J. Physiol. (1960), 151, pp. 539-550 ) 539
With 7 text-figures :

Printed in Great Britain

CIRCULATORY, RESPIRATORY AND METABOLIC RESPONSES
TO ISOPROPYLNORADRENALINE IN MAN

By A. F. COBBOLD, JEAN GINSBURG axp A. PATON

From the Sherrington School of Phystiology, and the Department of Medicine,
St Thomas’s Hospital Medical School, London, S.E. 1

(Received 3 January 1960)

The effects of isopropylnoradrenaline on the heart and peripheral
circulation in man were first studied by Barcroft & Konzett (1949). Since
trace amounts of this amine have been reported in the adrenal glands of the
cat, monkey and man (Lockett, 1954) and in the pulmonary venous blood
of cats after stimulation of the cervical sympathetic chain (Lockett, 1957),
a more detailed study has been made of its circulatory, respiratory and
metabolic effects in man; a preliminary summary of the findings has
already been reported (Cobbold, Galbraith, Ginsburg & Paton, 1958).

METHODS

The majority of experiments were performed on healthy adults; studies were also made in
two patients after cervical sympathectomy and in one subject after lumbar sympathectomy.
Subjects were tested at rest after a fast of 8-10 hr.

pL-Isopropylnoradrenaline (Isuprel, Winthrop) was infused intravenously in a dose of
0-1 pg/kg body weight/min for 30 min periods; the administration of the amine was pre-
ceded and followed by control infusions of sodium chloride solutions 0-9 %, (wfv). Ascorbic
acid 0-03 9%, was added to all solutions (Gaddum, Peart & Vogt, 1949). .

Blood flow was recorded in hand, foot, forearm, or calf, at half-minute intervals by venous
occlusion plethysmography (Barcroft & Swan, 1953). Blood pressure was measured at
2-5 min intervals by means of a sphygmomanometer; pulse rate was counted at the wrist.
In some experiments arterial pressure and pulse rate were recorded continuously by a
capacitance manometer system connected to a needle inserted into the brachial artery.

The rate of respiration was recorded by a chest pneumograph. Pulmonary ventilation was
measured over successive 5 min periods by passing the expired air through low-resistance
valves into a series of Douglas bags, or through a recording gas meter. In some subjects
oxygen consumption was measured with the Benedict—Roth spirometer. In three subjects
the pH of the arterial blood was estimated with the glass electrode, precautions being taken
to prevent CO, loss from the blood.

Blood glucose was estimated by a modified Shaffer-Hartmann method (Haslewood &
Strookman, 1939) in samples taken from the ear lobe or brachial artery. Lactic acid was
measured by the method of Barker & Summerson (1941) in blood taken from a deep vein of
the antecubital fossa.

In eighteen experiments isopropylnoradrenaline was infused into a brachial artery for
4-10 min, in doses ranging between 0-05 and 0-2 pg/min. Blood flow was measured in both
Hands in twelve of these infusions, and in both forearms in the remainder.
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RESULTS
. Intravenous isopropylnoradrenaline

Czrculatory changes. Within 2 min of the start of the infusion heart rate
and the blood pressure increased (Fig. 1). The mean rise in pulse rate was
from 66 initially to 102 within 2 min; this rate was maintained throughout
the infusion period, the mean rate at the end of the infusion being 108.
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Fig. 1. The effect of intravenous infusion of isopropylnoradrenaline (I.P.N.)

0-1 pg/kg/min on the blood pressure, pulse rate and forearm blood flow; the period

of infusion is indicated by the vertical lines. During the time between 12 and 30 min
- the blood pressure, pulse rate and blood flow were sustained at their increased
. values.

Initially there was a transient fall in both systolic and diastolic blood
pressures coincident with the increase in heart rate (Fig. 2), lasting for
some 10 sec; the pressure then rose from the resting average of 100/70 mm
Hg to a mean of 120/45 mm Hg at 2 min, and 135/40 mm Hg 15 min
after the beginning of the infusion. The pulse pressure was thus doubled.

There was a marked increase in forearm blood flow initially to a level
about 700 9, greater than the resting value; the flow then subsided rapidly
to a level about 450 9, above the control, and this was sustained through-
out the period of infusion (Fig. 3, Table 1). Increases in calf blood flow
were of a lesser degree, averaging 300 and 130 %, above control values in
the initial and sustained phases, respectively (Fig. 4, Table 1). There was a
slight transient increase in hand or foot flow initially ; thereafter the mean
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flow was not greater than the resting flow (Figs. 3, 4, Table 2). During
infusion the skin never became pale and in some subjects flushing of the
face was observed. Similar changes in blood flow were recorded in
sympathectomized limbs.

Forearm and calf blood flow remained high for at least 7 min a,fter the
infusion of isopropylnoradrenaline had ceased, the control level being
gradually regained within 12-20 min. Heart rate and blood pressure

(mm Hg)

blood Blood pressure

Forearm

Respiration flow

I

Fig. 2. The effect of isopropylnoradrenaline on blood pressure changes recorded
from the brachial artery by capacitance manometer ; forearm blood flow by plethys-
mograph and respiration from a chest stethograph. I.P.N. intravenous infusion
0-1 pg/kg/min commenced at arrow. Time marker, 0-25 min,
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Fig. 3. Effect of intravenous infusion of isopropylnoradrenaline (I.P.N.) 0-1 ng/
kg/min on forearm (@) and hand (Q) blood flow. During the time between 12
and 30 min the flows were sustained at the levels shown before and after the
break.
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recovered more quickly, and were normal within 5 min of the end of the
infusion.

- Respiratory changes. Intravenous isopropylnoradrenaline had an im-
mediate, powerful stimulatory effect upon respiration, the most marked
action being upon the depth of breathing (Fig. 2). Pulmonary ventilation
increased initially to about 66 %, above the resting level and subsequently
fell to a level of 30 9, above the resting ventilation, which was maintained
throughout the period of infusion of the amine. There was only a small
increase in the rate of respiration. The changes in ventilation corresponded
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Figb. 4. Effect of intravenous infusion of isopropylnoradrenaline (I.P.N.).
0-1 pg/kg/min on calf (@) and foot (O) blood flow.

with an increase in oxygen consumption to an average of 30 %, above the
control level (Fig. 5). In the three subjects in whom arterial blood pH was
measured this showed either no change or a small rise (Table 3).

Blood sugar and lactate. There was a slow rise in blood glucose concen-
tration during the infusion, the average increase of 30 9%, above the fasting
sugar level being reached after about 20 min (Fig. 6). The raised level of
blood glucose was maintained for about 30 min after the end of the in-
fusion, and then slowly fell to the control values. The lactate content of
the venous blood remained unchanged during and after the infusion.

Intra-arterial isopropylnoradrenaline

There was no change in heart rate, blood pressure or venous lactate
during intra-arterial infusions of isopropylnoradrenaline at different doses
into the brachial artery. Blood flow in the forearm receiving the intra-
arterial infusion showed changes similar to those recorded in the forearm
during intravenous infusion (Fig. 7, Table 4). The mean increase in forearm
flow. was 350 9, during the initial phase and 2509, during the sustained
phase of activity. There was no change in flow in the contralateral un-
infused forearm.
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TaBLE 1. Changes in forearm and calf blood flow during intravenous infusions
of isopropylnoradrenaline (0-1 pug/kg/min) for 30-min periods

Blood flow (ml./min/100 ml. tissue)
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A, mean flow during the 4 min before infusion ; B, mean flow during the last 4 min of the
infusion.
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TaBLE 2. Changes in hand and foot blood flow during intravenous infusion of
isopropylnoradrenaline (0-1 pg/kg/min) for 30-min periods

Blood flow (ml./min/100 ml. tissue)

r n)

Subject A B B-a B ;A x 100
Hand
C.P. 81 129 +4-8 + 59
R.K. 7.8 24 —54 — 69
A.C. 3.7 1-7 —20 — 54
C.Q. 6-1 53 —0-8 - 13
R.C. 7-2 10-7 +35 + 49
H.G. 29 44 +15 + 52
J.C. 9:0 28 —62 — 69
M.M. 50 4.0 —1-0 — 20
H.B. 63 91 +2-8 + 44
M.D. 81 89 +0-8 + 10
Mean 6-4 62 —0-2 - 11
Foot
J.G. 73 59 —14 - 19
J.P. 46 44 —02 - 4
P.B. 3.7 97 +6-0 +162
E.G. 35 30 —05 - 14
M.M. 21 1:0 —10 — 48
H.B. 57 47 —10 — 18
M.B. 4-3 45 +0-2 + 5
J.C. 23 1-6 —07 - 30
Mean 4.2 43 +0-2 + 4

A, mean flow during the 4 min before infusion; B, mean flow during the last 4 min of the
infusion.
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Blood flow in the infused hand was unchanged initially and during short
periods of infusion ; there was, however, sometimes a slight increase in flow
towards the end of intra-arterial infusions lasting 10 min.

1.P.N. intravenous infusion
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Fig. 5. Effect of intravenous infusion of isopropylnoradrenaline (I.P.N.) 0-1 ug/kg/min
on the rate of respiration, pulmonary ventilation and oxygen consumption.
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Fig. 6. Effect of intravenous infusion of isopropylnoradrenaline (I.P.N.)
01 pg/kg/min on the blood sugar (@) and blood lactate (O).
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Fig. 7. Effect of intra-arterial infusion of isopropylnoradrenaline (I.P.N.) (0-05—
0-2 pg/min) on forearm blood flow. @, flow in the arm infused; O, contralateral,
uninfused, forearm. The points represent mean values for the three subjects of
Table 4.
TaBLE 3. Arterial blood pH during intravenous infusion of
isopropylnoradrenaline (0-1 pug/kg/min)

3 min after 10 min after
start of 9 min after end of
Subject Control infusion start infusion
M.D. 7-28 e 7-33 7-32
J.P. 7-33 7-38 7-40 7-38
J.G. 7-44 743 7-42 7-37

TasLE 4. Changes in forearm blood flow during intra-arterial infusions of
isopropylnoradrenaline for 10 min periods

Blood flow (ml./min/100 ml. tissue)

Dose B—E
Subject  (pg/min) A B a b g <100

J.P. 0-05 54 114 35 34 119
01 40 9.8 36 3-3 165
0-2 26 225 46 47 733
J.C. 0-05 24 57 4.3 47 119
01 37 6- 3 28 88
H.J. 01 40 15-8 4.0 59 164
Mean 37 11-9 39 41 231

A, mean flow in test forearm during the 4 min before infusion; B, mean flow in test
forearm during the last 4 min of infusion; a, mean flow in contralateral control forearm
during the 4 min before infusion; b, mean flow in contralateral forearm during the last
4 min of the infusion; E, 4b/a.
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DISCUSSION

The circulatory changes which have been observed during the adminis-
tration of isopropylnoradrenaline are in agreement with those reported by
Barcroft & Konzett (1949); the longer period of infusion used in the
present study showed that the effects of the amine persist throughout the
infusion and for a short time afterwards.

The increased flow in forearm and calf is probably due in the main to
vasodilatation in the blood vessels of skeletal muscle. Direct measurement
of blood flow in hind-limb muscles of the dog has shown marked dilatation
after the administration of isopropylnoradrenaline (Green, Shearin,
Jackson, Keach & Denison, 1954). The fact that dilatation occurred after
intravenous and direct intra-arterial infusion, and in healthy and sympa-
thectomized subjects, showed further that it was a direct effect of the
drug.

The vasodilator action of intravenous isopropylnoradrenaline in forearm
and calf resembles that of adrenaline—an initial large increase in flow and
a subsequent secondary phase of dilatation which is sustained throughout
the infusion (Whelan, 1952; Barcroft & Swan, 1953). Isopropylnoradren-
aline is, however, much the more powerful dilator, causing sustained
dilatation even after intra-arterial administration, whereas comparable
doses of adrenaline produce only transient increases in flow (Barcroft &
Swan, 1953). The action of isopropylnoradrenaline contrasts strikingly with
that of noradrenaline, which has a marked constrictor effect on the blood
vessels of muscle (Barcroft & Konzett, 1949; Cobbold & Vass, 1953).

Whilst both adrenaline and noradrenaline have a powerful constrictor
action on the vessels of the hand and foot, isopropylnoradrenaline caused
weak but transient vasodilatation. During prolonged intra-arterial
infusions dilatation was also observed, but whether this represents an
action on skin blood vessels, similar to that recorded in dogs when blood
flow was measured directly in the saphenous artery (Walters, Cooper,
Denison & Green, 1955), or dilatation in muscle, is not clear.

As a cardiac stimulant isopropylnoradrenaline is more powerful than
adrenaline, the tachycardia caused by adrenaline being marked only in the
first few minutes of intravenous infusion, whereas that with isopropylnor-
adrenaline continued throughout. Our subjects, all of whom had previously
received infusions of adrenaline, always remarked upon this difference and
on the prolonged and powerful cardiac action which occasionally led to
some degree of apprehension. This stimulating effect of isopropylnor-
adrenaline is in marked contrast to that of noradrenaline, which causes a
transient bradycardia of reflex origin. Lands & Howard (1952) found that
isopropylnoradrenaline was more effective than either adrenaline or nor-
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adrenaline in increasing the rate and amplitude of contraction of the
perfused heart.

The effect of isopropylnoradrenaline on blood pressure is also marked
and prolonged. The increase in systolic pressure accompanies, and appears
to be due to, the increase in rate and force of the heart beat. This pheno-
menon is also seen with intravenous infusions of adrenaline and nor-
adrenaline, but whereas noradrenaline causes a rise in the diastolic
pressure, both adrenaline and isopropylnoradrenaline produce a fall, the
effect being much greater with the latter. The fall in diastolic pressure can,
in part, be accounted for by the dilatation in muscle blood vessels. It is
unlikely, however, that this can be wholly responsible for the marked fall
in pressure and additional dilatation must occur elsewhere. A probable site
is in the splanchnic bed, and it is interesting that Green, Deal, Bard-
hanabaedya & Denison (1955), who measured blood flow directly in the
mesenteric artery of the dog, reported a large increase in flow after iso-
propylnoradrenaline. The renal blood flow may also increase (Aviado,
Wnuck & de Beer, 1958).

The effect of isopropylnoradrenaline on respiratory activity resembles
that described for adrenaline and noradrenaline by Whelan & Young
(1953), an abrupt increase in pulmonary ventilation accompanied by a
small change only in the rate of breathing. The stimulating action of iso-
propylnoradrenaline is, however, more powerful and persists throughout
the infusion, whereas the effect of adrenaline or noradrenaline decreases
during the period of infusion. Oxygen consumption increased along with
the increase in pulmonary ventilation, and isopropylnoradrenaline is as
potent as adrenaline in this respect. The calorigenic action is accompanied
by a slow rise in blood glucose level but less than that observed with adrenal-
ine (Bearn, Billing & Sherlock, 1951).

Since there was no change in lactate concentration it is not possible to
attribute the vasodilator effects or the stimulation of respiration to a
release of lactic acid. This contrasts with the rise in venous lactate observed
during the administration of adrenaline (Bearn et al. 1951; Barcroft &
Cobbold, 1956). The fact that there was no fall in arterial pH after infusing
isopropylnoradrenaline suggests further that other acid metabolites can be
excluded. The small rise in arterial pH could be attributed to over-ventila-
tion, as was suggested for adrenaline (Bradley, Gaskell, Holland, Lee &
Young, 1954).

Thus in general, the effects of isopropylnoradrenaline resemble those of
adrenaline more than noradrenaline. The actions of the three related
amines in comparable doses (0-1 ug/kg/min) in man are summarized in
Table 5.

In the present study marked effects were obtained with the racemic
35 PHYSIO. CLI
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form| pL-isopropylnoradrenaline. The laevo isomer, however,: which
would be the compound expected to occur naturally, is even more powerful
and.is effective at very low concentrations (Lands, Luduena & ‘Tullar,
1954). _—
The powerful action on the heart and respiration, and the accompanying
marked vasodilatation, would make for a highly effective physiological
agent, if isopropylnoradrenaline were normally released in the body. That
this may occur was suggested by Lands & Tainter (1953), who speculated
on the possibility that a substance like isopropylnoradrenaline might
normally be formed to reinforce the effects of adrenaline in organs where

TaABLE 5 ‘,
) pL-Isopropyl-
L-Noradrenaline L-Adrenaline noradrenaline
Muscle blood flow Decrease Increase Large increase
-Skin blood flow Decrease Decrease Small increase
Heart rate Decrease Transient increase  Sustained increase
Systolic pressure Rise Rise Marked rise
Diastolic pressure Rise Fall Marked fall
04 consumption Small increase Increase Increase
Pulmonary ventilation  Small increase Increase Large increase
Blood sugar Small increase Increase Moderate increase

Blood lactate No change Increase No change

sympathetic inhibitory action is dominant. The findings of Lockett (1954,
1957) in cats would support such an assumption. The effectiveness of even
minute concentrations of isopropylnoradrenaline in stimulating the rate
and amplitude of contraction of the isolated auricle led Garb, Penna &
Ganz (1956) to suggest that small amounts of the amine could be of
physiological importance. Walters ef al. (1955) also suggested that the
occurrence of both vasoconstrictor and vasodilator effects with adrenaline
accords with it behaving as a mixture of noradrenaline and isopropylnor-
adrenaline, the action of the former being dominant before treatment with
adrenergic blocking drugs, while isopropylnoradrenaline predominates after
the administration of such drugs. Furthermore, the sustained vasodilata-
tion seen in human muscle during intravenous infusions of adrenaline has
been ‘attributed to the release of some unidentified dilator compound
(Whelan, 1952), and it has also been suggested that the stimulating effect of
adrenaline and noradrenaline on respiration might be due to their con-
version to a related substance (Young, 1957). Itistempting to assume that
isopropylnoradrenaline plays a part in these responses, but no definite
evidence yet exists.

The observation that infusions of isopropylnoradrenaline reproduced the
normal left ventricular response to exercise in dogs more accurately than
did adrenaline or noradrenaline (Rushmer & West, 1957; Rushmer &
Smith, 1959) raises, also, the possibility that it is released during exercise.
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The involvement of isopropylnoradrenaline in physiological responses must
however remain speculative until unequivocal evidence has been provided
of its release in man in such circumstances.

SUMMARY v

1. Intravenous infusion of DL-isopropylnoradrenaline (0-1 pug/kg/min)in
man increases the heart rate and systolic blood pressure and causes a fall
in diastolic blood pressure. Blood flow in forearm and calf shows a marked
initial transient increase followed by a lesser but sustained increase. Blood
flow in hand and foot shows an initial, small and transient increase only.
There is a small increase in respiratory rate and a sustained increase in the
depth of breathing; oxygen consumption increases. Blood sugar rises
slowly ; there is no change in blood lactate. There is no difference between
the response in normal and sympathectomized limbs. ’

2. Intra-arterial infusion of isopropylnoradrenaline (0-05-0-2 ;Lg/mm)
causes the same change in blood flow in the infused limb as that recorded
after intravenous administration, but with no systemic effect.

3. The response to isopropylnoradrenaline is discussed and compared
with that to adrenaline and noradrenaline.

Our thanks are due to Professor H. Barcroft, F.R.S. for advice and laboratory fa.clhtles,
and to Messrs Bayer for the gift of supplies of isopropylnoradrenaline.
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