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ABstrAaCT The effects of nerve stimulation
and of intraarterial injections of noreépinephrine
on arterial and venous resistances were studied in
the perfused forelimb of dog before and after ad-
ministration of the alpha adrenergic receptor
blocker phenoxybenzamine.

Pressures were recorded from the perfused
brachial artery and a small metacarpal vein in the
forepaw. Blood flow to the whole forelimb was
maintained constant. Changes in perfusion pres-
sure in the brachial artery reflected primarily
changes in arterial resistance and changes in small
vein pressure reflected changes in resistance of
venous segments downstream from the point of
pressure measurement.

Alpha receptor blockade reduced vasoconstrictor
responses to hoth nerve stimulation and norepi-
nephrine. Responses to angiotensin, used in these
experiments as an internal control, were not
blocked consistently in a dose-related manner in-
dicating that the effects of phenoxybenzamine
were specific to adrenergic stimuli.

Increases in venous pressure in response to
norepinephrine and to nerve stimulation were
blocked almost completely whereas increases in
arterial pressure were reduced only in part by the
blocker. The more effective reduction of pressor
responses in the small vein was not caused by a
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passive reduction in blood flow through the paw
nor was it caused by a reduction in the concentra-
tion of norepinephrine in the venous effluent
reaching the venous segments.

This differential effect of alpha receptor block-
ade on increases in venous and arterial resistances
may account for the beneficial effect of phenoxy-
benzamine in shock.

INTRODUCTION

It was shown in the preceding experiment (1)
that blockade of alpha adrenergic receptors an-
tagonizes venous responses to norepinephrine
more effectively than arterial responses in man.
The venous responses that were measured, how-
ever, were changes in venous compliance. Informa-
tion on changes in venous resistance is important
since venous resistance is one of the determinants
of capillary hydrostatic pressure (2). Several ex-
perimental observations suggest that changes in
both venous compliance and venous resistance may
be similar in response to a variety of stimuli
(3-7).

It has been suggested also that alpha adrenergic
receptor blockers may be more adrenolytic than
sympatholytic or in other words they antagonize
the constrictor effect of circulating amines more
completely than the constrictor action of nerve
stimulation. Convincing evidence of this selective
antagonism has been lacking (8, 9).

The present experiments were carried out on the
perfused foreleg of the dog to determine changes
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in both venous and arterial resistances in response
to norepinephrine and to nerve stimulation before
and after alpha adrenergic receptor blockade.

METHODS

Male mongrel dogs weighing 14-20 kg were anesthetized
with chloralose, 50 mg/kg, and urethane, 500 mg/kg.
Decamethonium bromide, 0.3 mg/kg, was given intra-
venously to prevent contraction of skeletal muscle. The
dogs were ventilated artificially through a cuffed endo-
tracheal tube connected to a respiratory pump. A small
polyethylene cannula (PE 10, 0.6 mm o..) filled with
normal saline was manipulated through a superficial
dorsal metacarpal vein upstream for a distance of 2-3
cm in the paw and tied in place. Blood could be aspirated
and saline infused freely through the cannula indicating
adequate collateral connections (10). After intravenous
injection of heparin, 5 mg/kg, the brachial artery was
ligated, transected partially, and its distal segment was
perfused with blood from the femoral artery by means
of a pump (Sigmamotor, Inc.,, Middleport, N. Y.). Liga-
tures were tied around muscle groups high in the leg
to prevent collateral circulation. The pump was adjusted
initially so that perfusion of the foreleg was at a pres-
sure approximately equal to systemic arterial pressure.
The same flow was maintained throughout the experi-
ment. Fluctuations in systemic arterial pressure and
changes in perfusion pressure over the range encountered
did not alter the rate of blood flow through the pump.
Flow rates ranged from 64 to 120 ml/min and averaged
80 ml/min with a standard error of 3.0 ml in 14 experi-
ments. Pressures in the perfused brachial artery and the
small vein of the forepaw were measured with trans-
ducers (Statham Instruments, Inc.,, Los Angeles, Calif.)
and recorded with a direct-writing oscillograph (Sanborn
Co., Waltham, Mass.). A tranducer having a small vol-
ume displacement of 0.01 mm®/100 mm Hg (Statham
P23Gb) was used for pressure measurements in small
veins. The distal ends of the severed median, ulnar,
radial, and musculocutaneous nerves which had been
exposed high in the foreleg were stimulated. 10-msec
square waves were delivered at supramaximal or maximal
voltage (25 v) to the nerves at rates of 3, 6, and 12 cycles/
sec for periods of 20 sec using an S, (Grass Instruments
Co., Quincy, Mass.) stimulator and a bipolar electrode.
The maximal voltage was necessary to ensure stimulation
of most of the fibers in the thick nerves of the brachial
plexus. In previous experiments vascular responses to
stimulation of these nerve trunks were similar to those
observed with stimulation of sympathetic nerves extend-
ing from the stellate ganglion to supply the vasculature
of the foreleg (11).

Norepinephrine bitartrate and angiotensin were in-
jected into the distal tubing of the pump close to the
brachial artery. Fresh dilutions in 5% glucose in water
were made at the beginning of each experiment. The
doses of norepinephrine ranged from 0.5 to 4.0 ug of base
and those of angiotensin were 1.0 and 2.0 ug. Random
order was followed for nerve stimulation and injections

of drugs. Pressures were allowed to stabilize between
interventions. Observations on the effects of norepineph-
rine, nerve stimulation, and angiotensin were repeated
once after intraarterial injection of 0.25 mg of phenoxy-
benzamine and again after an additional 0.5 mg of
phenoxybenzamine. Angiotensin was used in these ex-
periments as an internal control to test specificity of
blockade and responsiveness of the preparation. The time
required to set up the experiment was approximately 45
min and the responsiveness of the preparation was main-
tained for an additional 90 min to 2 hr.

Since blood flow to the foreleg was coustant and sys-
temic venous pressure also was constant during the inter-
ventions, the changes in perfusion pressure in the brachial
artery reflected changes in total vascular resistance of the
forelimb. Changes in small vein pressure in the paw re-
flected changes in resistance of the venous segments drain-
ing the paw downstream from the point of pressure mea-
surement. These venous segments form the tributaries of
the cephalic vein (12). Small veins in the paw were se-
lected for study in preference to other muscular veins
in the foreleg because previous observations indicated
to us that the veins draining the paw were more reactive
to adrenergic stimuli (13). Changes in perfusion pres-
sure and in small vein pressure caused by the interventions
were compared before and after phenoxybenzamine.

Constancy of blood flowe through the paww. The ac-
curacy with which small vein pressure in the paw reflects
venous resistance depends on the constancy of blood flow
through the paw. Redistribution of flow hetween the paw
and more proximal muscular parts of the foreleg is pos-
sible despite a constant total blood flow to the forelimb.
In these parallel-coupled vascular beds blood could be di-
verted from a site of marked vasoconstriction to a less
constricted hed. Blood flow through the paw was esti-
mated by measurement of venous return from the paw.
Anatomically the cephalic vein drains the paw while the
brachial vein drains the muscular parts and deeper struc-
tures of the foreleg (12). The cubital vein which joins
the brachial and cephalic veins was ligated. A Shipley-
Wilson rotameter (Clifford Wilson Instruments, Indian-
apolis, Ind.) was interposed between the proximal and
distal segments of the transected cephalic vein high in
the foreleg; it caused little resistance to flow and in-
creased small vein pressure only slightly (11, 13). Zero
flow base line was established frequently throughout cach
experiment by shunting blood flow past the rotameter.
At the end of each experiment, blood was allowed to flow
through the rotameter into a graduated cylinder for cali-
bration. Calibrations were made at two levels of flow.
The responses of the rotameters were linear within
the range of flows encountered. In previous experiments
(11, 13) both nerve stimulation and administration of
norepinephrine reduced venous return through the cepha-
lic vein and augmented venous return through the brachial
vein at constant brachial arterial inflow. This was caused
by a greater constriction of resistance vessels in the paw
than in more proximal parallel-coupled segments in re-
sponse to the adrenergic stimuli. In the present experi-
ments we needed to determine the effect of phenoxybenza-
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mine on this redistribution of flow in order to interpret
changes in small vein pressure in the paw correctly.

Autobioassay of norepinephrine in wvenous cffluent.
The concentrations of norepinephrine to which the veins
draining the paw are exposed after intraarterial injec-
tions of norepinephrine into the brachial artery determine
the venous response in the paw. These concentrations
could change either with changes in blood flow through
the paw or with changes in the amount of norepinephrine
taken up by the tissues on the arterial side in the paw.
After phenoxybenzamine, the decrease in blood flow
through the paw in response to intraarterial norepineph-
rine could be less pronounced causing a relatively higher
flow and therefore a lower concentration of norepinephrine
to reach the venous segment after the blocker. On the
other hand the uptake of norepinephrine on the arterial
side would be blocked in part after phenoxybenzamine
allowing more norepinephrine to reach the veins. The op-
posite effects of these two factors might cancel each
other and the concentration of norepinephrine reaching
the veins would be the same before and after the blocker.
In order to interpret correctly differences in venous re-
sponses it seemed important to estimate the concentra-
tion of the catecholamine in the venous effluent. This was
done by perfusing a portion of the cephalic vein efluent
into the hind paw of the same dog at a constant rate of
flow with a small Sigmamotor pump. The hind paw thus
served as an autobioassay organ. Changes in perfusion
pressure in the hind paw reflected changes in concentra-
tion of vasoactive substances in the venous return from
the forepaw.

A cannula was used to divert the venous return from
the ligated and transected cephalic vein into the jugular
vein. The proximal tubing of the small Sigmamotor pump
was connected to this cannula close to its exit from the
cephalic vein. The distal tubing of the pump was inserted
into the anterior tibial artery supplying the hind paw and
ligated. Thus a portion of the cephalic venous return
averaging 13.0 ml/min (range 9-16 ml/min in 14 experi-
nents) was perfused into the hind paw which was de-
nervated by section of the sciatic and anterior tibial
nerves. Collateral circulation to the hind paw was mini-
mized by ligating the femoral artery. The interventions
had no detectable systemic effect that could influence sig-
nificantly the responses in the hind paw.

The transit time from the cephalic vein to the hind
paw was approximately 20 sec. Responses of the hind
paw to direct intraarterial injections of norepinephrine
into the perfused tibial artery provided the standard dose-
response curves which permitted us to estimate the con-
centration of norepinephrine in the venous effluent. Per-
fusion of the hind paw was arrested temporarily for a
period of 30 sec when phenoxybenzamine was injected
into the brachial artery to prevent the blocker from
reaching the hind paw in possibly a significant concentra-
tion after its initial circulation through the forelimb.
Dose-response curves of the perfused hind paw to nor-
epinephrine were obtained after each dose of phenoxy-
benzamine and the responses were found to decrease only
slightly.
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RESULTS

Perfusion pressure. At constant arterial inflow
perfusion pressure reflects total vascular resistance
of the foreleg and represents predominantly arterial
resistance, The increases in perfusion pressure
which were observed after the administration of
norepinephrine and during nerve stimulation were
reduced slightly after 0.25 mg of phenoxybenza-
mine (Tables I and II and Fig. 1). A significant
rise in perfusion pressure in response to both
norepinephrine and nerve stimulation still persisted
after the second dose (0.5 mg) of the blocker

(Figs. 1 and 2). There was no consistent reduc-

tion of the response to angiotensin (Table IIT and
Figs. 2 and 3).

Swmall vein pressure. Increases in small vein
pressure observed after the administration of nor-
epinephrine during nerve stimulation were re-
duced significantly after the low dose of phenoxy-
benzamine and were blocked almost completely
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Ficure 1 Changes in pressure in the perfused brachial
artery (PP) and in a small metacarpal vein (SvP) in
response to nerve stimulation and to norepinephrine.
The duration of nerve stimulation was 20 sec. Note that
both arterial and venous pressures rise during nerve
stimulation. At the end of stimulation arterial pressure
falls abruptly but venous pressure continues to increase
sharply for 5-10 sec. This poststimulation increase in
pressure (seen also in IFig. 2) is caused by a poststimu-
lation increase in blood flow through the paw and through
the cephalic vein as a result of dilatation of small vessels
in the paw. The dilatation is reflected also by the fall in
perfusion pressure below control levels and has .been re-
ported previously (18). The entries for venous pressure
in Table II represent peak responses before the over-
shoot. After phenoxybenzamine the arterial responses to
norepinephrine and to nerve stimulation were reduced
but venous responses were nearly abolished.
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Before Phenoxybenzamine
mmHg  pp

After Phenoxybenzamine
(0.75 mg)
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Ficure 2 Tracings of responses to norepinephrine
(NE), nerve stimulation (NS), and angiotensin (.1ng).
Large vein pressure (LvP) was obtained in this ex-
periment from a point 3-4 inches above the carpus. The
rise in LvP during NS has been reported (16) and indi-
cates that significant venous constriction occurs in larger
veins further downstream from the point of pressure
measurement. Note that phenoxybenzamine caused little
or no change in resting levels of pressure. Perfusion
pressure (PP) averaged 136.2 = (sg) 7.75 mm Hg before
phenoxybenzamine and 127.9 * 11.3 mm Hg after 0.75 mg
of the blocker. Corresponding values for resting small
vein pressure were 16.9 = 1.3 and 18.2 = 1.6 mm Hg. The
peak rise in arterial pressure in response to NE was
practically unaltered by the blocker in this experiment but
the simultaneous venous response was reduced drastically.
The arterial response to NS was reduced by the blocker
indicating an antagonism of neurogenic stimulation of
alpha receptors which in this experiment appeared more
effective than the antagonism of circulating amines. Ve-
nous responses to angiotensin were negligible.

NE®) K9

=2)9

"803cps
——] b

*lpg
=6eps IAM

=2)g,

X100

N\
\
\

-
o

—
.
.,

JRNS—— Y

83388
25

== 0% Perfusion Pressure
— A% Small Vein Pressure

40r
30+
20
10~ t

0.00 025 050
Phenoxybenzcmire (mg)

RESPONSE AFTER PHENOXYBENZAMINE
RESPONSE BEFORE PHENOXYBENZAMINE

Ficure 3 Graphic representation of more effective an-
tagonism of venous than arterial responses to NE and
NS. Percentages were calculated from the average data
in Tables I, II, and III. The response to angiotensin in
contrast to that of NE or NS was not reduced after
phenoxybenzamine in a dose-related manner supporting
the specificity of alpha adrenergic blockade in this
experiment.

TasLE III
Increases in Perfusion Pressure (mm Hg) in Response to
Angiotensin Injected into the Perfused Brachial
Artery before and after Phenoxybenzamine

Before After phenoxybenzamine
phenoxy - T e e
benzamine 0.25 mg 0.5 mg
Angiotensin, ug
Expt. e

No. 1 2 1 2 1 2

2 34 52 35 72 65 80

3 60 75 55 70 60 65

4 45 61 35 47 45 75

5 50 65 55 60 45 65

6 27 47 30 43 34 47

7 48 67 55 80 65 90

8 45 55 18 35 20 35

9 30 55 25 45 22 34

12 37 62 27 35 25 45

14 42 47 25 40 10 40

15 53 55 25 35 20 37

16 60 110 40 53 48 70

17 18 26 10 10 12 17
Mean 422 59.8 33.4 48.1 363 53.8
Sk 5.2 53 4.0 5.2 5.6 6.0
P* <0.05 <0.05 >0.2 >0.2

* refers to significance of difference between responses observed before
and after phenoxybenzamine. The reduction in response to angioten-
sin after 0.25 mg of phenoxybenzamine was neither sustained nor ac-
centuated after the additional dose of 0.5 mg of phenoxybenzamine.
The reduction in response was transient and unrelated to the dose of
blocker.

after the high dose (Tables 1 and II and Figs. 1
and 2). Increases in small vein pressure during
the administration of angiotensin were not signifi-
cant statistically either before or after the blocker
(Fig. 2).

Changes in cephalic vein floww. Venous return
through the cephalic vein (Table TV) decreased
in response to norepinephrine (Fig. 4) and to
nerve stimulation. Increases in small vein pressure
despite the decreases in flow must indicate marked
constriction of veins downstream from the point
of small vein pressure measurement. After the ad-
ministration of phenoxybenzamine decreases in
blood flow through the paw were less (Table IV)
and yet the increases in small vein pressure were
nearly abolished (Tables T and 11). This indicates
a significant antagonism of venous constriction.

Concentration of norepinephrine in venous efflu-
ent. Increases in perfusion pressure in the hind
paw were observed approximately 20 sec after the
injection of norepinephrine into the perfused
brachial artery (Figs. 4 and 5). The concentration
of norepinephrine in the venous effluent through
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TaBLE IV

Effect of Norepinephrine and Nerve Stimulation on
Venous Return through the Cephalic Vein

After 0.75 mg ot
phienoxybenzamine

Before phenoxy-
benzamine

Norepinephrine

Expt. -

No. C LD HD C LD HD

ml/min ml/min

28 50 38 33 50 45 39

29 32 13 12 36 34 21

30 43 26 25 35 27 25

31 45 39 39 45 39 46

33 35 23 35 29
Average 41.0 27.8 27.2 40.2 34.8 3.
Nerve stimulation
Expt.
No. C LF HF C LF HF
ml/min ml/min
28 48 22 20 54 37 37
29 26 10 10 40 10 10
30 37 19 17 35 33

31 46 35 39 43 37 35

33 35 25 16 35 29 29
Average 38.4 22.2 20.4 41.4 29.2 21.7
C refers to blood flow immediately before the intervention. LD and

HD refer to low dose (0.5 ug) and high dose (1.0 ug) of norepinephrine
respectively. LF and HF refer to nerve stimulation at low frequency
(1.5-6 cps) and high frequency (3-12 cps) respectively. Experiments
were paired so that the same frequencies of stimulation were used be-
fore and after the blocker in each experiment.

the cephalic vein following intrabrachial injections
of norepinephrine as estimated from responses ob-
served in the hind paw was not altered significantly
by the administration of phenoxybenzamine (Table
V).

DISCUSSION

Two observations were made during these experi-
ments. The first concerns the effect of blockade of
alpha adrenergic receptors on responses to circula-
ting catecholamines as compared to responses to
nerve stimulation and the second concerns the rela-
tive effects of the blockade on venous and arterial
segments.

It is believed that the alpha adrenergic blocking
drugs antagonize more readily the responses to
circulating amines than those to nerve stimula-
tion and a distinction is made between sympatho-
Iytic and adrenolytic agents (8, 9). The evidence
for such distinction does not seem conclusive and
the problem deserved investigation particularly
since Moran and Perkins (14) made the observa-
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tion, which we (15) and others have also con-
firmed, that beta adrenergic blocking drugs antag-
onize the nerve-mediated responses of the heart
as well as the responses to injected amines, Our
present results indicate that in the perfused fore-
leg of the dog the constrictor response to nerve
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F1cure 4 A. Changes in cephalic and brachial vein flows
(lower 2 tracings) and estimate of concentration of NE
in venous efluents (middle 2 tracings) in response to in-
jection of NE (0.5 pg) into the perfused brachial artery.
A portion of the venous return through the cephalic vein
was perfused into the right hind paw and the remaining
venous return was directed through the rotameter to the
jugular vein. Cephalic vein flow decrcased in responsc
to NE and 20 sec later a pressor response was observed
in the right hind paw; the magnitude of this response is
directly related to the concentration of NI in the ve-
nous effluent. The same procedure was followed for the
brachial venous cffluent in several experiments and the
changes in flow were directionally opposite those of the
cephalic vein. We omitted reporting on changes in bra-
chial vein flow or responses in the hind paw perfused
with brachial vein effluent for the sake of brevity since
we are concerncd with venous responses measured in
a tributary of the cephalic vein.

B. Responses of right (upper frame) and left (lower
frame) hind paws to direct intraarterial injections of NF.
These responses were used to estimate concentrations of
NE in venous effluents.



stimulation is antagonized just as effectively if
not more than the constrictor response to circu-
lating norepinephrine, This antagonism was not
restricted to constriction of arterial segments
which is reflected primarily by the rise in perfu-
sion pressure in the foreleg but included also con-
striction of venous segments. The absence of dose-
related reductions of the response to angiotensin
after the blocker supports the specificity of adre-
nergic blockade.

In previous experiments (13, 16) we emphasized
a difference between effects of nerve stimulation
and of norepinephrine on vascular segments in the
foreleg of dog. Nerve stimulation constricts pre-
dominantly large arterial segments and large ve-
nous segments (16, 17) whereas norepinephrine
constricts smaller metacarpal and muscular ar-
teries and veins (16). The reduction of responses
to both nerve stimulation and to norepinephrine
seen after the blocker would suggest that alpha
adrenergic receptors in both large and small ves-
sels are accessible to the antagonist.

The vasodilator response which is seen after the
end of nerve stimulation both before and after
phenoxybenzamine in Figs. 1 and 2 did not ap-
pear to be exaggerated by the blocker. This post-
stimulation dilatation was not blocked by beta
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Ficure 5 Changes in forelimb perfusion pressure (PP)
and hind paw PP in response to intrabrachial NE and to
nerve stimulation. The pressor response to NE in the
forelimb was followed 20 sec later by a pressor response
in the hind paw. There was no vasoconstriction in the
hind paw during or after NS; instead a vasodilator re-
sponse was seen in 50% of the experiments. The nature of
this humoral dilator factor is not known. The amount of
NE released from the paw during NS must be too small
to be detected by this assay.
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TaBLE V

Estimate of Concentration of Norepinephrine* in Cephalic
Venous Blood after Intraarterial Injections of Norepi-
nephrine (NE) into Perfused Brachial -Lriery
in Doses of 0.5, 1, 2, and 4 ug

After 0.75 mg of

Before phenoxybenzamine phenoxybenzamine

0.5

1

2

NE, ug..... 4 0.5 1 2 4
Expt

No.

21 0.18  0.27 0.20 035

23 0.17  0.24 0.14  0.20

28 0.12 035 0.12  0.30

29 0.05 0.07 0.03 0.07

30 0.10  0.29 0.10  0.13

27 0.07 0.16 0.23 0.08 0.15

31 0.05  0.17 010 0.20

35 0.20 0.22

26 0.23  0.35 0.28  0.56
Average 0.12 0.20 0.21 0.35 0.11 0.19 0.23 0.560

* Entries represent doses of norepinephrine in ug which if injected
directly into the perfused hind paw would give the same Pressor re-
response as that observed in the hind paw 20 sec after injection of doses
of norepinephrine shown at the top of the table into the perfused
brachial artery. Values for entries obtained by plotting the response
observed in the hind paw alter intrabrachial norepinephrine (“test
responses’’) on the dose-response curve obtained with direct injections
of norepinephrine into the hind paw (“standard responses’).  The
average responses of the hind paws to 0.025, 0.05, 0.1, and 0.2 ug of
norepinephrine were 17 + 1.2 mm Hg (n = 4), 34 3 4.1 (n = 12),
42 +3.0 (n = 19), and 54 + 3.8 (n = 11) respectively. A “standard
dose-response curve'’ was obtained aiso after phenoxybenzamine.

adrenergic receptor blockers (18) and the con-
strictor effect which is seen during nerve stimula-
tion was not reversed by the intraarterial adminis-
tration of up to 13 mg of phenoxybenzamine in one
experiment. The question of whether there is a
neurogenic vasodilatation mediated through beta
receptors is an important one and the evidence
thus far has failed to demonstrate such a re-
sponse (19).

The relative effects of drugs that block alpha
adrenergic receptors on responses of venous and
arterial segments were demonstrated in this study.
The results extend the conclusions reached from
ohservations made in man and reported in the
preceding paper (1). In man, the administration
of phentolamine antagonized very effectively the
constrictor action of norepinephrine on capacitance
vessels without reducing significantly the con-
strictor effect on resistance vessels. In the foreleg
of dog the increase in venous resistance in re-
sponse to norepinephrine and to nerve stimulation
was completely antagonized but the increase in
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total resistance which reflects primarily the arterial
response was only partly reduced. It was difficult
from the experiments done in man to relate the
change in distensibility of capacitance vessels to
changes in venous or postcapillary resistances and
to changes in capillary pressure and filtration. The
results of the present experiments however would
indicate that the administration of alpha adren-
ergic receptor blockers can, by antagonizing the
increase in postcapillary venous resistance and by
preserving an increase in precapillary arterial
resistance, prevent the excessive capillary filtra-
tion which may occur during adrenergic stimula-
tion. On the other hand, the responses observed
with intraarterial norepinephrine and with nerve
stimulation may not closely simulate those which
occur after a naturally evoked sympathico-acdrenal
discharge.

The reason for the more effective blockade of
venoconstriction is unclear. We have found that
the decrease in pressor responses in the veins was
not caused passively by a decrease in blood flow
through the paw. In fact blood flow through the
paw during adrenergic stimulation was higher
after than before phenoxybenzamine. FFurthermore
the concentrations of norepinephrine reaching the
venous segments were similar before and after the
blocker. The marked reduction in responsiveness
of veins represents therefore a very etfective in-
hibition of active constriction of smooth muscle in
the walls of veins.

The findings in this and in the preceding study
(1) in man are relevant only to the doses of nor-
epinephrine that were used. These doses gave ve-
nous and arterial responses which appeared to be
in the upper part of the respective dose-response
curves. In both the human and animal experiments
the slope of the dose response curve of veins ap-
peared steeper than that of arteries. The steeper
slope on the venous side could explain the greater
reduction in venous response to the same dose of
norepinephrine.
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