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THE SEARCH FOR understanding the mech-
anisms underlying the regulation of fe-

tal sleep states and respiratory activity has
been the subject of much investigation
over the last 30 years since the original
observations of Dawes et al. (1). Fetuses
make fetal breathing movements (FBM)
approximately 30% of the time during late
gestation and these are generally associ-
ated with low-voltage electrocortical activ-
ity (LVECoG). An understanding of the
factors that regulate FBM under both nor-
mal and hypoxic conditions is of particular
importance since the presence or absence
of FBM is commonly used in clinical prac-
tice to assess fetal health.

The neuromodulator, adenosine, has
been studied extensively with regards to its
role in regulating both fetal sleep states and
FBM under physiologic and pathophysio-
logic conditions. The actions of adenosine
may be mediated through one or more of
its known receptor subtypes: A1, A2A,
A2B, or A3. Both adenosine and it’s A1

receptor agonists when administered either
centrally (2) or peripherally (3) to the ovine
fetus lead to a decrease in incidence of
LVECoG, eye movements, and FBM.
Koos et al. (4) have now confirmed that
adenosine influences fetal sleep states and
FBM through its actions on both A1 and
A2A receptor subtypes. Of note, A1 activa-
tion does not appear to have a tonic effect
on fetal behavioral state, whereas A2A re-
ceptors exert a tonic inhibitory effect on
REM sleep. It is of note that adenosine
receptor subtypes are present throughout
the brain and therefore adenosine may ex-
ert differential effects on fetal respiratory
control depending on the receptor subtype
and location of action. For example, the
data from Koos et al. (4) suggests that the
medullary A1 receptors are important for
breath amplitude but not rhythm or inci-
dence of FBM. In addition, there is a re-
gional variation in levels of extracellular
adenosine in the ovine fetal brain with
levels being substantially higher in the cor-
tex compared to the brainstem.

Adenosine is also important in mediat-
ing the effects of hypoxia on fetal sleep
states, breathing and cardiovascular con-
trol. Both maternally induced fetal hypoxia
and hypoxia secondary to umbilical cord
occlusions in fetal sheep lead to increases
in cerebral extracellular adenosine levels
(5, 6). Like adenosine, acute hypoxia leads
to an inhibition of FBM, which is an im-
portant energy-saving adaptation by the
fetus in the situation of overall reduced
oxygen delivery. This effect occurs above
the level of the medulla since discrete neu-
ronal lesions of the posteromedial thala-
mus abolish both the hypoxia and ade-
nosine-induced inhibition of FBM. In
addition to its effect on FBM, adenosine
causes a decrease in overall fetal oxygen
consumption as well as decreases in oxy-
gen consumption in specific organ beds
such as the brain and heart. The role of
adenosine and its receptor subtypes in me-
diating the adaptation of FBM to pro-
longed hypoxia when there is a return of
FBM to normal incidence over a period of
hours remains unknown.

In a separate paper, Koos et al. (7) have
provided further evidence that the effects
of acute hypoxia on cardiovascular re-
flexes are mediated through the action of
adenosine on its A2A receptor subtypes.
This action most likely takes place within
the carotid body since the reflex bradycar-
dia, hypertension, and systemic vasocon-
striction, which occur with acute hypoxia,
are abolished by prior carotid body dener-
vation (8). In addition, with prolonged in-
fusions, A2A agonists give rise to a tachy-
cardia, which is thought to be centrally
mediated. An interesting finding of Koos
et al. (7) is that although the infusion of
specific ADO A1 receptor blockers to fetal
sheep does not alter fetal heart rate or
blood pressure directly, there is a signifi-
cant tachycardia and hypertension present
when the infusion is stopped which is as
yet unexplained.

Adenosine is also important in me-
diating the inhibition of FBM, which
occurs with maternal ethanol adminis-
tration in pregnant sheep. Fetal cere-
bral cortical extracellular fluid levels
of adenosine increase with ethanol and
are associated with a decrease in the
incidence of FBM as well as LVECoG
(9). This inhibitory effect of ethanol on
FBM is also blocked by the A1 recep-
tor antagonist 8-CPT (10) in keeping
with the primary action of adenosine
on respiratory control being mediated
through the A1 receptor subtype.
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