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Summary

The present series of experiments was designed to determine
whether the piglet has mature cardiorespiratory responses to the
administration of phenyl diguanide (PDG) similar to those re-
ported in adult mammals. A total of 26 acutely instrumented
piglets aged 2-23 days were lightly anesthetized with sodium
pentobarbital. After control conditions were established, PDG was
injected into the right atrium. Each animal was its own control for
determination of presence and magnitude of aortic pressure, heart
rate, respiratory rate and volume, and blood flow responses to test
doses of PDG. A fall in blood pressure was observed in all animals
within 2-4 sec after right atrial injection of PDG. Bradycardia
occurred and a transient cardiac arrhythmia, consisting of 2nd and
3rd degree heart block, was observed in most animals; the latter
has not been previously reported. Apnea followed by rapid shallow
breathing was observed in most animals. This respiratory effect
was more pronounced in the younger animals. After atropine,
PDG elicited a monophasic rise in aortic pressure; the cardiac
rhythm and rate changes were abolished. However, the apneic
response was retained. Subsequent bilateral vagotomy abolished
the hypotensive effect on PDG. Such results suggest the possibility
that the piglet’s cardiorespiratory response to the administration
of PDG may be evoked by stimulation of type J pulmonary
receptors. These have been postulated to be responsible for the
triad of responses of hypotension, bradycardia, and apnea seen in
other species after PDG administration.

Speculation

At present, there is no explanation for the apnea and bradycar-
dia observed in premature infants with Respiratory Distress Syn-
drome and/or a large patent ductus arteriosus. Mild interstitial
pulmonary edema has been postulated to be the physiologic stim-
ulus for the type J (juxtacapillary) pulmonary receptor. The au-
thors speculate that the piglet’s response to PDG which includes
apnea, hypotension, and bradycardia may be mediated by artificial
stimulation of the J receptor. It is possible that in the human
neonate, an immaturely controlled or an inappropriately strong
response to the pathophysiologic stimulation of pulmonary edema
may be a mechanism for the clinical symptoms of apnea and
bradycardia in the small neonate.

Apnea has been shown to occur in adult animals when pulmo-
nary receptors of various types are stimulated (1, 3, 5, 6, 12, 14,
16-18, 20). Type J receptors that are juxtacapillary in location (10,
15-18) have been studied in the cat and dog using pharmacologic
stimuli such as phenyl diguanide, capsaicin, or histamine. The
somatic and visceral responses attributed to stimulation of the J

receptors are hypotension, bradycardia, and respiratory inhibition
followed by rapid, shallow breathing (1, 16-18, 20). Work by
Kalia (13) in the kitten, showed that there is a developmental
delay for the full expression of the cardiorespiratory response to
J receptor stimulation with phenyl diguanide. No other work in
young animals has been published. The piglet has been shown in
this laboratory to develop certain central vasomotor control mech-
anisms postnatally (2, 9). The present series of experiments was
designed to determine whether cardiorespiratory responses to
phenyl diguanide are present in the neonatal pig. The current
results indicate that a reflex resembling that similar to J receptor
activation is present in the newborn piglet.

MATERIALS AND METHODS

A total of 28 piglets, age 2-23 days were studied. Anesthesia
was induced in 26 piglets using 1% halothane in a mixture of 50%
N;O and 50% O to permit surgical anesthesia for the placement
of catheters, flow probes and tracheostomy tube. These animals
were then maintained on sodium pentobarbital as needed (5 mg/
kg). These animals spontaneously breathed a mixture of 50% N,O
and 50% O: via a tracheostomy tube. As a test that neither
halothane or N;O was sensitizing the receptors producing the
responses reported in this paper, the other two piglets, aged 2 days
and 1 week, were controls. These animals were anesthetized only
with sodium pentobarbital and breathed just room air. In all
animals, a Harvard small animal respirator, model 1665, was
available for use during periods of prolonged apnea and could be
quickly attached to the tracheostomy tube. The arterial blood
pressure was measured with a calibrated Statham P23Db trans-
ducer attached to an indwelling catheter in the femoral artery. Iv
dextrose and saline was continuously infused through a catheter
in the left jugular vein. Blood flow through the carotid and
femoral arteries was measured with calibrated Biotronex electro-
magnetic flow probes, as in our previous studies (2, 4, 19). Intrae-
sophageal pressure was measured by a Statham P23BB transducer
attached to a catheter whose tip was located in the intrathoracic
portion of the esophagus. End-tidal CO, was measured with a
Beckman rapid infrared gas analyzer. Phasic changes were re-
corded and used to determine respiratory rate. A continuous
recording of all the above variables, together with lead II of the
ECG, was made on a Beckman penwriter. Arterial blood gases
and pH were monitored frequently with a Radiometer microana-
lyzer and body temperature was maintained by a warming pad
and an overhead heater as in our previous studies (2, 4, 19).

After control conditions were established, PDG (supplied by
Drs. M. Kalia and A. S. Paintal) was injected into the right atrium
in doses of 80 ug/kg. This dose was chosen after preliminary dose
response trials in eight animals demonstrated that this dose elicited
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a full cardiorespiratory response. The drug was instilled in a
premeasured length of iv tubing and then flushed through with
saline to clear the catheter. Injections of similar volumes of saline
were made into the right atrium as controls for the responses
observed with the drug (20). In 15 animals, including the two
controls, PDG was also injected into the descending aorta and
into a carotid artery, in order to examine the possibility of recep-
tors in other locations (1, 7, 16). In some animals, including the 2-
day-old control, PDG was administered after blockade with atro-
pine (0.4 mg/kg) of the muscarinic cholinergic receptors of the
parasympathetic system and then after vagotomy (20 animals). At
the end of all experiments, the animals were killed and examined
for placement of catheters and for the presence of a patent foramen
ovale.

Each animal was its own control for determination of presence
and magnitude of aortic pressure, heart rate, and blood flow
responses to test doses of PDG. Responses were expressed both as
absolute change and as percent change, and treated statistically as
in previous work (2, 9). The statistical significance of observed
changes was determined, and age-related differences in observed
changes were compared among four subgroups of animals (aged
2-4 days, | wk, 2 wk, and 3 wk) by the paired sample 1 test. The
null hypothesis was rejected at P = 0.05.

RESULTS

The control values given in Table 1 are within the range of
those previously reported for other piglets studied in our labora-
tories (2.4, 9, 19). Table 2 summarizes the cardiorespiratory effects
of a single injection of 80 ug/kg of PDG in each age group of
piglets. Such responses were generally reproducible in each ani-
mal.

A fall in blood pressure was observed within 2 sec in all animals
up to and including 2 wk of age, and within 4 sec in 3 wk-old,
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after the right atrial injection of PDG. There were two patterns of
response. In the first, there was only a fall in pressure, as illustrated
in Figure 1. In the second, there was an initial fall followed by a
secondary rise, as illustrated in Figure 2. This latter response
predominated in animals up to 1 wk of age, and was not seen in
any of the oldest ones.

Bradycardia occurred after PDG injection (see Table 2). There
was no apparent relationship between the magnitude of response
to PDG and the resting heart rate. A transient cardiac arrhythmia,
consisting of 2nd and 3rd degree heart block was observed in most
animals. This was most clearly seen when the recording speed was
increased and the p waves were easier to identify (see Fig. 3).

The apnea after PDG administration, shown in Figures 1-3,
was characterized by forceful prolonged expiration that lasted
several sec. The duration of the apnea was longest in the youngest
animals (see Table 2). After the apneic period, the pattern of
respiration varied in animals up to 1 wk old, but an increase in
rate predominated in older animals (see Table 2). Several min
after PDG administration, spontaneous apnea occurred in eight
animals of differing ages, in whom no such episodes had occurred
before injection of PDG. Neither hypotension, bradycardia, nor
cardiac arrhythmia accompanied these late apneic periods. There
was no apparent correlation with body temperature or arterial
blood gas composition and pH.

No consistant changes in femoral or carotid flows and resist-
ances accompanied the cardiorespiratory effects of PDG.

Control injections of PDG into the carotid artery and/or de-
scending aorta resulted in blood pressure responses with variable
direction which had longer latencies (6-10 sec) and were unaccom-
panied by apnea. After atropine, PDG elicited a monophasic rise
in aortic pressure in 10 of 15 animals tested, including the youngest
control. The heart rate response was abolished while the respira-
tory responses were retained. After vagotomy, however, there were
no responses in 11 animals (including the youngest control), falls

Table 1. Control conditions at onset of test series of PDG injections in piglets'

Age of Piglets

2-4 days (N = 6) 1wk (N=7) 2wk (N=9) 3wk (N=4)
Body wt (kg) 1.3+02 1.3+£02 24+03 2705
Mean AoP (mm Hg) 573+33 699 £ 64 743 54 843+ 11.0
Heart rate (bpm) 175 £9.2 160 £ 9.1 166 +£ 9.5 137 £ 154
Respiration rate 36 + 8.1 37+28 36 £ 6.8 2529
Arterial pO: (torr) 147 + 229 149 + 14.8 129 = 23.0 181 +29.6
(Fi0: = 0.5)
Arterial pCO; (torr) 308 +£29 35419 334+ 15 385+ 4.1
Arterial pH 7.38 £ 0.05 7.39 £ 0.03 7.42 £ 0.03 7.37 £ 0.03
' Mean values and their standard errors.
Table 2. Effects of single doses of 75-80 ug PDG/kg in piglets'
Age of piglets
2-4 days (N = 5) 1wk (N=5) 2wk (N =6) 3wk (N=4)
Change in AoP
Absolute (mm Hg) -202+27° -128 £ 2.6 -282 + 5.0° -30.0 + 9.9
Percent -372+£63 -184 +38 —-378 £ 8.0 -36.5+9.6
Change in heart rate
Absolute (bpm) -25 +9.2* -28 + 11.6° =50 +21.2 -28x 11.7
Percent -17+73 -22+97 -29+ 118 -17+£57
Heart block incidence (%) 60 60 83 50
Apnea incidence (%) 100 100 100 50
Apnea duration (sec) 102 £39 7221 58+24 10+ 1.0
Post apnea change in respiration rate
Absolute (pm) +103 £ 6.1 +74 + 84 +64 + 1.3? +84+ 1.7%
Percent +328 £ 12.8 +204 £ 21.2 +221 £ 6.7 +29.0+23

' Mean values and their standard errors, except for incidence of heart block and apnea.
? Significantly different from zero change (0.002 < P < 0.05). Only absolute changes were subjected to statistical testing.
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Fig. 1. Responses to PDG (80 ug/kg) in an 18-day-old piglet.
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Fig. 2. Responses to PDG (80 ug/kg) in a 7-day-old piglet.

in pressure in 6, and biphasic blood pressure changes (fall, rise) in
4. These responses had longer latencies (8-20 sec) and were not
accompanied by respiratory changes.

There were no differences in responses obtained in the two
controls and the other 26 halothane-induced animals.

DISCUSSION

These results demonstrate that the piglet’s response to PDG is
somewhat similar to that of the adult cat to PDG (5, 6, 12, 16-18)
and the response of the adult dog to capsaicin (3, 12, 16). It has
been shown that both these drugs stimulate type J pulmonary
receptors. The piglet’s response to PDG may also be mediated by

type J pulmonary receptors. It has been reported in the kitten that
there is a slow development of the response to PDG (13). Other
studies also indicate that cardiovascular function and control is
relatively immature in the kitten at birth (11). This is in contrast
to the piglet which demonstrates a full cardiorespiratory response
by the second day after birth.

Although hypotension was observed in all age groups of piglets,
biphasic aortic pressure responses were seen in the younger ani-
mals. Because a patent foramen ovale was present in these piglets
into the 2nd postnatal wk, right-to-left shunting with early arrival
of PDG into the cerebral circulation might be responsible for
these observations. Another possibility is that a delayed overshoot
after an initial fall in arterial pressure in younger animals is a
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Fig. 3. Effects of a single intraatrial dose of 77 ug PDG/kg in a 7-day-
old piglet. Original recordings at slow speed to emphasize nature of
arrhythmia and of apnea. Arrows indicate p waves.
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consequence of their less developed control mechanisms for blood
pressure regulation (2, 9).

The bradycardia after PDG injection could be prevented by
atropinization and, therefore, is secondary to reflex efferent vagal
discharge. However, the observed heart block, also abolished by
muscarinic cholinergic blockade, is a finding which was not
previously reported in the literature on PDG effects. The lower
incidence of heart block in the older animals suggests the possi-
bility that the reflex vagal activation may be modulated in animals
in which the sympathetic innervation to the heart is more mature.

The decrease in both the incidence and duration of apnea in
the oldest piglets (see Table 2) may be related to a requirement
for a larger dose with increasing age. When 130 pg/kg of PDG
were injected into the right atrium in two older animals, there was
an apnea of longer duration and shorter latency of cardiorespira-
tory responses.

The persistence of PDG-induced apnea after atropine, but not
after bilateral vagotomy implies that vagal afferents were neces-
sary in the production of this response to PDG. Such results
strengthen the possibility that the cardiovascular responses to
administration of PDG 'in piglets may have been evoked by
stimulation of receptors similar to those defined as type J receptors
in cats and dogs. PDG injection into the carotid artery caused a
cardiovascular response of longer latency and was not accompa-
nied by respiratory changes. PDG injection into the descending
aorta did not cause any cardiorespiratory response. The occurrence
of cardiovascular responses of longer latency unaccompanied by
any respiratory changes after PDG injection into the carotid artery
or descending aorta also raises the possibility that other receptors
in the periphery could be stimulated by PDG as seen in the adult
of other species (16).

Copyright © 1979 International Pediatric Research Foundation, Inc.
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These results show the functional presence in the piglet of

receptors that produce the cardiorespiratory responses similar to

0 E WNWN\N\N\N\N\‘ those elicited by type J receptors of other mammalian species.
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