
coplasmatic reticulum. increased such aloss ot ven-
tricular distensibility elicited by pacing-induced
tachyveardia (7). The response to caffeine and vera-
pamil was similar in both hypoxic contracture and
pacing-induced tschemia, indicating that intracellu-
lar calcium redistribution playvs a central role under
both conditions. Theretore. both hypoxic contrac-
ture and the increased 1LVEDP under ischemic con-
ditions could be mediated by impaired extracellular
calcium homeostasis rather than by an increased
calcium influx through the slow calcium channels in
the myocardial cells.

7 Value increased during pacing-induced ische-
mia anesthetized dogs with coronary stenosis. This
further slowing of 1sovolumic pressure decayv could
be a manifestation of a rather load-insensitive relax-
ation of the ventricular cardiac muscle in response
to ischemia (23). Thus. incomplete relaxation or
partial inactivation results in persistent interaction
of contractile elements throughout the diastole. As
such, it imposes an active stiftness on the passive
clasticity of the ventricular myocardium.

R 36 865 i.v. prevents the ischemia-induced in-
crease in LV diastolic stiftness. These results cor-
roborate the carlier documented protective eftects

of R 56 865 against the cardiac dyvstunction induced
by ouabain or ischemia and hypoxia (n vitro and in
vivo (8=10.12.13).

Whether the protective effects of R 56 865 ob-
served during ischemia and its protection against
ouabain-induced toxicity are mediated through the
same mechanism is not clear. R 36 865 prevents
contractions clicited by perturbations of 1on chan-
nels in solated cardiomvyocyvtes (14), probubly by
limiting mtracellular cadcum overfoad or the toxic
consequences thereot (10): this was demonstrated
recently inin vitro experiments using isolated rat
and rabbit cardiomyvocvtes (14). Atter exposure of
the cells to pathologic stimuli (veratridine. singlet
oxveen. lvsophosphatidvicholine. or ouabain) irre-
versible hypercontracture was observed as o con-
sequence of intracellular calcium overload. Tetro-
dotoxin (inhibitor of tast sodium channch und re-
duced extracellular sodium. but not mitedipine.
protected aguainst these pathologic stimuhi, which
suggested that intracelular calcium overload in-
duced by these stimuli was mediated by dystunction
of the fast sodium channcl. resulting in sodium
overload followed by calcium overload owing to so-
dium calcium exchange. R 36 865 dose-dependently
prevented hypercontracture induced by pathologic
stimuli. suggesting that R 56 865 may interfere with
this pathologic sodium channel dyvstunction in a
way different from that of class T antiarrhyvthmic
drugs. A possible explanation tor the etfects we ob-
served may be that R 36 863 finally results in pres-
ervation of homeostasis for ons such as calcium in
the cell. By such 4 mechanism. the compound then
may prevent sustained intracellular calcium avail-
ability and interrupt the persistent interaction of
contractile element in diastole. Such a pharmaco-
logic eftect may then attenuate impairment of dia-
stolic-ventricular relaxation induced by myocardial
ischemia.
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