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A B S T R A C T The mechanism by which catecholamines
affect ventilation in man is not known. Ventilatory re-
sponses to catecholamines were observed in normal sub-
jects before and after adrenergic receptor blockade.
Intravenous infusions of norepinephrine and isopro-
terenol caused significant increases in minute volume
and decreases in end-tidal Pcog which were blocked by the
administration of propranolol, a beta adrenergic re-
ceptor blocker. The hyperventilatory response to hypoxia
was not altered by propranolol.

Intravenous infusion of phenylephrine caused a small
but significant decrease in minute volume which was an-
tagonized by phentolamine, an alpha adrenergic receptor
blocker. Angiotensin, a nonadrenergic pressor agent,
also decreased minute volume significantly.

100% oxygen was administered to suppress arterial
chemoreceptors. Increases in minute volume and de-
creases in arterial Pco2 in response to norepinephrine and
isoproterenol were blocked by breathing 100% oxygen.
The decrease in minute volume during phenylephrine
was not altered by 100% oxygen.

The results indicate that: (a) beta adrenergic re-
ceptors mediate the hyperventilatory response to nor-
epinephrine and isoproterenol but not to hypoxia. (b)
the pressor agents phenylephrine and angiotensin de-
crease ventilation, and (c) suppression of chemorecep-
tors blocks the ventilatory response to norepinephrine
and isoproterenol but not to phenylephrine. Implications
concerning the interaction of adrenergic receptors and
chemoreceptors with respect to the hyperventilatory re-
sponse to catecholamines are discussed.

This work was presented in part at the Annual Meeting
of the Central Society for Clinical Research, Chicago, No-
vember 1971. A preliminary report has been published in
abstract form. (1)

Received for publication 21 October 1971 and in revised
form 14 January 1972.

INTRODUCTION
A report that catecholamines affect ventilation (2) was
confirmed in man over 50 years ago (3). Epinephrine,
norepinephrine and isoproterenol cause hyperventilation
in man (4-6). In the present experiments, three studies
were undertaken to examine systematically the mecha-
nism by which catecholamines affect ventilation. In the
first study, we tested the hypothesis that the stimulation
of ventilation by catecholamines may be mediated by
beta adrenergic receptors. In the second study, we ex-
amined the possibility that stimulation of alpha adrener-
gic receptors might suppress ventilation (7). Finally, it
has been proposed (8, 9) that the stimulation of ven-
tilation by catecholamines is mediated through arterial
chemoreceptors. Therefore in the third study arterial
chemoreceptors were suppressed by breathing 100%
oxygen (10) to determine whether suppression of chemo-
receptors attenuates the ventilatory effects of stimula-
tion of beta adrenergic or alpha adrenergic receptors.

METHODS
23 healthy men and one woman, 19-25 yr of age, were
studied. A venous catheter was inserted about 3 inches into
the basilic vein and connected to a syringe for infusion of
drugs.

First study. The effect of propranolol on the hyper-
ventilatory response to norepinephrine, isoproterenol, and
hypoxia was tested. 12 men were studied while sitting. The
subjects breathed through a low resistance Rahn-Otis sam-
pling valve. Expired gas was collected in plastic Douglas
bags. The volume was measured and corrected to standard
temperature and pressure. Po2 and P0o2 of the gas in the
bags were measured with an IL Ultramicro gas analyzer
(Instrumentation Laboratory, Inc., Lexington, Mass.) to
allow calculation of oxygen consumption. Po2 and PGO2 were
measured in alveolar gas samples. Arterial pressure was
determined by auscultation and heart rate was counted from
an electrocardiogram.

Measurements were made during i.v. infusions of nor-
epinephrine and isoproterenol, while the subjects were
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breathing room air and while they were breathing 10.5%
oxygen in nitrogen. These interventions were repeated after
i.v. injection of 8 mg of propranolol, followed by an addi-
tional 4 mg of propranolol injected 1 hr later. The order
of the two infusions (norepinephrine and isoproterenol) and
of the two gas mixtures (air and 10.5% oxygen) was
reversed in alternate subjects.

The subjects breathed each gas mixture for 3-5 min
before control measurements were made. l-norepinephrine
bitartrate was infused at a dose of 5 Asg/min (as the base)
for 3 min and then at 10 jsg/min for 3 min. Isoproterenol
was infused at 1 jsg/min for 3 min and then at 2 Aeg/min
for 3 min. There was a 10 min rest period between each

infusion to allow ventilation, blood pressure, and heart rate
to return to control levels. Measurements were made for
2 min during the control period and during the last 2 min
of infusion at each dose level of norepinephrine and iso-
proterenol.

Breathing 10.5% oxygen causes hyperventilation and hypo-
capnia. In this study, hypocapnia was prevented during the
control period while breathing 10.5%o oxygen by adding
carbon dioxide to the inspired gas, as described previously
(11). After the flow rate of carbon dioxide was adjusted
during the control period it was not altered during the
infusion of the drugs. The amount of expired gas removed
by the CO2 analyzer was constant throughout each study

TABLE I
Minute Ventilation in Response to iv. Norepinephrine and Isoproterenol, before and after i.v. Propranolol

Before propranolol After propranolol

Subject Con* NEi NE2 Con Isol Iso2 Con NEi NE2 Con Isol Is02

liters/min liters/min liters/min liters/min

Minute ventilation during normoxiat
J. B. 5.31 6.47 8.30 5.55 8.24 8.97 5.06 5.25 5.06 5.31 5.73 6.04
R. A. 4.17 6.14 5.75 4.24 6.53 6.53 3.90 4.30 4.48 3.69 3.99 5.44
L. F. 4.88 5.28 5.95 5.50 7.18 9.10 5.74 6.63 6.11 5.53 6.17 5.40
R. R. 4.27 5.79 5.91 4.57 6.67 6.67 4.18 3.97 4.12 4.77 4.21 5.25
L. H. 6.47 6.81 6.93 6.21 7.75 7.60 4.99 5.58 5.84 5.29 5.52 5.49
M. B. 4.81 5.99 5.46 4.57 5.93 6.20 5.12 4.24 4.80 4.04 3.72 4.38
D. 0. 5.90 7.31 7.34 6.16 7.15 7.39 5.66 6.17 5.66 6.56 6.50 6.88
A. B. 6.98 7.58 8.52 6.14 7.52 7.89 5.75 7.63 7.63 5.39 6.41 6.94
J. S. 6.39 6.93 7.17 7.11 7.99 10.01 6.14 6.62 6.59 5.46 6.86 7.01
E. W. 6.47 7.31 7.04 6.72 8.90 9.45 5.69 6.35 5.78 5.63 6.17 5.84
D. C. 6.07 6.39 6.10 5.63 9.11 8.82 5.38 5.97 5.91 6.76 7.25 7.90
D. B. 4.71 5.42 5.48 4.67 6.42 6.93 4.66 4.87 4.20 3.83 5.01 4.15

Mean 5.61 6.45 6.66 5.58 7.44 7.96 5.18 5.63 5.51 5.18 5.62 5.90
SE 0.29 0.21 0.30 0.26 0.28 0.36 0.19 0.32 0.29 0.27 0.33 0.32

Change from control 0.84 1.05 1.86 2.38 0.45 0.33 0.44 0.72

Minute ventilation during isocapnic hypoxia
J. B. 12.26 13.85 15.19 12.93 17.14 12.20 12.20 12.93 12.69 12.39 13.24
R. A. 7.74 9.98 9.20 7.44 10.95 10.29 7.56 7.59 7.81 7.44 7.78 7.96
L. F. 9.16 8.55 9.13 8.49 9.83 12.09 8.15 8.76 8.46 9.22 10.38 9.68
R. R. 7.56 10.42 9.87 8.71 11.67 11.52 7.37 7.57 7.31 7.60 7.28 7.49
L. H. 11.50 13.49 13.56 11.27 13.39 16.90 12.79 11.63 12.38 11.80 12.04 13.02
M. B. 6.08 7.74 7.65 6.47 7.77 8.60 5.61 5.67 6.83 5.90 5.73 6.16
D. 0. 8.81 10.19 10.46 7.18 9.44 10.61 11.50 11.50 11.44 10.57 10.57 10.36
A. B. 12.53 15.04 15.16 10.89 15.59 17.81 13.45 14.14 15.33 12.57 15.42 15.03
J. S. 10.14 11.61 13.20 10.77 12.41 11.96 11.40 11.07 12.87 11.85 11.70 12.93
E. W. 10.20 12.44 12.41 10.44 13.20 14.02 10.71 10.29 - 10.56 11.19 10.68
D. C. 11.96 13.07 13.49 11.71 12.77 14.19 11.33 10.87 11.66 11.07 11.66 12.59
D. B. 8.05 9.38 10.74 8.82 11.69 12.95 6.19 6.55 6.43 7.37 7.46 7.81

Mean 9.66 11.31 11.67 9.59 12.15 12.81 9.86 9.82 10.31 9.89 10.30 10.58
SE 0.60 0.66 0.72 0.58 0.75 0.84 0.78 0.74 0.91 0.67 0.79 0.81

Change from control 1.65 2.01 2.64 3.22 -0.04 0.45 0.41 0.69

* Con refers to control observations, NE1 and NE2 refer to infusions of 5 and 10 ;&g/min of norepinephrine, and Iso, and ISO2
refer- to infusions of 1 and 2 ,ug/min of isoproterenol.
t Changes in minute ventilation were not associated with a significant change in ventilatory rate (f): before norepinephrine, f
was 13.54-0.7, and during the two doses of norepinephrine f averaged 14.2 4 0.6; before isoproterenol, f was 13.440.8, and during
the two doses of isoproterenol f averaged 13.8 0.8.
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and the expiratory minute volume was corrected to include
this volume.

Statistical comparisons were made by analyses of variance
(12).

Second study. The effect of phentolamine on the ventila-
tory response to phenylephrine was tested. 12 subjects were
studied while lying supine. The brachial artery was cannu-
lated with a polyethylene cannula (PE 90) and connected
to a pressure transducer and to a syringe for obtaining
blood samples. The subjects breathed through a Rudolph
valve. In six subjects expiratory minute volume was mea-
sured as described above, and in six subjects expired gas
was collected in a Tissot spirometer, which was adapted to
allow continuous recording of volume.

Each subject was studied during an i.v. infusion of
phenylephrine at 40 ,ug/min for 3 min and then at 80 gg/min
for 3 min, while breathing room air and 100% oxygen.
Observations were also made during i.v. infusion of phentol-
amine at a dose of 0.5 mg/min; after control measurements,
the two doses of phenylephrine were infused while the infu-
sion of phentolamine was continued. In order to determine
the response to phentolamine, observations were made dur-
ing an infusion of phentolamine at 0.5 mg/min for 10 min.
The ventilatory effect of angiotensin, infused i.v. at 0.25
,ug/min for 3 min and 0.5 Ag/min for 3 min, was observed
in six subjects. The order of the infusions was randomized.

Third study. The effect of breathing 100% oxygen on
the ventilatory response to norepinephrine, isoproterenol, and
phenylephrine was tested. Six subjects who had participated
in the second part of the experiment were studied while
lying supine. Measurements were similar to those in the
second study.

Each subject was studied during an i.v. infusion of nor-
epinephrine, isoproterenol, and phenylephrine, each drug
being infused while breathing room air and 100%o oxygen.
The three drugs were infused as described above.

TABLE I I
Alveolar Pco2 and Po2 in Response to i.v. Norepinephrine and

Isoproterenol, before and after i.v. Propranolol*

Before propranolol After propranolol

PCOS. Po2 Pco? P02

mmHg mmHg
During normoxia

Control 38.840.6 10441.4 36.740.8 106±1.8
NE1 37.1 ±0.9 110± 1.7 37.440.9 108± 1.4
NE2 34.4±-0.8 1134±1.6 36.6 ± 1.0 111 ±2.2

Control 38.540.6 106±1.9 38.1+0.7 10541.6
Isol 37.6±0.8 110±-1.1 37.3 ± 1.1 106±1 1.6
IS02 36.440.6 112 ± 1.3 37.540.8 110±-1.2

During isocapnic hypoxia
Control 39.4±0.8 5141.2 39.4±0.5 5241.3
NE1 37.040.8 5241.2 38.7±0.5 5141.3
NE2 36.640.6 5341.2 37.7±0.5 52±1.1

Control 40.3±0.5 48±1.1 39.040.5 51±1.1
Iso, 38.7±0.6 5141.1 39.440.5 5041.2
IS02 37.5±0.6 5241.2 38.8±0.6 51±1.3

* Values are mean of 12 subjects ±SE.

TABLE I I I
Analysis of Variance of Changes in Minute Volume in

Response to Norepinephrine and Isoproterenol,
before and after Propranolol, during Normoxia

and Isocapnic Hypoxia

Source of Mean
variation df square F P

Increase in minute volume before propranolol
Subjects 11 1.05
Oxygen* 1 16.56 18.22
Drugsl 1 30.16 33.19
Drug dose 1 6.45 7.10
Error 77 0.91

<0.001
<0.001
<0.01

Increase in minute volume before and after propranolol
Subjects
Propranolol§
Oxygen
Drugs
Drug dose
Error

11 1.70
1 114.45
1 6.76
1 22.52
1 7.01

163 0.63

181.67
10.73
35.75
11.13

<0.01
<0.01
<0.01
<0.01

* Oxygen refers to variation among responses to drugs while
breathing room air and 10.5 %oxygen.
t Drug refers to difference between responses to norepinephrine
and isoproterenol.
§ Propranolol refers to variation among responses to drugs
before and after propranolol.

RESULTS

Effects of norepinephrine and isoproterenol
Normoxia. Expiratory minute volume increased dur-

ing infusions of norepinephrine and isoproterenol while
breathing room air (Table I). Changes in alveolar
Pco2 and Po2 reflected the changes in minute ventilation
(Table II). Respiratory frequency was not altered by
norepinephrine or isoproterenol. Oxygen consumption
was not altered by norepinephrine but was increased sig-
nificantly (P < 0.01) by isoproterenol from 279±+12
(mean ±SE) ml/min at rest to 332±16 during isopro-
terenol.

Hypoxia. While breathing 10.5% oxygen alveolar
Pos decreased but Pco2 was maintained despite hyperven-
tilation by addition of C02 to the gas mixture (Table II).
Hypoxia increased minute volume, and the hyperventila-
tory responses to norepinephrine and isoproterenol were
greater during hypoxia than during normoxia (Tables
I and III).

Propranolol. Changes in minute volume in response
to norepinephrine and isoproterenol were significantly
less after propranolol (Tables I and III). The increase
in heart rate during isoproterenol was blocked by pro-
pranolol, indicating that propranolol effectively blocked
beta adrenergic receptors. Before propranolol the heart
rate increased from. 72.0±2.9 at rest to 81.8±2.6 and
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TABLE IV
Minute Ventilation in Response to i.v. Phenylephrine, before and during i.v. Phentolamine, and in Response to Angiotensin

Before phentolamine During phentolamine

Subject Con* Pi P2 Con P1 P2 Con Ai A2

liters/min liters/min liters/min
R. S. 4;38 4.33 4.60 5.23 5.27 5.27 -
K. V. 5.41 5.18 4.96 6.04 5.77 6.00
J. G. 5.59 5.10 4.20 5.19 5.12 4.93
W. C. 4.97 4.97 4.95 5.06 5.82 4.53 -
J. M. 7.40 4.75 5.74 7.89 7.28 6.69
P. A. 4.75 4.22 4.28 5.32 5.25 4.60 -
P. T. 4.40 3.76 3.40 4.70 3.63 5.20 5.05 5.00 3.90
R. R. 7.53 5.96 6.58 6.55 6.62 6.20 6.82 6.70 6.01
L. B. 6.67 5.75 5.93 5.42 5.13 4.51 5.49 4.98 5.18
S. B. 6.15 5.65 6.55 7.49 7.61 7.52 7.81 7.23 7.46
P. J. 6.18 5.55 5.52 5.82 6.28 6.45 6.05 5.35 5.00
R. L. 8.07 7.67 7.95 7.40 7.47 7.40 7.80 7.50 7.10

Mean 5.95 5.24 5.38 6.00 5.93 5.77 6.50 6.12 5.77
SE 0.36 0.28 0.36 0.30 0.33 0.31 0.47 0.46 0.54
Change from control -0.71 -0.57 -0.07 -0.23 -0.38 -0.73

* Con refers to control observations, P, and P2 refer to infusions of 40 and 80 isg/min of phenylephrine, and Al and A2
refer to infusions of 0.25 and 0.5 sg/min of angiotensin.

107.4±3.9 during 1 and 2 tig/min of isoproterenol
(P < 0.001). After propranolol, heart rate was 60.3±2.7
at rest, and 60.8±2.8 and 62.2±2.6 during 1 and 2 lg/
min of .isoproterenol (P > 0.05). In contrast, propranolol
did not alter the hyperventilatory response to hypoxia
(Table I) nor did it alter the increase in heart rate dur-
ing hypoxia. Before propranolol. heart rate increased
from 72.3±2.9 during normoxia to 87.4±3.0 during hy-

TABLE V
Analysis of Variance of Changes in Minute Volume and A rterial

Pco2 in Response to Phenylephrine, before and
during Phentolamine

Source of Mean
variation df square F P

Decrease in minute volume during phenylephrine
Subjects 11 0.79
Phentolamine* 1 2.38 11.81 < 0.002
Phenylephrine dose 1 0.01 0.05 NSJ
Error 33 0.20

Change in arterial Pco2 during phenylephrine
Subjects 11 3.63
Phentolamine 1 0.01 0.01 NS
Phenylephrine dose 1 0.21 0.11 NS
Error 33 1.93

* Phentolamine refers to variation among responses to
phenylephrine before and during phentolamine.
t NS indicates not statistically significant (P >0.05).

poxia. After propranolol heart rate increased from 60.3±
2.6 during normoxia to 73.6+2.3 during hypoxia.

Effects of phenylephrine and angiotensin
Phenylephrine decreased expiratory minute volume

(Table IV). Phentolamine blocked this effect of phenyl-
ephrine (Tables IV and V). Phentolamine alone did not
alter expiratory minute volume. The dose of phentolamine
was effective in blocking the pressor effect of phenyl-
ephrine. Before phentolamine mean arterial pressure in-
creased from 91.3±2.9 mmHg at rest to 98.5±3.8 and
105.1±4.3 during infusions of 40 and 80 /Lg/min of
phenylephrine. During infusion of phentolamine, resting
arterial pressure was 90.7±3.3, and 89.3±3.4 and 90.1±
3.1 during 40 and 80 Ag/min of phenylephrine.

Angiotensin also decreased expiratory minute volume
(Table IV). Mean arterial pressure increased from
89.2±1.5 num Hg at rest to 100.3±5.4 and 111.2+5.1
during 0.25 and 0.5 /Ag/min of angiotensin, respectively.

Effects of breathing 100%o oxygen on responses to
norepinephrine, isoproterenol, and phenylephrine
Increases in minute volume and decreases in alveolar

and arterial Pco2 in response to norepinephrine and iso-
proterenol during normoxia (Tables I, II, and VI) were
blocked by breathing 100% oxygen (Tables VI and
VII). The small decrease in minute volume during
phenylephrine was similar while breathing room air and
100% oxygen (Tables VI and VII).
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TABLE VI
Minute Ventilation and Arterial Pco2 in Response to i.v.

Norepinephrine, Isoproterenol, and Phenylephrine
during Normoxia and while Breathing

100 %Oxygen

Normoxia 100% oxygen

Vent. PCo2 Vent. PCO2

liters/mi mmHg liters/mi mmHg

Norepinephrine (n = 6)
Control 5.41 ±0.18 40.0± 1.4 5.53 ±0.26 37.9± 1.2
NE, 6.4340.44 37.7±1.7 5.44±0.11 37.841.3
NE2 6.48+0.40 35.6± 1.0 5.6740.28 37.0± 1.4

Isoproterenol (n = 6)
Control 4.9140.33 40.7±1.0 6.1440.51 36.1±1.7
Iso, 7.01±0.46 38.1±1.1 5.9840.26 37.641.6
IS02 7.32±0.48 37.8±1.1 6.4640.37 39.0±1.3

Phenylephrine (n = 12)
Control 5.95±+0.36 40.5 40.8 6.52 40.40 39.7±i1.3
Phenyll 5.24±0.28 41.14±0.8 5.6640.32 39.5±1.2
Phenyl2 5.38±-0.36 40.4±1.0 5.75±0.32 40.3±1.0

DISCUSSION

These studies indicate that norepinephrine and isopro-
terenol stimulate ventilation in man. Propranolol, which
blocks beta adrenergic receptors, suppressed this increase
in ventilation. The attenuation of the ventilatory response
to norepinephrine and isoproterenol by propranolol is
not a nonspecific depression, as indicated by the preser-
vation of the ventilatory response to hypoxia after pro-
pranolol. Studies in animals (13) have also shown that
the response to hypoxia is preserved after propranolol.

The metabolic effect of catecholamines, and its pos-
sible relationship to stimulation of ventilation, has re-
ceived little attention (14). The increase in metabolism
during infusion of catecholamines (15) causes an in-
crease in carbon dioxide production which might ac-
count for the increase in ventilation. In this study, how-
ever, the increased metabolism must not be the primary
mechanism for the hyperventilation. Norepinephrine
caused hyperventilation without detectable change in
metabolism during the periods of infusions. In addition,
the arterial Pco2 decreased significantly in response to
the catecholamines; we would expect the Pco2 to in-
crease slightly or remain unchanged if the hyperventila-
tion were a response to increased carbon dioxide
production.

Since stimulation of beta adrenergic receptors in-
creased ventilation we considered the possibility that
stimulation of alpha adrenergic receptors might sup-
press ventilation. The findings with phenylephrine tend
to support this possibility. It is also possible that the
rise in arterial pressure per se may have depressed

ventilation (16) since angiotensin, which causes a pres-
sor response by activating nonadrenergic receptors (17),
also depressed ventilation.

The study also suggests that arterial chemoreceptors
are involved in the ventilatory response to norepineph-
rine and isoproterenol but not to phenylephrine. Breath-
ing 100% oxygen, which suppresses arterial chemore-
ceptors (10), abolished the hyperventilatory response
to catecholamines but did not alter the depression of ven-
tilation by phenylephrine. The role of arterial chemore-
ceptors in the ventilatory effects of norepinephrine and
epinephrine was demonstrated in the cat (8) by the
finding that the rate of discharge from the carotid body
increases during infusions of catecholamines, and that
section of carotid sinus and aortic nerves prevents the
increase in ventilation in response to catecholamines.

TABLE VII
Analysis of Variance of Changes in Minute Volume and Arterial

Pco2 in Response to Norepinephrine, Isoproterenol, and
Phenylephrine while Breathing RoomAir

and 100 %Oxygen

Mean
Source of variation df square F P

Responses to norepinephrine and isoproterenol
Increase in minute volume

Subjects 5 0.61
Oxygen* 1 30.74 42.87 <0.001
Drugt 1 4.91 6.85 <0.01
Drug dose 1 0.87 1.21 NS§
Error 15 0.72

Decrease in arterial Pco2
Subjects 5 6.88
Oxygen 1 182.91 77.06 <0.001
Drug 1 33.17 13.97 <0.001
Drug dose 1 2.57 1.08 NS
Error 15 2.37

Responses to phenylephrine
Change in minute volume

Subjects 11 2.05
Oxygen 1 0.33 1.74 NS
Phenylephrine dose 1 0.19 0.99 NS
Error 33 0.19

Change in arterial Pco2
Subjects 11 3.90
Oxygen 1 1.40 0.64 NS
Phenylephrine dose 1 0.69 0.78 NS
Error 33 2.17

* Oxygen refers to variation among responses while breathing
room air and 100 %oxygen.
t Drug refers to difference between responses to norepinephrine
and isoproterenol.
§ NS indicateslnotlstatistically significant (P >0.05).
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Injection of norepinephrine into the internal carotid
artery beyond the carotid chemoreceptors produces a
slight increase in ventilation in man (18). We cannot
exclude the possibility that norepinephrine may stimulate
ventilation in part by a direct effect on the respiratory
center. It is also possible that injection of norepinephrine
into the internal carotid artery may increase efferent
nerve traffic to the carotid chemoreceptors, similar to
the effect noted in response to epinephrine in cats (19).
The efferent nerve traffic might then influence chemo-
receptor discharge (20) to produce hyperventilation.
This reflex pathway, although initiated in the central
nervous system, would nevertheless be susceptible to sup-
pression while breathing 100% oxygen, because of the
mediation through carotid chemoreceptors.

It appears therefore from this work and that of others
(21) that norepinephrine and isoproterenol activate
chemoreceptors in man. This study indicates in addition
that the activation of chemoreceptors by the catechola-
mines is dependent on a mnechanism involving beta
adrenergic receptors. In contrast the activation of chem-
oreceptors by hypoxia does not involve a beta adrenergic
mechanism. It is also evident from this work that the
same doses of catecholamines produce a greater hyper-
ventilatory response when the chemoreceptors are al-
ready activated by hypoxia. Cunningham, Hey, Patrick,
and Lloyd have reported (21) that an infusion of norepi-
nephrine increases the ventilatory response to hypoxia.
There appears to be a synergistic response when chemo-
receptors are activated simultaneously through a beta
a(lrenergic mechanism by the catecholamines and through
a lionadrenergic mechanism by hypoxia.

One might speculate on the nature of this beta adrener-
gic mechanism in light of recent work concerning chem-
oreceptor physiology. It has been observed that there are
two types of cells in the carotid body, type I and type II
cells (22). Type I cells contain abundant stores of cate-
cholamines (23), and are surrounded by type II cells,
which appear to be, or enclose, the chemoreceptor sen-
sors (20). Type I cells are influenced by efferent ex-
citatory and depressant nerve impulses (19, 20, 24)
and the activity of these cells may modify afferent nerve
traffic originating in the type II cells (20). The release
of neurotransmitter from the type I cells may have a
modulating influence on afferent nerve traffic by an effect
on distribution of blood flow (25) or on oxygen con-
sumption of the carotid body (26). The neurotrans-
mitter may also sensitize chemoreceptors to other stim-
uli. Catecholamines are known to sensitize frog mechano-
receptors (27) and mammalian muscle spindles (28)
so that sensitization of chemoreceptors would not be a
unique action. Wewould suggest that exogenous norepi-
nephrine and isoproterenol as administered in this study
may stimulate ventilation by activating the same adrener-

gic receptor mechanism in the carotid body as the one
affected by efferent nerves to the type I cells of the caro-
tid body, and that this mechanism may activate the chem-
oreceptors or sensitize them to hypoxia. We recognize
the speculative nature of this discussion, since the func-
tion of type I and type II cells is not certain, but it
seems reasonable to conclude that activation of an
adrenergic mechanism which may be related to the type
I cell may influence chemoreceptor activity which
may be structurally related to the type II cell.
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