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Summary. Bradycardic agents could limit the consequences 
of myocardial ischemia via two mechanisms: by decreasing 
myocardial oxygen demand (MVO2) and by increasing dia- 
stolic coronary blood flow (CBF). We investigated w h e t h e r  
the benzazepinon UL-FS 49 affects only sinus node cells or 
also smooth muscle and/or myocardial cells. To avoid con- 
founding interactions with the periphery, we performed ex- 
periments on 11 isolated, blood-perfused canine hearts. Injec- 
tion of UL-FS 49 (1 mg/kg i.c.) significantly reduced heart 
rate (HR) from 104 • 7 to 93 -+ 7 min -l (mean • S E M )  and 
increased stroke volume (n -- 6:9.8 -+ 1.1 vs. 13.2 -+ 1.6 ml), 
so that cardiac output remained unchanged (n -- 6:1.1 -+ 
0.1 vs. 1.2 - 0.1 l/min). The contractile state, assessed by 
isovolumic peak systolic p r e s s u r e ,  w a s  unaltered by UL-FS 
49 (n = 5:72 • 6 vs. 72 _ 6 mmHg). At a constant coronary 
arterial pressure (CAP) of 80 mmHg, mean CBF was slightly 
decreased (102 • 11 vs. 97 __. 10 ml/[min �9 100 g]) by UL-FS 49, 
such that mean coronary resistance remained unchanged (0.9 
• 0.1 vs 1.0 -+ 0.1 mmHg �9 min �9 100 g/ml). The slight de- 
creases in arteriovenous oxygen content difference (n = 6: 
6.6 • 0.7 vs. 6.5 • 0.7 ml/100 ml) and in CBF lead to a calcu- 
lated, significant decrease in M V O  2 ( n  - 6:6.9 -- 0.5 VS. 6.0 
-- 0.4 ml �9 100 g/min). In conclusion, UL-FS 49 at t he  dose  
used decreases MVO z by reducing HR in isolated canine 
hearts. In the absence of negative inotropic and vasodilating 
ef fects ,  c a r d i a c  o u t p u t  is maintained via increased stroke vol- 
ume, and CAP will likely be preserved  in situ. Thus, this 
specific bradycardic agent could be useful in treating isch- 
emic myocardial disease. 

Cardiovasc Drugs Ther 1991;5:481--488 

Key Words. canine heart, cardiac output, bradycardic agent, 
UL-FS 49, coronary resistance, myocardial oxygen consump- 
tion, left ventricular contractility 

hear t  ra te  in h u m a n s  [2,3]. Calc ium-channel  blockers,  
on the o ther  hand,  also r educe  the  contract i le  s ta te ,  
decrease wall  t ens ion  b y  reduc ing  ven t r i cu l a r  
af terload [4,5], and inc rease  oxygen  supply  to the  isch- 
emic myoca rd ium by  d i rec t ly  decreas ing  coronary  re-  
s is tance [6,7] and by  b locking alpha2-adrenoceptor-  
induced vasocons t r ic t ion  [8]. However ,  decreases  in 
contract i le  s t a te  could f u r t h e r m o r e  impai r  ischemic 
ven t r i cu la r  funct ion,  and  the  reduced  af ter load is 
likely to be associated wi th  decreases  in coronary  ar- 
ter ia l  p ressure .  

Specific b radycard ic  a g e n t s  act  p r e sumab ly  solely 
on s inus-node cells, and  t h u s  could not  only decrease  
oxygen demand ,  b u t  also inc rease  oxygen  supply  to 
the  ischemic m y o c a r d i u m  via an increased diastolic 
blood flow [9,10]. U L - F S  49 is a benzazep inon- type  
agen t  and is chemical ly  r e l a t ed  to verapami l  [10,11]. 
I t s  nega t ive  chronot ropic  effects are  well docu- 
mented ,  both  in isola ted p r epa ra t i ons  [11,12] and  in 
in tac t  animals  [10,13]. 

In  order  to i nves t i ga t e  the  di rect  effect of U L - F S  
49 on hear t  ra te ,  cont rac t i le  s ta te ,  cardiac output ,  cor- 
onary  res i s tance ,  and  myocard ia l  oxygen  consump-  
tion, i n d e p e n d e n t l y  of s econda ry  effects via per iphera l  
in terac t ions ,  we pe r f o r me d  e x p e r i m e n t s  on isolated,  
blood-perfused canine  hear t s .  F o r  ethical  reasons ,  all 
expe r imen t s  r e p o r t e d  in th is  s t u d y  were  pe r fo rmed  at  
the  end of o the r  e x p e r i m e n t s ,  however ,  no o the r  
agents  had been  t e s t ed  before.  

D e p e n d i n g  on i ts  d u r a t i o n  and severi ty ,  ischemia in- 
duces acute v e n t r i c u l a r  dysfunct ion  and finally irre-  
versible  myocardia l  damage.  Because hear t  rate ,  wall 
tension,  and  cont rac t i le  s t a te  are major  de t e rminan t s  
of myocardial  oxygen  d e m a n d  [1], agents  tha t  reduce 
one or more of these  factors  hold promise in the t rea t -  
men t  of myocard ia l  ischemia.  Beta -adrenoceptor  
blockers can reduce  bo th  the  contracti le s ta te  and 

M e ~ o ~  

General preparation 
The suppor ted  isola ted can ine  hea r t  p r epa ra t i on  was  
used as descr ibed  p rev ious ly  [14]. Briefly, two mon-  
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grel dogs of e i ther  sex (20-25 kg) were anesthetized 
with sodium pentobarbi ta l  (30 mg/kg  i.v.). The heart  
was removed from the donor dog, and perfused with 
blood from the suppor t  dog using a constant pressure 
perfusion pump (Figure  1). The perfusion in the aorta 
was re t rograde  via a cannula inserted in the left  sub- 
clavian ar tery .  Coronary  arterial  pressure  was moni- 
tored by  a cannula in the brachiocephalic ar tery .  

Af ter  opening the left a t r ium and cutting all 
chordae tendineae,  a thin-walled latex balloon was 
placed in the left ventr icular  cavity. An adaptor  was 
sutured to the mitral  annulus for connecting the ven- 
tricular balloon to the ventr icular  volume servopump. 
A microtip m a n o m e t e r  (Millar, PC 380) was placed 
inside the water-filled balloon to measure  left ventric- 
ular pressure.  The space be tween the balloon and the 
ventricular  wall was vented.  

The coronary venous blood flow was measured by 
draining the unloaded r ight  ventricle, i.e., the flow to 
both the r ight  and left ventricle,  and using an electro- 
magnetic f lowmeter  (Narco Bio-systems, RT 400). 
Thus, the negligible portion of Thebesian blood flow 
[15] was ignored. The difference in ar ter iovenous oxy- 
gen content was  continuously assessed by absorption 
spectroscopy [16]. 

Arterial  PC02, P02, and pH of the support  dog 
were maintained within the normal range. Arterial  
PO 2 was raised, if necessary,  by enriching the inspired 
air with oxygen.  The t empe ra tu r e  of the perfusate  
was kept  close to 38~ with the help of a heat  ex- 
changer. 

Ventricular volume control system 
A servosys tem was used similar to that  described pre- 
viously [17]. In  brief, the position of a plunger  within 
a cylinder (Bellofram, SS-4-F-SM) was controlled by 
a linear motor  (Ling Electronics,  411). The intraven- 
tricular balloon, the connecting tube, and the cylinder 
were filled with water .  Thus, a change in ventricular  
volume was accompanied by  a displacement of the 
plunger. A signal, der ived from a plunger-at tached 
linear displacement  t ransducer ,  was compared with a 
volume-command signal. The difference was used as 
the er ror  signal fed into a power  amplifier (Crown, 
DC-300) to drive the linear motor  (Figure 1). 

Impedance loading system 
The isolated left ventricles were  afterloaded with the 
help of a computer -based  system,  similar to tha t  de- 
scribed previously [18]. In brief, a personal computer  
was p rog rammed  with the differential equations of the 
three-element  Windkessel  model that  has recently 
been shown to reasonably  represen t  the impedance 
spectra of the real  ar ter ia l  sys tem [19]. Filling of the 
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Fig .  1. Schemat i c  d i a g r a m  o f  the isolated canine heart  prepara-  
tion. Coronary  p e r f u s i o n  was  m a i n t a i n e d  wi th  blood f r o m  a 
suppor t  dog. The left v e n t r i c u l a r  cav i ty  was  f i t ted  wi th  a balloon 
that  was  connected to a p i s t o n  p u m p .  The ven t r icu tar  cavi ty  
vo lume  was  set a n d  contro l led  by  a servomotor  connected w i th  
the p i s ton  p u m p .  B P  = blood pressure ;  AVOe = ar ter iovenous  
dif ference in  oxygen  content;  C B F  = coronary  blood f low; 
C A P  = coronary  ar ter ial  pressure ;  L V P  = left ven tr icu lar  pres-  
sure; L V V  = left v e n t r i c u l a r  vo lume .  

ventricle was also realized by  the computer-based sys- 
tem that  switched to a simple filling circuit during 
diastole. 

Experimental protocol 
Exper iments  were  conducted on a total of 11 isolated 
canine hearts.  Measurements  were  performed during 
control conditions and on average  af ter  2 minutes 
when s teady-sta te  conditions were achieved af ter  in- 
t racoronary administrat ion of 1 mg/kg  UL-FS  49 to 
the isolated heart .  In previous studies on canine 
hearts,  UL-FS  49 was adminis tered at a dose of 1 mg/  
kg to observe a distinct effect on heart  ra te  [11,20]. In 
turn, the effect of the agent  on contractility in isolated 
guinea pig atr ia  was considerably higher (* 1000) than 
it was on hear t  ra te  [11]. We wanted to investigate 
both the effect on hear t  ra te ,  coronary resistance, and 
contractility, and therefore  decided for a relatively 
high dose. 

To evaluate the effect of U L - F S  49 on the left ven- 
tricular contractile s tate,  five isolated hearts  were  
made to contract  isovolumically. Six other isolated 
hearts  were made to eject  a physiologic afterload re- 
sistance of 3.0 m m H g  �9 min/ml.  
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The difference in ar ter iovenous oxygen content 
was assessed in six hearts .  In  all hearts,  coronary 
arterial  pressure was kept  constant  close to 80 mmHg 
with the help of a peristalt ic pump. 

For  normalizing coronary blood flow to 100 g left 
ventricular weight  and for calculation of ventricular 
oxygen consumption, both the r ight  and the left ven- 
tricle were weighed at the end of each experiment.  

Data acquisition 
Left  ventricular pressure ,  ventr icular  volume, aterio- 
venous difference in oxygen content (A-VOX Sys- 
tem), coronary venous blood flow (Narco Bio Systems, 
RT400), coronary ar ter ia l  pressure (Statham, 
P23Db), and arterial  p ressure  of the support  dog 
(Statham, P23Db) were  continuously recorded on a 
forced-ink chart  recorder  (Gould, Recorder 2800). The 
A-VOX sys tem measures  the oxygen saturation 
by means of spect rophotometry .  Because the device 
consists entirely of solid-state components, its calibra- 
tion is permanent  [16]. Thus, we did not recalibrate 
our new A-VOX sys tem and disregarded any aging of 
the photodiodes that ,  ve ry  unlikely, might have oc- 
curred during the short  durat ion of this experimental 
study. 

Calculations and statistical analysis 
Data were analyzed from char t  recordings made at a 
paper  speed of 50 mm/s .  All calculations involving 
pulsatile variables were  per formed using averages of 
between four and six consecutive beats. 

Myocardial oxygen consumption was calculated ac- 
cording to Fick's  principle as the product of the mean 
coronary venous flow and the arteriovenous difference 
in oxygen content. Coronary  venous flow was normal- 
ized to 100 g left ventr icular  weight. Coronary resis- 
tance was calculated as the ratio between coronary 
arterial pressure  and normalized coronary blood flow. 

Because of the small sample sizes in this study, 
data very unlikely were  normally distributed. There- 
fore, Wilcoxon's nonparametr ic  signed rank test  was 
used to compare hemodynamic variables before and 
after  administration of U L - F S  49. A p -  value less 
than 0.05 was considered to indicate statistical sig- 
nificance. Data  are repor ted  as mean values • SEM. 

R e s u l t s  

The l l isolated r ight  and left ventricles weighed on 
average 153 • 6 g and the left ventricles 116 • 5 g. 
Thus, the r ight  ventricle weighed on average 24% of 
the ventricular mass.  

On average,  the protocol of this s tudy was started 
120 • 40 minutes af ter  completion of the first protocol. 

To compare  the hemodynamic s ta te  before the onset 
of the first and this protocol, four hemodynamic vari- 
ables were  assessed: The hear t  ra te  remained essen- 
tially unchanged (100 -+ 19 vs. 104 • 25 min-1) as well 
as the end-diastolic pressure  (7.0 • 5.3 vs. 8.7 • 4.6 
mmHg) .  The contractile s ta te  was measured  in t e rms  
of the slope of the end-systolic pressure-volume rela- 
tion (Ees). This variable increased significantly from 
3.9 -+ 1.3 to 4.2 • 1.1 mmHg/ml ;  n = 6). The coronary 
resis tance exhibited some t ime dependency and de- 
creased insignificantly from 1.11 -+ 0.23 to 0.90 • 0.32 
mmHg/(ml /min/100 g). 

Regarding  hemodynamic data  (Figure 2), intracor- 
onary administrat ion of 1 mg /kg  U L - F S  49 decreased 
the hear t  ra te  on average  by  11%, f rom 104 - 7 to 93 
• 7 min -1. Five ventricles contracted isovolumically 
at an int raventr icular  volume of 20.2 • 4.2 ml. In 
these ventricles the peak  left ventr icular  pressure  was 
nearly identical before and af ter  administrat ion of the 
agent  (72 • 6 vs. 72 -+ 6 mmHg) .  In  six ventricles that  
were  ejecting against  a constant  af terload impedance, 
peak left ventr icular  p ressure  decreased insignifi- 
cantly from 76 • 8 to 70 • 7 mmHg.  In  these ventri-  
cles, the decrease in hear t  ra te  was accompanied by 
both a significant increase in s t roke volume (9.8 • 1.1 
vs. 13.2 • 1.6) and ejection fraction (25.5 • 2.7 vs. 
34.1 • 4.2%). As a resul t  of comparable  decreases in 
hear t  ra te  and increases in s t roke volume, the cardiac 
output  remained essentially the same (1.1 -+ 0.1 vs. 
1.2 • 0.1 1/min). 

In all 11 ventricles,  mean coronary ar ter ial  pres- 
sure was held constant before and af ter  administra- 
tion of U L - F S  49 (81 --- 4 vs. 83 • 4 mmHg).  After  
injection of the agent,  mean coronary venous flow was 
essentially unchanged (102 • 11 vs. 97 • 10 ml/(min 
�9 100 g), as was mean coronary resis tance (0.9 • 0.1 
vs. 1.0 --- 0.1 m m H g  �9 min �9 100 g/ml) (Table 1). 

The ar ter iovenous difference in oxygen content 
(Table 1) was measured  in one isovolumically con- 
t ract ing and in five eject ing ventricles.  Together  the 
slight decreases  in this variable (6.6 • 0.7 vs. 6.5 • 
0.7 ml/100 ml) and in coronary venous flow lead to a 
calculated significant decrease in myocardial  oxygen 
consumption by 13% (6.9 • 0.5 vs. 6.0 -+ 0.4 ml �9 100 
g/min; Table 1). 

D i s c u s s i o n  

Any a t t emp t  to ext rapola te  the  effects of a cardiac 
agent  from in vitro studies to in vivo conditions is 
f raught  with difficulties. The in vi t ro effects of the 
agent  will be the resul t  of a complex summation of 
direct myocardial  effects, interactions between the 
hear t  and vasculature,  and reflexes affecting neuro- 
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Fig. 2. Effect of UL-FS 49 (1 mg/kg i.c.) on ventricular function 
of isolated canine hearts. The agent decreased heart rate (HR) 
in all ventricles, and increased stroke volume (SV) and ejection 
fraction (EF) in ejecting ventricles significantly, whereas car- 
diac output changed insignificantly. The ventricular contractile 
state, assessed in terms of peak systolic pressures in isovolumi- 
caUy contracting ventricles, remained unchanged. * p < 0.05. 

genic drive to the heart. However, owing to the recir- 
culating blood, the isolated heart is not completely 
insensitive to neurogenic mechanisms, i.e., overflow- 
ing catecholamines. In this study, these effects pre- 
sumably were minor, because coronary blood flow of 
the isolated heart (i.e., withdrawal rate from the sup- 
port dog) only varied moderately, and heart rate of 
the support dog was almost unaffected before and 
after administration of the agent (103 --- 28 vs. 100 - 
28 min- 1). 

To elucidate the genuine effects of the agent, the 
measurements of this study were performed using iso- 
lated, blood-perfused canine hearts. This experimen- 
tal model has been employed in our laboratory for 
studying the end-systolic pressure-volume relation as 
an index of contractile state [21], for investigating the 
energetics of ventricular contraction [22], and for as- 
sessing the effects of a cardiac agent, a second- 
generation calcium blocker, on ventricular hemody- 
namics [23]. 

At first sight, the preparation seems to present a 
failing heart with a peak left ventricular pressure that 

Table 1. Effect of UL-FS 49 (1 mg/kg i.c.) on coronary blood 
flow (CBF, ml / [min  �9 100 gl) and mean coronary resistance (R, 
mmHg �9 min �9 100 g/ml) of isolated canine hearts 

# C B F  R AVO2 MVO2 

Control  
1 84.4 
2 123.8 
3 51.9 
4 86.6 
5 181.3 
6 64.0 
7 132.2 
8 130.2 
9 96.3 

10 89.2 
11 90.0 

Sum 102.7 
U L - F S  49 

1 77.3 
2 125.1 
3 47.2 
4 61.9 
5 157.5 
6 75.4 
7 125.9 
8 113.8 
9 96.3 

10 83.2 
11 99.0 

Sum 96.6 

1.05 8.3 7.0 
0.81 
1.35 
1.11 8.0 7.0 
0.32 4.4 7.9 
1.22 
0.54 
0.71 6.0 7.8 
0.87 7.5 7.2 
0.84 5.1 4.5 
0.88 

• 11.0 0.88 • 0.09 6.6 • 0.7 6.9 • 0.5 

1.15 8.3 6.4 
0.86 
1.61 
1.56 8.6 5.3 
0.38 4.7 7.4 
1.05 
0.56 
0.82 5.0 5.7 
0.88 6.8 6.5 
0.88 5.5 4.6 
0.81 

• 9.7 0.96 • 0.11 6.5 - 0.7 6.0 • 0.4 

Neither variable changed significantly. Both the insignificant de- 
creases in ar ter iovenous oxygen content  difference (AVO2, ml/100 
ml) and in coronary blood flow lead to a significant calculated de- 
crease in myocardial oxygen consumption (MV02, ml �9 100 g/min). 
lp < 0.05. 

averaged 74 mmHg for all ventricles and an ejection 
fraction of 25% for the ejecting ventricles. However, 
the volume load of the ventricles was held rather low, 
such that the end-diastolic pressure averaged 8.7 -+ 
4.6 mmHg before and 8.8 -+ 4.2 mmHg after adminis- 
tration of the drug, i.e., the ventricles were operating 
on a low ventricular performance level. 

From an ethical point of view, we feel that the pur- 
pose of this study justifies performing experiments 
after the conclusion of other experiments that do not 
counterfeit the results. In fact, there are no experi- 
ments included in this study where the experimental 
preparation was obviously deteriorated or where 
drugs, other than anesthetics, were already aboard. 
Both the unchanged heart rate of the isolated heart, 
and its systolic and diastolic properites (in terms of 
the slope of the end-systolic pressure-volume relation- 
ship and the end-diastolic pressure), after completion 
of the first protocol confirm the stability of the prepa- 
ration. Although the coronary resistance decreased 
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insignificantly by about 19%, the coronary r e s e r v e  

was obviously not exhausted. 

E f f e c t  on h e a r t  r a t e  
Injection of UL-FS 49 significantly reduced heart rate 
in isolated hearts. In contrast to earlier study on con- 
scious dogs [11], the heart rate reductions in this 
study were not positively correlated with the control 
heart rate. This might very well be owing to the wider 
range of heart rates under investigation in their study 
(80-250 min- 1) as compared to our more limited range 
with lower heart rates (65-150 min-1). The heart rate 
in a denervated preparation would not be expected to 
vary that much. However, the isolated heart receives 
blood from the support dog in this preparation, and 
thus, the heart rate will depend, additionally, on anes- 
thesia and on overflowing catecholamines. 

UL-FS 49 had a relatively small effect on the heart 
rate of the isolated hearts. This could be due partly 
to the experimental preparation in which blood flow 
to the atria might be impeded as a result of surgical 
interventions (e.g., for suturing an adaptor to the mi- 
tral annulus, the left atrium needs to be opened). 
Thus, the response of sinus node cells to the bradycar- 
dic agent could have been attenuated due to slight 
ischemia. 

It was not so much the aim of this study to show, 
once more, the potency of the agent to reduce heart 
rate. Instead, we wanted to investigate the effects 
on the myocardium and on the coronary resistance 
independently from peripheral interactions. Hence, 
the weak bradycardia does not invalidate the conclu- 
sion of this study. In addition, even those moderate 
decreases in heart rate were associated with signifi- 
cant decreases in myocardial oxygen consumption, 
thus confirming the close association of this variable 
with heart rate [2,24]. 

E f f e c t  on m y o c a r d i u m  
The effect of UL-FS 49 on ventricular contractile 
state in dogs has been described, so far, in terms of 
changes in left ventricular dP/dtm~x [10,13,20]. How- 
ever, this index not only reflects changes in contractile 
state, it is also positively correlated with heart rate 
[25,26] and preload [25,27]. Therefore, bradycardia 
would be expected to decrease dP/dtma~, whereas pro- 
longed diastole would increase ventricular preload, 
and concomitantly, dP/dtma~. Thus, constancy of this 
index could possibly result from these two counter- 
acting correlations. 

We assessed left ventricular contractile state by 
measuring the peak systolic pressure of isovolumically 
contracting hearts. At constant preload and afterload, 
we found no change in left ventricular peak systolic 

pressure. The increase in stroke volume and ejection 
fraction in the ejecting hearts additionally support the 
finding that UL-FS 49 does not impair ventricular 
performance such that cardiac output, i.e., the in situ 
blood flow to the organs, is maintained. 

E f f e c t  on  c o r o n a r y  r e s i s t a n c e  
The direct effects of intracoronary UL-FS 49 on the 
resistance of the coronary vascular bed are not 
known, so far. Since the coronary resistance in the 
intact coronary bed is predominantly determined by 
the small resistive vessels [28], our results indicate 
that UL-FS 49 does not affect these vessels. 

With an coronary arterial pressure of 80 mmHg at 
an average peak left ventricular pressure of 74 
mmHg, the hearts seem to be constantly overper- 
fused. This, together with an unchanged coronary re- 
sistance at reduced MV02 after reduction of heart 
rate, might suggest the lack of metabolic control of 
coronary resistance. Thus, any dilating effect of the 
agent could be absent if the coronary reserve were 
already exhausted in this preparation. A coronary 
blood flow of about 100 ml/min and 100 g ventricular 
weight and a coronary resistance close to 1 mmHg/ 
(ml/min) represent physiologic values for hearts in an- 
esthetized dogs [29,30]. Because our hearts were 
working in a lower range of ventricular performance, 
a value of 1 mmHg/(ml/min) for coronary resistance 
seems to be low. However, the calculations in this 
study do not consider the right ventricular weight 
that averaged 24% of the total weight. Hence, actual 
blood flow to the left ventricle was proportionally 
smaller, resulting in a coronary resistance higher than 
the given numbers, i.e., than 1 mmHg/(ml/min). Cor- 
rections for the right ventricular weight were not per- 
formed, because there was no appropriate method and 
because the right ventricle contracted isotonically, a 
mode that was not changed throughout the exper- 
iment. 

To additionally test whether the coronary reserve 
was exhausted, we infused in four hearts adenosine (1 
mg/min) in the perfusion line. On average, the coro- 
nary resistance decreased from 0.9 to 0.3 mmHg/(ml/ 
min). This decrease and a basal resistance value 
higher than 1 mmHg/(ml/min) for the left ventricle 
suggests that our experimental preparation very 
likely was operating in the autoregulatory pressure- 
coronary flow range. 

Guth and colleagues [20] already suggested that 
UL-FS 49, as a chemical congener of verapamil, might 
have a coronary vasodilator effect. We did not observe 
major changes in the coronary resistance. However, 
this does not necessarily rule out such vasodilator 
properties, since they could have been obscured by 
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a concomitant vasoconstriction owing to the reduced 
myocardial oxygen consumption. Because of the rela- 
tively modest reduction of this variable, we conclude 
that  a vasodilator effect should likewise be modest. 

Coronary resistance, and hence blood flow, is also 
influenced by an extravascular  component [31,32] 
that,  in part ,  depends on hear t  ra te  and wall tension 
[33]. This extravascular  component is maximal during 
systole, so that  coronary inflow occurs predominantly 
during diastole [34]. Thus, bradycardia not only de- 
creases coronary resistance via decreasing hear t  rate 
but, additionally, increases the ratio of diastole to car- 
diac cycle. 

With these considerations in mind, the coronary 
resistance in the isolated hearts  should have de- 
creased. Instead, we found no major change in this 
variable. This might in part  be due to the fact that 
reductions in hear t  ra te  were only moderate in the 
isolated hearts.  Moreover,  the beneficial effect of re- 
duced hear t  ra te  on the extravascular  component is 
counteracted, to a certain extent ,  by an increased ex- 
travascular component via increased diastolic filling 
and wall tension in the ejecting hearts.  The moderate 
increase in coronary resistance in our experiments 
could, on the other  hand, also be secondary to the 
decreased oxygen consumption. The effect of a 
bradycardic agent on vascular smooth muscle con- 
t rasts  with effects of calcium-channel blockers that 
are used for the t r ea tment  of myocardial ischemia and 
are repor ted to decrease ventr icular  afterload [4,5,23] 
and thus will reduce wall tension. Also in contrast to 
UL-FS 49, calcium-channel blockers decrease coro- 
nary resistance by direct  action on coronary smooth 
muscle cells [6,23,30]. Because UL-FS  49 seems to be 
devoid of such actions on smooth muscle cells, it will 
not fur thermore  impair coronary arterial pressure. 

Ef fec t  on myocardial  oxygen demand-supply  
balance 
Hear t  ra te  and ventr icular  afterload cannot be dis- 
cussed with regard to their  effect on coronary resis- 
tance, which will primarily determine myocardial oxy- 
gen supply. Hear t  rate,  in addition, is an extremely 
important  determinant  of myocardial oxygen demand 
[1,24]. Beta-adrenoceptor  blockers [35,36], some 
calcium-channel blockers and UL-FS  49 effectively re- 
duce hear t  rate ,  and thus, are useful in the t rea tment  
of coronary hear t  disease. Beat-to-beat  myocardial ox- 
ygen demand depends, in turn,  on peak wall stress 
[1], and thus, on contractile s tate  and afterloading. 
Both beta-adrenoceptor  blockers and calcium-channel 
blockers [7] decrease the ventr icular  contractility, and 
in consequence, myocardial oxygen demand. How- 
ever, this beneficial action might be antagonized by 

fur ther  impairment of ischemic ventricular perfor- 
mance, such as decreased cardiac pump function. Our 
data demonstrate that UL-FS  49 is devoid of negative 
inotropic effects and therefore  does not decrease car- 
diac output. The increase in stroke volume in the iso- 
lated hearts in this study, toge ther  with the reduced 
heart  rate, are suggestive of increased diastolic filling, 
and hence, in wall stress in the ejecting hearts. Since 
global myocardial oxygen consumption was signifi- 
cantly reduced, the lat ter  effect seems to play a minor 
role on oxygen demand in this study. 

However,  our way of calculating myocardial oxy- 
gen consumption will have introduced a systematic 
error: The right ventricular weight was not included 
in the calculation of the normalized blood flow, and 
consequently, this variable and the values given for 
the left ventricular oxygen consumption are too high. 
Because the right ventricular mass averaged only 
about 24% of the total ventricular  weight and the right 
ventricle was kept  unloaded throughout  the experi- 
ment, the right ventricular oxygen consumption was 
relatively low, and this portion, very  likely, did not 
vary. 

Calcium-channel blockers decrease myocardial oxy- 
gen demand via dilating peripheral  vasculature, and 
thus, ventricular afterload [4,5]. On the other hand, 
decreases in mean blood pressure,  and likewise in cor- 
onary arterial pressure,  could reduce myocardial ox- 
ygen supply by decreasing myocardial perfusion and 
ischemic coronary flow. In contrast  to calcium-channel 
blockers, UL-FS 49 in this s tudy did not increase cor- 
onary blood flow (and oxygen supply) at constant coro- 
nary aterial pressure. This is not necessarily a disad- 
vantage: Because the coronary reserve distal to a 
severe stenosis on a coronary a r te ry  is already ex- 
hausted [37], calcium-channel blockers will particu- 
larly dilate intact coronary arteries,  thus inducing a 
flow redistribution and "stealing" blood flow from the 
ischemic region [30]. This la t ter  proper ty  was chal- 
lenged after  it had been demonstrated that calcium- 
channel blockers could also preferentially increase 
ischemic subendocardial blood flow [38]. 

I t  might be misleading to choose a drug for treating 
coronary heart  disease solely on the basis of its effi- 
cacy to enhance mean  myocardial blood flow. During 
myocardial ischemia, the subendocardial layer is espe- 
cially jeopardized [39,40]. Thus, oxygen supply to this 
region needs to be augmented.  Because coronary in- 
flow occurs predominantly during diastole, both beta- 
adrenoceptor blockers and some calcium-channel 
blockers will increase blood flow to the subendocardial 
layer via negative chronotropy. As a result of a mas- 
sive decline in coronary arterial  pressure,  the myocar- 
dium could become underperfused with these agents 
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[7]. On the o ther  hand,  i t  was  also shown tha t  calcium 
antagonis ts  can p re f e r en t i a l l y  increase ischemic sub- 
endocardial  blood flow [38]. Specific bradycardic 
agents  will act  in a comparab le  fashion tha t  will be 
accompanied, however ,  b y  ma in t a ined  coronary arte-  
rial  pressure ,  as found in  th is  s tudy  on isolated canine 
hear ts  and in a prev ious  s t udy  in conscious dogs [11]. 
Thus,  such agen t s  can effect ively increase postste-  
notic myocardial  oxygen  supply,  par t icular ly  to the 
subendocard ium [10,20], and  p r even t  exercise-induced 
posts tenot ic  myocardia l  dysfunc t ion  [13,20]. 

We conclude tha t ,  a t  the  dosage used, U L - F S  49 
acts select ively on s inus  node cells and therefore de- 
creases myocardia l  o x y g e n  d e m a n d  by  reducing  hear t  
rate ,  and concomi tan t ly  inc reas ing  oxygen supply by 
enhancing  diastolic inflow. Since the  agent  is devoid 
of negat ive  inotropic  effects,  cardiac pump function is 
main ta ined  and ischemic ven t r i cu l a r  function will not 
be fur ther  impaired.  Because  the  agent  does not  dilate 
the coronary a r te r i a l  and  the  per iphera l  bed, and in 
consequence,  does no t  decrease  coronary ar ter ial  
pressure ,  t r a n s m u r a l  flow red i s t r ibu t ion  is p reven ted  
and oxygen supply  to the  subendocard ium is main- 
tained.  Thus,  this  specific bradycardic  agent  seems 
to provide an  a l t e rna t i ve  approach for t r ea t ing  myo- 
cardial ischemia.  
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