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SUMMARY

1. The interrelation ofthermoregulatory and baroreceptor reflexes in the
control of the circulation through the forearm has been investigated in
eight men.

2. The results are compatible with the current hypotheses that thermo-
regulatory reflexes employ exclusively blood vessels in the skin, and that
baroreceptor vasodilator reflexes excited by transfer of blood from the
legs to the trunk employ exclusively blood vessels in the muscles. They are
compatible with the hypothesis that baroreceptor vasoconstrictor reflexes
excited by transfer of blood from the trunk to the legs employ blood vessels
in muscles, but not with the hypothesis that they do so exclusively.

3. The results indicate that when blood is transferred from the trunk
to the legs, vasoconstriction over-rides thermoregulatory vasodilatation,
presumably in the blood vessels of the skin.

4. The circulation through the skin appears, therefore, to be under
baroreceptor as well as thermoregulatory reflex control, and over the short
period of time examined, namely 1 min, the baroreceptor control takes
precedence.

INTRODUCTION

The previous paper (Brown, Goei, Greenfield & Plassaras, 1966) des-
cribes the effects, on the pulse rate, arterial pressure and the total forearm
circulation, of trapping blood by suction on the legs of recumbent subjects,
and then allowing it to return very quickly to the general circulation.
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VASCULAR REFLEXES IN THE FOREARM

The behaviour of the circulation through the forearm during and after
suction has now been examined in cold and hot, as well as in comfortably
warm subjects. Heating and cooling the subject are thought to vary the
circulation through the skin but not through deeper tissues of the forearm
(Edholm, Fox & MacPherson, 1956). In a cold subject, the vessels of the
skin are constricted by adrenergic vasoconstrictor nerves. In a hot subject,
this activity is abolished, and the vessels of the skin are dilated secondarily
to the activity of the cholinergic sudomotor nerves (Roddie, Shepherd &
Whelan, 1957 a; Love & Shanks, 1962). On the other hand, transfer of
blood from the legs to the trunk, which can be brought about by passively
raising the legs, leads to a reflex vasodilation of the muscle circulation,
brought about by a reduction in adrenergic vasoconstrictor activity and
no change in the skin circulation (Roddie, Shepherd & Whelan, 1957b).
The present experiments are in agreement with these earlier conclusions.

They show further that, when blood is transferred from the remainder of
the body to the lower limbs, a reflex vasoconstriction is provoked which
reduces the circulation through the skin. This vasoconstriction is effective
even when the rate of skin blood flow is at a high level in response to the
needs of thermoregulation.

METHODS

The subjects were healthy men aged 20-46 years. They lay in a room whose temperature
could be varied from 15 to 460 C. Provision was made to apply suction of 70 mm Hg below
atmospheric pressure to the parts of the body below the iliac crests for periods of 1 min,
Suction reached 90% of final value within 3 sec, and on release the pressure dropped 90%
of the way towards atmospheric in 0 5 sec (Brown et al. 1966). Recordings were made of the
e.c.g. and of the blood flow in one forearm by venous occlusion plethysmography (Greenfield
Whitney & Mowbray, 1963) four or more times a minute. The plethysmograph was filled
with water at 340 C. In some experiments the subjects were comfortably warm throughout.
In others, the room temperature at the start was about 15° C, and the subjects were feeling
cold but were not shivering. After several observations had been made, the room was
heated, and at the end the subjects were feeling hot and were sweating. The forearm blood
flow progressively increased and the effects of suction were observed at several levels of flow.
In some experiments arterial pressure was recorded through a needle in the brachial artery
using a Statham P. 23 AC pressure tranducer; the system was slightly underdamped and
the damped natural frequency as used was better than 10 c/s.

RESULTS

Figure 1 shows recordings made in an experiment on R. L. while he was
hot. Arterial pressure before suction was 110/70 mm Hg. At the onset of
suction it fell to 95/60, but recovered by the 15th sec to 100/70 and by the
30th sec to 105/75, remaining at about this level until the end of suction. The
forearm blood flow was about 11 ml./100 ml. per minute before suction, and
fell toabout 3 5ml./100 ml.perminute during suction,the lowestreading being
2*6 ml./100 ml. per minute. Following suction there was the usual overshoot,
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and the flow reached 15-5 ml./100 ml. per minute. Similar measurements
were made in three other experiments on this subject while he was hot, and
the changes in arterial pressure were similar whether he was hot or just
comfortably warm.
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Fig. 1. The effect of exposing the parts between the iliac crests and the feet of a hot
recumbent subject to a pressure 70 mm Hg below atmospheric on the forearm blood
flow and arterial blood pressure. Subject, R.L.

Figure 2 shows typical records of blood flow from the subject D. Ga.,
first while he was cold and then while he was hot. While cold the average
resting forearm blood flow was 1 3 ml./100 ml. per minute. During suction
the flow fell to a minimum of 0-3, a fall of 1.0. After suction it rose to a
maximum of 5-6, which was 4-3 above resting level. While he was hot, the
average resting forearm flow was 10-4. During suction the flow fell to a
minimum of 3-1, a fall of 7-3. After suction it rose to a maximum of 18-6,
which was 8x2 above resting level. The minimum and maximum values in
Fig. 2 are identified by open circles.

Figure 3 summarizes the results of these and three other such pairs of
experiments on D. Ga., together with the results of similar series of experi-
ments on seven other subjects. The abscissa shows the average resting
blood flow. The ordinate scale shows the minimum blood flow during
suction, and maximum after release, both these quantities being plotted
for each experiment. All points would lie on the diagonal line if the experi-
ment caused no change in blood flow. The vertical distance of points below
this line indicates the amount by which the minimum blood flow during
suction was reduced below resting level. The vertical distance of points
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Minutes
Fig. 2. Changes in forearm blood flow brought about by exposing the parts below
the iliac crests to a pressure 70 mm Hg below atmospheric while the subject was
cold, and later while he was hot. Subject D. Ga.
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Fig. 3. Minimum forearm blood flow during exposure of the parts below the iliac
crests for 1 min to a pressure 70 mm Hg below atmospheric (points below the
diagonals) and maximum blood flow following exposure (points above the diagonals)
at various levels of forearm blood flow. For full explanation see text. Observations
on eight subjects, identified by their initials.
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above this line indicates the amount by which the maximum blood flow
after suction was increased above the resting level. The points derived
from the experiments on D. Ga. shown in Fig. 2 are identified in Fig. 3 by
open circles in the panel labelled D. Ga.
The data in Fig. 3 are based on measurements of minimum flow

during suction and maximum flow following suction, ignoring other
measurements. A more comprehensive summary, based on all measure-
ments of flow during and after suction, is shown in Fig. 4. To construct
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Fig. 4. The difference between the average forearm blood flow responses to suction
below the iliac crests when the subjects were hot and when they were cold. For
explanation see text. Observations on eight subjects, identified by their initials.

this figure, all the available blood flow curves of the type shown in Fig. 2
from one subject while hot were averaged. The curves for the same subject
while cold were similarly averaged. The average cold curve was then
subtracted from the average hot curve, and the difference curve entered
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in Fig. 4. This was then done for the seven other subjects. Figure 4 there-
fore shows, for each subject, the increase in flow at all states, before, during
and after suction, which can be attributed to the effect of warming up a
cold subject.

DISCUSSION

The observations in Fig. 1 show that in the hot subject no important
part of the changes in forearm blood flow during suction is likely to be
due to changes in arterial perfusion pressure. The changes in arterial pres-
sure when the subject was cold were very similar to those shown in Fig. 1,
and lead to a similar conclusion. Moreover, in the comfortably warm
subject, the changes in forearm blood flow during and after suction are
almost abolished by blocking the sympathetic adrenergic pathway with
bretylium tosylate (Brown et al. 1966) and are therefore due mainly to
active changes in peripheral resistance, and are not passive changes to
altered arterial pressure.

In the experiments in Fig. 2, the difference between the levels of blood
flow before suction is attributable to the effects of heating the subject.
The evidence of Edcholm et al. (1956) indicates that the difference is due to
increased blood flow through the skin. The reduction in blood flow during
suction while the subject was hot (areduction of 7.3 ml./100 ml. per minute)
greatly exceeded the reduction while the subject was cold (a reduction of
1.0), and it was also greater than the total resting flow while cold (1.3).
Such a reduction while hot indicates that the flow was reduced by suction
in the circulation through the skin, in which it had been increased by
heating the subject. Had suction influenced the flow only through the
tissues other than skin, in which the circulation is unaffected by heating
the subject, the reduction in flow during suction would have been equal
in the hot and in the cold subject.

In the experiment in Fig. 2, the rise of the peak flow after suction above
the previous base-line flow was greater while the subject was hot (8.2 ml./
100 ml. per minute) than while he was cold (4.3). The difference was not
usually so large as this, as may be seen by reference to Figs. 3 and 4.
The data in Fig. 3 summarize the spread of results. Consider first the

points below the diagonals, relating to the decreases in blood flow during
suction. In all subjects, these points tend to fall farther below the diagonal,
indicating a greater reduction in flow, at high levels of resting flow than
they do at low levels of resting flow. In the case of three subjects, D. Ga.,
R. C. and R. P. the points all lie fairly close to the abscissa, indicating that
flow was always reduced to a very low level during suction however high
the level of resting blood flow.

Let us now consider the points above the diagonal in Fig. 3. These
relate to the increase in blood flow after suction, and their vertical distance
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above the diagonals indicates the size of the increase. In general, for each
subject, these points are at much the same vertical distance above the
diagonal. The size of the increase in blood flow after suction is largely
independent of the resting level of blood flow before suction.

Figure 4 shows, for each subject, the average increase in total forearm
blood flow attributable to heating a cold subject, the increase being shown
at all stages before, during and after suction. In all eight subjects the
increase was less during suction than it was before or afterwards, but the
difference was greater in some subjects than in others. In only two
subjects (D. Ga. and R. L.) was the increase notably greater immediately
after suction than it was before suction; only in these two subjects was
the overshoot of flow after suction notably higher above resting level while
they were hot than while they were cold.
The general picture, from all these results, is that in the hot, as compared

with the cold subject, the fall in forearm blood flow during suction is
increased, but the overshoot of forearm blood flow after suction is little
changed in size.
As a first hypothesis, let us suppose that in the forearm there are two

parallel vascular pathways or sets of vessels. One pathway might be
through the skin, the other through the muscles and other tissues. Let us
suppose that one pathway is responsive to thermo-regulating reflexes and
one to baroreceptor reflexes. Then the effect of heating a cold subject
would be to increase the level of blood flow by a constant amount before,
during and after suction. The measurements in Figs. 3 and 4 are not in
accord with this hypothesis. It is possible, and perhaps likely, that the
baroreceptor stimulus is stronger in a hot than it is in a cold subject
because blood may be moved more quickly and in greater quantity when
the peripheral vessels are dilated than when they are constricted. However,
the most such an enhanced stimulus could do would be to stop the flow of
blood in the vascular pathway under baroreceptor control. The flow of
blood in this pathway must clearly be less than the total resting flow of
blood in the limb of a cold subject, This is in turn much less than the
reduction in flow of blood in the hot subject during suction. Therefore, an
enhanced action in the hot subject on the vascular pathway controlled by
baroreceptor reflexes does not explain the observed reduction in flow
during suction.
As a second hypothesis, suppose that the vascular pathways of the fore-

arm belong to a single population, and are employed in both thermo-
regulatory and baroreceptor reflexes, and that the baroreceptor reflexes
over-ride the thermoregulatory ones. During suction, the forearm blood
flow would be reduced by different amounts, but to much the same level,
in cold and in hot subjects. Observations of minimum flow in Fig. 3 would
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lie along lines parallel to the abscissa. Observations in Fig. 4 would fall
to zero during suction. No results conform exactly to this hypothesis, but
those on D. Ga. and R. P. come fairly close to doing so.
A third hypothesis is that there are two vascular pathways, one respon-

sive mainly to thermoregulatory reflexes and modestly to baroreceptor
reflexes, the other responsive mainly to baroreceptor reflexes and modestly
to thermoregulatory reflexes.
A fourth hypothesis is that the vascular pathway responds to both

types of reflex stimulation. The dominant reflex may vary with the
circumstances. For example, over short periods baroreceptor reflexes may
be pre-potent, and over longer periods thermoregulatory reflexes may be
pre-potent.
The third and fourth hypotheses predict results intermediate between

the first and second hypotheses, and they cannot be distinguished by the
present experimental evidence. The results on all subjects fit either of
these hypotheses.

There is a strong body of evidence that the thermoregulatory reflexes
affect only the vessels of the skin, and not the vessels of the muscle, of the
human forearm (Barcroft, Bock, Hensel & Kitchen, 1955; Edholm et al.
1956; Roddie, Shepherd & Whelan, 1956). There is also strong evidence
that when the legs are raised, and the blood is returned from them to
trunk, the reflex increase in blood flow in the forearm is confined to the
muscle vessels (Roddie & Shepherd, 1956).

Present observations on the increase in forearm flow following the
release of suction on the legs are in agreement with this finding. The
increase in flow above base-line level is of a fairly constant size in any one
individual, and independent of changes in the resting level of forearm
flow brought about by heating or cooling the subject.
The present experiments indicate, however, that the converse is not

true. When blood is transferred from the trunk to the legs, the resulting
baroreceptor reflex reduces the flow in pathways that are also used for
thermoregulation, and are therefore presumably in the skin.

There is no evidence at present to show whether the thermoregulatory
and baroreceptor reflexes act on common effector blood vessels, or whether
they act on two sets of blood vessels in series.
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