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The autonomic nervous system is the primary neural mediator
of physiological responses to internal and external stimuli. It is
composed of 2 branches: the sympathetic nervous system,
which mediates catabolic responses, and the parasympathetic
nervous system, composed of the vagus nerve, which regulates
anabolic responses. As the vagus nerve innervates most tissues
involved in nutrient metabolism, including the stomach, pan-
creas, and liver, activation of vagal efferent activity has the
potential to influence how nutrients are absorbed and metabo-
lized. Vagal efferent activity is initially activated at the onset of
food intake by receptors in the oropharyngeal cavity and then
during food intake postprandially. Vagal efferent innervation of
the pancreas contributes to early-phase insulin release as well
as to optimizing postprandial insulin release. In the absence of

vagal activation, which occurs when glucose is administered
intragastrically, postprandial glucose levels are higher and
insulin levels blunted compared with when there is activation of
oropharyngeal receptors by food. An induction of vagal efferent
activity also occurs during chronic pancreatic B-cell challenge
with 48-hour glucose infusions. Under these conditions, the
compensatory increase in insulin secretion is partially mediated
by an increase in vagal efferent activity. In conclusion, the vagus
nerve, part of the parasympathetic nervous system, plays a crit-
ical role in the regulation of blood glucose levels and is an often
overlooked factor contributing to glucose homeostasis. (JPEN |
Parenter Enteral Nutr. 2008;32:569-571)
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he autonomic nervous system is the primary

neural mediator of physiological responses to inter-

nal and external stimuli. It is composed of 2
branches: the sympathetic nervous system (SNS) and the
parasympathetic nervous system (PNS). The SNS mediates
physiological responses to insults from external stimuli
through activation of the splanchnic nerve, which releases
norepinephrine from nerve terminals and epinephrine from
the adrenal medulla. These stress hormone/neurotransmit-
ters are responsible for the prototypic “fight or flight”
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responses and initiate catabolic metabolic processes to pre-
pare the organism for emergency conditions. In contrast,
through activation of the vagus nerve, the PNS mediates
anabolic responses to internal stimuli from the viscera and
external stimuli originating from the sensory components
of food. The majority of peripheral tissues are innervated by
both PNS and SNS fibers. Typically, the 2 branches of the
autonomic nervous system act in a reciprocal fashion with
an increase in activity in one branch coincident to a
decrease in activity of the other. The dual innervation and
reciprocity of action enhance neural control over tissue
function. However, under some physiological conditions,
both branches of the autonomic system may be activated or
inhibited at the same time. Neural control of the endocrine
pancreas is exemplary of both reciprocity and coactivation
of autonomic activity."* For example, insulin release from
the pancreatic B-cell is enhanced by vagal activation but
inhibited by norepinephrine released by the splanchnic
nerve. In contrast, both PNS and SNS activation stimulate
the release of glucagon from the o-cell of the pancreatic
islet during conditions of hypoglycemia.

Determination of SNS activity can be accomplished
through measurement of norepinephrine and epinephrine in
urine or plasma, although this approach does not differenti-
ate between neural and adrenal release nor is it adequately
sensitive for site-specific neural release, which is more
specifically addressed by the use of tritiated norepinephrine
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studies in humans.? Acetylcholine is the primary neurotrans-
mitter released during vagal activation but is too rapidly
degraded by the enzyme acetylcholinesterase to be detected
in plasma. Thus, determination of vagal activity is inherently
indirect and occurs through the measurement of tissue
responsivity. Often pharmacological agents such as mus-
carinic agonists (bethanechol) or antagonists (atropine) are
used to verify neural mediation or determine the neural con-
tribution to a tissue response, respectively. In addition, one
important characteristic of the autonomic nervous system is
nonuniformity of tissue responsivity such that neural activity
at one tissue site does not guarantee similar activity at
another tissue site.

Activation of PNS activity occurs at the onset of and
during meal ingestion. It is initiated when the sensory com-
ponents of food stimulate receptors in the oropharyngeal
region stimulating fibers in the nucleus of the solitary tract,
which then, in a topographic manner, send descending
fibers to the dorsal motor nucleus of the vagus, ultimately
activating vagal efferent nerves.* The vagus nerve inner-
vates almost all tissues involved in the digestion, absorp-
tion, and metabolism of nutrients and therefore has the
potential to profoundly influence the metabolic processing
of food. The dependence of vagal activation on food inges-
tion is demonstrated by the lack of an effect of atropine,
the muscarinic antagonist during insulin secretion to an
intravenous glucose challenge.”® In contrast, atropine sig-
nificantly inhibits insulin secretion during meal inges-
tion,”® although under some conditions this effect may be
confounded by a delay in gastric emptying.’

The vagus also plays an important role in the regula-
tion of blood glucose levels through innervation of the
liver and the pancreas, two organs critical for glucose
homeostasis. At the level of the liver, vagal activation
inhibits enzymes involved in gluconeogenesis and acti-
vates enzymes promoting glycogen synthesis.'” Numerous
studies have demonstrated that atropine, the muscarinic
antagonist, or vagotomy results in an increase in hepatic
glucose production.'" More recently, it has been demon-
strated that activation of potassium ATP-sensitive K+
(KATP) channels in the hypothalamus of rats decreases
hepatic glucose production, an effect mediated by vagal
efferent fibers.'>!'* In humans, administration of the mus-
carinic agonist bethanechol decreases hepatic glucose
production.'

The vagus nerve also plays an important role in both
acute insulin responses to a meal and compensatory
insulin responses during prolonged stimulation of the B-
cell. On a meal-to-meal level, vagal activation is involved
in the regulation of early insulin release,"'® enhances
peak insulin responses,'”'® and contributes to the rate at
which insulin returns to baseline levels through hepatic
insulin degradation."” Early-phase or cephalic-phase
insulin release plays an important role in optimizing glu-
cose tolerance, and experimental conditions in which
cephalic-phase insulin release does not result in higher

postprandial glucose levels.**?! Conversely, enhancing

insulin during the preabsorptive period within the first 10
minutes of meal ingestion in obese individuals has been
shown to attenuate cephalic insulin release relative to
their elevated baseline levels, reducing postprandial glu-
cose levels by 30%."

In addition to regulating the temporal patterning of
insulin release to enhance glucose tolerance, vagal activa-
tion has been shown to be one of the compensatory mech-
anisms induced to maintain euglycemia when the B-cell is
chronically challenged such as during overfeeding condi-
tions.?*?* It has been hypothesized that sustained increases
in peripheral levels of glucose and/or insulin are recognized
by the brain causing an increase in tonic vagal efferent
activity at the level of the pancreas. In lean, healthy sub-
jects, the increase in insulin secretion as reflected by C-
peptide levels during a frequently sampled intravenous
glucose tolerance test following a 48-hour glucose infusion
was shown to be partially mediated by vagal activity.®* In
fact, an individual’s ability to secrete insulin in response to
the hyperglycemic challenge was highly correlated to the
vagal contribution to the insulin secretion.®

Vagal innervation of cardiac function can be monitored
by heart rate variability (HRV), as determined by statistical
analysis of the R-R interval. Decreased HRV is a known pre-
dictor of myocardial infarction as demonstrated by the
Framingham Heart study** and a risk factor for cardiac
events. Typically, HRV is reduced in individuals with meta-
bolic disease such as diabetes, hypertension, or cardiovascu-
lar disease (CVD). Prolonged mild hyperglycemia, which
occurs during a 48-hour glucose infusion study, results in a
decrease in HRV, specifically a blunting of the nocturnal rise.*®
These results suggest that relatively short-term changes in
glucose and insulin levels may alter the vagal control of car-
diovascular function and may predispose individuals to
CVD. The decrease in vagal activity at the level of the heart
coincident with an increase at the level of the pancreas dur-
ing the 48-hour glucose infusion also provides further evi-
dence of nonuniformity of tissue responsivity.

In conclusion, the PNS plays a critical role in the reg-
ulation of blood glucose levels through modulation of the
temporal patterning of insulin release and insulin degra-
dation and by contributing to compensatory insulin
responses during conditions of overnutrition. It also con-
tributes to cardiovascular health by increasing flexibility
and adaptability to internal and external stimuli.
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