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A comparison of the effects of a series of anti-anginal
agents in a novel canine model of transient myocardial
ischaemia

1M.C. Allely & B.J. Alps

Department of Pharmacology, Syntex Research Centre, Riccarton Edinburgh, Scotland, EH14 4AP

1 An anaesthetized canine model of transient myocardial ischemia (TMI) has been developed in
which reproducible and reversible electrocardiographic (ECG) and haemodynamic responses are

exacerbated by electrical pacing.
2 The model could separate the ECG and haemodynamic effects of compounds with anti-
ischaemic properties.
3 Compounds known to possess peripheral or coronary vasodilator properties did not necessarily
alleviate the ECG consequences of TMI since glyceryl trinitrate was active whereas dipyridamole
was not. The effects of verapamil were complicated by its adverse conduction effects while lidofla-
zine inhibited the ECG changes only during the ischaemic phase and the 'metabolic modulator'
oxfenicine worsened the ECG response.

4 In a model considered to lack coronary reserve, improvements observed in the ischaemic ECG
and global ventricular function were considered to result from a direct myocardial effect of the
drugs examined rather than by a vascular influence. This was provided to the greatest degree by the
Ca2 +-entry blockers nifedipine and nicardipine, with flunarizine adopting an intermediate position.

Introduction

The assessment of changes in S-T segment deflec-
tions obtained by epicardial electrocardiographic
(ECG) mapping has been used experimentally as a
means of dynamically representing the myocardial
02 supply/demand ratio. Szekeres et al. (1976)
described a canine model of electrical stress-pacing
induced 'angina' employing a critical stenosis to
reduce coronary blood flow (CBF) with epicardial
recording of ECGs providing a gross electrophysio-
logical index of oxygen debt. In addition it has been
indicated that the ischaemic changes in this type of
model were accompanied by increases in myocardial
lactic acid and carbon dioxide production (Szekeres
et al., 1976; Szekeres & Udvary, 1983; Allely & Alps,
1987). Such models of transient myocardial isch-
aemia (TMI) have provided the basis of the version
employed in the present study where temporary
complete occlusion of the left anterior descending
coronary artery (LAD) mirrors the ischaemic com-
ponent of the disease state and superimposed electri-
cal pacing provides a component of work-induced
stress.

'Author for correspondence.

The present study was carried out in order to: (a)
evaluate the reproducibility and reversibility of the
model and (b) assess a series of novel and clinically-
employed 'anti-anginal' agents in terms of their elec-
trophysiological and gross haemodynamic effects.

Methods

Experimental preparation

Adult beagles of either sex (10 to 20 kg) were
deprived of food overnight and premedicated with
acepromazine (0.2mg kg'- i.m.). General anaesthesia
was induced with sodium pentobarbitone (Sagatal,
25mgkg-' i.v.) and maintained with this agent as
required. The trachea was intubated and the dogs
ventilated (respirator, Harvard) with room air at a
rate of 10-12min1, tidal volume 200-300ml
according to body weight. Body temperature was
maintained at 38 + 10C by means of a rectal probe
thermometer attached to a homeothermic blanket
control unit (CFP 8185).
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Figure 1 Arrangement of bipolar epicardial recording electrodes and experimental protocol to determine the elec-
trocardiographic changes produced by transient myocardial ischaemia in the pentobarbitone-anaesthetized dog.

Haemodynamics

The left femoral vein was catheterized for drug
administration. Ringer-lactate solution (250ml) was
infused before surgery as fluid replacement therapy.
Phasic aortic blood pressure was recorded by means
of a catheter inserted into the left femoral artery
attached to a pressure transducer (Siemens, 746).
Left ventricular systolic (LVSP) and end diastolic
(LVEDP) pressures were measured by means of a
catheter introduced into the left ventricular (LV)
cavity via the left carotid artery and attached to a

pressure transducer (Siemens, 746). The expression
dP dt-1 P-1 max was derived (Siemens 868
calculator) from LVSP to give a value for LV con-
tractile force (CF). All haemodynamic data were
recorded on a Mingograf (Siemens 804 inkspray
oscillograph).

Coronary occlusion and S-T segment recording

Left lateral thoracotomy was performed via the 5th
intercostal space. The lungs were retracted and the
pericardial sac drawn up to 'cradle' the heart. A
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length of the LAD was dissected free and a silk liga-
ture loosely applied and drawn up a nylon tube for
application of transient occlusion. Four close pairs
of unipolar epicardial recording electrodes were
sewn onto the potential ischaemic zone of the left
ventricle (see Figure 1) for epicardial ECG record-
ings made via a Siemens 850 ECG amplifier and
recorded on a Mingograf (Siemens, 804 inkspray
oscillograph) made at a sensitivity of 1 mm = 1 mV.
Pacing of the heart was performed by a pacing
catheter inserted into the right atrium via the right
jugular vein at 5 V, 1 ms duration (Grass S88
stimulator).

Experimental protocol

A schematic representation of the experimental pro-
tocol is shown in Figure 1.
The preparation was left to stabilize for 30 min.

Pacing of the heart at a rate of 50-80 beat min'-
above resting heart rate (HR) was performed for
1 min before application of the LAD occlusion.
Pacing plus occlusion was then carried out for a
further 2 min. The next pacing event was after Omin
rest. Episodes of pacing and occlusion were repeated
at least four times or until two consecutive chal-
lenges produced the same degree of S-T segment ele-
vation with a return to baseline between challenges.

S-T segment elevations in response to each chal-
lenge were calculated for two distinct phases: (a)
during the rising peak insult from ECG recordings
made at 45, 60, 75, 90 and 105 s in the LAD
occlusion period (5 time values). (b) Early during the
recovery phase at 2s intervals for the first 20s (10
time values) following switching off electrical pacing
and releasing LAD occlusion.
For each electrode the ischaemic effect was deter-

mined from a summation of the S-T segment volt-
ages for a single heartbeat at the above time points.
The two conditioning pre-drug S-T segment ele-
vations were averaged and this value taken as 100%.
Each test event thereafter was expressed as a per-
centage of this baseline value and a mean (± s.e.) per-
centage calculated. In 4 animals no drug was admin-
istered and without interrupting the timing cycle a
further 8 challenges were performed to provide
control responses. In treated animals a drug dose
was administered 5 min into the reperfusion phase
and the protocol repeated.

Drugs

Dipyridamole HC1 (Boehringer Ingelheim); flunari-
zine HC1 (Janssen Pharmaceuticals); glyceryl tri-
nitrate (Wellcome); lidoflazine HC1 (Janssen
Pharmaceuticals); nicardipine HC1 (Syntex);
nifedipine (Bayer); oxfenicine HC1 (Pfizer); verapamil
HC1 (Sigma).

Statistical analysis

Statistical significance of results was assessed by
Student's two-tailed t test (Robson, 1973).

Results

Electrocardiographic parameters

Effects of repeat ischaemic episodes The initial 1 min
pacing period produced only minimal effects on the
S-T segment of the ECG. Pacing plus LAD
occlusion produced a time-related rise in the S-T
segment which gradually returned to its pre-insult
level on reperfusion. Successive repeated ischaemic
episodes subsequent to the conditioning challenges
did not alter the electrocardiographic response to the
challenge in the control dog group (n = 4) and those
values are included for comparison in each figure.

Drug effects The effects of nicardipine (n = 7) and
nifedipine (n = 5) on S-T segment elevations during
the ischaemic and reperfusion phases are depicted in
Figure 2a. Nifedipine had a greater effect than
nicardipine during the ischaemic phase but both
drugs produced almost identical effects during reper-
fusion.

Figure 2b shows the effects of dipyridamole
(DPPP; n = 5) and glyceryl trinitrate (GTN; n = 5).
Apart from the 5pgkg-' dose during the ischaemic
phase, GTN exerted a significant effect during both
phases. DPPP reduced S-T segment elevation only
during the ischaemic phase.
The effects of flunarizine (n = 5) and verapamil

(n = 5) are shown in Figure 2c. Both drugs reduced
S-T segment elevations to about the same extent at
200 pgkg-1 during both phases, the effects being
more pronounced during ischaemia. At 400 pgkg-1
verapamil produced a 2:1 atrioventricular block in
2 dogs on electrical pacing. The S-T segment value is
therefore artificially low at this point since the degree
of ischaemia was not as great in these dogs and this
data point has been omitted from the figure. Figure
2d depicts the effects of lidoflazine (n = 5) and oxfe-
nicine (n = 3). Lidoflazine produced a significant
effect during the ischaemic phase but on reperfusion
it was ineffective at doses up to 1 mgkg-. Oxfeni-
cine was also active in the ischaemic phase at doses
of 200ygkg'- and above but at low doses it actually
exacerbated the S-T segment elevations. A small
reduction was noted at 1 mg kg'- but this had disap-
peared by cumulative addition of 10mg kg- .

General haemodynamics

Effects of repeat ischaemic episodes In the absence
of drug treatment, the overall effect of the ischaemic
challenge in any group was to reduce mean arterial
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Figure 2 The effects of (a) nicardipine (0; n = 7) and nifedipine (O; n = 5); (b) glyceryl trinitrate (A; n = 5) and
dipyridamole (O; n = 5); (c) flunarizine (El; n = 5) and verapamil (V; n = 5); (d) lidoflazine (V; n = 5) and oxfeni-
cine (*; n = 5), on epicardial S-T segment elevations during the ischaemic (i) and reperfusion (ii) phases of transient
myocardial ischaemia in the pentobarbitone-anaesthetized dog. Values represent mean and vertical lines s.e.mean.
All points are significantly lower than values in control dogs (@; n = 4) at P < 0.001 except as indicated NS,
*P < 0.05 and **P < 0.01, Student's two-tailed t test.
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blood pressure (MABP) and increase LVEDP while
CF remained essentially unchanged. Changes in
systolic and diastolic BP followed similar directional
changes and the impact of ischaemia on the pump
was predominantly reflected through the systolic
component. For convenience, the data presented
relates to MABP. MABP appeared to recover well
between challenges on reperfusion but this was not
always the case with LVEDP in some dogs where it
remained elevated. Variability in haemodynamic
responses to the challenge between animals in any
given group appeared to depend upon how much of
the myocardium was involved in each animal. A con-
sideration of this variability and the possible impact
of drug intervention is made later (Limitations of
study section).

Drug effects Drug effects on haemodynamic param-
eters (excluding HR) are shown in Table 1. The
values at the dose producing the optimal reduction

in S-T segment elevation (or the highest dose exam-
ined in the absence of a reduction) are also given.

Nicardipine: Nicardipine (16ygkg-1) had no
effects on HR but it decreased resting MABP. The
falls in MABP associated with ischaemia and reper-
fusion were not altered by nicardipine. Nicardipine
reduced resting LVEDP and reduced the LVEDP
elevated during the challenge. Resting CF was
increased and this increase persisted during the chal-
lenge.

Nifedipine: Nifedipine (16 ug kg- 1) produced a
small fall in resting HR (about 6%). MABP was
unaltered at rest or during ischaemia but the
reduction associated with reperfusion was abolished.
Resting LVEDP was reduced and the increase pro-
duced by the challenge was also decreased. No
effects were noted on baseline CF but the depression
associated with the challenge was abolished.

Table 1 The effects of nicardipine (Nic), nifedipine (Nil), glyceryl trinitrate (GTN), dipyridamole (DPPP), flunari-
zine (Flu), verapamil (Ver), lidoflazine (Lid) and oxfenicine (Oxi) on mean arterial blood pressure (MABP, mmHg):
left ventricular end diastolic pressure (LVEDP, mmHg) and left ventricular contractility (CF, s) in a pentobarbitone-
anaesthetized canine model of transient myocardial ischaemia

Baseline
Drug Parameter Pre Post

Nic
n = 7
(16)
Nif
n = 5
(16)
GTN
n = 5
(35)
DPPP
n = 5
(830)
Flu
n = 5
(16)
Ver
n = 5
(50)
Lid
n = 5
(1000)
Oxf
n = 3
(10,000)

MABP
LVEDP
CF
MABP
LVEDP
CF
MABP
LVEDP
CF
MABP
LVEDP
CF
MABP
LVEDP
CF
MABP
LVEDP
CF
MABP
LVEDP
CF
MABP
LVEDP
CF

104 + 4
5.1 + 0.7
129 + 7
106+ 3
4.4 ± 0.5
132 + 8
91 + 8
6.4 + 0.5
125 + 12
124 + 8
6.7 + 0.6
127 + 20
111+ 7
4.2 + 0.3
142 + 10
104+9
3.1 + 0.6
119 + 4
109 +12
4.9 + 0.8
127 + 12
79 + 12
6.6 + 0.8
127 + 12

88+ 6
4.1 1.1
140 14
102 7
3.8 0.9
132 10
91 8
5.8 1.1
123 14
97 13
7.8 0.6
130 9
109±7
4.4 1.2
154 27
99+ 10
3.2 + 1.1
110 + 9
97 + 11
4.1 + 1.0
138 10
81 3
6.7 + 1.4
140+20

Ischaemia
Challenge

Pre Post

92 + 6
7.3 0.9
135 9
68 9
6.7 + 0.4
120 9
78 5
9.5 + 0.7
131 + 10
87 + 7
7.2 + 0.6
136 + 8
72 + 12
7.3 + 0.7
140+20
96 + 9
4.1+ 0.7
137 + 3
85 + 9
6.7 + 0.9
128 + 4
65 ± 12
7.0 + 0.8
122 + 18

85+ 6
6.6 1.4
149 + 13
69 + 6
5.6 + 0.6
145 + 22
76 + 9
7.8 + 1.5
158 7
88 11
7.5 + 0.6
129+40
68 + 7
8.2 +i1.6
116 + 21
101 + 13
3.8 + 0.8
136 + 6
94+11
6.9 1.8
128 7
62 + 6
6.8 + 1.3
113 + 33

Reperfusion
Pre Post

97 4
7.2 +0.8
138 + 10
85 + 9
7.5 + 0.4
124 5
79 6
9.8 0.6
115 12
83 10
9.1 + 1.1
109±7
101 14
7.6 0.5
143 +12
99 9
4.8 0.7
127 + 6
92 + 7
7.2 + 0.2
139 + 8
77 + 11
9.0± 1.6
121 + 16

96 + 4
6.1 +1.3
152± 11
92+ 8
6.0 0.5
132+ 6
75 + 8
8.1 ±0.7
116 + 8
80±12

10.4 1.5
110+13
93 + 3
7.2 + 1.1
130 23
100+12
4.5 1.1
120 + 9
97 + 11
6.5 1.7
140+7
92 + 4
6.2 +1.9
103 17

Each of the 'pre-values' for baseline and peak challenge represent the mean + s.e.mean values for the pre-drug test
cycles with each animal contributing its average value of the final two conditioning events at each point. The
'post-values' indicate the new level for each parameter associated with the cumulative dose of the drug concerned
producing the optimal reduction in S-T segment elevation, or the highest dose examined in the absence of a
reduction. The group n values are given at the doses (pg kg-1 i.v.) shown in parentheses '



982 M.C. ALLELY & B.J. ALPS

Glyceryl trinitrate: HR was essentially unaltered by
GTN (35pgkg-1) while MABP was only slightly
reduced on reperfusion. Resting LVEDP was
reduced by GTN and the increase noted during the
challenge also decreased. CF was increased only
during reperfusion.

Dipyridamole: DPPP at 830pgkg-1 (a dose which
only just began to affect S-T segment elevations on
reperfusion) had no effects on MABP. Resting
LVEDP was increased by DPPP and the increases
produced by the challenge were not lessened. CF was
not altered.

Flunarizine: Flunarizine (16 jg kg 1) did not affect
resting MABP or HR and hardly affected the depres-
sor effects of the challenge. There was no alteration
of LVEDP during the resting or reperfusion phases
but it increased during ischaemia. CF was increased
at rest but decreased during the challenge.

Verapamil: Verapamil exerted little effect on
MABP or HR at 50ygkg- . Resting LVEDP was
unaltered by verapamil and the elevated LVEDP
noted during the challenge was very slightly reduced.
CF was reduced slightly at rest and on reperfusion.

Lidoflazine: Lidoflazine (1mgkg-') had no effects
on resting HR or MABP, but a slight lessening of
the depressor effect of the challenge was noted.
Resting and reperfusion LVEDP were decreased.
Resting CF was increased with no alteration during
the challenge.

Oxfenicine: Oxfenicine did not affect resting or
ischaemic MABP but the depressor effect of reperfu-
sion was reversed to a pressor effect. Resting and
ischaemic LVEDP values were unaltered while the
rise on reperfusion was abolished. Resting CF was
slightly increased but CF was decreased during the
challenge.

Discussion

The two-component model (ischaemia and
reperfusion) of TMI described in the present study
and the method of data analysis has provided a
reproducible and reversible epicardial ECG response
to the ischaemic conditioning of the canine myocard-
ium to an on/off stress-pacing protocol.
The compounds studied appeared to exert a range

of effects on the ischaemic myocardium. The onset of
useful haemodynamic and ECG effects of a drug did
not always coincide. It was evident that not all drugs
demonstrated ECG activity inboth phases of the
challenge, although agents which have aroused clini-
cal interest were clearly active in both phases. This
applied to nicardipine, nifedipine, verapamil, GTN

and flunarizine. Where LVEDP was reduced and CF
enhanced, ventricular performance was considered
improved and this was a feature seen with several
drugs during the ischaemic phase. In the event that
this feature persisted into the reperfusion phase, as
with nicardipine and nifedipine, metabolic recovery
must have been facilitated, with a resultant global
increase in ventricular compliance. Rousseau et al.
(1985, 1986) have shown that nicardipine improved
biochemical function of the human ischaemic myo-
cardium with only marginal effects on coronary
blood flow (CBF). The haemodynamic and ECG
properties of nicardipine appear to be separated: at
doses below 16 ygkg-I it lowered S-T segment rises
in the absence of haemodynamic effects.
Where CF was not enhanced on reperfusion as

with lidoflazine, GTN and verapamil, LVEDP could
still be lowered. Here it was evident that the ventricle
could still operate effectively at a reduced muscle
fibre length.

Nifedipine is a vasodilator with little direct myo-
cardial effect in vivo and has also shown good activ-
ity in a dog TMI model of critical LAD stenosis
(Alps et al., 1985). In the present study its effect in
reducing S-T segment elevations was very similar to
that of nicardipine. Our observations for GTN were
in keeping with the findings of Szekeres & Udvary
(1983). It would appear that the ECG and haemo-
dynamic effects of this drug are not directly linked.
Although in the non-ischaemic canine ventricle there
is no transmural flow gradient (Jennings & Reimer,
1979), there is the possibility of an association of the
haemodynamic and ECG effects of GTN via its
reported improvement of subendocardial blood flow
to the ischaemic zone, by direct coronary conduc-
tance vessel dilatation which may not be of a suffi-
cient magnitude to affect our overt haemodynamic
recordings (Cohen & Kirk, 1973; Szekeres &
Udvary, 1983). The cardioinhibitory activity of vera-
pamil has been described by Himori et al. (1976) who
found it to be a negative inotrope in the same dose
range as that producing coronary vasodilatation. It
is interesting to note that the beneficial electrocar-
diographic effect of verapamil at 1-200 yg kg- over-
lapped the dose range 100-200 yg kg- which
according to Warltier et al. (1981) produced coro-
nary vasodilatation. Our earlier studies with verapa-
mil in the critical stenosis model also showed activity
for this drug at low doses (Alps et al., 1985). The
doses producing S-T segment reduction and those
producing detrimental myocardial conduction effects
(400pgkg-m in the present study with a pacing
frequency-dependent atrioventricular block at 100-
400upgkg-1 in a previous study - Allely .& Alps,
1988) do not appear to be very well separated.
Lew & Ban-Hayashi (1985) demonstrated that by

elevating LVEDP above the ischaemia-induced
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increase, the global mechanical disadvantage
imposed by the ischaemic zone was diminished. The
three drugs in this study demonstrating such an
effect during ischaemia with corresponding ECG
improvements were flunarizine, DPPP and lidofla-
zine. The ECG benefit of flunarizine was sustained
throughout both phases of the challenge but it failed
to improve ventricular performance; CF fell whilst
LVEDP rose. The other two drugs failed to confer
ECG improvement on reperfusion. In their model of
critical stenosis Szekeres et al. (1976) also found
DPPP to be inactive (60pgkg-1). This is an inter-
esting observation since DPPP is a coronary dilator
exerting its effects primarily on coronary resistance
vessels (Becker, 1976) thus increasing subendocardial
flow in the ischaemic zone and, as with GTN, this
may be responsible for the onset of ECG improve-
ment at high doses. DPPP certainly did not improve
ventricular performance. Like DPPP, lidoflazine is a
long-acting coronary artery dilator (Schaper et al.
1966; Gobel, 1980). It has been shown to be of
benefit in the long-term treatment of effort angina
(Bernstein & Peretz, 1972), a property attributed to
its calcium entry blocking activity (Van Neuten &
Wellens, 1979), yet it has negligible effects on the
myocardium (Vanhoutte & Van Neuten, 1980).

Oxfenicine was included in the present study since
it has been shown to increase cardiac glucose oxida-
tion in ischaemia at the expense of utilizing free fatty
acids (Higgins et al., 1981), thus yielding more ATP
than aerobic oxidative pathways alone (Drake-
Holland & Passingham, 1983). The haemodynamic
activity of oxfenicine could be interpreted cautiously
as providing an overall improvement in left ventricu-
lar function and efficiency since the ventricle was
able to contract to a low LVEDP. Since a fall in CF
was accompanied by an increased blood pressure on
reperfusion, a systemic pressor effect may be exerted
during this phase which falls back to baseline at rest.
However, these haemodynamic effects must also
have occurred at the expense of improving segmental
efficiency, since there was no decrease in S-T
segment elevations. Indeed, at lower doses the
increase in S-T segment elevations was exacerbated,
suggesting that a global preload improvement on
reperfusion accompanied a local worsening of ven-
tricular performance.
The overall findings of the study indicate that the

canine model of TMI developed here is a useful pre-
dictor of the anti-anginal efficacy of a compound.
The differentiation of the onset of ECG and haemo-
dynamic effects at different doses of a compound
may indicate a separation of its mechanisms of
action and these can be determined in the model.
The two compounds shown to be inactive on the
ECG effects during the reperfusion (lidoflazine and
DPPP) are those which have aroused most clinical

controversy in terms of whether or not they alleviate
the symptoms of angina pectoris and the side-effects
which they produce (Sbar & Schlant, 1967; Hanley
& Hampton, 1983; Loeb et al., 1983; Fazekas &
Kiss, 1984). The compound which actually exacer-
bated the S-T segment elevations during the
recovery phase at lower doses (oxfenicine) exerted a
complex, seemingly contradictory, haemodynamic
profile and a clinical application for such a meta-
bolic modulator with no ECG benefit is uncertain.
Nicardipine and nifedipine were not cardio-
depressant at doses showing optimum ECG benefit
during the challenge. They improved ventricular per-
formance during the challenge while flunarizine dis-
played intermediate effects. In contrast, in the case of
verapamil and GTN this feature was projected pre-
dominantly only during the ischaemic phase with
little influence on ventricular function during reper-
fusion. Verapamil did not improve ventricular CF at
doses associated with optimum beneficial ECG
effects, and increasing the dose precluded any effec-
tive further benefit due to the A-V block incurred.

Limitations of the study

Inter-dog variability, with regard to the pattern and
distribution of epicardial coronary arteries and their
anastomoses, determined that the occluded vascular
beds would be unequal in size and volume between
hearts. This in turn dictated for any given animal
whether TMI would have sufficient impact on the
ventricular segment involved to embarrass mechani-
cally the whole cardiac pump, even though the ECG
evidence indicated serious local metabolic dys-
function.
We do know from other studies using our model

that the reversible S-T segment changes are accom-
panied by reversible changes in lactic acid and CO2
production, plasma K+ levels and pH in local myo-
cardial venous blood collected during ischaemia
(Allely et al., 1987), even though the hearts involved
were not obviously compromised mechanically.

In an anaesthetized, thoracotomized animal the
ischaemic heart cannot compensate by dilating to
overcome the mechanical disadvantage imposed by
the ischaemic segment. Rather, compensation fea-
tures ballooning with an elevated LVEDP. In some
animals this was obvious, and made worse by
repeated ischaemic challenges, while in others no
changes were evident. Thus, some hearts did not
recover to their pre-ischaemic condition and featured
a persistently elevated 'baseline' LVEDP. This condi-
tion did appear to be improved following the appli-
cation of some drugs (e.g. nicardipine). Variation in
haemodynamic responses to ischaemia made it
impossible to apply statistical analysis methods to
such changes and the effects of drugs on them in
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small groups of animals. Nevertheless, when obvious
haemodynamic responses did occur in any group the
apparent effectiveness of a particular drug treatment
was considered to be 'clinically' relevant to the
known pharmacological profile of the agent.
Under the experimental conditions operated in the

study, allowing 10min between challenges, we were
able to make only limited observations on the ability
of drugs to favour the extent, as opposed to the rate
which we measured, of recovery of the ischaemic
myocardium. Nevertheless, as previously stated, the
recovery period does allow time for reversal of local
ECG and biochemical changes.

Whilst appreciating that the myocardium has been
'stunned' by repeated insults, and that not all hearts
recovered haemodynamically between challenges, the
time intervals followed have been evolved to stan-
dardize the acute experimental conditions. The
assumption has been made that TMI is largely
reversible, as in angina, otherwise the heart would
infarct or fail, and thus the acute effects created in
the model simulate some of the classical features of
the human disease.
The technique is one used for in vivo 'screening' of

drugs with unknown mechanism, it identifies differ-
ent classes of drugs of known clinical interest and
allows multiple doses to be examined in a reasonably
short-duration study.

It is known from other studies in our laboratory
(unpublished findings) employing the technique of
radiolabelled microspheres, to measure regional and
total CBF, that in this model CBF is only approx-
imately 34% of normal during ischaemia. This
residual flow must include contributions made from
any pre-existing collateral circulation. Under these
conditions doses of nicardipine which would cause
marked coronary dilatation in normal hearts relieve
S-T segment changes but do not increase ischaemic
blood flow, other than to favour slightly the
epicardial/endocardial gradient, and do not cause
coronary steal.
Thus the model of TMI as operated here is one

which has very limited coronary reserve and appears
to identify pharmacological effects which are exerted
predominantly on the myocardium and not via
changes in blood supply. Certainly, when the critical
stenosis technique is used there does appear to be
coronary reserve and excessive dilatation compro-
mises the benefit of direct myocardial action.

We are grateful to Mr C. Calder and Mr A.D. Wilson for
their excellent technical assistance in this study, and to
Miss S.A. Boyd and Mr A. Williams for assistance with the
manuscript.

References

ALLELY, M.C. & ALPS, B.J. (1987). Electrocardiographic
analysis of the anti-anginal effects of nicardipine and
nitroglycerine. Br. J. Pharmacol., 90, 208P.

ALLELY, M.C. & ALPS, B.J. (1988). The effects of the novel
anti-anginal compound RS 43285 on myocardial con-
duction in the anaesthetised dog. Br. J. Pharmacol., 93,
375-382.

ALLELY, M.C., ALPS, B.J. & KILPATRICK, A.T. (1987). The
effects of the novel anti-anginal agent RS 43285 on
[lactic acid], [K+] and pH in a canine model of tran-
sient myocardial ischaemia. Biochem. Soc. Trans., 15,
1057-1058.

ALPS, B.J., CALDER, C. & WILSON, A. (1985). Nicardipine in
models of myocardial infarction. Br. J. Clin. Pharmacol.,
20, 29S-49S.

BECKER, L.C. (1976). Effect of nitroglycerin and dipyrida-
mole on regional left ventricular blood flow during
coronary artery occlusion. J. Clin. Invest., 58 (b), 1287-
1296.

BERNSTEIN, V. & PERETZ, D.I. (1972). Lidoflazine, a new
drug in the treatment of angina pectoris. Curr. Ther.
Res., 14,483-495.

COHEN, M. V. & KIRK, E.S. (1973). Differential response of
large and small coronary arteries to nitroglycerin and
angiotensin. Circ. Res., 33,445-453.

DRAKE-HOLLAND, A.J. & PASSINGHAM, J.E. (1983). The
effects of oxfenicine on cardiac carbohydrate metabo-
lism in intact dogs. Basic Res. Cardiol., 78, 19-27.

FAZEKAS, T. & KISS, Z. (1984). Torsades des pointes ven-
tricular tachycardia associated with lidoflazine therapy.
Eur. Heart. J., 5, 343.

GOBEL, F.L. (1980). The effects of lidoflazine on myocardial
blood flow during exercise in patients with angina pec-
toris. In Myocardial Protection and Exercise Tolerance;
The Role of Lidoflazine, a New Anti-anginal Agent.
Royal Soc. Med. Int. Cong. Symp. Series, Vol. 29, pp.
43-49.

HANLEY, S.P. & HAMPTON, J.R. (1983). Ventricular
arrhythmias associated with lidoflazine: side-effects
observed in a randomised trial. Eur. Heart J., 4, 889-
893.

HIGGINS, A.J., MORVILLE, M., BURGES, R.A. & BLACK-
BURN, K.J. (1981). Mechanisms of action of oxfenicine
on muscle metabolism. Biochem. Biophys. Res. Commun.,
100, 291-296.

HIMORI, N., ONO, H. & TAIRA, N. (1976). Simultaneous
assessment of effects of coronary vasodilators on the
coronary blood flow and the myocardial contractility
by using the blood-perfused canine papillary muscle.
Jap. J. Pharmacol., 26, 427-435.

JENNINGS, R.B. & REIMER, K.A. (1979). Biology of experi-
mental, acute myocardial ischaemia and infarction. In
Enzymes in Cardiology - Diagnosis and Research. ed.
Hearse, D.J. & De Leiris, J. pp. 21-57 (Chicester: J.
Wiley & Sons).

LEW, W. Y. W. & BAN-HAYASHI, E. (1985). Mechanisms of



ANTI-ANGINAL AGENTS IN CANINE MYOCARDIAL ISCHAEMIA 985

improving regional and global ventricular function by
preload alterations during acute ischaemia in canine left
ventricle. Circulation, 72, 1125-1134.

LOEB, H.S., DANOVIZ, J., MILLER, A. & GUNNAR, R.M.
(1983). Effects of oral dipyridamole on coronary
dynamics and myocardial metabolism at rest and
during pacing-induced angina in patients with coronary
artery disease. Am. Heart J., 105, 906-910.

ROBSON, C. (1973). In Experiment, Design and Statistics in
Psychology ed. Foss, B.M., pp. 68-90. London: Penguin
Press.

ROUSSEAU, M.F., HANET, C., VAN DEN BERGHE, G. &
POULEUR, H. (1985). Long-term dosing with nicardi-
pine or propranolol in angina pectoris: superiority of
the Ca antagonist in protecting myocardial metabolism
during tachycardia. Circulation (4, III), 72, I11472.

ROUSEAU, M.F., HANET, C., PARDONGE-LAVENNE, E.,
VAN DEN BERGHE, G., VAN HOOF, F. & POULEUR, H.
(1986). Changes in myocardial metabolism during
therapy in patients with chronic stable angina: a com-
parison of long-term dosing with propranolol and
nicardipine. Circulation, 73, 1270-1280.

SBAR, S. & SCHLANT, R.C. (1967). Dipyridamole in the
treatment of angina pectoris. J. Am. Med. Assoc., 201,
865-868.

SCHAPER, W.K.A., XHONNEUX, R., JAGENEAU, A.H.M. &

JANSSEN, P.A.J. (1966). The cardiovascular pharmacol-
ogy of lidoflazine, a long-acting coronary vasodilator. J.
Pharmacol. Exp. Ther., 152,265-274.

SZEKERES, L., CSIK, V. & UDVARY, E. (1976). Nitroglycerin
and dipyridamole on cardiac metabolism and dynamics
in a new experimental model of angina pectoris. J.
Pharmacol. Exp. Ther., 196, 15-28.

SZEKERES, L. & UDVARY, E. (1983). Haemodynamic factors
influencing myocardial ischaemia in a canine model of
coronary artery stenosis: the effects of nitroglycerine.
Br. J. Pharmacol., 79, 337-345.

VANHOUTTE, P.M. & VAN NEUTEN, J.M. (1980). The phar-
macology of lidoflazine. In Myocardial Protection and
Exercise Tolerance: The Role of Lidoflazine, a New
Anti-anginal Agent. Royal Soc. Med. Int. Cong. Symp.
Series Vol 29, pp. 61-77.

VAN NEUTEN, J.M. & WELLENS, D. (1979). Tissue speci-
ficity of calcium antagonistic properties of lidoflazine.
Arch. Int. Pharmacodyn. Ther., 242, 329-331.

WARLTIER, D.C., MEILS, C.M. GROSS, G.J. & BROOKS, H.L.
(1981). Blood flow in normal and acutely ischaemic
myocardium after verapamil, diltiazem and nisoldipine
(Bay K 5552), a new dihydropyridine calcium antago-
nist. J. Pharmacol. Exp. Ther., 218, 296-302.

(Received July 1, 1988
Revised November 23, 1988
Accepted December 9, 1988)


