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Chemosensitive cardiopulmonary afferents and the
haemodynamic response to simulated haemorrhage in conscious

rabbits

1Roger G. Evans & John Ludbrook
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A
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1 We set out to test whether the signal from the heart that initiates the decompensatory phase of acute
central hypovolaemia in conscious rabbits is conveyed by chemosensitive afferents.

2 Haemorrhage was simulated by inflating an inferior vena caval cuff so that cardiac output fell at a
constant rate of 8% of its baseline level per min. After sham or vehicle treatments the haemodynamic
response had two phases. In the first, sympathoexcitatory, phase systemic vascular conductance fell in
proportion to cardiac output so that mean arterial pressure fell by only 13 mmHg. When cardiac output
had fallen by ~50% a second, sympathoinhibitory, phase supervened. There was an abrupt rise of sys-
temic vascular conductance and an abrupt fall of mean arterial pressure, to ~40mmHg.

3 The sympathoinhibitory phase was prevented by injection of the d-opioid antagonist ICI 174864 (100
300nmol) or the u-opioid agonist H-Tyr-p-Ala-Gly-MePhe-NH(CH,),OH (DAMGO) (100-300 pmol)
into the fourth cerebral ventricle.

4 5-HT, receptors on myocardial or pulmonary afferents were excited by injection of ascending doses of
phenylbiguanide (6.25-400 ug) into the left or right atrium respectively. Neuronal-type nicotinic cholino-
ceptors in the epicardium were excited by injecting ascending doses of nicotine bitartrate (6.25-400 ug)
into the pericardial sac. Each of these treatment regimens caused a reproducible, dose-dependent, fall in
mean arterial pressure. Intravenous injection of the 5-HT; antagonist MDL 72222 (1.0mgkg~!) markedly
attenuated the responses to phenylbiguanide. Intrapericardial injection of the neuronal-type nicotinic
cholinoceptor antagonist mecamylamine HCI (0.1 mgkg ™) abolished the effects of intrapericardial nico-
tine. Neither of these treatments affected the haemodynamic response to simulated haemorrhage.

5 Injection into the fourth ventricle of ICI 174864 (100-300 nmol) or DAMGO (100-300 pmol) had no
effects on the dose-response relationships for phenylbiguanide or nicotine.

6 We conclude that the cardiac afferents responsible for initiating the sympathoinhibitory phase of simu-
lated haemorrhage in conscious rabbits do not correspond to the populations of phenylbiguanide-
sensitive cardiopulmonary afferents, nor to the population of nicotine-sensitive epicardial afferents. We
also conclude that the reflex haemodynamic responses to atrial phenylbiguanide and intrapericardial nico-
tine do not depend on an endogenous é-opioid receptor mechanism in the brainstem, and are not affected
by exposure of the brainstem to exogeneous DAMGO.

Introduction

When phenylbiguanide is injected into the left or right artrium
it excites two anatomically distinct sets of afferents that orig-
inate, respectively, in the left side of the heart and close to the
pulmonary vasculature (Evans et al, 1990a). The effect of
phenylbiguanide is mediated by pharmacologically-specific
5-HT, receptors (Wright & Angus, 1988; Evans et al., 1990a).
The afferents run mainly, though not exclusively, in the vagus
nerves. When nicotine bitartrate is injected into the pericardial
sac it excites afferents that originate in the epicardium (Evans
et al., 1990b). These afferents are not sensitive to phenylbigua-
nide. The effect of nicotine is mediated by pharmacologically-
specific neuronal-type nicotinic cholinoceptors. The afferents
travel exclusively in the vagus nerves. The reflex hypotension
resulting from excitation of these afferents is chiefly due to a
fall in peripheral resistance, presumably due to sympatho-
inhibition (Evans et al., 1990b; Evans & Ludbrook, unpub-
lished observations).

Sympathoinhibition resulting from the excitation of cardiac
afferents is also a feature of one phase of the response to acute
haemorrhage, or simulated haemorrhage, in unanaesthetized
rabbits. At first, peripheral resistance increases along with the
fall of cardiac output, so that mean arterial pressure is main-
tained at a near-normal level (Ludbrook & Graham, 1984;
Schadt et al., 1984; Ludbrook & Rutter, 1988; Ludbrook et
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al., 1988). The maintenance of blood pressure is associated
with a progressive rise in sympathetic drive (Burke &
Dorward, 1988; Morita et al., 1988) and plasma noradrenaline
concentration (Schadt & Gaddis, 1985), so that this first phase
can be described as sympathoexcitatory. When about 30% of
blood volume has been withdrawn (Schadt et al., 1984; Burke
& Dorward, 1988; Ludbrook & Rutter, 1988), or when
cardiac output has fallen by about 50% (Evans et al., 1989a,
b), a second phase begins in which there is an abrupt decrease
in sympathetic activity, peripheral resistance and mean
arterial pressure. This sympathoinhibition is initiated by a
signal from the heart (Burke & Dorward, 1988; Evans et al.,
1989a) and depends on activation of a d-opioid receptor
mechanism within the central nervous system (Evans et al.,
1989b). The sympathoinhibition of Phase 2 can also be pre-
vented by injecting a specific u-opioid receptor agonist into
the 4th ventricle (Evans & Ludbrook, 1990).

The properties of the cardiac afferents responsible for the
second, sympathoinhibitory, phase of acute hypovolaemia in
rabbits are not known, but in rats there is circumstantial evi-
dence that they may be sensitive to phenylbiguanide. Both at
the onset of the hypotensive phase of haemorrhage (Victor et
al., 1989) and after injection of phenylbiguanide (Higuchi et
al., 1988) there is a sharp decline of renal sympathetic nerve
activity but an increase of adrenal sympathetic nerve activity.
As is the case in rabbits, an endogenous opioid mechanism
appears to mediate the severe hypotension resulting from
haemorrhage in rats (Faden & Holaday, 1979).
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We have set out to determine whether one or more of the
populations of chemosensitive afferents described above might
be responsible for the sympathoinhibitory phase of hypo-
volaemia, by testing the effects of a d-opioid receptor antago-
nist and a u-opioid receptor agonist on the chemoreflexes. In
addition it is unclear whether 5-hydroxytryptaminergic or cho-
linergic mechanisms are essential to the putative physiological
function of these chemosensitive cardiopulmonary afferents.
We therefore tested the effects of blockade of 5-HT, receptors
and of epicardial neuronal-type nicotinic cholinoceptors on
the haemodynamic response to simulated haemorrhage.

Methods

Six New Zealand White rabbits were used, weighing 2.40-
2.71kg (mean 2.57). Each rabbit was studied 4-6 times, at
intervals of 2-5 days. The experiment was conducted in
accordance with the Statement on Animal Experimentation
by the National Health and Medical Research Council of
Australia, and was approved by the Animal Ethics Committee
of the Amalgamated Melbourne and Essendon Hospitals.

Surgical preparation

The methods used to prepare the rabbits have been described
in detail previously (Evans et al., 1989a,b; 1990a; Evans &
Ludbrook 1990). In brief, they were as follows.

The rabbits were anaesthetized with a halothane/oxygen
mixture after induction with iv. thiopentone sodium
(25mgkg™!) (Pentothal, Abbott) and endotracheal intubation.
Buprenorphine HCl (60ug s.c) (Reckitt & Colman) was
administered post-operatively as an analgesic. Each rabbit
underwent three separate operations. During the first oper-
ation an inflatable cuff was placed round the thoracic inferior
vena cava (caval cuff). Two to three weeks later an electro-
magnetic flow probe (Biotronex BL5050) was placed round
the ascending aorta and an inflatable cuff round the descend-
ing thoracic aorta (aortic cuff). At the same operation a cathe-
ter was either placed in the pericardial sac (3 rabbits), or
inserted into the left atrium through the tip of its appendage
(3 rabbits). Two weeks later a catheter was introduced
through the atlanto-occipital ligament so that its tip lay in the
4th ventricle. The first study was done 10 days later.

Preparations for studies

These were done under local analgesia with 2% procaine HCI
(David Bull Laboratories). The rabbit was placed in a
15 x 40cm box fitted with a wire mesh lid, 60 min before the
beginning of the study. The ends of the catheters, the tubes
leading to the cuffs, and connecting plug for the flow probe
were retrieved from their subcutaneous positions. A catheter
was introduced into the central ear artery and advanced to the
root of the ear to measure arterial pressure. A catheter was
also introduced into a marginal ear vein and advanced to the
right atrium for drug administration. In some studies, a cathe-
ter was introduced into the contralateral ear artery to collect
arterial blood samples.

Measurement of haemodynamic and respiratory variables

The ear artery catheter was connected to a Statham P23Dc
strain gauge zeroed 50 mm above the floor of the rabbit’s box.
The flow probe was connected to a Biotronex BL-613 meter
to measure ascending aortic flow (cardiac output). Heart rate
was measured by a tachometer actuated by the flow pulse. A
mercury-in-rubber strain gauge was placed around the thorax
and connected to a bridge-circuit (Parks Electronics
Laboratory) to monitor respiration and other movements.
Signals were amplified and recorded on a Grass Model 7
Polygraph.

The output from the Grass Polygraph was sent to an Oli-
vetti M24 computer with an analogue-to-digital converter
which provided 1 or 10s mean values of arterial pressure
(MAP, mmHg), cardiac output (MCO, ml min~!) and heart
rate (MHR, beats min~!). The computer also calculated mean
values for cardiac index (MCI = MCO/body weight in kg)
and systemic vascular conductance index (MSVCI = 10?
MCI/MAP).

Analysis of blood samples

Duplicate measurements of haematocrit (Hawksley) were
made before each day’s study on 0.2ml samples of ear vein
blood. The haematocrit at the beginning of the first and last
studies was 35.8 + 1.2% and 34.0 + 0.8% respectively. Po,
and Pco, were measured on 0.6ml samples of ear artery
blood (Radiometer ABL, acid-base analyser).

Simulated haemorrhage

The caval cuff was inflated gradually by means of a micro-
meter syringe so that MCI fell at a constant rate of
13.32 + 045mlkg 'min~! per min (8.29 +0.15% of the
baseline level per min). The cuff was released when MAP had
fallen to ~40mmHg or when MCI had fallen to 39.7 + 1.5%
of its resting level.

Baroreceptor-heart rate reflex

This was elicited by inflating the aortic and caval cuffs so that
MAP rose or fell at 1-2mmHgs ™! (Ludbrook, 1984).

Drugs

Unless otherwise indicated, these were made up in 154 mm
NacCl (saline) on the day of a study. All doses were calculated
as the salt. Sham treatments consisted of the equivalent
volume of vehicle.

Cardiopulmonary chemoreceptor excitants Nicotine bitartrate
(TCI) and 1-phenylbiguanide (Aldrich) were administered as
successive bolus doses of 6.25, 25, 100 and 400 ug in 200 ul.
Phenylbiguanide was injected into the left or right atrium at
10 min intervals. Nicotine was injected into the pericardial sac
at 30min intervals. These doses cover the full range of the
dose-response relationship (Evans et al., 1990a,b).

Cardiopulmonary chemoreceptor antagonists These were the
5-HT, receptor antagonist MDL 72222 (1aH, 3, 5aH-tropan-
3yl-3,5-dichlorobenzoate) (Fozard, 1984a, b) (Research Bio-
chemicals Inc.) and the neuronal-type nicotinic cholinoceptor
antagonist mecamylamine HCl (Van Rossum, 1962) (Sigma).
MDL 72222 (1.0mgkg™~!) was injected iv. in a volume of
~25ml over Imin followed by an infusion at
0.05mgkg ™! min~!. Mecamylamine (0.1 mgkg™!) was given
intrapericardially in a volume of 200ul, repeated at 60 min
intervals. We have shown that these regimens shift the dose-
response curves for phenylbiguanide and nicotine approx-
imately 16 fold to the right (Evans et al., 1990a, b).

Intracerebroventricular drug administration The p-agonist
H-Try-p-Ala-Gly-MePhe-NH(CH,),OH (DAMGO) (Handa
et al., 1981) (Sigma) was made up as 300 pmol per 154l in
saline. The J-antagonist ICI 174864 (N,N-diallyl-Tyr~(a-
aminoisobutyric acid),-Phe-Leu-Oh) (Cotton et al, 1984)
(Cambridge Research Biochemicals) was made up as 50 nmol
per 154l of alkalinized saline (0.1 M NaOH in 154 mMm NaCl).
Immediately prior to 4th ventricular administration this solu-
tion was brought to pH 7-8 by addition of 1.0M HCI. The
doses of DAMGO and ICI 174864 were respectively 100 or
300 pmol and 100, 200 or 300 nmol, administered at 30 min
intervals.
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Experimental protocols

First, we set out to test whether 4th ventricular administration
of the é-antagonist ICI 174864 or the u-agonist DAMGO, in
doses that prevented the occurrence of Phase 2 of simulated
haemorrhage, would also attenuate the hypotensive responses
to ascending doses of the chemoreflex excitants phenylbigua-
nide (left and right atrial) and nicotine (intrapericardial). Sec-
ondly, we tested the effects on the haemodynamic response to
simulated haemorrhage of the 5-HT, antagonist MDL 72222
(i.v.) and the neuronal-type nicotinic cholinoceptor antagonist
mecamylamine (intrapericardial), in doses that markedly
antagonized the corresponding chemoreflexes.

The steps in each study followed were similar. (1) Vehicle
was injected by the appropriate route, then a simulated haem-
orrhage was performed. (2) Thirty min later the dose-response
relationship for intrapericardial nicotine, or left or right atrial
phenylbiguanide was constructed. (3) Thirty min later the
active treatment was given, and simulated haemorrhage was
repeated. (4) Thirty min later, the active treatment was given
by the appropriate route and the chemoreflex dose-response
relationship was again constructed. (5) When the active treat-
ment was 4th ventricular ICI 174864 or DAMGO, it was
repeated 30min later and a further simulated haemorrhage
was performed.

Step (3) was sometimes varied in the case of 4th ventricular
ICI 174864 and DAMGO, since it was necessary to establish a
dose that prevented Phase 2 of simulated haemorrhage. If the
first dose did not do so, the higher dose was tested after a
30 min recovery period.

When the active treatment was 4th ventricular DAMGO,
arterial blood gases were measured before, and at 30min
intervals during steps 3-S5 to test for respiratory depression.

When the active treatment was intrapericardial mecamyla-
mine, the baroreceptor-heart rate reflex was elicited before
and after Step 3, to test for cardiac vagal ganglionic blockade.

Order of studies

In the 3 rabbits with pericardial catheters the effects of treat-
ment with intrapericardial mecamylamine, 4th ventricular ICI
174864 and 4th ventricular DAMGO on simulated haemor-
rhage and the dose-response relationship for intrapericardial
nicotine were tested in randomized order (3 x 3 Latin square).
Then a fourth study was done, in which none of these treat-
ments were given, to serve as a time control.

In the 3 rabbits with left atrial catheters the effects of treat-
ment with i.v. MDL 72222 and 4th ventricular ICI 174864
and DAMGO on simulated haemorrhage, and the dose-
response relationship for left atrial phenylbiguanide were
tested in randomized order. Then a fourth, time control, study
was done in which none of the treatments were given.

In 2 of the rabbits with pericardial catheters and 1 with a
left atrial catheter the effects of treatment with 4th ventricular
ICI 174864 and DAMGO on simulated haemorrhage and the
dose-response relationship for right atrial phenylbiguanide
were tested in randomized order. The effects of MDL 72222
were not retested, nor was the time control study repeated.

Autopsy

At the conclusion of the experiments the rabbits were killed
with i.v. pentobarbitone sodium (200mg) (Nembutal, Ceva
Chemicals). Autopsies were performed on all rabbits to
confirm that the catheters were properly placed and that there
were no signs of infection or adhesions in the 4th ventricle or
pericardial sac.

Analysis of results

Data were analysed as described previously (Evans et al,
1989a,b; 1990a; Evans & Ludbrook, 1990).

Two- or three-way analyses of variance (ANOVA) were
used to evaluate effects of treatments (drugs or vehicles) on the
resting levels of the haemodynamic and respiratory variables.
If specific contrasts were made within the ANOVA the critical
value of F was adjusted by the Bonferroni method.

Regression analysis confirmed that MCI fell linearly with
time during the simulated haemorrhages (r = 0.983 + 0.001).
As we have found previously (Evans et al., 1989a), there was a
near-linear relationship of MAP, MHR and MSVCI to MCI
during simulated haemorrhage, up to the onset of Phase 2
when MSVCI rose abruptly. As before (Evans et al., 1989a,b)
we used a graphical method for analysing the effects of treat-
ments on the responses of MSVCI, MAP and MHR to simu-
lated haemorrhage. The relationships of MAP, MHR and
MSVCI to MCI were characterized by three sets of co-
ordinates: (a) Post-treatment levels, immediately before the
onset of simulated haemorrhage. (b) The point at which
MSVCI reached a minimum at the end of Phase 1, before
rising abruptly. (c) The final observation before the caval cuff
was deflated. These co-ordinates were averaged, first within
and then between rabbits, so as to distinguish the effects of the
different treatments. ANOVA was used to detect effects of
treatments on the levels of the haemodynamic variables imme-
diately before caval cuff deflation.

Mean log dose-response curves were constructed for the
effects of intrapericardial nicotine and left and right atrial
phenylbiguanide on MAP. ANOVA was used to detect effects
of treatments (treatment x dose interaction).

Unless otherwise indicated, the levels of the variables are
tabulated as between rabbit means + 1 s.e.mean. The s.e.mean
for grand means across rabbits, studies and treatments was
calculated from the error sum of squares in ANOVA.

Results

The baseline levels of the haemodynamic variables were unaf-
fected by the injection of vehicle by any route (F < 1.3; df. 3,
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Figure 1 Dose-response relationships for intrapericardial nicotine

according to the 4 studies, and treatments within studies. MAP, mean
arterial pressure. Mean values for 3 rabbits. Vertical bars indicate 1
s.e.mean. Treatments are indicated by symbols: (), no treatment
(time control study) or vehicle (remaining studies), ((J), no treatment
(time control study), (M), intrapericardial mecamylamine
(0.1mgkg™!'), 4th ventricular ICI 174864 (100-300nmol), or 4th
ventricular  H-Tyr-pD-Ala-Gly-MePhe-NH(CH,),OH (DAMGO,
300pmol). P values attributable to dose x treatment interaction
within ANOVA.
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14; P > 0.33). Their grand mean values, across rabbits and
studies, were: MCI, 164 +9mlkg 'min~!; MSVCI,
194 + 1110’ mlikg™'min~!mmHg~!; MAP, 85 + 3mmHg;
MHR, 234 + 13 beats min~!.

In the time-control studies within the three protocols the
pattern of the response to simulated haemorrhage, and the
dose-response relations for atrial phenylbiguanide and intra-
pericardial nicotine, were usually unaffected by repetition
(F<14; df 3, 14; P > 0.27). The exception was that the
rabbits became supersensitive to the effects of left atrial
phenylbiguanide (Figure 3). Across studies, the patterns of the
responses to simulated haemorrhage after vehicle treatment
were indistinguishable (Figures 2, 4 and 6). During Phase 1
MCI fell by 80 + 6mlkg™'min~!, MSVCI by 78 + 510>ml
kg'!min~!, and MAP by 13 + 2mmHg. MHR rose by
61 + 8 beats min~!. When the caval cuff was deflated at the
end of Phase 2, the corresponding changes from the baseline
levels were 99 + 6mlkg 'min~?!, 27 + 810°mlkg™ ! min~!
mmHg™!, 47 + 2mmHg and 37 + 9 beats min .

Intrapericardial mecamylamine and i.v. MDL 72222 had no
effects on the haemodynamic variables. In the phenylbigua-
nide protocols 4th ventricular ICI 174864 and DAMGO had
no effect, but in the intrapericardial nicotine protocol they
lowered MHR by 28 + 14 and 36 + 20 beats min~' respec-
tively (F>7.1; df 1, 6; P <0.04). Fourth ventricular
DAMGUQO), in doses that prevented Phase 2 of simulated haem-
orrhage (100-300 pmol), lowered respiratory rate and caused a

steady fall of Po, over 180min from 88 + 2 to 75 + 3mmHg
and a steady rise of Pco, from 34 + 1 to 46 + 2mmHg,

Intrapericardial nicotine protocol

Intrapericardial mecamylamine (0.1 mgkg~') did not affect
baseline MHR. It did reduce the range of MHR in the
baroreceptor-heart rate reflex from 137 + 7 to 102 + 18 beats
min~!, suggesting that there may have been a degree of
cardiac vagal ganglionic blockade, though this effect was not
consistent (F = 3.2; df. 1, 2; P =0.27). It completely abol-
ished the responses of MAP to intrapericardial nicotine
(Figure 1), but had no effect on the responses to simulated
haemorrhage (Figure 2).

Fourth ventricular ICI 174864 (100-300nmol) and
DAMGO (300 pmol) prevented the occurrence of Phase 2 of
simulated haemorrhage (Figure 2), but had no effect on the
responses of MAP to intrapericardial nicotine (Figure 1).

Left atrial phenylbiguanide protocol

MDL 72222 (1.0mgkg™~!) markedly attenuated the responses
of MAP to left atrial phenylbiguanide (Figure 3), but had no
effect on the responses to simulated haemorrhage (Figure 4).
Fourth ventricular ICI 174864 (100nmol) and DAMGO
(100-300 pmol) prevented the occurrence of Phase 2 of simu-
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Figure 2 Haemodynamic effects of simulated haemorrhage in intrapericardial nicotine protocol according to the 4 studies, and
treatments within studies. MSCVI, mean systemic vascular conductance index. MAP, mean arterial pressure. MHR, mean heart rate.
MCI, mean cardiac index. Symbols indicate mean coordinates for 3 rabbits. Vertical bars indicate 1 s.e.mean. Treatments are indi-
cated by symbols: () no treatment (time control study No. 1) or vehicle treatment (remaining studies); ((J) no treatment (time
control study No. 2); (A) no treatment (time control study No. 3); () intrapericardial mecamylamine (0.1 mgkg™"'), 4th ventricular
ICI 174864 (100-300 nmol), or 4th ventricular H-Tyr-D-Ala-Gly-MePhe-NH(CH,),OH (DAMGO, 300 pmol); (A) second treatment
with ICI 174864 or DAMGO. Comparisons between levels at end of simulated haemorrhage were made by ANOVA. NS, P > 0.05;

*0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001.
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Figure 3 Dose-response relationships for left atrial phenylbiguanide
according to the 4 studies, and treatments within studies. MAP, mean
arterial pressure. Mean values for 3 rabbits. Vertical bars indicate 1
s.e.mean. Treatments are indicated by symbols: (O) no treatment
(time control study 1) or vehicle (remaining studies). ((J) No treatment
(time control study 2); (M) i.v. MDL 72222 (1.0mg kg™!), 4th ven-
tricular ICI 174864 (100 nmol), or 4th ventricular H-Tyr-p-Ala-Gly-
MePhe-NH(CH,),OH (DAMGO, 100-300pmol). P values attribut-
able to dose x treatment interaction within ANOVA.

lated haemorrhage (Figure 4), but had no effects on the
pattern of the responses of MAP to left atrial phenylbiguanide
(Figure 3).

Right atrial phenylbiguanide protocol

Fourth ventricular ICI 174864 (100-300 nmol) and DAMGO
(300 pmol) prevented the occurrence of Phase 2 of simulated
haemorrhage (Figure 6), but had no effects on the pattern of
the responses of MAP to right atrial phenylbiguanide (Figure
5).

Discussion

So far as we can ascertain, this experiment is the first to be
described in which an attempt has been made to attribute a
physiological phenomenon in a conscious animal to a signal
transmitted by chemosensitive cardiac afferents. Our results
are negative, in the sense that we have found no evidence that
the cardiopulmanory afferents responsible for the signal that
initiates the sympathoinhibitory phase of simulated haemor-
rhage in unanaesthetized rabbits correspond to those excited
by atrial injection of phenylbiguanide or intrapericardial injec-
tion of nicotine.

We have confirmed our previous findings that, in conscious
rabbits the sympathoinhibitory phase of simulated haemor-
rhage depends on a Jd-opioid receptor mechanism within the
central nervous system, and its expression can also be prevent-
ed by activating central u-opioid receptors (Figures 2, 4 and 6)
(Evans et al., 1989b; Evans & Ludbrook, 1990). We have now .
shown that the reflex hypotension which follows excitation of
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Figure 4 Haemodynamic effects of simulated haemorrhage in left atrial phenylbiguanide protocol according to studies within proto-
col and treatments within studies. Haemodynamic variables as in Figure 2. Symbols indicate mean coordinates for 3 rabbits. Vertical
bars indicate 1 s.e.mean. Treatments are indicated by symbols: () no treatment (time control study No. 1) or vehicle treatment
(remaining studies); ((J) no treatment (time control study No. 2); (A) no treatment (time control study No 3); () i.v. MDL 72222
(1.0mgkg™"), 4th ventricular ICI 174864 (100nmol), or 4th ventricular H-Tyr-p-Ala-Gly-MePhe-NH(CH,),OH (DAMGO, (100-
300 pmol)); (A) second treatment with ICI 174864 or DAMGO. Comparisons between levels at end of simulated haemorrhage were
made by ANOVA. NS, P > 0.05; *0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001.
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Figure 5§ Dose-response relationships for right atrial phenylbigua-
nide according to the 2 studies, and treatments within studies. MAP,
mean arterial pressure. Mean values for 3 rabbits. Vertical bars indi-
cate 1 s.e.mean. Treatments are indicated by symbols: (O) saline
treatment; () 4th ventricular ICI 174864 (100-300nmol), or 4th
ventricular  H-Tyr-p-Ala-Gly-MePhe-NH(CH,),OH (DAMGO,
300pmol). P values attributable to dose x treatment interaction
within ANOVA.
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Figure 6 Haemodynamic effects of simulated haemorrhage in right
atrial phenylbiguanide protocol according to the 2 studies, and treat-
ments within studies Haemodynamic variables as in Figure 2.
Symbols indicate mean coordinates for 3 rabbits. Vertical bars indi-
cate 1 s.emean. Treatments are indicated by symbols: (O) vehicle
treatment; (M) 4th ventricular ICI 174864 (100-300nmol) or 4th
ventricular H-Tyr-p-Ala-Gly-MePhe-NH(CH,),OH (DAMGO, 300
pmol); (A) second treatment with ICI 174864 or DAMGO. Compari-
sons between levels at end of simulated haemorrhage were made by
ANOVA. NS, P > 0.05; *0.01 < P < 0.05; **0.001 < P < 0.01.

the chemosensitive afferents does not depend on a §-opioid
receptor mechanism and is not modulated by central u-opioid
receptors (Figures 1, 3 and 5). In view of this finding, it is not
surprising that the sympathoinhibitory phase of simulated
haemorrhage was not prevented, delayed or attenuated by
antagonizing the 5-HT, receptors responsible for the sensi-
tivity of cardiac afferents to phenylbiguanide (Figure 4), or by
antagonizing the neuronal-type nicotinic cholinoceptors
responsible for the sensitivity of epicardial afferents to nicotine
(Figure 2).

There are two possible criticisms of our conclusions. The
first is a matter of the doses of the §-antagonist and u-agonist
that we used as markers of the pathway followed by the input
from cardiac afferents which is responsible for initiating the
sympathoinhibitory phase of simulated haemorrhage. We are
confident that the biophase levels of ICI 174864 and
DAMGO were adequate at the time that the dose-response
relationships for phenylbiguanide and nicotine were con-
structed, since we showed that the sympathoinhibitory phase
was absent in a subsequent simulated haemorrhage (Figures 2,
4 and 6). Likewise, the effects of the 5S-HT, antagonist MDL
72222 and the neuronal-type nicotinic cholinoceptor antago-
nist mecamylamine on simulated haemorrhage were tested
before the chemoreflex dose-response relations were con-
structed. The dose-response relationships showed that the
effects of phenylbiguanide and nicotine were still markedly
antagonized (Figures 1 and 3).

The second possible criticism is as follows. Though we can
be confident that the afferents responsible for the sympatho-
inhibitory phase of simulated haemorrhage do not correspond
to the whole population of phenylbiguanide-sensitive cardio-
pulmonary afferents, or to the whole population of nicotine-
sensitive epicardial afferents, we cannot exclude the possibility
that they constitute a small sub-population of one or the
other. If this were indeed so, effects of ICI 174864 or
DAMGO on the pathway followed by the small sub-
population might be concealed by lack of effects on the
pathway followed by the larger sub-population.

We have already referred to the circumstantial evidence
that phenylbiguanide-sensitive cardiopulmonary afferents
might be responsible for the sympathoinhibitory phase of
simulated haemorrhage (see Introduction). There is another
piece of evidence that obliquely supports this hypothesis.
Whereas cardiac afferents in rabbits (Burke & Dorward, 1988;
Evans et al., 1989a), and vagal afferents in rats (Skoog et al.,
1985), convey the signal responsible for the sympatho-
inhibitory phase of haemorrhage or simulated haemorrhage,
in dogs this signal does not appear to travel in cardiac affer-
ents (Shen et al, 1990), and in primates the source of the
signal is unknown (see Schadt & Ludbrook, 1990). In rabbits
(Evans et al, 1990a) and rats (Willette et al, 1982)
phenylbiguanide-sensitive cardiopulmonary afferents are
prominent, whereas they appear to be absent in dogs (Dawes
et al., 1952) and man (Jain et al., 1972). On the basis of these
pieces of circumstantial evidence we had expected to find that
in conscious rabbits the signal that initiates the sympatho-
inhibitory phase of simulated haemorrhage was conveyed by
phenylbiguanide-sensitive cardiac afferents, but we have not
been able to demonstrate that this is so. The nicotine-sensitive
epicardial afferents are also mechanosensitive (Sleight & Wid-
dicombe, 1965), and the sympathoinhibitory phase of haemor-
rhage has been attributed to paradoxical excitation of left
ventricular mechanoreceptors (Thorén, 1979). Though the
latter may be true, at least in rats and rabbits, we have been
unable to demonstrate that these correspond to the nicotine-
sensitive epicardial receptors.
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