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Little is known about the fundamental causes of
bronchial asthma and the alterations in pulmonary
physiology leading to an attack. The abnormal re-
action of the tracheobronchial tree to histamine and
to cholinergic substances such as methacholine and
pilocarpine has been studied in detail (1-3). The
parenteral administration of these drugs brings
about a sharp reduction in maximum minute ven-
tilation and vital capacity associated with an eva-
nescent asthma-like attack. The intensity of the
pulmonary reaction appears to be associated with
the degree of asthma (4), and may be modified by
various anti-asthmatic agents such as epinephrine,
Orthoxine, aminophylline, Benadryl, Pyrrolazote
and hyoscyamine (5). A relationship also exists
between the clinical effectiveness of anti-asthmatic
agents and the degree of protection they afford
against the pulmonary response to injected metha-
choline and histamine (6).

It is not clear why the tracheobronchial tree in
asthmatic subjects reacts in an abnormal manner.
It is not likely that infection of the mucous mem-
branes in the lungs is the sole cause since some of
our reactive subjects had not had an attack of
asthma in over 20 years, and some had no history
of bronchitis or other pulmonary infection. More-
over, in a few subjects with hay fever who had
never suffered with asthma, the injection of metha-
choline produced a notable reduction in vital ca-
pacity (2). The clinical improvement reported
in some patients after surgical interruption of the
para-sympathetic and sympathetic pathways of.
the lungs (7, 8) suggests that a reflex mechanism
may be involved. Further support of this idea is
furnished by studies carried out in conjunction
with Dr. George Whitelaw in which bilateral pro-
caine block of stellate ganglia modified the pul-
monary response to methacholine and histamine
(9). It was felt worthwhile, therefore, to observe
the effect of a sympatholytic drug in similar studies.

1 Present address: Georgetown University Hospital,
Washington, D. C.

Dihydroergocornine, a dihydrogenated alkaloid
of ergot, was chosen because it is relatively non-
toxic, short-acting and may be administered by
mouth as well as by vein (10).

MATERIAL AND METHODS

The method of study has been reported elsewhere in
detail (1, 6). A 9-liter Benedict-Roth type of spirometer
was used. It was equipped with special low resistance
valves and a recording ventilometer (11) that measured
inspiratory volume only. The soda lime container was
removed. Subjects came to the laboratory in a state
relatively free from asthma. Three to six control meas-
urements of the vital capacity and maximum minute ven-
tilation were recorded on a rapidly moving drum. The
maximum ventilatory effort was made for 15 seconds
with the patient choosing his own rate and depth of res-
piration after the method of Hermannsen which has been
discussed in detail by Cournand, Richards and Darling
(12). Normal values for this method are approximately
150 liters per minute for normal males and 100 liters per
minute for normal females. The spirometer was flushed
with air five times after each set of determinations.
An evanescent asthma-like attack with reduction in

vital capacity of about 1000 ml. was induced by the intra-
muscular injection of 1-6 mg. of methacholine chloride
and in a few instances with the intravenous injection of
0.01-0.04 mg. of histamine base. When the vital capacity
and maximum minute ventilation had returned to approxi-
mately the pre-injection levels, 0.25-0.75 mg. of dihy-
droergocornine was administered intravenously, except
in two cases. In these two cases 0.4 mg. of the drug was
given by nebulization utilizing a De Vilbiss No. 40 nebu-
lizer with an oxygen flow adjusted to read 6-8 liters per
minute. The dosage of dihydroergocornine was adjusted
to produce slight postural hypotension and usually nasal
stuffiness. Vital capacity and maximum minute ventila-
tion were again determined, and at intervals, usually of 15
minutes, identical doses of methacholine or histamine were
injected and the effect on the pulmonary function tests
again recorded. The degree of protection afforded by
dihydroergocornine may be expressed by the following
formula:

Dc Dt
VC VtX10Pc X 100=

Dc
439



440 JOHN J. CURRY, JOB E. FUCHS, AND SAMUEL E. LEARD

TABLE I

Effect of dihydroergocornine on the pulmonary reaction to methacholine

Control studies After dihydroergocornine

Age
Sex After After PrcnResting metha- Dose* Resting metha- pro ecntcholine choline poeto

mg.
R. G. 30 V.C. in ml.t 4285 3177 0.5* 4075 3668 62

M M.V. in 1/min. -56.4 39.7 48.1 42.8 63

J. C. 36 V.C. in ml. 5047 3428 0.25 4556 3699 42
M M.V. in 1/min. 55.4 512 62.7 56.4 -24

W. B. 47 V.C. in ml. 3406 2759 0.75 4159 3919 70
M M.V. in 1/min. 85.7 69.0 95.1 88.9 67

4085 3511 26
96.1 88.9 62

J. S. 51 V.C. in ml. 2362 1765 0.25 2194 1943 55
M M.V. in 1/min. 48.1 35.5 39.7 35.5 59

J. S. 32 V.C. in ml. 5152 4358 0.25 4713 4483 68
M M.V. in 1/min. 104.5 69.0 . 72.1 65 75

T. H. 19 V.C. in ml. 4473 2686 0.45 4525 4389 93
M M.V. in 1/min. 91.0 52.3 22.3 98.2 55

4681 4598 95
123.3 94.1 50

N. A. 35 V.C. in ml. 4618 3365 0.25 4556 4504 96
F M.V. in 1/min. 113.9 55.4 83.6 77.3 85

J. M. 28 V.C. in ml. 5766 5225 0.25 5852 5539 44
M M.V. in 1/min. 83.6 76.2 89.9 79.4 -33

R. L. 42 V.C. in ml. 3762 2539 0.25 360S 3114 59
M M.V. in 1/min. 89.9 51.2 75.2 46.0 9

3658 2759 24
66.9 60.6 78

H. D. 33 V.C. in ml. 2518 2236 0.5* 2529 2278 9
M M.V. in 1/min. 42.8 29.3 40.7 31.4 28

* Doses of dihydroergocornine marked with asterisk were given by nebulization. Protection studies were made 15
minutes and in some instances 30 minutes after dihydroergocornine was administered.

t V.C. = Vital capacity; M.V. = maximum ventilation.
$ Plain numbers represent vital capacity in ml., numbers in italics represent maximum ventilation in liters per minute.

TABLE II

Effect of dihydroergocornine on the pulmonary reaction to histamine

Control studies After dihydroergocornine
Age
Sex ~~~~~~~~After After Per cent

Resting histamine Dose Resting histamine protection

mg.
R. G. 30 V.C. in ml.t 4149 2748 0.5* 4285 2549 -21

M M.V. in 1/min. 48.1t 40.7 50.2 41.8 - 8

J. C. 36 V.C. in ml. 5016 4305 0.25 5016 4681 53
M M.V. in 1/min. 71.1 62.7 69

J. M. 28 V.C. in ml. 5784 5413 0.25 5800 5413 0
M M.V. in 1/min. 95.1 73.2 83.6 71.1 30

M. M. 27 V.C. in ml. 3103 2613 0.25 2926 2822 78
F M.V. in 1/min. | 57.5 52.3 51.2 50.2 1

78

* Protection study was made 30 minutes after the administration of dihydroergocornine.
t V.C. = vital capacity; M.V. = maximum ventilation.
X Numbers in italics represent maximum ventilation.
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where Dc = control decrease in vital capacity after metha-
coline or histamine, before administration of
dihydroergocornine.

Vc = control vital capacity before methacholine or
histamine, and before administration of di-
hydroergocornine.

Dt = decrease in vital capacity after methacholine
or histamine during the particular test.

and P = per cent protection.
A similar formula was used for the maximum ventilatory
studies. The degree of protection probably should exceed
50 per cent in order to be significant.

RESULTS AND COMMENTS

Dihydroergocornine was given intravenously to
12 subjects with bronchial asthma; in 10, protec-
tion studies against methacholine were performed,
and in four, similar studies with histamine, (Tables
I, II). No serious side reactions were experienced
and no subjective changes in the asthmatic state
were noted. In 10 studies with methacholine, pro-
tection varied from zero to 85 with an average of
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41 per cent when maximum minute ventilation was
measured, and from 9 to 96 per cent with an aver-
age of 60 per cent when vital capacity tests were
employed. The most remarkable protection was
found in subject T. H. (Figure 1). In this pa-
tient the resting vital capacity varied from 4409 to
4473 ml. and the maximum ventilation from 86 to
91 liters per minute. The intramuscular injection
of 2 mg. of methacholine was followed by an
asthma-like attack with a fall in vital capacity to
2686 ml. and the maximum ventilation to 52 liters
per minute. Within 30 minutes all effects of the
injection of methacholine had subsided and the
values studied were again within the control range.
An intravenous injection of 0.45 mg. of dihydro-
ergocornine was followed in five minutes by an in-
crease of 270 ml. in the vital capacity and 37 liters
per minute in the maximum ventilation. Moderate
postural hypotension and slight nasal stuffiness
were present. At this time a repeat intramuscular

CONTROL
15 lIN.AFTER D.H.O.
30 * . a 0-0

I I-

4 6 8 00ZO 3

TIME IN MINUTES AFTER METHACHOLINE INJECTIONS

FIG. 1. THE EFFECT OF 20 MG. OF METHACHOLINE INJECTED INTRAMUSCULARLY
BEFORE AND AFTER THE INTRAVENOUS INJECTION OF 0.45 MG. OF DIHYDROERGOCORNINE
(DHO)
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injection of 2 mg. of methacholine resulted in only
a slight decrease in both measurements and no
subjective sensation in the chest. A third intra-
muscular injection of 2 mg. of methacholine, 30
minutes after the dihydroergocornine, likewise
produced little effect. Thus, in this subject com-
plete protection was afforded by dihydroergocornine
from the subjective effects of methacholine, and
almost complete protection against the reduction in
vital capacity and maximum minute ventilation pre-
viously produced by the drug. In at least six cases
the results were significant, in that over 50 per
cent protection was achieved with both measure-
ments of pulmonary function.

In four studies with histamine, protection varied
from zero to 78 per cent with both maximum min-
ute ventilation and vital capacity studies, and in
two cases the degree of protection was significant.
Why dihydroergocornine affords protection

against the action of methacholine and histamine in
the tracheobronchial tree is not clear. The drug
apparently does not have any notable direct anti-
cholinergic or antihistamine action. It seems pos-
sible that the response to methacholine in the lung
of asthmatic subjects may be the result of a two-
stage reaction. It is postulated that the first com-
ponent of the reaction is a direct response of the
lung to the compound. This varies with the degree
of asthma and may depend in part on the presence
of infection in the lung. The second component
may be a reflex bronchoconstriction set up by the
initial reaction of methacholine. It is suggested
that this reflex is non-specific and may be set off by
various types of stimuli, such as hyperventilation,
irritant gases, laughing and sneezing, in addition to
methacholine and histamine. The afferent or ef-
ferent limbs of the reflex might well be over the
sympathetic pathways in the lungs. Thus, pro-
caine block or surgical interruption of these path-
ways, or the administration of dihydroergocornine
would abolish the reflex component of the metha-
choline reaction without affecting the direct re-
sponse of the tracheobronchial tree to the drug.
Thus protection afforded by dihydroergocornine
against drug-induced attacks of asthma is variable
and usually not complete. Similarly, in spontane-
ous bronchial asthma, sympathetic resection may
bring about varying degrees of relief depending
perhaps on the importance of the reflex com-

ponent in each case of asthma. The demonstration
of protection following dihydroergocornine may,
therefore, indicate those cases in which sympa-
thectomy may be of greatest benefit to the patient.
The drug may also be useful in controlling spon-
taneous bronchial asthma. The occurrence of pro-
tection against methacholine in subject R. G. after
aerosolization of dihydroergocornine suggests that
further studies of adrenergic blocking agents by
this route of administration should be carried out.

SUMMARY

Dihydroergocornine in intravenous doses of
from 0.25 to 0.75 mg. was administered to a group
of 12 subjects with bronchial asthma. Protective
tests were performed by measuring the change in
the vital capacity and maximum minute ventila-
tion, due to histamine and methacholine before and
after the administration of dihydroergocornine.

In eight cases protection of 50 per cent or more
resulted and no serious side reactions were ex-
perienced. The results suggest an explanation for
the hyper-responsiveness of the tracheobronchial
tree to histamine and cholinergic drugs in asthmatic
subjects. The clinical implications are discussed.
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