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significantly smaller in the test rats compared with
the controls, but the crude right ventricular weight
did not differ significantly in the two groups of
animals. However, when the right ventricular
weight was expressed as a ratio of the final body
weight and as an inverse ratio of the weight of
the left ventricle and interventricular septum, there
was a statistically significant difference between
the control and test rats. Figures 4 and 5 show that
in rats killed on the 302nd day of the experiment,
the right ventricle tends to be relatively larger in
the test animals compared with the controls.
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FIG. 4. Experiment on rats. Relation between right
ventricular weight and survival time in control rats and
rats given aminorex. The right ventricular weight is
expressed as a ratio of the final body weight.
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FIG. 5. Experiment on rats. Relation between right
ventricular weight and survival time. The right ventricular
weight is expressed as an inverse ratio of the weight of
the left ventricle and interventricular septum.
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Pulmonary trunk This vessel appeared struc-
turally normal and showed no evidence of medial
thickening in the rats fed on aminorex. Figure 6
shows the relation between the ratio of medial
thickness of the pulmonary trunk to that of the
aorta (PT/A ratio) and survival time in days in
39 test rats and 17 controls. There is no evidence
of an increase in this ratio after prolonged admini-
stration of aminorex.
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FIG. 6. Experiment on rats. Relation between the medial
thickness of the pulmonary trunk and survival time. The

medial thickness of the pulmonary trunk is expressed as a
ratio of that of the aorta.

Muscular pulmonary arteries These vessels
appeared quite normal in both the control and
test rats. In every case the media was thin and
retained between internal and external elastic
laminae (Fig. 7). The rats given aminorex showed
no evidence of hypertensive pulmonary vascular
disease in the form of medial hypertrophy or
necrotizing arteritis, and there was no sign of
intimal proliferation. The medial thickness of be-
tween 5 and 52 (mean 16) muscular pulmonary
arteries was measured in each of the control and
test rats. No significant difference was encountered
in these two groups of animals (Table I), and
Fig. 8 shows that prolonged administration of
aminorex is not associated with an increased
medial thickness of the muscular pulmonary
arteries in rats.

Pulmonary arterioles In the rat this type of
vessel measures less than 20 u in external diameter
and is normally devoid of muscle; it consists
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FIG. 7. Experiment on rats. Muscular pulmonary artery
from rat fed on aminorex for 302 days. Note the normal,
thin, muscular media between internal and external
elastic laminae. Elastic-van Gieson X 300.

simply of a single elastic lamina lined by endo-
thelium. The pulmonary arterioles of the rats given
aminorex showed no evidence of hypertensive
change which would be shown by the formation
of a thick muscular media sandwiched between
internal and external elastic laminae.

EXPERIMENT ON DOGS The data from the control
dog and the four dogs given aminorex are sum-
marized in Table II. None of the dogs showed any
evidence of hypertensive pulmonary vascular
disease. The hearts did not show right ventricular

Survival time in days

FIG. 8. Experiment on rats. Relation between the average
percentage medial thickness of muscular pulmonary
arteries and survival time in control and test rats.

hypertrophy, the pulmonary trunk appeared
normal, and the pulmonary arteries and arterioles
were normal and thin-walled (Fig. 9).

DISCUSSION

The results of these two experiments show that
the prolonged oral administration of high doses
of aminorex to rats and dogs did not produce
hypertensive pulmonary vascular disease. If signi-
ficant pulmonary hypertension had developed in
these animals we should have expected morpho-
logical evidence of this in the form of right
ventricular hypertrophy combined with muscular-
ization of the pulmonary arterioles and thickening
of the muscular pulmonary arteries and
pulmonary trunk.

There was no significant difference between
the simple right ventricular weight in the test and

TABLE II
HEART WEIGHTS AND THICKNESS OF PULMONARY ARTERIES IN CONTROL AND TEST DOGS
Aminorex Final Body Heart
Dog No. Fumarate Weight Weight RV (g) LV+S (®) LV+S/RV MT (%) PT/A
(mg/kg) (kg) (8
1 6 81 49 11 32 2:9 46 0-47
2 6 47 40 11 25 23 42 0-57
3 6 9-2 48 13 38 2:9 31 0-56
4 6 81 47 12 29 2:4 40 0-47
st 0 95 57 14 36 2:6 36 0-50

1Control dog.
See footnote te Table I.
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FIG. 9. Experiment on dogs. Normal thin-walled muscular
pulmonary artery from test dog no. 2 given aminorex for
20 weeks. Elastic-van Gieson X 300.

control rats, but there was a statistically significant
difference between the two groups when the right
ventricular weight was expressed as a ratio of the
final body weight. Clearly, this apparent right
ventricular enlargement in the test rats must be
largely a reflection of the low body weight of
these animals, resulting from the anorexic effect
of aminorex, because the mean final body weight
of the test rats was 50 g less than that in the
controls. The influence of body weight can be
excluded by expressing the right ventricular weight
as an inverse ratio of the weight of the left ven-
tricle and interventricular septum. This reveals a
difference in right ventricular size in the two
groups of rats which is significant at the 2:5%
level. The reason for this difference is not clear.
We do not regard it as an indication of hyper-
tensive pulmonary vascular disease, because no
lesions were found after a detailed quantitative
examination of the pulmonary blood vessels, and
it is inconceivable that a significant degree of
chronic pulmonary hypertension could exist with-
out vascular changes in the lungs. Moreover, when
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pulmonary hypertension is induced in rats by
administration of monocrotaline (Kay and Heath,
1969) or fulvine (Kay et al., 1971), or by exposure
to chronic hypoxia (Abraham, Kay, Cole, and
Pincock, 1971), the LV+S/RYV ratio is reduced to
values much less than 2'5; the lowest figure we
encountered in our series of rats given aminorex
fumarate was 2:6, and this was after the drug
had been administered for 302 days.

The drug seems to have been absorbed and
pharmacologically active in the experimental
animals, because their food consumption was
reduced and they either lost weight or failed to
gain weight at the normal rate. In the rats, the
mean final body weight of the test animals was
50 g less than that in the controls.

It might be argued that our experiments were
invalid because the drug was administered to
animals of normal body weight rather than to
obese rats and dogs. However, in the series of
18 patients with pulmonary hypertension asso-
ciated with appetite suppressants reported by
Gurtner et al. (1968), 12 were stated to be only
slightly overweight and six showed clinically evi-
dent obesity. It seems unlikely therefore that
obesity per se played a significant role in the
genesis of the pulmonary hypertension in these
patients. Moreover, Greiser and Gahl (1970)
found that there was no correlation between the
frequency of primary pulmonary hypertension and
obesity in patients who had taken aminorex. It
has been suggested that the reason for the sporadic
occurrence of pulmonary hypertension in patients
taking aminorex is that in only a small percentage
of individuals are the pulmonary blood vessels
sensitized to its action by some pre-existing
abnormality, such as the cardiopulmonary changes
which are known to occur in gross obesity (Bur-
well et al., 1956; Fishman, Goldring, and Turino,
1966). It is of interest in this connexion to note
that Grover and Byrne-Quinn (1970) failed to
produce pulmonary hypertension by injecting
aminorex into calves in which the pulmonary
vasculature was sensitized by chronic hypoxia
induced by living at an altitude where the baro-
metric pressure was 625 mmHg. In order to ex-
clude the possibility that aminorex produces
pulmonary vascular lesions only in obese subjects,
we are conducting further experiments using an
obese strain of laboratory rat.

Although pharmacologists have demonstrated
slight and transient increases in the pulmonary
vascular resistance of rats and dogs given
aminorex, attempts to produce pulmonary vascular
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disease in these animals have failed. Kraupp et al.
(1969) found that intravenous infusion of aminorex
into dogs led to a slight increase in the pulmonary
blood pressure and vascular resistance which
reached a maximum 15 minutes after the begin-
ning of the infusion and remained constant for
the duration of the infusion. They concluded that
the effect of aminorex on the pulmonary circula-
tion corresponds to the alpha type of sympatho-
mimetic vasomotor action. Engelhardt, Krone-
berg, Stoepel, and Stétzer (1970) found that
aminorex exerted a transient pressor effect on the
pulmonary circulation in dogs, similar to that
which is produced by adrenalin. Brunner and
Stepanek (1970) gave aminorex to dogs by mouth
using a dose of 1-5 mg/kg body weight for
four days. This procedure led to an increase in
the pulmonary blood pressure lasting for a num-
ber of hours and persisting for several days after
repeated administration of the compound. Back-
mann, Haschemian, Kemper, and Morgenroth
(1970) reported perivascular oedema and lympho-
cytic infiltration in the lungs of rats receiving
aminorex for longer than 20 days but stated that
right ventricular hypertrophy and thickening of
muscular pulmonary arteries did not occur. Engel-
hardt et al. (1970) failed to produce hypertensive
pulmonary vascular disease in rats and dogs
following the administration of aminorex.

The present position with regard to aminorex is
that, although there is statistical evidence linking
this drug with pulmonary hypertension in man,
there is no proof that aminorex causes hyper-
tensive pulmonary vascular disease in human
subjects. The fact that administration of aminorex
to animals fails to produce hypertensive pul-
monary vascular disease does not exclude the
possibility that this substance may produce pul-
monary hypertension in man. The absence of
effect in animals may reflect a species difference
in the reactivity. of the pulmonary blood vessels.

Our studies convince us that it is important to
enquire into the diet and history of drug ingestion
in any patient with unexplained pulmonary hyper-
tension. Some of the anti-obesity agents used in
Britain (amphetamine, chlorphentermine, and
phenmetrazine) are chemically related to amino-
rex. Preparations containing Senecio jacobaea
(ragwort) are freely available in ‘health stores’ and
herbalists where they are recommended for the
treatment of various ailments. Senecio jacobaea
contains six pyrrolizidine alkaloids, and Burns
(1971) has recently shown that oral administration
of this plant to rats produces hypertensive
pulmonary vascular disease.

We are grateful to Cilag-Chemie, Schafhausen,
Switzerland for a supply of aminorex fumarate. Pro-
fessor H. P. Gurtner, Professor H. Cottier, and Dr.
Jean Laissue of the University of Berne Kkindly
allowed us to examine lung tissue from patients who
developed pulmonary hypertension after treatment
with aminorex and to illustrate our findings in Figs
2 and 3.
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