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The baroreceptor heart rate reflex was examined
during acute occlusion of left anterior descending
coronary artery in anesthetized, artificially ventilated,
and thoracotomized dogs. During occlusion of LAD,
baroreflex-heart rate response to changes in arterial
pressure was attenuated in the animals with intact
autonomic nervous system (ANS). In ANS and beta
blocked (propanolal 1 mg/kg) animals, heart rate in-
creased with the duration of occlusion of coronary
artery, whereas in atropinized and vagotomized ani-
mals, LAD occlusion did not produce any significant
change in'the heart rate. In ANS animals, the baroreflex
mediated tachycardia response to fall in blood pressure
and bradycardia response to increase in blood pressure
following four hours of LAD response after LAD
occlusion. Whereas baroreflex mediated-bradycardia
response was reduced in atropinized and vagotomized
animals. The results demonstrated that acute occlusion
of LAD attenuated arterial baroreflex control of heart

rate and the reduction in the sensitivity of baroreflex
due to LAD occlusion is mediated primarily by sym-
pathetic limb of the autonomic nervous system. Acute
normovolemic haemodilution in anesthetized animals
produced an increase in cardiac output primarily by
increasing the heart rate in ANS and beta-blocked
animals, whereas, the compensatory increase in cardiac
output on haemodilution in atropinized or vagotomized
animals was by an increase in stroke volume. Baroreflex
response was observed to be attenuated during acute
haemodilution. The peripheral resetting in relation to
increase in arterial pressure involves reduced activity
of baroreceptors at equivalent pressure and vascular
stretch. Like in acute hypoxia the altered responsive-
ness of baroreceptor-heart rate reflex during oxygen
deficiency due to acute occlusion of LAD or acute
normovolemic haemodilution may invelve peripheral
and central components.

Tue role of cardiovascular sensory receptors in the
regulation of cardiovascular system is well established'*.
The arterial baroreceptors are involved in the regulation
of arterial pressure by reflex changes in heart rate and
vascular tone**7'2, The arterial receptors with vagal
afferents are known to participate primarily in reflex
regulation of blood volume®'*~'¢, Stimulation of cardio-
pulmonary receptors produces reflexly induced positive
chronotropic effect'>'*!". Therefore, both arterial baro-
receptors and cardiopulmonary receptors reflexly influ-
ence the cardiovascular system and are involved in blood
pressure and volume control'®'***. The modulatory role
of one type of receptors on the reflex regulation of
cardiovascular parameters by other types is well docu-
mented|6.19,23.27—2‘)-

A number of stress-induced disturbances alter blood
flow to various organs resulting in production of a
chronotropic effect and changes in cardiac output™ ™,
The cardiovascular responses produced by a particular
disturbance are usually specific, resulting from interaction
between various cardiovascular sensory rcceptors and
their reflex autonomic effects. The effects could also
be nonautonomic, humoral and act directly on the heart
and blood vessels’’. The autonomic nervous system
(ANS) circulatory responses to stress involve changes
in sympathetic neural activity to various organs, with
increased vascular constrictor tone in some arcas and

CURRENT SCIENCE, VOL. 75, NO. 5, 10 SEPTEMBFR 1998

decreased tone in other vascular beds'****'. Parasym-

pathetic efferents also play an important role in regulation
of the cardiovascular parameters'?. Sympathetic neural
discharge is known to be influenced by emotional stimuli
and by muscle exercise®*404244  Besides aortic arch
and carotid sinus arterial baroreceptors, other main car-
diovascular receptors which influence heart rate, blood
pressure and peripheral resistance, include atrial receptors
and ventricular receptors®***, Since heart and peripheral
vessels of several regions are connected in series and
parallel, any circulatory disturbance will tend to altered
pressure in different regions of the body by changing
inputs from various cardiovascular sensory receptors to
the central nervous system (CNS). The resulting
autonomic effector responses will depend on the inter-
actions among thc contributions of various receptor
types (Figure 1). It is likely that depending on the
circulatory disturbance at a particular time, one type of
receptor may play a dominant role compared to others
in bringing cardiovascular changes through autonomic
effectors. The possibility of sensory receptors other than
those located in the circulatory system influencing the
cardiovascular parameters under certain environmental
changes, also exists. Chemaoreceptors, pulmonary stretch
receptors and receptors located in skin and muscle are
known to modulate the reflex cardiovascular effects of
arterial pressure changes. Possible sensory inputs to the
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CNS during circulatory disturbance and contributing
autonomic effectors are illustrated in Figure 1.

Resetting of arterial baroreceptors

Increase in arterial pressure stimulates the arterial baro-
receptors located in the aortic arch and carotid sinus
regions. This leads to reflex inhibition of sympathetic
efferent nerve activity*¥’ and excitation of parasympa-
thetic efferent nerve activity’. A change in relationship
between arterial pressure and heart rate or sympathetic
efferent nerve activity is termed as resetting of the
baroreceptor reflex**. The resetting of baroreceptor reflex
may occur at the baroreceptor level, which is called
peripheral resetting. Resetting within the CNS is called
central resetting.

Peripheral resetting

An increase in the arterial pressure causes an increase
in the threshold pressure required for activation of the
baroreceptors**. This is accompanied by a rightward
shift in the arterial pressure—baroreceptor activity curve.
This shift in the pressure—baroreceptor activity relation-
ship is known as resetting. It increases the threshold
level for stimulation of arterial baroreceptors and main-
tains the arterial pressure at an elevated level. The slope
of the pressure-response curve may deciease and there
may be a decrease in maximum activity of the baro-

receptors. In baroreceptor resetting, lower activity of
arterial baroreceptors at an equivalent pressure may
reduce the strain on the blood vessel, or fall in activity
may produce unaltered or even greater deformity of the
blood vessel. However, the baroreceptor resetting during
fall in arterial pressure may result in the opposite
responses, i.e. threshold pressure of arterial baroreceptors
is decreased on exposure to low pressure and arterial
pressure—receptor activity curve is shifted to the left™.
Generally, peripheral resetting of arterial baroreflex
occurs under conditions of sustained change in arterial
pressure, e.g. chronic hypertension® %, but there may
be acute resetting of the reflex also. There are three
types of peripheral resetting: (i) Instantaneous reseiting.
Fall in receptor activity during diastolic phase of the
cardiac cycle at the same pressure is known as instan-
taneous resetting’ . (ii) Acute resetting. Acute resetting
of baroreceptors occurs within a few cardiac cycles after
change in pressure and stabilizes at changed pressure
level in minutes*=**, (iii) Chronic resetting. Decreased
vascular compliance could cause a fall in arterial baro-
receptor activity during chronic hypertension and could
produce less strain on arterial baroreceptor endings™*¢S'.
Chronic hypertension produces a sustained increase in
strain on arterial baroreceptor endings. This changes the
diameter of the aorta and carotid sinus regions which
then remain stable. The baroreflex sensitivity is decreased
and the resetting of arterial baroreceptors at the new
threshold stimulus is complete.
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Figure 1. Illustration of various possible sites of the integrated baroreflex regulatory control. Any

circulatory disorder directly affects the heart and the vascular beds, changes vascular pressure and
changes input from various cardiovascular receptors to the central nervous system (CNS). Autonomic
effectors include vagal and sympathetic efferents and release of adrenal catecholamines. Arterial
baroreflex activity is modulated by other cardiovascular receptors, chemoreceptors, pulmonary
receptors and other somatic, visceral and sensory inputs.
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Central resetting

When the efferent sympathetic activity is significantly

different for the same level of baroreceptor input it is
called central resetting of the baroreflex. Central resetting
is also influenced by other neural reflexes and/or humoral
agents**®? in certain conditions, e.g. during exercise and
hypoxia. It is suggested that neurons involved in central
inhibition of sympathetic efferent activity may be less
sensitive to increase in the arterial baroreceptor input?’.

The resetting of baroreceptors and the baroreflex plays
an important role in the cardiovascular regulation in
physiological and pathophysiological conditions. Central
resetting of baroreflex under certain conditions, e.g.
severe hypoxia, may involve baroreflex-dependent
changes as well as baroreflex-independent changes®.
Central resetting of the baroreflex is mediated through
both~suprapontine  and bulbo-spinal- pathways involved
in autonomic integration of cardiovascular regulation®.

Acute baroreflex resetting during hypotension

Ajmaloon (Hamdard, India), a preparation from Rauwol-
fia serpentine and certain herbs, reduces blood pressure
in humans and animals in a dose-dependent manner®.
Intravenous administration of 100 mg/kg Ajmaloon in
anaesthetized rabbits and monkeys produced significant
fall in arterial blood pressure, with no significant change
in heart rate. The systolic arterial pressure—heart rate
curve shifted to the left following the intravenous
injection of Ajmaloon and at the same pressure, heart
rate was lower and thus showed an acute resetting of
the baroreflex. Loss of tachycardia response to fall in
arterial pressure in Ajmaloon-treated animals suggests a
drug-induced suppression of normally existing sympa-
thetic excitatory influence in response to hypotension.
It also suggests a significant fall in baroreflex sensitivity
at the lower arterial pressure caused by the drug.

Baroreflex responses during acute hypoxia

It is well known that in animals respiratory status
affects the autonomic vaso-constrictor response®. In mild
hypoxia there is a slight and gradual rise in total
peripheral resistance, and during severe hypoxia where
arterial Po2 falls below 35 mmHg, rise in autonomic
effect on total peripheral resistance is abrupt. Abrupt
rise in peripheral resistance at Po2 below 35 mm Hg is
attributed to stimulation of chemoreceptors. Due to
increase in ventilation during exposure to hypoxic breath-
ing, the pulmonary stretch receptors are also stimulated.
This also modulates the peripheral resistance. The ratio
~ between the activity of pulmonary stretch receptors and
chemoreceptors reflects the magnitude of the rise in
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total peripheral resistance through the ANS due to
hypoxia. The pulmonary stretch receptor mediated
inhibitory effects on peripheral resistance are known to
be cortically-mediated®. Heart rate response mediated
through the ANS is also altered during hypoxic breathing.
Mild hypoxia causes increase in heart rate, but severe
hypoxia produces increased bradycardia.

Sustained bradycardia occurred in animals with intact
CNS. In pontine (infracollicular decerebration) animals
there was an increase in heart rate at all levels of
hypoxia. In suprapontine preparations of thalamic animals
only, bradycardia occurred even at a mild level of
hypoxia. It has been suggested that the tachycardia
response to hypoxia is mediated through bulbo-spinal
regions. Thus bradycardia response to hypoxia is due
to stimulation of the chemoreceptors and suppression of
cardiac slowing during mild hypoxia is caused by stimu-
lation of the pulmonary stretch receptors due to hyper-

_ventilation. Magnitude of inputs from two sets of

receptors (chemoreceptors and pulmonary stretch recep-
tors) to the autonomic centres determines the autonomic
effector response during respiratory disturbance (hy-
poxia). This in turn triggers the CNS to modulate the
respiration in order to meet the demands of oxygenation
of arterial blood during any kind of respiratory stress.
In humans hypoxia with hypocapnia, produced tachy-
cardia without any significant change in pressure or in
baroreflex sensitivity. During exercise the changes were
similar except that baroreflex sensitivity was depressed
more than what was expected by exercise alone.

Baroreflex response during acute experimental
anaemia

While in hypoxia Po2 falls, in haemodilution the. Po2
may be normal but the oxygen-carrying capacity is
reduced in proportion to the reduction in hematocrit®,
Acute haemodilution in dogs produces increase in cardiac
output and fall in total peripheral resistance. The mag-
nitude of these effects depends on the degree of haemo-
dilution. It was observed that in dogs with a low control
heart rate (60—80 beats/min) with intact autonomic inner-
vation and following beta blockade, the increase in
cardiac output was almost entirely owing to an increase
in heart rate’’. Whereas in dogs with high basal heart
rate following (i) cholincrgic blockade, (ii) or bilateral
vagotomy, and (iii) or bilateral vagotomy plus beta-
blockade, the increase in cardiac output was entirely
owing to an incrcase in the stroke volume (Figures 2
and 3). Thus the tachycardia response to haemodilution
was primarily mediated through the cfferent vagus nerves,
and the efferent sympathetic nerves did not make any
significant contribution in the reflex regulation of acute
fall in the oxygen-carrying capacity of the circulating
blood’. In another study on anaesthetized cats we
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observed that the increase in cardiac output on acute
haemodilution was largely due to an increase in stroke
volume with small increase in heart rate”. This could
be due to low vagal tone in our anaesthetized cats.
Haemodilution attenuated the excitatory effects of
phenylephrine. The reduced sensitivity of the drug under
such conditions could be due to reduced myocardial
oxygen supply, suppression of the excitatory effects by
local vasodilating agents and certain other factors which
control vascular responsiveness to drugs. Baroreflex sys-
tolic pressure-heart rate relationship was not altered by
haemodilution. However, at the same level of systolic
pressure, heart rate showed an increase corresponding
to the degree of haemodilution and reset itself at that
level. The sensitivity of baroreflex tachycardia response
to hypotension was attenuated only during severe
(HCT-14%) haemodilution (Figure 4).

Baroreflex response during coronary artery
occlusion

Acute coropary artery occlusion causes myocardial
1schaemia. This induces autonomic adjustment in the
cardiovascular system. Excitation of cardiac afferent
nerves produces reflex which is cardioinhibitory and
vasodepressor responses with a fall in sympathetic

30 r‘

N
3]
—

N
o
T

CARDIAC OUTPUT (Lt/min)
o
1

o.s L
i 1 1 }

40 30 20 10
HEMATOCRIT (%)

Figure 2. Increase in cardiac output with fall in hematocrit due to
graded normovolemic hemodilution in control (s), beta blocked (0),

vagotomized (A), and vagotomized plus beta biocked (A) dogs.
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tone®®. This vasodepressor response is abolished in

acute myocardial infarction due to the interruption of
vagal afferent fibres”®. Inactivation of the ventricular
sensory merve endings, due to chronic myocardial
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Figure 3. Heart rate changes with fall in hematocrit following graded
normovolemic hemodilution in control (), beta blocked (0), vagotomized
(A), and vagotomized plus beta blocked (&) dogs.
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Figure 4, Baroreflex arterial pressure—heart rate relationship before .
and after graded acute hemoditution in cats.
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infarction as well as by impairment of cardiac reflexes
in response to changes in cardiac filling is known to
occur’'. In clinical studies the status of autonomic reflex
control has been used for assessment of degree of risk
for sudden death, because baroreflex-mediated changes
in heart rate can provide a useful criterion to assess
autonomic neural control of the heart'®. Acute coronary
artery occlusion attenuates baroreflex control of heart
rate in response to an increase in arterial pressure®®’2.

In dogs the tachycardia response was related to the
duration of coronary artery occlusion with intact ANS
as well as after beta blockade, indicating inhibition of
vagal efferent nerve activity. Heart rate response in dogs
to coronary artery occlusion was abolished following
atropine injection (i.v.) or bilateral section of vagus
nerves. In normal dogs, the sensitivity of baroreflex
tachycardia response to fall in arterial pressure and the
bradycardia response to rise in pressure, four hours after
acute occlusion of left anterior descending coronary
artery (LAD) was attenuated. In beta-blocked animals,
tachycardia response after the occlusion of LAD was
almost abolished. Atropinization or vagotomy attenuated
the peak sensitivity of baroreflex-mediated bradycardia
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Figure 5, Effect of acute occlusion of lefl anterior descending coronary
artery (LAD) on arterial blood pressure (systolic arterial pressure, SAP,
diastolic arerial pressure, DAP; mean arlerial pressure, MAP) and
heart rate in dogs.
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response, whereas the peak sensitivity of baroreflex
tachycardia response was increased after bilateral vago-
tomy. The bradycardia response was enhanced after
beta-blockade. Thus acute myocardial ischaemia attenu-
ates arterial baroreflex control of heart rate. The fall in
baroreflex sensitivity following LAD occlusion involves
parasympathetic efferent nerves®. In another study we
observed that the cardiovascular reflex effects of intra-
venously administered phenylephrine and nitroprusside
were attenuated after occlusion of LAD™. Acute LAD
coronary artery occlusion produced a fall in arterial
pressure and stroke volume. It also produced a rise in
cardiac output due to increase in heart rate (Figures 5
and 6). Arterial baroreflex and cardio-pulmonary reflexes
are known to be depressed in chronic congestive heart
failure. The baroreflex dysfunction is suggested to be
abnormal in the afferent limb rather than the central or

_ efferent limbs of the reflex arc™®.

Influence of other cardiac sensory receptors on
the arterial baroreceptor-mediated reflex
responses

Left ventricular receptor stimulation by intracoronary
infusion of veratrine attenuates arterial baroreflex control
of heart rate. The fall in sensitivity of the reflex and
the- heart rate is mediated by parasympathetic
motoneurons common to both reflex arcs®. Further, the
resetting of the reflex to a lower operational set point
is suggested to be mediated by cardiac sympathetic
motoneurons common to both the reflex arcs’.
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Figure 6. Increase in cardiac output and fall in stroke volume following

acute occlusion of left anterior descending coronary artery (LAD) in
dogs.
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Figure 8. Arterial blood pressure (ABP), electrocardiogram (ECG),
heart rate (HR), left atrial pressure (LAP), cardioinhibitory wvagal
efferent fibre activity (VNA) and integrated activity (VNA) over 2.5 sec
before (comtrol) and during inflation of left atrial balloon (LAB
distension) in dogs.

The cardio-pulmonary low-pressure receptors are known
to participate primarily in reflex regulation of blood
volume®'*'%, In dogs, localized stimulation of atrial
receptors produces a reflex tachycardia response™'*'’.
Since arterial baroreceptors are also known to regulate
arterial pressure by reflex changes in the heart rate and
by vasoconstriction, it suggests that these two sets of
sensory receptors reflexly influence both the
cardio-vascular system and the autonomic efferent out-

ut%2 Roddie et al.'® suggested that excitation of
P
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Figure 9. Original record showing arterial blood pressure (ABP),
electrocardiogram (ECG), heart rate (HR), left strial pressure (LAP),
cardiac sympathetic efferent activity (SNA) and integrated SNA activity
(INT SNA) before and during inflation of left atrial balloon. Balloon
was inflated at arrow ({) shown at the top.

cardio-pulmonary receptors inhibits the arterial baroreflex
through a central mechanism. Interaction between two
groups of cardiovascular sensory receptors has also
been observed by other investigators'*?#"?. The cardio-
vascular reflex effects produced by arterial baroreceptors
and atrial receptors involve both vagal and sympathetic
efferents and afferents"*™7". In one of our studies on
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studies on anaesthetized cats and dogs we recorded the
sympathetic cardiac efferent nerve activity and cardioin-
hibitory vagal efferent nerve fibre activity on stimulation
of the arterial baroreceptors, atrial receptors or both
types of receptors simultaneously’. Arterial baro-
receptor-mediated chronotropic effect involved bath sym-
pathetic and parasympathetic limbs of the autonomic
nervous system (Figure 7). However, cardio-acceleration
produced by localized stimulation of the left atrial
receptors was mainly due to withdrawal of parasympa-
thetic tone'? (Figure 8) and not excitation of sympathetic
efferents (Figure 9). On stimulation of both types of
cardiovascular receptors simultaneously, net result was
a slight inhibition of the baroreflex tachycardia response
to hypotension and an augmentation of baroreceptor-
mediated bradycardia response to the increase in arterial
pressure’. Thus atrial receptors modulate the arterial
baroreceptor-mediated chronotropic response to change
in arterial pressure. The role arterial baroreceptors and
atrial receptors play during change in their natural stimu-
lus and in resetting the reflex chronotropic responses is
summarized in Figure 7.
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