ring naturally in a human population, es-
pecially in one of the environments of
human evolutionary adaptedness, raises
a basic challenge to our understanding of
human lactation. Apart from fertility,
variables that might be affected by highly
frequent nursing include lactation suc-
cess or failure; infant digestive distress,
sleeping patterns, and glucose dynamics;
milk composition; and maternal mood
and attitudes toward nursing.
MELVIN KONNER

CAROL WORTHMAN
Biological Anthropology Wing,
Department of Anthropology,
Harvard University, Cambridge,
Massachusetts 02038
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Bronchodilatation: Noncholinergic, Nonadrenergic

Mediation Demonstrated in vivo in the Cat

Abstract. The composite vagus nerve was stimulated during intravenous infusion
of 5-hydroxytryptamine in cats subjected to pharmacologic autonomic blockade with
atropine, propranolol, and phentolamine. Bronchial caliber, as assessed by changes
in pulmonary resistance, demonstrated a marked dilatation, and dilatation could still
be demonstrated after preliminary treatment with reserpine. By stimulating the com-
ponent branches of the vagus nerve, it was determined that the parasympathetic

branch is responsible for this phenomenon.

Although the physiologic role of bron-
chial smooth muscle is still speculative
(1), the neural control of its tone is a sub-
ject of active research because of the im-
portance of this muscle in disease. Tradi-
tionally, bronchial smooth muscle tone
has been thought to be mediated through
the autonomic nervous system. Stimula-
tion of parasympathetic cholinergic fi-
bers in the vagus nerve clearly causes
bronchoconstriction; stimulation of sym-
pathetic adrenergic fibers through B re-
ceptors is generally found to be bron-
chodilatating (2), although stimulation
through a-adrenergic receptors, if pres-
ent, would result in bronchoconstriction
(3). Vagally mediated bronchodilatation

has been reported occasionally (3) and
dismissed as either anomalous or the re-
sult of stimulation of stray sympathetic
dilator fibers ¢).

A noncholinergic, nonadrenergic in-
hibitory nervous system that mediates
bronchial smooth muscle relaxation has
been reported (5). Evidence for such a
system is based on pharmacologic and
anatomic observations in vitro; the pro-
posed neural mediator is adenosine tri-
phosphate (6). This ‘‘purinergic’’ ner-
vous system is thought to serve several
autonomic functions, especially the re-
laxation that precedes a normal peri-
staltic wave in the intestinal tract (7).
Since the lung, like the gut, has endo-
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Fig. 1. Effect of combined
parasympathetic and cervical
sympathetic stimnulation dur-
ing a state of increased bron-
chial smooth muscle tone.
Bars show the mean pulmo-
nary resistance * standard er-
ror for the number of trials in-
dicated for each cat. Pulmo-
nary flow resistance was mea-
sured both before and at the

Pulmonary resistance
(centimeters of H,0
per liter per

Cat no:
Trials:

W Prestimulus resistance
Vagus stimulation

1 2 3
4 4 5

peak effect of neural stimulation. All five cats were treated with atropine, propranolol, and
phentolamine and then infused with 5-hydroxytryptamine. Cats 4* and 5* received reserpine 24

hours before this treatment.

dermic origins, it is not surprising that
studies in vitro have demonstrated non-
cholinergic, nonadrenergic mediation of
relaxation of bronchial smooth muscle in
guinea pigs and man (8). Our study dem-
onstrates and quantifies such a system in
the cat in vivo.

Cats anesthetized with a-chloralose
and urethane (60 and 300 mg/kg, respec-
tively) and paralyzed with Pavulon (1.0
mg/kg) were intubated and artificially
ventilated. We then measured lung vol-
ume with a pressure-compensated vol-
ume-displacement plethysmograph (9),
transpulmonary pressure as the dif-
ference between the tracheal and esoph-
ageal pressures (which estimates pleu-
ral pressure), and flow with a Fleisch
pneumotachograph (size 0). Pulmonary
flow resistance was determined with the
technique of forced sinusoidal oscilla-
tions (10) at the endotracheal tube and
was measured as the ratio of the ampli-
tude of the component of transpulmo-
nary pressure in phase with flow to the
amplitude of flow (< 0.5 liter/sec).

Stimulating electrodes were placed
around the isolated vagus nerves and
then around either the parasympathetic
or sympathetic branches. The stimulus
(30 Hz, 0.5 msec) was adjusted from 10
to 40 V for maximum effect. The cats’
autonomic nervous systems were
blocked cholinergically with atropine
(0.3 mg/kg) and adrenergically with pro-
pranolol (2.0 mg/kg) and phentolamine
(2.0 mg/kg), all given intravenously.
Twenty-four hours before receiving this
treatment, two of the cats were adrener-
gically depleted with reserpine (4.0 mg/
kg intramuscularly). Prior to stimula-
tion, we increased baseline tone with an
infusion of S-hydroxytryptamine (20 to
100 pg/kg-min).

Electrical stimulation of the vagus
nerves while smooth muscle tone was
high resulted in bronchodilatation in
spite of the pharmacologic blockade of
the known autonomic neural mediators
(Fig. 1). The response was consistent
and pronounced, with an approximately

792

40 percent reversal of the induced
bronchoconstriction. Furthermore, since
reserpine depletes nerve' endings con-
taining both adrenergic and 5-hydroxy-
tryptamine-containing vesicles (//), a
role for either of these nerve pathways in
mediation of this dilatation can be dis-
missed. Before propranolol, stimulation
of both the sympathetic and parasym-
pathetic branches of the vagus nerve
caused a substantial fall in pulmonary re-
sistance in the presence of 5-hydroxy-
tryptamine-induced  bronchoconstric-
tion. After propranolol, a fall in resist-
ance was produced only by stimulation
of the parasympathetic branches. Thus
by stimulating the component branches
of the vagus nerve (Fig. 2), we deter-
mined that the parasympathetic branch
is responsible for the bronchodilatation,
indicating the nonadrenergic nature of
the mediation of this phenomenon.
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Fig. 2. Identification of the neural connection
responsible for noncholinergic, nonadrenergic
bronchodilatation in cats. The animals were
treated with atropine, phentolamine, and pro-
pranolol and then infused with 5-hydroxytrypt-
amine. (Prior to blockade with phentolamine
and propranolol, stimulation of the sympa-
thetic branch results in substantial bronchodi-
latation.) Bars represent the means = stan-
dard error for the changes in pulmonary resist-
ance, expressed as a percentage of the aver-
age prestimulus resistance of four cats. First
the vagus nerve was stimulated, then each of
its component branches in turn. These results
show that the bronchodilatation is neither
cholinergic nor adrenergic in nature.

Our data clearly indicate that in cats
there is a potent bronchodilating mecha-
nism that is controlled centrally through
fibers in the vagus nerve. The question
arises as to whether these fibers are pre-
ganglionic or postganglionic. The pres-
ence of many ganglia (/2) close to where
the nonadrenergic inhibiting system ex-
erts its effects suggests that the fibers are
preganglionic. (If so, neurotransmitters
released both at the ganglion and at the
ends of the postganglionic fibers are in-
hibited neither by atropine nor by «- and
B-adrenergic inhibitors.) On the other
hand, the inhibition of the bronchodila-
tory response with hexamethonium (/3,
14) suggests that the vagus nerve fibers
are of a postganglionic nature.

What role this mechanism might play
in bronchial hyperreactivity or asthma is
unknown. Certain states of bronchial hy-
perreactivity could be caused or ex-
acerbated by inactivity or malfunction of
the bronchodilating mechanism. Since
the mechanism can now be quantified in
vivo, it should be possible (i) to elucidate
its role in hyperreactive states and (ii) to
identify the neurotransmitter and other
agents that may enhance or inhibit its
smooth muscle-relaxing function.
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