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The carotid body (CB) is a polymodal oxygen sensor strategically positioned at the bifurcation of the 
common carotid artery and endowed with the ability to detect broadly the chemical composition of arterial 
blood. The chemoreceptor glomus cells of the carotid body work in concert with the opposing afferent 
nerve endings of the petrosal ganglion cells and together they form a functional unit. Evidence to date 
suggests that the chemoreceptor cells utilize various chemical substances for the afferent transmission of 
chemosensory information. The presence and distribution of substance P, neuropeptide Y and methionine- 
enkephalin immunoreactive nerve structures in the CB of rats were identified at a light microscopical level 
using immunohistochemistry. All the three examined neuropeptides were expressed in both the glomus 
cells and nerve fibers, albeit in a different manner. Our results provide immunohistochemical evidence that 
the rat CB utilizes sensory and autonomic peptides, which can modulate chemosensory activity through 
their actions on the glomus cells and vasculature.
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Introduction

The carotid body (CB) is the main peripheral chemoreceptor responsible for monitor
ing changes in p02, pC02 and pH in arterial blood and participates in the ventilatory 
responses to hypoxia, hypercapnia and acidosis [5]. It is bilaterally located at the carotid 
bifurcation, between the external and internal carotid arteries. From a structural point 
of view, the organ is composed of lobules, which are organized in clusters of cells, sur
rounded by a dense meshwork of capillaries and penetrated by bundles of sensory nerve 
endings of the carotid sinus nerve, a branch of the glossopharyngeal nerve as well as by 
postganglionic sympathetic nerve fibers from the superior cervical ganglion [5].

The cell clusters, also known as glomeruli, consist of two major cell types: neu
rosecretory oxygen sensitive type I or glomus cells, which are round in shape and glial 
type II or sustentacular cells, which are fusiform and located at the periphery of the 
clusters. Type II cells mainly play a supportive role, but may also behave as stem cell 
precursors for type I cells [12]. Sustentacular cells have been suggested to co-ordinate 
chemosensory transduction through interactions with nerve endings, type I cells and 
blood vessels [14]
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It has been proposed that the glomus cells in different animal species release a 
variety of transmitter candidates including classical and peptide transmitters. Previous 
studies have shown that the chemoreceptor cells contain diverse neuropeptides. Among 
them are sensory peptides such as substance P (SP) [7], autonomic neuropeptides like 
neuropeptide Y (NPY) [9] and the opioid peptide met-Enkephalin (mEnk) [17].

Materials and Methods

The experiments were carried out on adult Wistar rats of both sexes, w eighing 250-300 
g. All procedures were performed according to a standard protocol established by the 
Bioethical Commission of the Biomedical Research at the Institute of Neurobiology of 
the Bulgarian Academy of Sciences. All efforts were made to minimize the number of 
animals used and their suffering.

For the immunohistochemical experiments, the rats were deeply anesthetized and 
transcardially perfused first with 0.05 M phosphate-buffered saline (PBS), pH 7.3, fol
lowed by 4% paraformaldehyde (PFA) in 0.01 M phosphate buffer (PB), pH 7.3. The 
carotid bifurcations were dissected out and postfixed in the same fixative overnight at 
4°C. Thereafter, the tissues were embedded in paraffin and cut into 7 pm thick sections. 
The samples were then deparaffmized with xylene and ethanol, and subsequently pro
cessed for avidin-biotin-horseradish peroxidase complex (ABC) immunohistochemis- 
try. Briefly, the sections were treated with hydrogen peroxide (1.2% in absolute metha
nol; 30 min) to inactivate endogenous peroxidase and the background staining was 
blocked with 5% normal goat serum (NGS) in PBS for 1 hour. Between the separate 
steps, the sections were rinsed with cold PBS/Triton X-100. Afterward, they were in
cubated for 24 h at room temperature with the respective primary antibodies, rabbit 
anti-SP (diluted 1:1000, Abeam, Cambridge, UK), rabbit anti-NPY (1:500; Amersham 
International, Buckinghamshire, UK) and rabbit anti-mEnk (1:1000, Inc Star, Stillwa
ter, MN, USA) overnight at 4°C in a humid chamber, followed by biotinylated goat 
anti-rabbit IgG (Sigma, 1:250) for 2 h at room temperature, and lastly the ABC complex 
(Vector Labs, Burlingame, CA, USA) was applied for 2 h at room temperature. Finally, 
the peroxidase activity was visualized using diaminobenzidine as a chromogen. After 
the immunoreaction, the sections were dehydrated in ethanols, cleared in xylene and 
coverslipped with Entellan (Merck, Darmstadt, Germany). The slides were observed 
and photographed with a Nikon research microscope equipped with a digital camera 
DXM 1200c.

The specificity of the immunostaining was controlled by omission of the primary 
antiserum from the incubation medium or its replacement by PBS. No immunoreactiv- 
ity was detected in either case.

Results

A dense plexus of substance P-immunopositive intraglomerular and periglomerular 
nerve fibers were observed throughout the CB and many of the varicose fibers were 
closely associated with glomus cells (Fig. 1 A). At a higher magnification, a large num
ber of SP-immunostained glomus cells were also seen within the CB (Fig. IB).

In addition, abundant NPY-like immunoreactive nerve fibers were found through
out the parenchyma of the adult rat CB (Fig. 1C). The nerve fibers appeared as vari
cosities and most of them were associated with small vessels. On the other hand, only 
scattered glomus cells were NPY immunostained.
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Fig. 1. (A) SP-immunoreactive intaglomerular and periglomerular nerve fibers in the rat CB. (B) A 
higher magnification of the boxed area in (A) showing a large number of SP-expressing glomus cells 
(C) NPY-immunoreactive perivascular nerve fibers and scattered immunostained glomus cells in the 
adult rat CB. (D) mEnk immunopositive glomus cells and nerve fibers. Scale bars = 25 pm (A, C, D); 
50 pm (B).

Conversely, the immunohistochemical experiments demonstrated immunostaining 
for mEnk in the majority of glomus cells (Fig. 1D). Intraglomerular and periglomerular 
nerve fibers within and around the cell clusters were mEnk-immunostained as well.

Discussion

The present results demonstrate that all the three examined neuropeptides are expressed 
in the rat CB, albeit in a different manner. In this study, we find that the vast majority 
of glomus cells appear to contain certain sensory peptides like SP and mEnk. Moreo
ver, the most numerous SP-immunoreactive fibers are associated with the glomus cells, 
though some immunostained varicosities were seen periglomerularly too. Hence, we 
have found SP immunoreactivity in both the glomus cells and nerve fibers in the rat CB 
in contrast with studies performed by other authors [2,7,17] which have been reported 
that SP immunoreactivity is only localized to the nerve fibers within the CB of this spe
cies. Furthermore, SP immunoreactivity has been found in the CBs from diverse animal 
species, although its specific cellular distribution to either carotid sinus nerve fibers or 
glomus cells appears to be species dependent. Indeed, SP has been reported to occur
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in glomus cells of the human CB [13] or only in the glomic nerve fibers of this species 
[10]. Immunofluorescent studies [3] have also shown that SP is located in a few glomus 
cells and in nerve fibers present on the cat CB, while all previous studies have reported 
SP immunoreactivity exclusively in the nerve fibers within the rabbit CB [8]. These 
results suggest that SP is involved in chemosensory mechanisms in the CB of several 
animal species, including the rat CB. Taken together with previous immunohistochemi- 
cal [7,17] and physiological [4] reports, our data indicate that SP probably modulates 
the CB chemosensitivity and indirectly increases carotid sinus nerve activity.

Our immunohistochemical data on the strong expression of mEnk immunoreactiv
ity in both the glomus cells and nerve fibers innervating the CB of the rat are in contrast 
with the immunohistochemical findings of Heym and Kummer [6] who reported mEnk 
immunoreactivity only in the nerve fibers. Physiologically, it is likely that mEnk inhib
its the sensory activity of the CB.

The present findings on the strong expression of NPY immunoreactivity in the 
perivascular nerve fibers and weak NPY-like immunoreactivity in the adult rat CB are 
in accordance with the immunocytochemical data of Oomory et al. [11]. These authors 
have reported that NPY immunoreactive glomus cells decrease rapidly from the first to 
the second postnatal week. On the other hand, NPY immunostained nerve fibers mainly 
increase after the second postnatal week [11]. From a functional point of view, as an 
autonomic neuroactive peptide, NPY possibly leads to the CB excitation by causing 
local vasoconstriction.

In conclusion, both excitatory and inhibitory neuropeptides are involved in the 
modulation of sensory response of the rat CB.

R e f e r e n c e s

1. A t a n a s o v a, D. Y., M. Е. 11 i e v, and N. E. L a z a r o v. Morphology of the rat carotid body. -  Bi-
omed. Rev., 22, 2011,41-55.

2. C h е n, I. Y, R. D. Ya t e s, J. T. H a n s e n. Substance P-like immunoreactivity in rat and cat carotid bod
ies: Light and electron microscopic studies. -  Histol. Histopathol., 1, 1986, 203-212.

3. C u е 11 o, A. C., D. S. Me Q u e e n .  Substance P: A carotid body peptide. -Neurosc. Lett., 17, 1980,
215-219.

4. D e Ca r o ,  R., V. Ma c  chi ,  M. S f r i s o ,  A. P o r z i o n a t o .  Structural and neurochemical
changes in the maturation of the carotid body. -  Respir. Physiol. Neurobiol., 2012, http://dx.doi. 
org/10.1016/j.resp.2012.06.012.

5. G o n z a 1 e z, C., L. A 1 m a r a z, A. O b e s o, R. R i g u a 1. Carotid body chemoreceptors: from natu
ral stimuli to sensory discharges. -  Physiol. Rev., 74, 1994, 829-898.

6 .  H ey  m, C.,W. K u m m e r .  Immunohistochemical distribution and colocalization of regulatory pep
tides in the carotid body. -  J. Electron. Microsc. Tech., 12, 1989, 331-342.

7. J a c o b o w i t z ,  D.M., C. J. H e Ike.  Localization of substance P immunoreactive nerves in the
carotid body. -  Brain Res. Bull., 5, 1980, 195-197.

8. K i m D. K., Е. K. Oh, B.A. S u m m e r s ,  N.R. P r a b h a k a r ,  G. K. K u m a r .  Release of substance
P by low oxygen in the rabbit carotid body: evidence for the involvement of calcium channels. -  
Brain Res., 892, 2001, 359-369.

9. K o n d o, H., H. K u r a m o t o, T. F u j i t a. Neuropeptide tyrosine-like immunoreactive nerve fibers
in the carotid body chemoreceptor of rats. -  Brain Res., 372, 1986, 353-356.

10. K u m m e r ,  W., J. O. H a b e c k. Substance P- and calcitonin gene-related peptide-like immunore
activity in the human carotid body studied at light and electron microscopical level. -  Brain Res., 
554, 1991,286-292.

11.O o m o r y ,  Y., H. M u r a b a y a s h i ,  K. I s h i k a w a ,  K. M i y a k a w a ,  K. N a k a y a ,  H. T a n a k a .  
Neuropeptide Y- and catecholamine-synthesizing enzymes: immunoreactivities in the rat carotid 
body during postnatal development. -  Anat. Embryol., 206, 2002, 37-47.

18

http://dx.doi


12. P a r d a l ,  R., P. O r t e g a - S a e n z ,  R. D u r a n ,  J. L o p e z - B a r n e o .  Glia-like stem cells sustain
physiologic neurogenesis in the adult mammalian carotid body. -  Cell, 131, 2007, 364-377.

13. S m i t h, P, J. G o s n e y, D. H e a t h, H. B u r n e 11. The occurrence and distribution of certain poly
peptides within the human carotid body. -  Cell Tissue Res., 261, 1990, 565-571.

14. T s e, A., L. Ya n, A. K. L e e, F. W. T s e. Autocrine and paracrine actions of ATP in rat carotid body.
-  Can. J. Physiol Pharmacol., 90, 2012, 705-711.

15. Wa n g ,  Z. Z., D. S. B r e d t ,  S. J. F i d o n e ,  L. J. S t e n s a a s .  Neurons synthesizing nitric oxide
innervate the mammalian carotid body. -  J. Comp. Neurol., 336, 1993, 419-432.

16. W an g, Z. Z., L. J. S t e n s a a s, B. D i n g e r, S. J. F i d o n e. The co-existence of biogenic amines
and neuropeptides in the type I cells of the cat carotid body. -  Neuroscience, 47, 1992, 473-480.

17. W h a r t o n ,  J. J., J. M. P o 1 a k, A. G. Е. P e a r s e, G. P. M c G r e g o r ,  M. G. B r y a n t ,  S. R.
В 1 o o m, P. G. E m s o n, G. Е. B i s g a r d, J. A. W i 11. Е n k e p h a 1 i n-, VIP-, substance P-like 
immunoreactivity in the carotid body. -Nature, 284, 1980, 269-271.

19


