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Effect of Anesthetics on the Interaction between Pressor and Depressor Reflexes
in Dogs (40941)"
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Abstract. The interaction between the pressor reflex to aortic nerve (AN) stimulation and
the depressor reflex to carotid sinus nerve (CSN) stimulation was studied in the perfused
hind limbs of dogs using different anesthetic agents commonly used in physiological studies.
With chloralose, pentobarbital, or a combination of urethane and chloralose, stimulation of
the depressor reflexes augmented the vasoconstrictor effects of the pressor reflex. Animals
anesthetized with urethane alone did not demonstrate this interaction between these re-
flexes. The results suggest that chloralose and pentobarbital enhance the aortic nerve pres-
sor reflexes rather than suppress the carotid sinus nerve depressor reflexes.

The interaction between two reflex sys-
tems may occur in a simple additive manner
or in a manner which involves more com-
plex interactions between central neurons.
We have previously reported (1) that pres-
sor reflexes to stimulation of the aortic
nerve (AN) are augmented during stimula-
tion of depressor afferents in the carotid
sinus nerve (CSN). In these experiments a
situation existed where an excitatory influ-
ence operated upon a background of low
vasomotor activity due to the inhibition
caused by CSN stimulation. Physiologi-
cally, in disturbances such as hypoxemia,
baroreceptor reflexes would operate upon
an elevated background of vasomotor ac-
tivity. One aspect of the present studies
was to determine if the interaction between
these reflex systems depended upon the
initial level of vasomotor activity.

A second aspect of these studies was to
determine how some of the anesthetics
commonly used in physiological studies
affect the interaction between these re-
flexes. Early studies by Douglas ez al. (2)
demonstrated that the cardiovascular re-
sponse to simultaneous stimulation of pres-
sor and depressor afferents in the CSN of
the cat was dependent on the anesthetic
used. Chloralose and pentobarbital re-
versed the depressor effects of CSN stimu-
lation into pressor effects in decerebrate
and urethane-anesthetized cats. These in-
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vestigators concluded that this reversal was
due to selective inhibition of the depressor
reflexes, leaving the pressor reflexes es-
sentially unaltered. The present studies
suggest that chloralose and pentobarbital
may augment the pressor reflexes through
more complex actions than suppressing the
activity of the depressor reflexes.

Methods. The experiments were con-
ducted on a total of 31 dogs (17-27 kg).
These animals are divided into four experi-
mental groups based on the anesthetic
used.

Group 1. Ten dogs were anesthetized
with a-chloralose (100 mg/kg, iv) 30 min
following premedication with morphine (3
mg/kg sc). The initial anesthetic was
supplemented by iv drip at the rate of about
25 mg/hr.

Group 2. Eight animals were anes-
thetized with urethane (750 mg/kg, ip) after
premedication with morphine. No supple-
mental anesthetic was given during the
course of the experiment.

Group 3. Nine animals were anes-
thetized with a combination of urethane
(500 mg/kg) and chloralose (50 mg/kg) in-
travenously. No additional anesthetic was
given in these experiments. This combina-
tion has been used in other studies (3, 4)
which suggested that chemoreceptor stimu-
lation resulted in cutaneous vasodilation.
In one of these animals one hind limb was
skinned from the groin to the paw. Circu-
lation to the paw was excluded by tight
ligatures. The other hind limb was left in-
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tact. Both limbs were perfused indepen-
dently. The responses in the skinned and
intact limbs to AN stimulation were com-
pared to determine whether changes in flow
distribution between skin and muscle influ-
enced our results. The data from this ex-
periment are not included in the tables.

Group 4. Five animals were anesthetized
with sodium pentobarbital (30 mg/kg, iv).
The initial dose was supplemented as nec-
essary to maintain a surgical level of anes-
thesia.

In several of the animals in the above
groups 5 ug of norepinephrine was given
intra-arterially into the limbs to test the ef-
fect of the anesthetic agents on the sen-
sitivity of the vascular smooth muscle to
adrenergic stimuli.

The trachea was intubated and all the
animals were artificially ventilated with
room air. Ventilatory rate was adjusted to
keep the gaseous composition and the pH
of the arterial blood in the normal range.
Both vagi were cut in the midcervical re-
gion to eliminate cardiopulmonary reflexes.

Both CSN were carefully isolated from
their junction with the glossopharyngeal
nerve back to their origin in the carotid
sinus. These nerves were cut close to the
sinuses and drawn into silver ring elec-
trodes. Both AN were dissected free from
the vagosympathetic trunks and identified
in a manner previously described (5, 6). The
AN were cut and their central ends drawn
into silver ring electrodes.

The hind limbs were perfused at a con-
stant rate of flow by a finger pump. The
lower abdominal aorta was dissected free
" and all aortic branches except the common
iliac arteries were ligated. A centrally di-
rected cannula was tied into the isolated
aortic segment to provide pump inflow. A
second cannula, directed peripherally, was
tied into the distal aorta just above the
bifurcation to provide perfusion of the hind
limbs. An electromagnetic flow sensor in-
corporated in the pump circuit monitored
pump output. Limb perfusion pressure was
measured from a branch of the femoral ar-
tery with a Statham pressure transducer.
Heparin (3 mg/kg) was given initially and
supplemented hourly (0.5 mg/kg). Systemic
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pressure was measured from the superior
thyroid branch of the carotid artery. Pres-
sures and flows were recorded on a
Beckman recorder.

The AN and CSN were stimulated with
rectangular stimuli from a dual-channel
stimulator (Grass S-88). The CSN was
stimulated with 100-msec trains of stimuli (2
trains/sec, 2—20 stimuli per train). The du-
ration of individual stimuli was 0.1 msec.
Stimulus voltage (1-4 V) was adjusted to
cause a near maximum depressor response
in the perfused limbs during intermittent
stimulation with 2 trains/sec, 20 stimuli/
train. This level of stimulation did not alter
breathing in the spontaneously breathing
animal.

The AN was stimulated with one stim-
ulus synchronized to the beginning of
each CSN stimulus train. The duration of
the AN stimuli was 1.0 msec and the volt-
age varied (0.8—3 V) so that pressure in the
perfused limbs rose to 20 to 30 mm Hg from
a base level of 100 mm Hg. The animals
anesthetized with urethane required the
higher stimulus in this range and it was
sometimes necessary to use two stimuli/
train in order to obtain pressor responses of
this size. Spontaneous breathing was usu-
ally increased in rate and depth by AN
stimulation.

In a typical protocol hind limb flow was
first adjusted so that limb perfusion pres-
sure was about 100 mm Hg. The AN was
stimulated and the pressor response was
recorded. The CSN was then stimulated
with 2 trains/sec, 20 stimuli/train. Limb
flow was increased to maintain limb pres-
sure at 100 mm Hg and the ipsilateral AN
was again stimulated. After obtaining these
data hind limb flow was adjusted so that
perfusion pressure was about 180 mm Hg.
The CSN depressor curves to progressive
increments in the number of stimuli per
train from 2 to 20 were obtained. Following
recovery from this series, the AN on the
same side was stimulated, limb flow was
adjusted until pressure was about 180 mm
Hg, and the CSN stimulation series was re-
peated.

The data within experimental groups
were compared by the standard paired ¢
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test; comparisons between groups were
made by the unpaired 7 test (7). All data are
presented as means = SD.

Results. Table I compares the pressor re-
sponses to AN stimulation in the perfused
limbs before and during stimulation of CSN
depressor reflexes. In all animals, except
those anesthetized with morphine —ure-
thane, the AN pressor response was en-
hanced (P < 0.01) during CSN stimulation.
Figure 1 illustrates the difference in the AN
pressor response before and during CSN
stimulation in the dogs anesthetized with
urethane (750 mg/kg) alone and in those
anesthetized with a combination of ure-
thane (500 mg/kg) and chloralose (50 mg/kg).
These experiments were selected for pre-
sentation because the initial values of
limb vascular resistance (LVR) both before
and during CSN stimulation are similar.
On the average control LVR was higher
in the animals anesthetized with urethane —
chloralose. In this latter group the pressor
response to AN stimulation is greater
during CSN stimulation than before. These
responses are also typical of those seen
in the dogs anesthetized with morphine—
chloralose or with sodium pentobarbital.
Little or no augmentation of the pressor
response was observed in the animals
anesthetized with morphine —urethane.
The values of initial LVR were lower
(P < 0.05) in the animals anesthetized with
urethane. The level of LVR during CSN
stimulation did not differ (P > 0.05) among
the experimental groups.

These observations suggest that either
chloralose and pentobarbital act on some
component in the reflex pathway to en-
hance the interaction between these re-
flexes or that urethane suppresses this in-
teraction. In one dog, anesthetized with
morphine —chloralose, an anesthetic dose
of urethane (750 mg/kg) was given. The
control AN pressor and the CSN depressor
responses were essentially unchanged by
the addition of urethane. CSN stimulation
enhanced the AN pressor response to about
the same degree after the addition of
urethane as before in this dog.

The control pressor responses to equiv-
alent AN stimulation were generally

TABLE I. PRESSOR RESPONSES IN THE PERFUSED LIMBS TO STIMULATION OF THE AN BEFORE AND

DURING CSN STIMULATION AND TO NOREPINEPHRINE (ia)

Initial
LVR
(mm Hg-liter'-min = SD)

Limb perfusion

AP
(mm Hg + SD)

pressure

(mm Hg = SD)

Anesthetic

Stimulus

P

N/T®

Morphine —urethane
(3 mg/kg—750 mg/kg)
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5 ug of norepinephrine

0.28
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ol
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5/10
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Urethane —chloralose
(500 mg/kg—50 mg/kg)

AN
AN + CSN
5 ug of norepinephrine

0.001

562 + 130

257 = 63
517 = 171

O N\ ©O
4+

10
10
10

8/15
8/15
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Morphine —chloralose
(3 mg/kg—100 mg/kg)
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5 ug of norepinephrine
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(30 mg/kg)

AN + CSN

0.001

~
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o
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5/13
5/13

2 Number of animals/number of trials.
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FiG. 1. AN pressor responses in the perfused limbs
of dogs anesthetized with urethane—chloralose (top)
and morphine —urethane (bottom) before and during
CSN stimulation. Initial values of LVR (mm Hg-
liter—'-min) are indicated below each response.

smaller in the animals anesthetized with
urethane than those seen in the other
groups. For this reason, in some cases, it
was necessary to either increase the
strength or frequency of AN stimulation to
obtain comparable control responses. We
have considered several possible explana-
tions for the smaller pressor response in
these animals. First, the initial value of
LVR was lower (P < 0.05) in the animals
anesthetized with urethane than in the other
groups. This fact alone would not be ex-
pected to reduce the response to vasocon-
strictor influences unless the sensitivity of
vascular smooth muscle was also de-
creased. The pressor responses to intra-
arterial injections of norepinephrine into
the limbs suggest that the sensitivity to ad-
renergic stimuli is not less in these animals
than in the others (see Table I). We also
observed in two animals anesthetized with
morphine —-chloralose that decreasing ILVR
to levels similar to those seen during CSN
stimulation by infusing nitroglycerine into
the limbs did not significantly change the
characteristics or the size of the AN pres-
sor response. This suggests that the higher
initial level of LVR in the dogs anesthetized
with chloralose is not responsible for the
larger control response to AN stimulation
in these animals. These results further
suggest that the reduction in LVR by CSN
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stimulation is not the sole factor responsi-
ble for the augmentation of the AN pressor
response.

Cavelo et al. (4) and Heistad et al. (3)
reported that aortic or carotid chemore-
ceptor stimulation caused vasodilation in
cutaneous vessels and vasoconstriction in
skeletal muscle. These investigators used
a combination of urethane (500 mg/kg) and
chloralose (50 mg/kg) as an anesthetic.
Although it seemed unlikely, we considered
the possibility that urethane anesthesia
caused a distribution of blood flow toward
the skin and thus reduced the pressure
response in the intact limb to AN stimu-
lation. This idea was tested in one animal
in which the pressure responses in the
perfused skinned and unskinned hind limbs
were compared. The responses obtained
in the skinned limb to AN stimulation were
identical in magnitude and pattern to those
observed in the intact limb. Similarly, CSN
stimulation caused equivalent depressor
responses in both limbs and caused little
or no enhancement of the AN pressor re-
sponse in either limb. From the results
above we conclude that the changes in pe-
ripheral vascular behavior are probably not
responsible for the differences observed in
the animals anesthetized with urethane.

Table II summarizes the effect of increas-
ing the level of CSN stimulation on limb
perfusion pressure before and during simul-
taneous stimulation of the AN. In all cases
limb perfusion pressure was initially ad-
Justed to about 180 mm Hg before beginning
the CSN stimulation series. Stimulation of
the AN at this pressure level caused a pressor
response of about the same size as that
seen at the pressure level of 100 mm Hg.
However, after reducing flow to offset the
AN pressor response the LVR was not dif-
ferent (P > 0.05) from control in any group.
Thus, the initial conditions of pressure and
LVR at the start of the CSN stimulation
series was about the same before and during
AN stimulation.

The change in limb perfusion pressure in
response to stimulation of the CSN alone
was similar (P > 0.05) at all levels regard-
less of the anesthetic used. During stimula-
tion of the AN, CSN stimulation caused
less (P < 0.05) of a fall in perfusion pres-
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sure than that seen during stimulation of the
CSN alone in those animals anesthetized

with morphine—chloralose, urethane— a
chloralose, and pentobarbital. The differ- g z (f,
ence between the response curves before ECE| we m® ~a  Tm
and during AN stimulation is maximal at a ES S| =Eg mE_ wvn =2
. . . s @5 H48 HH8 HHI wud
CSN stimulation level of 4 stimuli/train. EE L8| mnS o9d N8 wwo
This coincides with the level of CSN stimu- S| §¥8 F& 8% RS
lation at which maximum AN pressor re- 2 3 2
sponses were previously observed (1). In g
the animals anesthetized with morphine— % =
urethane the depressor response curves to 5 a
CSN stimulation were not changed (P > 0.05) = "
by simultaneous stimulation of the AN. 2 _ _E 28 g2 8% &%
: . . . = < & —_—— -~ - -y
Discussion. In dogs anesthetized with « 2 2k + +|§ + +|§ HHZ  HHE
morphine—chloralose, urethane—chloralose, % ToE| g g2 gE 88
or sodium—pentobarbital stimulation of the o -
CSN depressor reflexes augmented the g g
pressor responses to AN stimulation in the 2 b
perfused hind limbs. The depressor response 2 S¥. wo = &K
curves to graded stimulation of the CSN < & HH8 hnu3 Ha8 wH3
were also displaced upward by AN stimula- % | & R2S qg° ¥R /%7
tion in these dogs. This displacement was E " —w e® o=
greater than that caused by stimulation of 2 s| Sh8 T%=z Wh 3 w8
the AN alone and therefore cannot be ex- E g | In° g85° ge° gg°
plained on the basis of algebraic summation 5| E g
between these antagonistic reflexes and 3| & E w 39' f'g‘ new f i o ﬁ i g
appears to involve a complex central inter- & | % | é 03 5 ; S gwe gzs
action. We have previously presented argu- = | 2| ¢
ments, primarily based on the observation & | 2|3 QL T b a2
that stimulation of the CSN does notaug- o | €| Z[°| 448 #+#Z #u& nn§
ment the pressor response to stimulation of ¢ | o ; R8T 8% RIT &4
the contralateral AN, that the interaction 2 | £ |3 e == s®  oaT_
between these reflexes occurs centrally (1). é E - H +\§_ Hu3 HHY Hu8
The interaction between the AN pressor x| & BH° 82° ©T2° 8=°
and the CSN depressor response was not % | § o -
obvious in animals anesthetized with mor- £ o] Sh3 D93 wak Lus
phine—urethane. The AN pressor response & 90® -8° wm® guo°®
was not augmented by CSN stimulation A
and the CSN depressor response curve was = | - _ 2, ww av we en
not shifted upward by AN stimulation. Any w | £EZ%g| Hh8 Hig wh& HH3
. . - —-— 2 E VR 0o & % 50
reflex interaction that may have occurred o &g —_= == == ==
appeared to be due to simple summation =
in these animals. z = " ® ®
The animals anesthetized with mor- _
phine —urethane had a lower initial level gl g 2 o 2
of LVR and responded less to AN stimula- &2 8 § E
tion than the other animals. Longnecker £ % Z ‘§ Z g Z 5 Z
and Harris (8) and Altura et al. (9) have e o« F o4 e 4 v o+
compared the effects of several anesthetic g £z27 Ezz £Z2%2 £2%
agents on the microvasculature. The direct SO BOCAGLOA OO

vasodepressant effects of the anesthetics
used in our study do not appear to differin a
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manner sufficient to explain the lower LVR
in the urethane-anesthetized dogs. Simi-
larly, the pressor effects of norepinephrine
(see Table I) do not suggest that the sen-
sitivity of the microvasculature to adrener-
gic stimuli is less in these animals than in
the other groups.

Reducing initial LVR by infusing nitro-
glycerine, down to levels comparable to
that seen with maximum stimulation of the
CSN, did not change the pressor response
in two animals anesthetized with chlora-
lose. This observation suggests that the
increased AN pressor response during
CSN stimulation is not the direct result of
the reduction in LVR. This also suggests
that the lower initial LVR in the urethane-
anesthetized animals is not the sole factor
responsible for the smaller AN pressor re-
sponse in this group. The addition of an
anesthetic dose of urethane to an animal
anesthetized with morphine—chloralose
had little effect on initial LVR or the re-
sponses to AN and CSN stimulation. Col-
lectively these observations suggest that
the differences observed in the urethane-
anesthetized dogs are not the result of a
unique, selective interference with some
reflex component by urethane. It seems
more likely that chloralose and pentobar-
bital act in some manner that enhances the
pressor reflexes.

Early work by Douglas et al. (2) and by
Neil et al. (10) suggested that chloralose
and pentobarbital modified the pres-
sor—depressor relationship to stimulation
of the CSN in cats. In these studies it was
shown that overdosage of chloralose or
pentobarbital could reverse the depressor
response to strong stimulation of the CSN
into a pressor response. The suggested ex-
planation of these results was that these
anesthetic agents suppressed the depressor
reflexes and allowed a predominance of the
pressor reflexes. Overdosage with urethane
did not have this effect. Lalley (11) recently
reported that the depressor response to
stimulation of the CSN, AN, and central
vagus nerve is converted to a pressor re-
sponse in decerebrate cats by the addition
of chloralose or pentobarbital but not by
urethane. He also suggests that this rever-
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sal results from a suppression of the depres-
sor reflexes.

We have previously shown (6) that weak
stimulation (0.01 msec, 1-3 V) of the AN at
high frequency (100 Hz) caused large de-
pressor responses in dogs anesthetized with
morphine —chloralose. Low-frequency
(2-Hz) stimulation of these depressor affer-
ents caused minimal depressor responses.
We observed similar results in the present
experiments in three dogs anesthetized with
morphine —chloralose and four dogs anes-
thetized with urethane. With either anes-
thetic, minimal depressor responses were
seen in response to weak stimulation of
the AN at 2 Hz. Thus, it seems unlikely
that the small AN pressor responses or the
lack of a reflex interaction in the dogs
anesthetized by urethane can be explained
on the basis that the AN depressor reflexes
were greater in these dogs. Similarly, we
found no evidence that the CSN depressor
reflexes were suppressed more by chlora-
lose or pentobarbital than by urethane.

Collectively our evidence suggests that
chloralose or pentobarbital may cause an
augmentation of the pressor reflexes rather
than suppression of the depressor reflexes.
Mancia (12) proposed that the carotid
chemoreceptor reflexes may exert part of
their vasoconstrictor effects by causing
presynaptic inhibition of the carotid sinus
baroreceptor depressor reflexes. The
neurotransmitter involved in presynaptic
inhibition in the spinal cord is generally
recognized as y-aminobutyric acid (GABA).
Recent studies have suggested that GABA
is also involved as a neurotransmitter in
cardiovascular reflexes (13—15). There
is growing evidence that pentobarbital and
chloralose enhance the action of GABA
in the central nervous system (11, 16). Ure-
thane does not appear to have this effect
(11). The mechanism responsible for the
reflex interaction we have observed may
involve synapses which release GABA.
This could explain the difference in the
results obtained with urethane and chlora-
lose anesthesia. Until more direct evidence
is presented that GABA is involved in
these reflexes these conclusions must
remain highly speculative.
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