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Summary

1. The noradrenaline concentration in the lung was less than 05 ,ug/g in
eight animal species.
2. In the cat, dog, rabbit and goat, tyramine produced a fall in pulmonary
resistance, which was reduced by the administration of either reserpine or
cocaine. Although an infusion of noradrenaline increased the content of this
amine in the lung of the cat, previously depleted by reserpine, the broncho-
dilator property of tyramine was not restored. The infusion of isoprenaline
did not restore the response to tyramine. The role of either catecholamine in
mediating the bronchomotor response to tyramine could not be ascertained.
3. The concentration of dopamine was as high as 6-4 tug/g in the goat lung
and less than 05 ,ug/g in the lungs of the cat, rabbit, dog, rat, mouse, guinea-
pig and man. Dopamine, injected intravenously into the cat, dog, rabbit and
goat, produced a slight rise in pulmonary resistance. This increase was blocked
by tolazoline, indicating that the response was mediated by a-adrenoceptors
in the bronchial passages. No procedure has been observed to influence the
dopamine content of the lung. The release of dopamine cannot, however, be
excluded until the blood in the bronchial veins has been analysed.

Introduction

There are several inconsistencies in regard to the pharmacological significance
of catecholamines in the tracheobronchial system. Although the bronchodilator
properties of adrenaline and isoprenaline are certain, the nature of the bronchomotor
effect of noradrenaline is not clear. In the isolated tracheal preparation, noradren-
aline is a weaker relaxant than the other two amines (Daly & Hebb, 1966). In
the intact lung, there is a reduction in pulmonary resistance, but it is difficult to
distinguish between a true relaxation of bronchial muscles and the shrinking of
bronchial mucosa caused by noradrenaline. In some preparations an increase in
pulmonary resistance has been demonstrated which appears to be mediated by
a-adrenoceptors in the airways (Castro de la Mata, Penna & Aviado, 1962). It
has therefore been difficult to accept noradrenaline as the neurohumoral mediator
for the sympathetic bronchodilator nerves.

The effects of reserpine and tyramine on the airways are completely unknown. In
the cardiovascular system, the ability of tyramine to release noradrenaline from
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Noradrenaline and dopamine in lungs

stores that can be depleted by reserpine has been widely accepted (Muscholl, 1966).
In the bronchopulmonary system, a reduction in the content of catecholamine in
the lung, induced by reserpine, has been incidentally reported by Paasonen & Krayer
(1958). The functional consequences of this reduction have not been investigated
by testing the effect of tyramine on the lung of an animal that has been pretreated
with reserpine.
Although the content of dopamine in the lung is low in most animal species, its

content in the lung of ruminants is high (Euler & Lishajko, 1957; Bertler & Rosen-
gren, 1959). The function of dopamine in the lung has not been settled. The
bronchomotor effects of dopamine in the dog have been reported to be unimportant,
but no information is available on its bronchomotor effect in the ruminants.

This paper is concerned with noradrenaline and dopamine in the lung. The
bronchomotor effects and content of both catecholamines are correlated in the lungs
of four animal species: the rabbit, cat, dog and goat. The effects of reserpine,
dopamine and tyramine were investigated by the use of supplementary agents such
as cocaine, tolazoline, noradrenaline, isoproterenol and sotalol (± -4(2-isopropyl-
amino-l-hydroxyethyl)methanesulphonanilide HCI). The last-mentioned com-
pound is a blocker of f-adrenoceptors (Folle & Aviado, 1965), and is also known
as MJ 1999. No attempt has been made to identify the neurohumoral transmitter
involved in sympathetically induced bronchodilatation. Additional evidence has
become available, indicating that the transmitter may be a substance other than
noradrenaline or isoprenaline.

Methods

Procedures in the rabbit

The initial study involved two groups: one group of nine rabbits and a second
group of six rabbits. The animals in the latter group received an injection of
reserpine (5 mg/kg) intraperitoneally, 24 hr before killing. For the removal of the
lung, the rabbit was anaesthetized with diallylbarbituric acid (60 mg/kg) and
urethane (240 mg/kg) intravenously, the animal was decapitated and the lungs
were removed. The method for analysis of the lung was described by Sadavongvivad
(1970).

Five rabbits were anaesthetized as in the first study. The femoral artery was
catheterized for the measurement of aortic pressure. The trachea was cannulated
and pulmonary resistance and compliance were measured by the technique described
by Klide & Aviado (1967). These rabbits were also used to study the effects of
intravenous injections of dopamine (10 pg/kg) and tyramine (2 mg/kg). In three
of the five rabbits, tolazoline (4 mg/kg) was injected and the injections of the amines
were repeated.

Procedures in the cat

Cats of both sexes, weighing 2 to 4 kg, were anaesthetized with chloralose (100
mg/kg) administered intraperitoneally. The trachea, femoral artery and vein were
cannulated. The cat was prepared for measurement of pulmonary resistance and
compliance. The chest was opened at the midline, and the lung samnles were
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removed by ligating and excising pieces of lung tissue, when required. The following
series of experiments were completed:

Reserpine treatment. One group, consisting of eight cats, did not receive any
premedication. Ten cats received reserpine (3 mg/kg) injected intraperitoneally
24 hr before the experiment. During the experiment, tyramine and cocaine were
injected intravenously in a total volume of 0 2 to 0 5 ml. Noradrenaline and iso-
prenaline were administered as an intravenous infusion. A continuous infusion
pump was used to deliver the drug solutions at a rate of 0-2 ml/min for 20 min.
The noradrenaline and isoprenaline solutions were used at a concentration of
125 jug/ml in 0 9% sodium chloride solution. Samples of lung tissue were removed
at the start of each experiment and at various times after the injection of the various
drugs.
A further group consisting of five cats did not receive any premedication. They

were anaesthetized with chloralose (100 mg/kg) and prepared for recording
pulmonary resistance, compliance and aortic blood pressure. The following drugs
were injected intravenously: tyramine (0-1 to 04 mg/kg), dopamine (10 ,ug/kg),
tolazoline (4 mg/kg) and sotalol (2 mg/kg).

Procedures in the dog

Dogs of both sexes, weighing 6 to 10 kg, were anaesthetized by intravenous
injection of chloralose (100 mg/kg) 1 hr after a subcutaneous injection of morphine
sulphate (2 mg/kg). Pulmonary compliance and resistance were measured. Lung
samples were removed from the animal with the chest opened in the midline, as
described for the cat.
One group, consisting of five dogs, received no premedication, while a second

group, consisting of three dogs, received an injection of reserpine (3 mg/kg) sub-
cutaneously 18 to 24 hr before the experiment. After anaesthesia was induced with
chloralose, the chest was opened and a lung sample was removed for chemical
analysis. Dopamine (10 pg/kg), tolazoline (4 mg/kg) and sotalol (2 mg/kg)
were injected intravenously.
A further group of eight dogs did not receive any premedication. They were

used to determine the nature of the responses to the intravenous injection of
tyramine (0-2 mg/kg) and dopamine (10 jug/kg).

Procedures in the goat

Seven goats, weighing 16 to 31 kg, were anaesthetized by an intravenous injection
of sodium pentobarbitone 25 mg/kg. It was found that the effect of pentobarbitone
wore off rapidly, so that additional doses (total 60 mg) had to be administered
intermittently. The following procedures were carried out: cannulation of the
trachea; cannulation of one femoral vein for the injection of the drugs; cannulation
of both femoral arteries for the measurement of the aortic blood pressure and
withdrawal of the blood samples; the chest was opened at the third intercostal
space on the left side and a polyethylene catheter was inserted into the pulmonary
artery through an incision in the right atrium to enable the measurement of the pul-
monary arterial pressure. The animal was maintained on a respiratory pump at the
rate of 24 breaths per min and a constant tidal volume of between 150 and 250 ml,
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depending on the size of the goat. Pulmonary compliance and resistance were
measured by the method used in the three other animal species.
The goats were divided into two groups: a group of five goats receiving no

premedication, and a group of three goats that were given reserpine (2 to 4 mg/kg)
18 hr before the experiment. Dopamine (1, 10 or 100 ,g/kg) was injected through a
catheter in a femoral vein. After each injection, changes in pulmonary compliance
and resistance were recorded at intervals for 5 min.

Chemical analysis of the human lung

Samples were obtained from human lung at surgery or at autopsy. The samples
were analysed for biogenic amines by the same method as that used for thew lungs
of the other animal species.

Results

Content of biogenic amines

The results of the analysis of the lung obtained from five species are summarized
in Table 1.
The mean concentrations of noradrenaline in the lungs of the five species investi-

gated were below 0 5 ,ug/g. The mean concentrations of dopamine were 0 1 tug/g
or lower except in the goat lung, which had a mean value of 6 4 ,ug/g. These values
for biogenic amines are in general agreement with those reported in the literature.

Effect of reserpine

The effect of reserpine, administered 18 to 24 hr before killing the animal, on the
concentrations of the biogenic amines in the lungs of four species is illustrated in
Table 1. In all four species (cat, rabbit, dog and goat) there was no change in the
concentrations of histamine and dopamine and a reduction in the concentrations of
5-HT after reserpine. A reduction in noradrenaline after reserpine was observed in
the cat and dog but not in the rabbit and goat. The amount of reserpine admini-
stered was sufficient to sedate all the animals, so that the difference in effect between
species cannot be accounted for by an insufficient dose.

TABLE 1. Influence of reserpine on content of biogenic amines in the lung offive species
Procedure Mean ± S.E.M. (I.g/g lung)
and No. of

Species animals Histamine 5-HT Noradrenaline Dopamine
Cat Control (8) 12-03±2-27 3-22±0-48 0-47±0-08 0 11±0-02

Reserpine (10) 12-14±1-80 1-54*10.18 0.06*10-02 010±001
(3 mg/kg i.p.)

Rabbit Control (9) 4-86+1-08 7-34±1-66 0-08±0-02 005±002
Reserpine (6) 3-22±1-16 0.50*-40-23 0-06±0-04 0 05±0 02
(5 mg/kg i.p.)

Dog Control (5) 27-71±4-50 0-534±0-10 0-35±0-02 0-06±0-02
Reserpine (3) 31-28±6-47 0-14*10.03 0-12*10.04 0 05±0 01
(3 mg/kg i.p.)

Goat Control (5) 38 44±5-72 3-69±0-47 0-29±0-08 6-45±1-97
Reserpine (3) 42-35±9-59 1.43*10-45 0-49±0-08 11-86±2-19
(2-4 mg/kg i.p.)

Human Control (5) 14-12±4-65 0 30±0 03 0-14±0.06 0*11l0-02

*P< 0-05 difference from mean of control.
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Tyramine, cocaine and reserpine in the cat

The cats which had been used as controls in Table 1 were also used to investigate
the responses to injection of tyramine, before and after cocaine. The injection of
tyramine (01 to 0 4 mg/kg) invariably caused a decrease in pulmonary resistance
(Table 2). This decrease in resistance did not appear to be dependent on dosage.
The aortic blood pressure was invariably increased. Pulmonary compliance was
decreased in four out of six cats, and was increased in the other two.

After the intravenous injection of cocaine (5 mg/kg), the blood pressure response
to tyramine was reduced in four out of six cats. In the two remaining cats the
pressor response before cocaine was reversed to a depressor response after cocaine.
This effect of cocaine on the blood pressure response to tyramine is well known.

After the administration of cocaine, the injection of tyramine caused an increase
in pulmonary resistance in four cats. In two cats, however, the initial broncho-
dilator action of tyramine was only reduced and not reversed by cocaine. There
was a parallelism between the effect of cocaine on the blood pressure response and
the bronchial response to tyramine. It is therefore suggested that the mechanism
of the bronchodilator action of tyramine is similar to the mechanism of its pressor
effect.
The effects of injecting tyramine in cats that have been pretreated with reserpine

are also summarized in Table 2. The pressor response to tyramine was reduced by

TABLE 2. Responses in cats to intr,avenous inljections oftyraniine, cocaine, noradrenaline and isoprenaline
Mean ± S.E.M.

Resistance

No. of
Procedure animals*

Tyramine 0-1 mg, kg 6 (A)
Tyramine 0-2 mg kg 6 (A)
Tyramine 0 3 mg/kg 2 (A)
Tyramine 0 4 mg kg 3 (A)
Cocaine 5 mg kg then
tyramine 0 1 mg kg 6 (A)

Cocaine 5 mgtkg then
tyramine 0-2 mglkg 6 (A)

Cocaine 5 mg,kg then
tyramine 0 3 mg1kg 2 (A)

Cocaine 5 mg/kg then
tyramine 0 4 mg,,kg 3 (A)

Reserpine then
tyramine 1 mg/kg 5 (B)

After reserpine and
noradrenaline
(0 5 mg during 20 min)
tyramine 1 mglkg 5 (B)

Reserpine then
tyramine 1 mglkg 4 (C)

After reserpine and
isoprenaline (0-5 mg
during 20 min)
tyramine 1 mg, kg 4 (C)

Tyramine 0 2 mg,kg 5 (D)
After tolazoline
tyramine 0-2 mg/kg 5 (D)

After sotalol
tyramine 0 2 mg/kg 5 (D)

Controlt
36-8 8-3
41 7+8-4
24 5±3 5
497+±13 3

42-294

41-1+94
28551 5

55-0+108

28 3+8-1

0h change
- 20± 33
-21+5 8
- 9±0-1
-30±9-0

Compliance

Control
ml/cm H20
4 8 ±07
4-64+09
56±1 1
2-5 +0 2

+24+7 1 4 140-8

+39+8 1 4209

+15±40 39-1 3

4-5+63 25403

+ 7+ 16 1 4-8+0 8

302 5-6 +18+29 0 4-5+0 8

31 1+9 4 +9+10 5 4 2+0 9

30 0+7 5
32-3±1 3

33-4±1-3

33-24 13

+8+124 50+1 2
-23+4-3 13 3+2-7

16+2 9 14 6+2-9

+2+2-2 14 4+2-9

Aortic BP

Control
0o change mm Hg 0O change
0+0*0 81±11

- 7±7-6 76+10
- 7+0-8 92±17
+2+20-4 87±9

-7±5 1 70+10

+2+7-5 77+10
-3+4 5 75+25

-1 12+10 73+11
- 3+4 8 60+6

- 13+10-3 70+9
- 10+7 9 58±10

-3+13 2 5247
-15+1 9 121±7

+16+4 74+2-4

0+445 70+3
* There are four groups of cats summarized in this table. The results from individual groups are

identified by A, B, C, and D.
t Resistance expressed in cm H20/litre per s.

+49+20
+76+22
+87+20
+54+9
+2+5

+29+22
+ 18-1-7

+ 16+5

+65+4

+87+6

+53±21

+28+4
+42+8
-25+4
-7+11
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reserpine treatment. The increase in blood pressure after an injection of tyramine
(1 mg/kg) was 65% in one of the groups of cats treated with reserpine. To elicit
an increase of 76% of the control blood pressure in the groups of cats without
reserpine, a lower dose of tyramine (0-2 mg/kg) was required. The changes in
pulmonary resistance initiated by tyramine in the cat after reserpine were variable.
Two cats showed an increase in resistance, while three cats responded with a
decrease.
The group of cats reported in the preceding paragraph received an infusion of

noradrenaline (0 5 mg in 20 min) (Table 2). The injection of tyramine was repeated
15 min after infusion. In all five cats, the pressor effect of tyramine was potentiated.
The bronchopulmonary effects of tyramine were not altered, however, and remained
variable.

Another group of four cats that were pretreated with reserpine subsequently
received an infusion of isoprenaline (0-5 mg in 20 min) (Table 2). There was no
consistent pattern in the bronchopulmonary effects of tyramine after this treat-
mont. One cat showed a conversion of the tyramine response from a reduction
in resistance to an increase after the infusion of isoprenaline. Another cat showed
the opposite effect following the infusion. The pressor effect of tyramine was not
potentiated by isoprenaline.

Six of the cats that had been given reserpine had several samples of lung removed,
following the injection of tyramine (1 mg/kg) and a noradrenaline infusion (totalling
05 mg in 20 min). The former did not influence the content of amines, whereas
the latter caused a significant increase in the content of noradrenaline in the lung
(Table 3).

Tolazoline and sotalol in the cat
In the last group of five cats, the types of sympathetic receptors responsible for

the bronchopulmonary effects of tyramine were investigated. The initial injection
of tyramine (0-2 mg/kg) caused a definite fall in pulmonary resistance (Table 2).
Pulmonary compliance was reduced and the aortic blood pressure was elevated.

After tolazoline (4 mg/kg) was injected intravenously, the blood pressure dropped
approximately 15 to 20% and remained at a level lower than in the control. The
bronchopulmonary effects of tolazoline were variable. After 5 min, the pulmonary
resistance, pulmonary compliance and blood pressure became stable and the injection
of tyramine (0-2 mg/kg) was repeated. This second injection of tyramine in the
same dose as before still reduced the pulmonary resistance, although the decrease
was smaller than before tolazoline. The compliance was increased, while before
tolazoline it was decreased. The pressor response to tyramine was also reversed
to depressor by tolazoline.

TABLE 3. Content ofbiogenic amines in the lung of cats receiving reserpine, tyramine and noradrenaline
Mean±s.E.M. (jug/g lung)

No. of
Procedure animals Histamine 5-HT Noradrenaline Dopamine

Reserpine 3 mgfkg 6 13-20+2-88 1-61±0-27 0 07+0 03 0d10+0 10
Then tyramine 1 mg/kg 6 12-01+4-33 1-28±0-21 0-10*±0-04 009±0O05
Then noradrenaline

infusion (05 mg
during 20 min) 6 10-31±2-02 1-31+0-19 048t+0-12 0-10+0-04

* P< 0-02 difference from mean value after receiving reserpine only.
t P< 0-02 difference from mean value after receiving tyramine before noradrenaline.
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Fifteen min after the injection of tolazoline, sotalol (2 mg/kg) was injected.
Five min later, another dose of tyramine was injected. The reduction of pulmonary
resistance disappeared. The bronchodilator effect of tyramine therefore seems to
be blocked by sotalol. The changes in compliance and blood pressure in response
to tyramine remained variable after the injection of sotalol.

Tyramine in the rabbit

The responses to tyramine were different from those elicited by dopamine in the
same group of rabbits (Table 4). An intravenous injection of tyramine (2 mg/kg)
produced a decrease in pulmonary resistance, an increase in pulmonary compliance
and a rise in aortic blood pressure. In one rabbit, after tolazoline, tyramine still
produced a fall in resistance, but the pressor effect was reversed to a depressor
(not shown in Table 2).

Dopamine in the rabbit

The next group, consisting of five rabbits, was used to study the response to intra-
venous injection of dopamine (10 mg/kg) before and after tolazoline; the results
are summarized in Table 4. Initially, dopamine caused a rise in pulmonary resist-
ance, a fall in compliance and a fall in aortic blood pressure. After tolazoline all
three responses to dopamine were reversed, showing a reduction in resistance,
increase in compliance and a rise in blood pressure.

Dopamine in the cat

The intravenous injection of dopamine (10 ug/kg) into the cat caused a small
increase in pulmonary resistance in four out of five cats tested.

Dopamine in the dog

Table 5 summarizes the responses to dopamine injection in two control groups
and a group that had received reserpine. In the control dogs there was an increase
in pulmonary resistance and systemic blood pressure, accompanied by variable
changes in compliance. In some dogs there was a biphasic rise and fall in aortic
blood pressure. The dogs that were pretreated with reserpine did not reveal any
change in the response to dopamine.
Some of the dogs that did not receive reserpine were given repeated injections of

dopamine before and after sympathetic receptor blocking drugs (Table 5). The
pressor response was blocked or reversed by intravenous injection of tolazoline
(4 mg/kg). The depressor component was not blocked by sotalol. The pulmonary

TABLE 4. Responses in rabbits to intravenous injections of tyramine and dopamine
Mean±s.E.M.

Compliance Aortic BP
Resistance

No. of Control Control
Procedure animals Control* % change ml/cm H20 %change mm Hg % change

Tyramine2mgfkg 5 38-8+1-8 -6±6-9 4-304 +18±4-3 70±5 +27±7
Dopamine lOjg/kg 5 36-5+3-2 +14±3-7 4-8±0-3 -14±5t7 91±11 -22±3
After tolazoline
dopamine l10 g/kg 3 47-9±2-9 -6+24 43±03 +19±8 53±6 +71±8

* Resistance expressed in cm H20/litre per s.
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resistance was increased slightly and compliance was decreased following most
injections of dopamine before the blocking drugs. When dopamine was injected
after tolazoline, its effect on pulmonary resistance was either blocked or reversed
and the decrease in compliance was also blocked. After the injection of sotalol
(2 mg/kg), an increase in pulmonary resistance in response to dopamine was ob-
served in all the dogs.

Dopamine in the goat

The intravenous injection of dopamine invariably caused an increase of pulmonary
resistance (Table 6). At a dose of 1 ug/kg, the lowest dose of dopamine tested
in a goat, there was a slight increase in pulmonary resistance, lasting for 3 min.
There was also a concomitant rise in compliance without any change in the aortic
blood pressure and the pulmonary arterial blood pressure. These changes occurred
in one goat but did not appear in a second goat.
With larger doses (10 and 100 jug/kg) the increase in pulmonary resistance was

evident within 10 s after injection and was maintained at that level with slight
fluctuations during the whole period of measurement (5 to 6 min). Pulmonary
compliance was either increased or decreased. At 15 to 20 min after the injection,
however, when the control value for the next injection was measured, the com-
pliance and resistance had returned to values comparable with the original control
level or lower but never to a higher level.

TABLE 5. Responses in dogs to intravenous injections of dopamine
MeanIS.E.M.

Compliance Aortic BP
Resistance

No. of Control Control
Procedure animals* Controlt % change ml/cm H20 % change mm Hg % change

Dopamine 10,g,kg 5 (A) 7-4±0t5 +9±4-8 22-0±0-8 -3±5-4 120+7 +37±6
After tolazoline

(4 mg/kg)
dopamine 10 ,ug/kg 5 (A) 7-7±0-8 -5±3-1 24-2±1-2 -2±1-6 117±6 -12±5

After sotalol
(2 mg/kg)
dopamine 10 ,ug/kg 5 (A) 7-8±0-7 -6±1-2 23A4±0-7 - 3±2-3 10149 -8±5

After reserpine
(3 mg/kg)
dopamine 10g/kg 3 (B) 9-7±1-8 +8±5t2 24-3±1-3 -7±3-5 83±9 +33±7

No reserpine
dopamine10,ug/kg 8(C) 7-1±0-8 +6±2-7 29-4±2-5 +2±1-8 122±7 +3±8

* There are three groups of dogs summarized in this table. The results from individual groups are
identified by A, B, and C.
t Resistance is expressed as cm H20 per litre per s.

TABLE 6. Responses in goats to intravenous injections of dopamine
Mean±S.E.M.

Compliance Aortic BP
Resistance

No. of Control Control
Procedure animals* Controlt % change ml/cm H20 % change mm Hg % change

Dopamine 10,ug/kg 3 (A) 14-3±2-4 +13±4-8 16-9±1-6 +1±8-3 67±22 +15±7
Dopamine 100l,g/kg 5 (A) 11-8±0-9 +17±2-8 18-8±1-7 +4±4-2 90±8 +36±11
After reserpine
dopamine 100 jig/kg 2(B) 13-5+3-0 +9±8-6 34-5±3-5 -8±9-7 56±1 +40±24

* There are two groups of goats summarized in this table. The results from individual groups are
identified by A and B.
t Resistance expressed as cm H20 per litre per s.
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In the two goats pretreated with reserpine, the injection of dopamine (100 ,ug/kg)
elicited an increase in pulmonary resistance similar to that seen in the goats not
treated with reserpine (Table 6). The change in pulmonary compliance did not
show any consistent pattern and fluctuated in an unpredictable way. The pul-
monary arterial pressure was invariably increased by dopamine; the aortic pressure
was usually increased, except in one goat in which a decrease was seen. There was
no significant difference in the responses to dopamine between the controls and the
animals receiving reserpine.

Discussion

The content of noradrenaline in the lungs of various species investigated are
summarized in Table 7. Our results in general agree with the values obtained by
Carlsson (1959). Reserpine causes a fall in the noradrenaline content of the lung
in all the animals tested except in the rabbit and goat. This indicates that nor-
adrenaline is more resistant to reserpine in these animals than in the other species.
It was also shown that the lung of the reserpine-treated cat can take up and store
noradrenaline.
At least part of the noradrenaline present in the lung is contained in the sympa-

thetic nerves innervating the various structures of the lung. The evidence that the
bronchodilator fibres are adrenergic is mainly pharmacological. Lockett (1957) ob-
served that the sympathetic bronchodilator fibres can be blocked by compound
TM-1O (Choline 2: 6-xylyl ether bromide), which is thought to act by preventing the
release of the transmitter substance. Daly & Mount (1951) noted that response to
stimulation of the bronchodilator fibres can be potentiated by cocaine, an effect
thought to be mediated by an action on the adrenergic fibres. Furthermore,
Lockett (1957) has reported the release of an isoprenaline-like substance in the
perfusate of the cat heart-lung preparation, following electrical stimulation of the
thoracic sympathetic chain. Muscholl & Vogt (1958), however, used more stringent
methods of identification and were unable to confirm the release of isoprenaline.
Our experiments on the cat have contributed some relevant information. The

bronchodilator action of tyramine was reduced by cocaine and by reserpine. But

TABLE 7. Noradrenaline content in mammalian lung
Noradrenaline Method of

Animal (GLg1g) assay Author
Mouse 0-11+0-01 Fluorometric Aviado & Sadavongvivad (1970)
Rat 0.1 Fluorometric Carlsson (1959)

0 18+0-02 Fluorometric Sadavongvivad (1970)
Guinea-pig 0 2 Fluorometric Carlsson (1959)

0-16-0-002 Fluorometric Sadavongvivad (1970)
Rabbit 0 0 Fluorometric Carlsson (1959)

0-18+0 02 Fluorometric Sadavongvivad (1970)
Cat 0 3 Fluorometric Carlsson (1959)

0 4740 08 Fluorometric This article
Dog 0 1 Fluorometric Carlsson (1959)

0 35 4002 Fluorometric This article
Goat 0.1 Fluorometric Carlsson (1959)

0 39+0 08 Fluorometric This article
Human 0 14±006 Fluorometric This article
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the bronchodilatation was not restored after infusion of either noradrenaline or iso-
prenaline. The suppressive effect of cocaine on the bronchodilatation induced by
tyramine suggests that the bronchodilator nerves are adrenergic. The failure of an
infusion of either noradrenaline or isoprenaline to restore the bronchodilator action
of tyramine suggests further that neither of these two substances is the probable
transmitter. This interpretation is based on the assumption that tyramine acts on
the bronchial passages by releasing from the bronchodilator nerves an adrenergic
transmitter in a manner similar to the action of tyramine on the cardiovascular
system.
The effects of tyramine on the aortic blood pressure of the rabbit, cat and dog,

reported above, conform with those reported in the literature (Muscholl, 1966). It
is generally believed that tyramine produces its pressor effect by releasing nor-
adrenaline from the adrenergic nerves innervating the blood vessel wall.
The bronchopulmonary effects of tyramine are more complex than the cardio-

vascular effects. The results obtained from experiments involving blocking agents
support the theory of the adrenergic nature of the mechanism responsible for the
bronchodilatation induced by tyramine. In the rabbit and cat, the bronchodilatation
is not blocked by tolazoline, an a-adrenoceptor blocking drug, but is completely
blocked or reversed by sotalol, a 3-adrenoceptor blocking drug.
The mean values for the content of dopamine in the lungs of all the mammalian

species studied in this investigation are summarized in Table 8. The high value
for dopamine in the goat reported by Carlsson (1959) is confirmed in the present
investigation. The values reported for all other species are generally higher than
those reported by Carlsson. These values are open to criticism because our method
may not be sensitive enough for this low concentration of dopamine. However, the
general pattern of low dopamine concentrations in all mammalian species except
the ruminants, as found by other investigators, is confirmed by our results.
The concentration of dopamine in the lung is not affected by the various pro-

cedures reported above. It can be seen that dopamine in the lung is highly resistant
to the administration of various drugs and to pathological processes. In the goat,
where the dopamine has been shown to be stored in the mast cells, reserpine failed
to cause any depletion.
One of the conclusions reached in this study is that dopamine can cause an

increase in pulmonary resistance. This was demonstrated in the rabbit, cat, dog and

TABLE 8. Dopamine content in mammalian lungs
Dopamine Method of

(,tg/g) assay Author
Mouse 0-15 +004 Fluorometric Aviado & Sadavongvivad (1970)
Rat 00 Fluorometric Carlsson (1959)

019±0-02 Fluorometric Sadavongvivad (1970)
Guinea-pig 0-22+003 Fluorometric Sadavongvivad (1970)
Rabbit 0-2 Fluorometric Carlsson (1959)

030O0±05 Fluorometric Sadavongvivad (1970)
Cat 0.0 Fluorometric Carlsson (1959)

044±009 Fluorometric This article
Dog 0.0 Fluorometric Carlsson (1959)

0-24+0-05 Fluorometric This article
Goat 5-3 Fluorometric Carlsson (1959)

6-45±1-97 Fluorometric This article
Human 0-59+0-36 Fluorometric This article
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goat. The rabbit and goat seem to be relatively more sensitive than the cat and
the dog. This effect of dopamine has not previously been reported. It is generally
believed that dopamine has no bronchomotor action (Daly & Hebb, 1966). The
only study on the bronchomotor action of dopamine was reported by Waaler (1961),
who failed to elicit any bronchomotor response in the isolated lung lobe of the dog.
The method used by Waaler (1961) for measuring the bronchomotor response was
the ventilation overflow method of Konzett & Rossler (1940). This method has
low sensitivity and measures pulmonary compliance rather than resistance. The
change in tidal air measured by the Konzett & Rossler method may also be due to
change of blood volume in the lung (Barer & Nusser, 1953).

In this study the increase in pulmonary resistance caused by dopamine was
demonstrated to be due to a direct stimulation of the a-adrenoceptors in the bronchial
smooth muscle. In the rabbit, the effect of dopamine is reversed by a-adrenoceptor
blocking agents. In the dog, the increase in pulmonary resistance can be blocked
by an a-adrenoceptor blocking agent but not by a ft-adrenoceptor blocking agent.
In the cat, however, the increase in pulmonary resistance is not effectively blocked
by either type of blocking agent.
The action of dopamine on the pulmonary resistance, although definite, is very

slight even at high doses. This, coupled with the generally low dopamine content
in the lung of most animals, would tend to obviate the suspicion of any physiological
importance of dopamine in altering the bronchomotor tone. In the species in which
the content of dopamine in the lung is low, dopamine probably serves only as a
precursor for the synthesis of sympathetic transmitters. In the ruminant lung the
concentration of dopamine is very high and appears to be located in the mast cells
(Bertler, Falck, Hillarp, Rosengren & Torp, 1959; Coupland & Heath, 1961;
Falck, Nystedt, Rosengren & Stenflo, 1964).

In this study it is shown that dopamine can cause an increase in pulmonary
resistance in the goat. The same effects have been seen with 5-hydroxytryptamine
and histamine (unpublished). Further investigation is required to test whether any
one of these amines is released into the bronchial blood draining the airways. The
situation for the release of dopamine may prove to be similar to that for the release
of histamine, in which blood analysis is more helpful than lung analysis. Now that
lung analysis has been completed, the interest can turn to the chemical analysis for
any dopamine released in the blood.

This work was supported by a grant from the Council for Tobacco Research, New York City.
This publication is based in part upon the thesis submitted by C. Sadavongvivad in fulfilment
of the requirements for the degree of Doctor of Philosophy in Pharmacology, University of
Pennsylvania.
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