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The carotid body (CB) is a peripheral chemoreceptor that is responsible for
monitoring the arterial blood levels of partial pressures of oxygen (pOs2) and carbon
dioxide (pCO2), and pH. A decrease in arterial pOz is detected by glomus cells within
the CB, leading to an increase in firing rate of the carotid sinus nerve projecting to the
nucleus of the solitary tract. As a result, an increase in ventilation is induced in order
to improve oxygen delivery to the body under hypoxic condition. It has been reported
that CB contains various transmitters/modulators including monoamines and
neuropeptides, and physiological studies reported that carotid sinus nerve discharge
and ventilatory responses were increased by serotonin (5-hydroxytryptamine; 5-HT),
one of the monoamines that exist in the CB. Thus, chemosensory activity in the CB
may be enhanced by 5-HT. However, details of modulatory mechanism by 5-HT on the
chemosensory activity in the CB are unknown.

In the present study, I examined the presence of the rate-limiting enzyme in 5-HT
biosynthesis, tryptophan hydroxylase (TPH), in the CB of the rat by
immunohistochemical analysis. I also investigated the action sites of 5-HT in the CB
by physiological analysis.

In Chapter 1, I aimed to determine the endogenous site of 5-HT biosynthesis in the
CB. I examined mRNA expression of TPH1, TPH2, and 5-HT plasma membrane
transporter (SERT), in the CB by reverse transcriptase-polymerase chain reaction
(RT-PCR). I also investigated immunohistochemical localization of TPH1, TPH2, and
SERT in the CB by immunohistochemistry. RT-PCR detected expression of TPH1 and
SERT mRNAs, but not TPH2 mRNA in extracts of the CB. Using
immunohistochemistry, TPH1 and SERT immunoreactivities were observed in almost
all glomus cells. SERT immunoreactivity was observed on TPH1-immunoreactive
nerve fibers. On the other hand, TPH2 immunoreactivity was not observed in either
glomus cells or nerve fibers within the CB. SERT immunoreactivity was also observed
In perivascular varicose nerve fibers immunoreactive for a marker of sympathetic
nerve fibers, dopamine beta-hydroxylase, but not in nerve fibers immunoreactive for a
marker for parasympathetic nerves fibers, vesicular acetylcholine transporters, or
nerve terminals immunoreactive for a marker for sensory nerve terminals, P2X3
purinoreceptors. Furthermore, RT-PCR confirmed the expression of TPH1 and SERT
mRNAs in extracts of the CB. These results suggest that 5-HT may be endogenously



synthesized and released from glomus cells and perivascular sympathetic nerve fibers
in the CB.

In Chapter 2, I examined intracellular Ca2+ ([Ca2*];) changes as an index of
hypoxic chemosensitivity in glomus cells isolated from the CB following the application
of 5-HT and its antagonist. I also investigated the mRNA expression of 5-HT receptors
in the CB by RT-PCR. Intracellular calcium imaging showed that 5-HT did not induce
any [Ca2t]; responses in clustered glomus cells during the perfusion of normoxic
solution (21% Og), whereas the perfusion of hypoxic solution (1% Og) induced repetitive
increases in [Ca2*]; in the same specimens. The frequency and magnitude of
hypoxia-induced [Ca2*]; changes observed in the glomus cells were enhanced in the
presence of 5-HT, and this response was inhibited by the 5-HT2 receptor antagonist,
ketanserin. Moreover, RT-PCR confirmed the expression of 5-HT2A and 5-HT2B
receptor mRNAs in extracts of the CB. These results suggest that 5-HT enhances
hypoxia-induced [Ca2*]; responses in glomus cells via 5-HT2 receptor.

In Chapter 3, I aimed to examine the sympathetic regulatory mechanism
underlying vascular tone via 5-HT and noradrenaline (NA) in the CB for chemosensory
activation. In order to determine the effects of hypoxia on sympathetic nerve input to
the CB, I recorded cervical sympathetic nerve activity in rats exposed to hypoxia. I also
examined NA- and 5-HT-induced [Ca2*]; responses in vascular smooth muscle cells and
pericytes in isolated blood vessels from the CB. Multifiber electrical activity recorded
from the cervical sympathetic trunk was increased during the inhalation of hypoxic
gas (10% Os). Thus, the sympathetic regulation of blood flow in the CB may be
enhanced by hypoxia. Intracellular calcium imaging using arteriole specimens showed
that NA induced [Ca2t]; increases in arteriolar smooth muscle cells, whereas 5-HT did
not cause any [Ca2t]; responses. However, NA did not induce [Ca2*]; increases in
pericytes in capillaries, whereas 5-HT did and this response was inhibited by the
5-HT2 receptor antagonist, ketanserin. Since pericyte-induced capillary constriction is
known to result in decreases in blood flow through capillaries, 5-HT-induced [Ca2*];
increases in pericytes may reduce capillary blood flow in the CB during hypoxia. Due
to decreases in capillary blood flow, the region of glomus cells may experience
prolonged hypoxia. Therefore, 5-HT from sympathetic nerve fibers may be involved in
chemoreceptor activation of the CB due to reductions in capillary blood flow during
hypoxia.

In conclusion, 5-HT may be endogenously synthesized in glomus cells and
perivascular sympathetic nerve fibers in the CB. 5-HT may enhance the chemosensory
activity of the CB via two different modulatory pathways, elevation in hypoxic
chemosensitivity of glomus cells, and reduction in capillary blood flow by pericyte
contraction, respectively. The present study provides the possibility that 5-HT in the
CB contributes to the elevation of respiratory reflex via an increase in carotid sinus
nerve activity during hypoxia.



