
Patient Age Other

Previous
myocardial

no. (years) Sex diagnoses infarction

Pentrinitrol

14 no

* Myocardial infarction 24 months after study.

**Expir 27 months alter study.
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minutes before the second exercise of

visit 3.

A progressive, multistage treadmill ex-

ercise test was used.2 The treadmill speed
was 2 mph, and the slope of the treadmill

was increased 3.5 per cent every 2 min-

utes. This exercise protocol is designed to

increase oxygen consumption approxi-

mately 1 metabolic oxygen equivalent

(MET) per 2-minute time period.8 A

MET is the resting requirement for oxy-

gen and is approximntely 3.5 ml oxygen

per kg per minute.

Patients exercised until they experi-

TABLE I

Clinical Data

4* 44 M hypertension

cirrhosis of liver

hypertension

hypertension

hypertension

7

9

11

12

15

17

20

21

24

5**

6

8

10

13

18

19

22

23

52 M

57 P

50 F

58 M

50 F hypertension
diabetes inellitus

55 F hypertension
diabetes mellitus

51 M hypertension
diabetes meffitus

49 M hypertension

59 F hypertension

Placebo

50 M hypertension

47 F hypertension

47 F hypertension

42 M hypertension

51 F hypertension
chronic obstructive

lung disease
42 F hypertension

diabetes mellitus
bilateral interstitial

pulmonary disease
Baynaud’s phenomenon

47 M hypertension

58 M hypertension
horseshoe kidney

hydronephrosis

38 M type IV hyperlipidemia

44 F hypertension

no

no
no

no
yes

no

no

yes

no

yes

no

no

no

no

no

yes
no

yes

no
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2

Fig. 1. Effects of 10 mg sublingual pentrinitrol and placebo on exerci8e

capacity of patients with angina pectoris.
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enced moderate angina pain. They were

asked to grade their anginal pain on a

scale of 1 plus to 3 plus, and moderate

pain was defined as 2 plus.4 Blood pres-

sure was measured with a standard mer-

cury sphygmomanometer prior to exer-

cise, at the time of development of moder-

ate angina, immediately after the termi-

nation of exercise, and at 3, 5, and 10

minutes after exercise. A bipolar pre-

cordial electrocardiographic lead was con-

tinually monitored during exercise.

The data were analyzed using the Stu-

dent’s t-test for paired and unpaired

groups.

Results

The clinical data are summarized in

Table I. The mean age of the group re-

ceiving pentninitrol (52.5 years) was
slightly greater than that of the group

receiving placebo (46.6 years). Seven pa-

tients in each group had hypertension

and two patients in each group had evi-

dence of an old myocardial infarction.

One patient in the pentrinitrol group had

undergone a Vineberg revascularization

procedure five years before the study. One

patient in each group has had a myo-

eardial infarction since the study.

Exercise Duration and Amount. The

patients who received 10 mg sublingual

pentrinitrol had increases in mean exer-

cise times of 23 per cent (P < 0.01) #{149}and

30 per cent (P < 0.05) at 15 minutes and

60 minutes, respectively, following the

drug (Fig. 1). The group receiving pla-

cebo had no significant changes in mean

exercise times (Fig. 1).

The group receiving pentrinitrol showed

a mean increase of 0.6 metabolic oxygen

equivalent (MET) (16 per cent)

(P <0M05) 15 minutes after and a mean

increase of 1.8 MET (22 per cent)
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Fig. 2. Hemodynan&ic effects of 10 sag

patients with angina pectoris at rest.

(P < 0.01) 60 minutes after drug admin-

istration. The group receiving placebo

had no significant change in MET

(Fig. 1).

Blood Pressure, Pulse Rate, and Double

Product. A reduction of 10 mm Hg in

mean preexercise systolic blood pressure

(P < 0.05) was recorded 15 minutes after

pentrinitrol (Fig. 2). A 13 mm Hg re-

duction (P < 0.001) was still present 60

minutes after drug administration (Fig.

2). Increases of 5 and 8 mm Hg

(P < 0.05) were recorded 15 and 60

minutes, respectively, following placebo

(Fig. 2).

The mean preexercise diastolic blood

pressure was reduced 2 nun Hg after 15

minmtes and 6 mm Hg (P < 0.05) 60

minutes after pentrinitrol (Fig. 2). The

(I) -

10

8

0 A 45 90
TIME (MINUTES)

sublingual pentrinitrol and placebo on

mean diastolic blood pressure increased 2

mm Hg 15 minutes after placebo and

showed no change 60 minutes after pla-

cebo.

Mean systolic blood . pressure recorded

at point of moderate angina for the

patients who received pentrinitrol was

167 mm Hg before drug, 152 mm

Hg (P < 0.05) 15 minutes after drug,

and 146 mm Hg (P < 0.001) 60 mm-

utes after drug (Fig. 3). Mean systolic

blood pressure recorded at point of

moderate angina for patients receiving

placebo showed no significant changes.

Mean diastolic blood pressures recorded

at the point of moderate angina did

not change significantly for either
the group receiving pentrinitrol or pla-

cebo (Fig. 3). There were no significant
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O #{163}45 90
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4
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Fig. 3. Hemodynamic effects of 10 mg sublingual pentrinitrol and placebo at

point of angina produced by exercise.
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changes in preexercise heart rate in the

pentrinitrol group at 15 and 60 minutes

after administration. The placebo group

showed a significant decrease (P <0.05)

in preexercise heart rate 15 minutes after

administration, but no significant change

was present 60 minutes after administra-

tion.

Before exercise, the mean pulse rates of

the pentrinitrol group (67 beats per

minute) and placebo group (71 beats per

minute) were similar (Fig. ‘2). At point

of angina, the heart rates of both groups

were not significantly changed (Fig. 3).

No significant changes in proexercise

double product (heart rate times systolic

blood pressure) occurred for either the

group receiving pentrinitrol or placebo

(Fig. 2). Also, the double product at the

I

o.

#{149}PENTRINITROL GROUP (n.IO)

o PLACEBO GROUP (n#{149}I0)

A PENTRINITROL OR PLACEBO
ADMINISTRATION

point of moderate angina peotoris did not

change for either the patients receiving

pentrinitrol or the patients receiving pla-

cebo (Fig. 3).

Discussion

The results of this study clearly show

an increase in exercise capacity for pa-

tients with angina pectoris 15 and 60

minutes after receiving 10 mg sublingual

pentrinitrol and no increase in a com-

parable group receiving placebo. Increas-

ed metabolic oxygen equivalents (METs)

were also achieved during exercise by the

patients receiving pentrinitrol before an-

gina pectoris occurred. These increases

are particularly significant because of the

highly reproducible exercise times and

double products recorded before the

* P (.05

**P (.01
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double-blind phase of the study. This de-

gree of reproducibility was possible be-

cause a specifically defined symptomatic

endpoint of moderate anginal pain was

used.4

The recorded reduction in preexercise

blood pressure after pentrinitrol (Fig. 2)

is characteristic of sublingual nitrates.5

These drugs also cause a reduction in

cardiac size in the resting state.#{176}-8 The

ability of nitrates to reduce arterial and

venous vascular tone is probably respon-

sible for the reduction in heart size.

The decrease in systolic arterial blood

pressure at the point of angina recorded

only from the group receiving pentrini-

trol suggests that reduced systemic ar-

terial and venous vascular tone, due to

the drug, was still present during exer-

cise. In fact, reduced cardiac size im-

mediately after exercise has been reported

for subjects receiving nitroglycerin but

not dipyridamole.6 A pentrinitrol-induced

preexercise reduction in myocardial size

might aiso have persisted. Decreased ar-

terial blood pressure and heart size would

lower myocardial oxygen cost per beat.

Therefore, a reduction in arterial and

venous tone and a reduction in cardiac

size might more than compensate for the

additional myocardial oxygen requirement

resulting from an increase in heart rate

necessary to pump the larger amount of

blood per minute demanded by an increase

in amount and duration of exercise. These

hemodynamic changes would assist in ex-

plaining how pentrinitrol produced an in-

creased exercise capacity before angina

pectoris without producing a significant

change in double product (Fig. 3).

Other proposed antianginal effects of

the nitrates include coronary artery dila-

tion, production of a more favorable dis-

tribution of coronary blood flow, and im-

provement of coronary collateral blood

flow.9 These mechanisms may all play im-

portant antianginal roles in addition to

the observed peripheral effects of pentrini-

trol.

Thus, sublingual pentrinitrol is effec-

tive in increasing the exercise tolerance

of patients with angina pectoris for at

least 60 minutes. This finding is compati-

ble with a report of increased exercise tol-

erance 45 minutes after pentrinitrol but

no increase at 100 minutes after the

drug.1#{176}However, it is likely that, in some

patients, beneficial effects of the sub-

lingual nitrates may be present for longer

than 100 minutes.’0 Since the clinical

effect of nitroglycerin is usually over by

30 minutes, use of the longer-acting sub-

lingual nitrates may be preferred in cer-

tain circumstances.

Sublingual nitrates such as pentrinitrol

should permit patients to have fewer epi-

sodes of angina pectoris resulting from

minor increases in physical activity. The

same protection may also exist against

angina pectoris produced by psychic

stress. However, patients should still be

cautioned against physical activity or psy-

chic stress that ordinarily provokes an-

gina pectoris.

Summary

The effects of 10 mg sublingual pentrini-

trol and placebo on the exercise tolerance

of 20 patients with angina pectoris were

compared. The ten patients who received

pentrinitrol had increases in exercise

times and metabolic oxygen equivalents

(METs) 15 and 60 minutes after admin-

istration, whereas no change occurred in

ten comparable patients receiving pla-

cebo. Pentrinitrol produced lower pre-

exercise systolic blood pressures and sys-

tolic blood pressures at point of angina.

An increase in heart rate offset the effect

of the reduced systolic blood pressure on

double product (systolic blood pressure

times heart rate). Sublingual pentrinitrol

is an effective antianginal drug for at

least 60 minutes.
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