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ABSTRACT

Structural and ultrastructural observations on the normal and
denervated carotid body and carotid sinus of 50 lambs and 7 adult
sheep (Ovis arics) were made employing various anatomical, histo-
logical, fluorescent, microscopical and ultrastructural techniques.
Chronic denervation experiments were performed by (i) unilateral
sectioning of the carotid sinus nerve with or without sectioning
of the glossopharyngeal nerve and pharyngeal branches of the vagus
nerve, and (ii) unilateral sectioning of the sympathetic filament
(external carotid nerve) to the carotid trifurcation, or unilateral

cranial cervical ganglionectomy,

The gross anatomical studies demonstrated that there is
variation in the mode of branching of the common carotid artery
and the pattern of the venous drainage of the entire carotid
region, The position, blood supply and venous drainage of the
carotid body were also found to be variable, The major arterial
source of supply for almost e&ll the structures associated with the
carotid trifurcation is the occipital artery., The ducl innervation
of the carotid body and the carotid sinus from the glossopharyngeal
nerve (via the carotid sinus nerve) and the cranial cervical ganglion

(via the external carotid nerve) is described.

From the histological studies it was found that there is
widespread distribution of carotid body tissue at the carotid
trifurcation. Two major cell types were seen in the carotid body,

the chief or type I cells and the sustentacular or type II cells.,
The former included "light" and "dark" cells but it was not possible

to identify these cells with certainty under the electron microscope,



The carotid body and carotid sinus receive predominantly
glossopharyngeal fibres which were traced close to the type I
cells in the carotid body, and in the carotid sinus to the deeper
tunica adventitia., The large diameter nerve fibres which
degenerated after sectioning of the carotid sinus nerve, were seen
to terminate in close association with the type I cells. The
carotid body cells or the carotid sinus wall did not exhibit any
marked morphological changes after sectioning of the carotid simus
nerve or after sympathectomy; however, a marked dilatation of the

blood vessels was seen in both the carotid body and carotid sinus,

The carotid sinus is a swelling, dilatation or diverticulum
at the origin of the occipital artery or the occipitoascending
pharyngeal arterial trunk., The extent of the elastic tissue varies
according to the position of the carotid body. The carotid sinus
is predominantly of the elastic type. The terminal nerve fibres
end as diffuse endings. The large dianeter myclinated nerve fibres
which degenerated after sectioning of the carotid sinus nerve are
suggested to be of glossopharyngeal origin, whercas the fine
nonmyelinated fibres which could be traced to the medioadventitial
border or superficial media are suggested to be of sympathetic

origin,

Both the normal and sympathetically denervated carotid body
cells exhibited intense fluorescence, the intensity of the
fluorescence remaining the same up to 8 weeks after sympathectomy.
It is suggested that normal carotid body cells contain
catecholamines consisting mainly of noradrenaline and dopamine

which are not affected by chronic sympathetic denervation.



Fluorescent nerve fibres were seen on the outermost layer of
the adventitia of the normal carotid sinus, along the carotid body
artery, and in the adventitia and the medio-adventitial border
of the common carotid and external cerotid arteries. They were
not present in the deneivated specimens, It is suggested that
the carotid sinus, carotid body artery and tre common carotid
and external carotid arteries receive sympathetic adrenergic

innervation,

Ultrastructural studies confirmed the presence of type I and
type II cells in the carotid body. The predominant type I cells
are characterized by the presence of numercus dark-cored osmiophilic
vesicles arnd mitochondria, The type II cells are irregular shaped
cells with o characteristic nucleus, extensive cytoplasmic processes,
fewer mitochondria and indistinct endoplasmic reticulum, Blood
vessels are numerous in the carotid body. The nerve endings are of
two types - large and small, the forme:r being particularly
associated with type I cells, Sometiries fine nonmyelinated small
axons were seen in the small grooves of the type I cells., Most
of the large diameter myeclinated nerve fibres and the large type
of nerve endings degenerated after sectioning of the carotid sinus
nerve, The degeneration was almost complete at 2-8 weeks after
nerve transection, After sympathectomy small diameter nonmyelinated
ncrve fibres which were usually related to the blood vessels,
degenerated, It is suggested that the large diameter myelinated
nerve fibres and large nerve endings belong to the glossopharyngeal
system, and the small diameter nonmyelinated nerve fibres, which
are usually related to the blocd vessels, are from the sympathetic

systeme



The covine carotid sinus presented a very similar fibre
architecture to that found in the laboratory animals, and the
endothelial cells possessed complex cndothelial folds, Those
nerve terininals wnich possessed indistinct perineural sheaths
and few electron dense-cored vesicles degecnercted after
sectioning of the carotid sinus nerve, and thesc nerve terminals
are suggested to be derived from the glossopharyngeal nerve, As
the nonmyelinated sheathed nerve terminals at the medioadventitial
border of thc carotid sinus degecnerated after sectioning of the
external carotid nerve or cranial cervical ganglionectomy, they

arc suggested to be from the sympathctic system.
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CHAPTER ONE

GENERAL INTRODUCTION




The carotid body and the carotid sinus of certain vertebrate
species have been studied very extensively. The rabbit and cat have
been used widely in various experimental studies relating to the
structural, ultrastructural, physiological and biochemical aspects
of the carotid body and the carctid sinus., Lambs and sheep have been
used increasingly for many investigations including physiological and
pharmacological studies on the carotid body and the carotid sinus,
The interpretation of functional studies releting to the carotid body
and the carctid sinus in the sheep requires a detailed knowledge of
the gross anatomy, histology and the ultrastructure of the carotid
body and carotid sinus. The effects of chronic denervation on the
carotid body and the carotid sinus structures may be useful in
correlating and interpreting the structure and function of these

intricate structures,

The gross anatomy of the carotid trifurcation region, especially
of the carotid body and the carotid sinus, in the shcep have not
been worked out in detail. Waites (1960) was probably the first one
who described the gross anatomy of this region briefly and demonstrated
the importance of carotid sinus nerve (nerve of Hering) in the carotid
sinus reflex function, However, as yet no work has been done on the
blood supply, nerve supply and venous drainage of the carotid
trifurcation region in the sheep, Also no published infeormation was
availeble on the blood supply and venous drainage of the associated
nerves and ganglia - the glossopharyngeal, the carotid sinus nerve,
vagus and its pharyngeal rami, accessory and hypoglossal nerves, and
the sympathetic trunk, external carotid nerve, and the nodose and

cranial cervical ganglia,



A very little work could be consulted on the histological
structure of the carotid body and the carotid sinus of the sheep,
Studies on these areas have been documented briefly by Abraham
(1958, 1967, 1968a, 1969), Waites (1960) and de Kock (1954)., De Kock's
(1950, 1954) findings of two types of carotid body cells, type I and
type II, in the carotid body of several species including sheep was
confirmed in many other vertebrate species. However, the receptor
idea of de Kock is not accepted by many observers. de Kock (1950,
1954) studied the carotid body using only Holmes' silver technique
and classified type I and type II cells, Later cytological studies
by Abraham (1969) did not favour this categorization based only on

muclear differential staining reaction,

The histology of the carotid sinus has received little attention
in sheep in comparison with other vertebrate species., Abraham (1958,
1959) described its innervation briefly. In his later study (1969)
he described the nerve end systems in detail and emphasized the
specificity of these systems as characteristic of the ovine speoies.
However, the shape, the extent of elastic tissue composition, the
detailed glossopharyngeal and sympathetic innervation have not yet
been worked out. Also, no attempt has been made to study the
glossopharyngeal and syupathetic fibres to the carotid body of the

sheep.

The presence of biogenic amines in the carotid trifurcation
have been described by several workers in various vertebrate species
including rat, rabbit, guinea-pig, cat and man, The tracing of the
adrenergic fibres to the carotid body or carotid sinus in the sheep,
either by light histological methods or by fluorescent microscopical

techniques, has not been performed. The localization of biogenic



3

amines, their nature in the carotid body and carotid sinus before amd
after chronic sympathectomy could be helpful in interpreting the
significance of the sympathetic influence on the functions of the

carotid body and carotid sinus.

Although the ultrastructure of the carotid body and the carotid
sinus of various species have been studied extensively, similar
studies of sheep have not been published. The cell types, the nature
and distribution of nerve fibres and the nerve endings, and their
morphology before and af'ter denervation still await further investiga-

tion,

In the present study of the carotid body and the carotid sinus
of the lambs, various gross anatomical, histological, fluorescent
microscopical, and electron microscopical methods were employed in
the hope that this study might fill a gap in the understanding of
the structure and function of the controversial carotid body and

carotid sinus,
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MATERIALS AND METHODS




4.

1. Methods for (ross dnatomical Dissections

A total of twenty-two animals (17 lambs and 5 sheep) were
dissected for gross anatomical studies. Nine lambs and three
sheep were dissected after they had been embalmed and injected
with rubber latex through the common carotid artery and the
external jugular vein. Five lambs and two sheep were dissected
in the fresh state. Three lambs were injected with thrombin and
indian ink into the external jugular vein and the common carotid

az'tex'y'o

Nine lambs and three sheep were anaesthetized and were
exsanguinated through the common carotid artery and the external
jugular vein, Embalming fluid was infused by gravity through the
common carotid artery and the external jugular vein while keeping
the animal's head in the normal position., They were kept in the
cool room for a weék after which rubber latex was injected into the
common carotid artery and the external jugular vein, After the
latex had set, the animal8® necks were severed just in front of the
thoracic inlet and were dissected by naked eye or stereo dissecting
microscope. For better differentiation of nerves and their
surrounding tissues the dissected specimens were kept in one of
the following solutions:

(4) 4% glacial acetic acid solution,

(B) 0.1 - 1.0# saturated aqueous picric acid solution,

(C) 1% glacial acetic agid and 0.1 = 1,0 saturated

aqueous picric acid,

(D) 1% glacial agetic acid, 0.1 - 1,0% saturated aqueous

picric acid and 1 - 5% ethyl alcohol,

(E) treated by Perman's raethod as described by McCrea (1959).
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Five lambs and two sheep were anaesthetized by intravenous

pentothal sodium and were exsanguinated through the external
Jugular vein, The head and neck portions of the animals were
removed and they were dissected under Olympus zoom-stereo

microscope. The detailed innervation pattern of the carotid

trifurcations were drawn during each of the dissections. The

specimens were kept during and after dissections in the following

solution (F): 'Egégir.

3% formaldehyde

1% glacial acetic acid,

0.1 - 1% saturated aqueous picric acid,
3% ethyl alcohol, and

10% glycerine.

The specimens could be kept in this solution for a long time

without being distorted or unduly hardered.

To study the venous drainage of the carotid region, another
three lambs were anaesthetized by intravenous injection of thiopental
sodium. In one lamb, a modified technique of thrombin and indian
ink injection based on a method employed by Chungcharocen, Daly and
Schweitzer (1952) was used. An injection of Pelikan ink (C11/1431a,
GUnther Wagner) incorporated with 5 ml1 of 5,000 N.I.H. units
thrombin (Park, Davis & Co.) was made bilaterally into the common
carotid arteries at the caudal third of the neck. Both arteries
were ligated above their points of injection and the animals were
fixed in 10% formalin tank for one week. In the other two lambs
both external jugular veins were injected with thrombin and indian
ink preparation, and the specimens were fixed in the 10% formalin
for one week. The specimens were dissected under Olympus zoom=

stereo microscope and sketches were made during each of the



dissections. The specimens were kept in the solution (F).

Apart from the above mentioned twenty-two animals, animals
which were used to study the normal histology of the carotid body
and the carotid sinus, and animals used for denervation experiments,
were also examined for the mode of branching of the carotid tree,
the position of the carotid body and their innervation patterms.,
Sketches made from these observations were also included in the
illustrations. Three carotid trifurcations were dissected out to

make photographic records of their innervating patterns,

2. Histological Methods

A, Normal Histology

A total of 9 animals (7 lambs and 2 adult sheep) were used to

study the normal histology of the carotid body and carotid sinus.

Animals were freshly killed or anaesthetized by intravenous thiopental

sodium and were exsanguinated through a jugular vein, The carotid
trifurcations were dissected out immediately, and were fixed in
various fixatives as described in Table I . The following stains
and methods were used:
(a) For General Cytology
Meyer's Haematoxylin and Eosin,

Harris' Haematoxylin and Eosin,

(b) For Elastin and Cellagen
Verhoeff's Elastin Stain according to Culling (1963),
Orcein (Romeis, 1948),

Gomori's Aldehyde Fuchsin (4950),
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TABLE I.

METHODS EMPLOYED FOR NORMAL HISTOLOGY OF THE CAROTID BODY AND CAROTID SINUS

No. Animals

Carotid-
trifurcation

Fixative

Section

Stains requiring
special fixatives

1 Lamb
2 Lamb
3 Lamb
4 Lamb

Left

Right

Left

Right

Left

Right

Left

Right

10% formol-saline

10% formol-saline

Formol-acetic
alcohol

1044 formol-saline
Formol-acetic

alcohol

Formol--sucrose
ammonium hydroxide

10% formalin

Formol-sucrose
ammonium hydroxide

5 u, serial, longitidunal,

paraffin sections

5 W, serial, transverse,

paraffin sections

10-50 ., longitudinal,

frozen sections

10 4, serial, longitudinal,

paraffin sections

12 u, serial, longitudinal,

paraffin sections

15-20 1, longitudinal,

frozen sections

25-40 U, frozen sections

15-20 W, transverse,

frozen sections

Winkelmann and
Schmit (1957)
Bodian (1936, 1937)
Winkelmgnn (1959)
Bielschowsky-

Gros-Cauna Procedure

Winkelmann (1959)
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TABLE I (continued)

Fixative

Section

Stains requiring
special fixatives

No. Animals Carotid-
trifurcation
5 Lamb Left
Right
6 Lamb Left
7 Lamb Left
Right
8 Sheep Left
Right
9 Sheep Left
Right

10% formalin

Formol-glycerin

Formol-acetic
alcohol

Bouin's fluid

Bouin's fluid
modified by
Davenport (1960)
10% formol-saline

Regaud's fluid

10% formol-saline

10% formelin

15-20 1L, longitudinal
frozen sections

15-20 KL, serial,
longitudinal, frozen
sections

14 U, serial, longitudinal,
paraffin sections

12-1L4 u, serial,
longitudinel, paraffin
sections

12-14 K, serial, longitudinal,
paraffin sections

12-14 W, serial,

paraffin sections

5-6 WL, serial, transverse,
paraffin sections

12-14 W, serial, longitudinal,
paraffin sections

5-6 K, serial, transverse
paraffin sections

Abraham (1969)

Winkelmann (1959)

Bodian (1936, 1937)

Davenport (1960)



Masson's Trichrome Stain (1929),
Picro-Ponceau with Haematoxylin (Gurr, 1956),

Lillie's Allochrome Method (1951, 1954),

(¢) For Reticulin

Gordon and Sweet's (1936),

(d) For Nervous Tissue
Abrahan's Technique (1969),
Bielschowsky-Gros-Cauna Procedure according to

Abraham (1969),

Bodian's Activated Protargol Method (1936, 1937),
Bodian's Method as described by Humason (1967),
Davenport's Two Hour Silver Method (1960),
Holmes' Silver Method (1942, 1943),
Holmes' Silver Technique according to Culling (1963),
Rogers' New Silver Methods (1931),
Rogers' Method according to Foot (1932),
Romanes' Silver Chloride Method (1950),
Ungewitter's Urea Silver Nitrate Method (1951),
Winkelmann and Schmit's Simple Silver Method (1957),

Winkelmann's Hydroxyl-Dependent Silver Method (1959).

The following tissue specimens were also taken: glosso-
pharyngeal nerve, carotid sinus nerve, cervieal vagus nerve, nodose
ganglion, pharyngeal branches of the vagus nerve, cranial cervical
ganglion, origin of cervical sympathetic trunk, and external
carotid nerve. They were fixed in 1(f formol-saline, formol-
acetic alcohol, Bouin's fluild and Bouin's fluid modified by
Davenport (1960). From ther 5-14 1 longitudinal and transverse

paraffin sections were cut and stained by Meyer's haematoxylin and

9.
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eosin, Picro-ponceau with haematoxylin, Bodian's method (1936, 1937),
Holmes' silver (1942), Rogers' method (1931), Foot (1932), Romanes'

method (1950), and Ungewitter's method (1957).

To compare their elastic tissue composition with that of the
carotid trifurcation, specimens were taken of the following blood
vessels: origin of the common carotid artery, bicarotid trunk,
brachiocephalic and external carotid arteries, They were fixed in
10% formol-saline or Helly's fluid, and transverse sections of 5-14 W
were stained by Meyer's haematoxylin and eosin, picro-ponceau with

haematoxylin, orcein, and Verhoeff's elastin stain,

Photographic records were made from the tissue slides prepared
from the normal and denervated specimens, Photomicrographs were
taken from a Leitz microscope using either Ilford Pan F or Kodak

Panatonix-X films,

B, Methods for Denervated Carotid Trifurcations

A total of 9 lambs were used. Five lambs (N1, N2, N3, N4t & N5)
were used for carotid sinus nerve section with or without the
inclusion of the glossopharyngeal and pharyngeal branches of the
vagus nerve., The other 4 lambs (G1, G2, G3 & G4) were used for
sympathetic denervation (Table II). Two lambs (N1 and N2) were
anaesthetized by intravenous pentothal sodium one month after
section of the carotid sinus nerves, The animals were perfused
by gravity bilaterally into the common carotid arteries at the
neck with 10% neutral formol-saline (using LiZCOB)' The animals
were exsanguinated through an external jugular vein during
perfusion. The carotid trifurcations were dissected out quickly

and were fixed for 2-3 months. In one animal (N1) the carotid



TABLF II.

TYPE OF NERVE SECTIONS PERFORIMED IN DENELV..TION

EXPERIMENTS AND THEIR RESPECTIVE POST-OPERATIVE

TIMES
Number  Animal Type of nerve section Post
operative
time
1. N1 Carotid sinus nerve, and glosso- 1 month
pharyngeal and pharyngeal branches
of vagus nerve,
24 N2 Carotid sinus nerve, 1 month
3 N3 Carotid sinus nerve, 1 month
4. N4 Carotid sinus nerve, and glosso-~ 1 month
pharyngeal nerve,
ok N5 Carotid sinus nerve, and glosso~- 1 month
pharyngeal nerve,
6. G External carotid nerve. 1 month
Te G2 Cranial cervical ganglionectomy 1 month
8. G3 Cranial cervical ganglionectomy 6 weeks
9. G4 External carotid nerve 6 weeks
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trifurcations were treated by Guillery, Shirra and Webster's method
(1961) for degenerated nerves. In the other animal (N2), 18
longitudinal, frozen serial sections were made and were treated by

Hamlyn's method (1957) for degenerated nerves.

The rest of the denervated animals (N3, N4, N5; G1, G2, G3 &
G4) were anaesthetized by intravenous thiopental sodium and were
exsanguinated through a Jjugular vein at different times after the
nerves had been sectioned (Table II). Thé carotid trifurcations were
removed immediately and were fixed in 1Q% formol=-saline. Longitudinal,
12-14 UL serial paraffin sections were made from each carotid trifuca=-
tion. Selected sections from each denervated and control carotid
trifurcation were stained by Romanes' silver chloride method (1950)
for nerve fibres., At the region of carotid body and carotid sinus,
from each of the carotid trifurcations, 4=7 L sections were also made
to be stained with Meyer's haematoxylin and eosin, picro-ponceau and
haematoxylin, Verhoeff's elastin stain, orcein, and Gordon and

Sweet's (1936) reticulin stain,

3. Surgical Approach for Denervation Experiments (Carotid Sinus

Nerve Section and Sympathectomx)

The surgical approach described here is the modified surgical
approach of Appleton and Waites?! (1957) for the superior cervical

ganglion and related structures in the sheep.

Three to eight-month=-o0ld lambs were anaesthetized by intra-
venous injection of 2.5% solution of thiopental sodium ("Pentothal"
sodium, Abbot or 'Intraval' sodium, M & B) at the rate of 11-16 mg/1lb
body weight. A skin incision about 5 cm long was made obliguely

ventrocaudad starting at a point midway between the base of the ear

12.



and the caudal angle of the mandible. The incision line was approxi=-
mately parallel to amd about half a centimeter dorsal to the internal
maxillary and external Jjugular veins. The platysma musclc was
transected carefully to expose the caudal auricular, internal
maxillary and cranial part of the external jugular veins. The caudal
auricular vein just above its entry into the internal maxillary vein,
and the small muscular and cutaneous tributaries of the external
Jugular vein were ligated and severed. The incised arca now exposed
cranially the middle of the caudal border of the parotid salivary
gland, dorsally the great auricular nerve and the sternomastoideus
nuscle, and ventrally the external Jjugular and the internal maxillary
veins., The cervical fascia and the surrounding adipose tissue were
bluntly dissected, and the lateral rectropharyngeal lymph node was
retracted against the ventral neck muscles. The common carotid artery
and the hypoglossal nerve were separated by blunt dissection from the
caudal belly of the digastric and stylohyoid muscles. A self-
retaining dilator was applied to widen the incision and to obtain a
clear view of the cranial nerves and the cranial cervical ganglion,

A focussed light was directed obliquely through the incision at the
cranial nerves and the ganglion., It was not necessary to transect
the occipitohyoideus muscle but this nuscle together with the caudal
belly of the digastric and the stylohoid muscles had to be retracted
upwards. Adipose tissue between the angle of the occipital and
external carotid arteries was cleaned to expose the carotid sinus
nerve and the glossopharyngeal nerve. The cranial cervical ganglion
lay cranial or medial to cranial nerves IX, X, XI, and XII in the
live animal according to the degree of extension of the head. The
pharyngeal branches of the vagus nerve (either a single trunk or two

separate branches, the dorsal one to the pharyngeal muscles and the

13,
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ventral one, the pharyngoesophageal nerve, to the cervical oesophagus)
ran rostroventrally medial to the carotid sinus nerve from the vagus
nerve proximal to the nodose ganglion. The internal carotid artery

and a branch from the cranial cervical ganglion to the carotid
trifurcation, the external carotid nerve, ran caudoventrally medial

to the pharyngeal branches of the vagus nerve. The carotid sinus nerve,
glossopharyngeal nerve, pharyngeal branches of the vagus and the
external carotid nerve were sectioned, and about 4~5 mm length of

nerve was removed at the appropriate levels (Table II), The incised
skin together with the platysma muscle and cervical fascia were

sutured by Michel's metal clips.

A total of twenty-two lambs were used for denervation experiment.
Nine lambs were denervated for light microscopy, three lambs for

fluorescence microscopy, and ten lambs for ultrastructural studies.

A. Light Microscopy.

In two lambs, the carotid sinus nerve was sectioned; in the
other two animals, the carotid sinus nerve together with the
glossopharyngeal nerve were sectioned; and in one animal, the
carotid sinus, the glossopharyngeal nerve and also the pharyngeal
branches of the vagus nerve were sectioned. In three lambs,
cranial cervical sympathetic ganglionectomies were performed, and

the external carotid nerve was sectioned in the other two lambs.

B, Ffluorescence Microscopyve.

For fluorescence microscopical studies, the left cranial

cervical ganglion was removed in two lambs, and in one animal the



external carotid nerve was sectioned (Table III).

C, Electron Miecroscopy.

For ultrastructural studies, the carotid sinus nerve was
sectioned in three¢ lambs; the carotid sinus nerve and the glosso-
pharyngeal nerve were sectioned in the other two lambs. Threce lambs
were used for left side cranial cervical ganglionectomy, and in the
other two lambs only the external carotid nerve was sectioned

(Table IV).

In all experimental animals, only the left side nerves were
sectioned or left cranial cervical ganglionectomies were performed

leaving the right side nerves and ganglia intact as controls.

L, Methods for Fluorescence Microscopy

Experimental amimals were kept for one month, six weeks and
eight weeks after unilateral sympathectomy or sympathetic ganglion-
ectony (Table III). They were either killed without anaesthetic or
anaesthetized by intravenous injection of thiopental sodium and
exsanguinated through the jugular veins. The carotid trifurcations
were dissected out immediately after death, blotted with blotting
paper, trimmed, and very quickly frozen on cryostat chucks. The
cryostat internal temperature was set at -250C to -3OOC, and serial
longitudinal (one animal) or cross sections (two animals), 15-18
thick were collected and thawed on the fluorescence~free microscopic
glass slides, They were immediately placed in the desiccator to dry
over fresh phosphorous pentoxide for a few hours. +t frequent
intervals during serial sectioning some of the sections were stained

by haematoxylin and eosin stain to identify the carotid body. A few

15,
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TABLE III.

TYPE OF NERVE SECTIONS PERFORMED FOR FLUORESCENCE
MICROSCOPICAL STUDIES AND THEIR RESPECTIVE POST-

OPERATIVE TIMES

No, Animal Type of nerve section Post-operative

time
1. ™M Cranial cervical 1 month
ganglionectony
2, F2 Cranial cervical 6 weeks
ganglionectomy

53 F3 External carotid nerve 8 weeks




sections among the series in the region of the carotid body and the
carotid sinus were fixed in 10% formol saline for staining of
collagen, elastin, reticulin and nervous tissues. The rest of the
selected seri~l sections from the denervated and control carotid
trifurcations were treated by methods described by Spriggs gt al.
(1966), and Rees (1967) to demonstrate the biogenic amines. The
gassed and ungassed specimens from denervated and control carotid
trifurcations were mounted on the clean microslides with Fluormount
(Edward Gurr Ltd) and were examined under a lLeitz microscope using
Blau B G 12 and K530 filters. Photographs were taken on Ilfard FP3
or FP4 films with average exposure times 45 sec = 1 min. Objective
lenses of 3.5, 12.5 and 25 magnifications were used with a 10 power

eye piece.,

50 Methods for Electron M}croacopy

Four lambs werc used for normal ultrastructural studies and ten

lambs were used for denervation experiments (Table IV).

Tissue samples for ultrastructural studies were obtained and

fixed by the following methods:

i) Animals were killed without anaesthetic., The carotid

trifurcations were immediately dissected out and trimmed in

cold, modified Karnovsky's (1965) fixative (2% paraformaldehyde,

3% glutaradehyds, in phosphate buffer, pH. 7.2) or in cold
buffered 5% glutarsldehyde (phosphate buffer, pH. 7.2). The
carotid bodies were dissected out under a zoom-stereo
dissecting microscope, During the dissections, the specimens
were completely immersed in the cold fixative., Pieces of

tissue, 1-2 mm thick, from the carotid sinus (origin of

17,



TABLE IV,

TYPE OF NERVE SECTIONS PERFORMED FOR ELECTRON

MICROSCOPICAL STUDIES AND THEIR RESPECTIVE POST-

OPERATIVE TIMES

No. Animal Type of nerve section Post operative
time
1. EMN 1 Carotid sinus nerve 2 weeks
2, EMN 2 Carotid sinus nerve and glosso- 3 weeks
pharyngeal nerve
Dl EMN 3 Carotid sinus nerve 5 weeks
4, EMN 4 Carotid sinus nerve 5 weeks
5. EMN 5 Carotid sinus nerve and glosso- 8 weeks
pharyngeal nerve
6. EMG 1 External carotid nerve 3 weeks
7 EMG 2 Cranial cervical ganglio- L weeks
nectomy
8% EMG 3 Cranial cervical ganglio- 5 weeks
neotony
9. EMG 4  External carotid nerve 6 weeks
10, EMG 5 Cranial cervical ganglio- 8 weeks

nectomy

18.
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occipital or occipito-ascending pharyngeal arterial trunk),
the common carotid and external carotid arteries from both
denervated and control carotid trifurcations were fixed in the

fresh fixative for 3-24 hours at 4°C.

ii) Animals were anaesthetized by intravenous pentothal sodium, and
the arterial branches of the carotid trifurcations on both sides
of the animals were exposed. A1l the arterial branches were
clamped and the entire carotid trifurcations were removed and

fixed within # - 3 min after clanping.

iii) Lnimals were given primary anaesthetic induction by intravenous
thiopental sodium (5%) and were maintained by endotracheal ether
or halothane inhalation, Common carotid artecries and jugular
veins were exposed on both sides of the animals, Cold, modified
Karnovsky's fluid or buffered, 5% glutaraldehyde solution was
perfused bilaterally through common carotid arteries under a
pressure of 120-150 mm Hg or by gravity, and the animals were
exsanguinated through external jugular veins. The carotid
trifurcations were removed after 20-30 min and were fixed as

above,

Tissue blocks werc either vacuum infiltrated in fixatives for
15=30 nin and fresh fixatives were replaced, or were subjected to
buffer wash, Tissue blocks were washed twice with a half hour
interval, or kept overnight in O.1 I phosphate buffer, pH, . .1,
and were post fixed in buffered, 2% osmium tetroxide solution (0.1 M
phosphate buffer, pH. 7.2) for 2-4 hours. Tissue blocks were again
washed with the phosphate buffe:» twice with an interval of 10 min
and were dehydrated through ascending grades of ethanol to propylene

oxide; or blocks were kept overnight in 75% ethanol incorporated



with 1% uranyl acetate. Blocks were embedded in Araldite and sections
were cut at about 50 -60nm, The sections were stained on grids with
one of the following: 1% uranyl acetate, 1% lead citrate (Reynolds,
1963), 1% uranyl acetate followed by 1% lead citrate. The stained
sections were examined in a Philips EM=200 electron microscope,

Photographic records were made during each observation,

Thick sections of 1-2u were made, before cutting ultra-thin
sections from each tissue block, to be stained with 1% methylene

blue, 1% safranin O, and 1% toluidine blue in 1% borax.
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INTRODUCTION

The gross anatony of the carotid trifurcation region in man
and in a large number of vertebrates has been studied in detail,
but reports on that of the sheep are still deficient in the
literature. #As the sheep is being increasingly utilized in various
anatonical and physiological studies, detailed information on the
gross anatomy of the carotid trifurcation region in this species
may be useful, the following conparative anatomical observations
on the carotid trifurcation region were carried out in lambs and
adult sheep., Studies were made of the mode of branching of the
carotid trifurcation, the gross anatony of the carotid body and
the carotid sinus, and the relationship of the carotid tree to the
surrounding structures. 4lso studies were maede on the bBlood supply
nerve supply, and venous drainage of the carotid body and carotid
sinus, and the associated nerves and ganglia, the glosso-pharyngeal,
vagus, hypoglossal and spinal accessory nerves, and the cranial

cervical and nodose ganglia,

LITERATURE REVIEW

A, Mode of Branching of the Carotid Tree

The earliest account of the mode of branching of the cammon
carotid artery in the sheep was given by Chauveau (1891). He
described the carotid arteries as furnishing a thyroid branch, a
laryngeal branch and a very slender occipital artery. 4 nore

detailed description of the ovine carotid trifurcation was given

by May (1964, 1965).

The internal carotid artery has been found to be developed

in the young and absent in the adult sheep (Chauveau, 1891;
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Vaughan, 1895; Daniel, Dawes and Prichard, 1953; Balankura, 1954;

Baldwin and Bell, 1963; May, 1965).

The occipital artery and its branches were described by
Chauveau (1891) and May (1964, 1965). The condyloid artery,
according to May (1964, 1965), arises from the occipital artery
near the origin of the latter, but he also points out that it nmay,
in some cases, arise direcctly frem the external carotid artery.

The cranial branch of the condyloid artery arises near the condyloid
foramen and enters the posterior foramen lacerun caudal to the

vagus and accessory nerve and then ramifies in the meninges dorsal
to the foramen (May, 1965). This cranial branch of the condyloid
artery of May was illustrated as the middle meningeal artery by
Popesko (1970). However, Nemina Anatomica Veterinaria (1968) lists
the middle meningeal artery as a separate branch of the occipital

artery in the ruminant.

The origin of the pharyngeal artery (ascending pharyngeal),
according to Chauveau (1891), was nearly confounded with that of the
occipital artery. However its origin, according to Daniel, Dawes
and Prichard (1953) and May (1964, 1965), was from near the origin

of the porent vessel (the occipital artery).

The caudal pharyngeal artery, first identified by May (1965),
arises from the occipital or external carotid artery. Because this
artery pursued a coursc with the same relationships as the intermal
carotid artery in other animals, May regarded it as the "original

internal carotid artery".
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B. Gross_Anatomy of the Carotid Body and the Carotid Sinus

According to Adams (1958) the carotid body in the sheep was
first mentioned by Pf8rtner in 1869 without any detail. Also,
Adaps cited Schaper (1892) as stating that the position and form
of the organ were variable., In 1960, Waites found that the carotid
body and the carotid sinus of the sheep were located at the Jjunction
of the occipital and carotid arteries. He also confirmed
physiologically that the baro~ and chemoreceptor reflexes were
mediated by a branch of the glossopharyngeal nerve which was

therefore analogous to the nerve of Hering.

ch Blood Supply of the Carotid Body, Carotid Sinus and the

Associated Nerves and Ganglia

The arterial blood supply to the carotid body of the rabbit,
dog, cat, rat, guinea-pig, Rhesus monkey, and man has been studied
by a number of observers (Addison, 1945; iddison and Comroe, 1937;
Chungcharoen, Daly and Schweitzer, 1952a, 1952b, 1952c; Murphy and
Hughes, 1965); also the venous drainage and the arteriovenous
anastomoses between the carotid body and the carotid sinus in the
above laboratory animals have been extensively described by
Chungcharoen, Daly and Schweitzer (1955b, c¢), Murphy and Hughes
(1965) and Hughes (1965); yet descriptions of the arterial supply
and venous drainage of the carotid body and the carotid sinus in the
sheep are still deficient in the literature. Waites (1960) seens
to have been the only one to describe the carotid bodies as being
supplied by arteries arising from the cranial or medial surface of
either the occipital artery or one of the nearby branches of the

carotid artery,



Studies have also been made on the arterial blood supply to the
superior cervical ganglion in man (Patterson, 1950) and the superior
cervical sympathetic and nodose ganglia in cats, dogs, and rabbits
(Chungcharoen, Daly amd Schweitzer, 1952c). The latter workers also
found that in these animals the blood supply to the carotid body,
and superior cervical sympathetic and nodose ganglia were derived
from the same arterial source and, moreover, the veins from these
structures drained into common channels, However, no work has been
done on the arterial supply or venous drainage of the cranial
cervical sympathetic ganglion, external carotid nerve, cervical

sympathetic trunk or cranial nerves IX, X, XI and XII in the sheep.

D)8 Gross Innervation of the Carotid Trifurcation

The gross innervation of the carotid body and carotid sinus
region has been studied in a variety of vertebrates including
man (Adans, 1952, 1955, 1957a, 1957b; Chowdhary, 1950, 1953;
Code and Dingle, 1935; Gerard amd Billingsley, 1923; Dowd,

1964, 1966).

A small nerve (carotid simus nerve) branching from the
glossopharyngeal nerve was described as early as 1891 by Chauveau,
and later observers (Dougherty, Habel and Bond, 1958; Waites,

1960; May, 1964, 1965) consistently described it. May was probably
the only one who stated that the stylopharyngeal nerve may arise
fronm the branch of the glossopharyngeal nerve which goes to the

vagus and carotid sinus,

Waites (1960) made brief mention of the gross innervation
of the carotid trifurcation in the sheep and also noted that

there was sympathetic innervation of the carotid body and that
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synpathetic filaments continued along the common carotid, external
carotid and lingual arteries. The contribution of fibres, not only
from the glossopharyngeal and cranial cervical ganglion but also
from the vagus nerve, to the formtion of the external carotid

plexus (Plexus caroticus externus) was described by Chauveau

(1891), Waites (1960) and May (1964, 1965). May (1964) stated that
from the caudal end of the ganglion, fibres went to the pharyngeal
and carotid plexus or to the cranial laryngeal nerve, In addition
he found that fibres connected the ganglion with the last four

cranial nerves and the first cervical nerve,

The communication between the glossopharyngeal and vagus
nerves was known (Chauveau, 1891; Dougherty, Habel and Bond,
1958; May, 1964, 1965), It was Chauveau who stated that the
Jugular ganglion "also receives a division of the glossopharyngeal,
and it gives one to this nerve and the external branch of the
spinal accessory". May (1964, 1965) described the branches of the

vagus to the cranial cervical ganglion,

Only a single carotid sinus nerve filament has been reported
in the sheep (Dougherty, Habel and Bond, 1958; Waites, 1960;
May, 1964, 1965), However, more than one carotid sinus filament
has been reported in man, primates, Anthropoidea, Lama glama
(Mitchell, 1956; Adans, 1958) and African elephant (EleEhas

africanus) (Eales, 1926).

Also noted in vertebrates was vagal innervation from pharyngeal

branches, nodose ganglion or superior laryngeal nerve. It has

been reported in man, Marsupials (Didelphys Eigginiana),
Trichosurus, Chiroptera (Ptermgus gouldi), Edentata, Primates

(A= lorisiformes), Anthropoidea, Glires (rats and rabbits),
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Hydrochoeus (guinea-pig), Phocaena, Carnivorse (Zalopua), Felidae
(cat), Capra, horse, okapi, camel and Lama glama (Adans, 1958);

and also in Insectivora (Erinaceus europaceus) (Adams, 1957a) and

in the dog (Gerard and Billingsley, 1923).

RESULTS

A. MODE OF BRANCHING OF THE CAROTID TREE

The common carotid artery (&. carotis communis) terminated in

all but two specimens at the level of the jugulohyoid and digastric
muscles by dividing into internal carotid, occipital, ascending
pharyngeal, cranial laryngeal and external carotid arteries. In
the other two specimens, its termination was about 1-1% cm caudal
to the Jjugulohyoid and digastric muscles. The occipital and
ascending pharyngeal arteries arose separately in 11 specimens
(Figs. 2-3,4; 3-1,2; 4-1,2; 6), by a common trunk (the
occipito-ascending pharyngeal trunk) in 25 specimens (Figs. 1;
2-1,2; 3-3,4; 5), or both in common with the cranial laryngeal
artery in 4 specimens (Fig. 4-3,4). In 3 specimens the occipital
artery arose separately and only the ascending pharyngeal artery

arose in common with the cranial laryngeal artery.

The internal carotid artery (A. carotis interna) was the first

arterial branch given off from the dorsomedial aspect of the common
carotid artery immediately caudal to the occipital or occipito-
ascending pharyngeal trunk (Figs. 5; 6; 34). In all the lambs
only a few millimetres of the artery at or near its origin, was
fibrosed and occluded while the rest of the artery was still
patent. In the adults the internal carotid artery was merely a

white fibrous cord which extended dorso¢ranially to the petro-
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occipital fissure. In one specimen (a lamb) the internal carotid, a
muscular branch, and the cranial laryngeal arteries arose by a common

trunk,

The occipital artery (é. occipitalis) arose from the common
trunk formed by the occipitoascending pharyngeal trunk with the

cranial laryngeal artery in L4 specimens (Fig. 4=3,4).

In a true sense, the occipital, ascending pharyngeal, cranial
laryngeal, and caudal pharyngeal arteries arose from the external
carotid artery, if the origin of the internal carotid artery is
regarded as the termination of the cormon carotid artery. The
major branches of the occipital artery are: ascending pharyngeal
artery, a muscular branch, middle meningeal artery, condyloid
artery, and an occipital branch, The middle meningeal and

condyloid arteries sometimes arose as a common truni,

The ascending pharyngeal artery (&. pharyngea gpcendens)

arose from the medial aspect of the common carotid artery close to
the occipital artery in 11 specimens, from the occipitoascending
pharyngeal trunk in 25 specimens, or from the common trunk formed
by the occipitoascending pharyngeal trunk with the cranial laryngeal
artery in 4 specimens. In three specimens it arose in common with
the cranial laryngeal artery. Its origin, anteromedial to the
origin of occipital artery, was guarded dorsolaterally by the
arterial cushion projected caudoventrad from the junction of the
external carotid artery and the anterolateral part of the

occipitoascending pharyngeal trunk (Figs. 5; 6).

The arterial branch which May (1965) designated as the

caudal pharyngeal artery arose usually from the external carotid
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artery., In a few specimens onae or two arterial branches were

usually seen,

The cranial laryngeal artery (é. laryngea cranialis) arose

from the medial wall of the common carotid artery slightly ventral
to or close to the origin of the ascending pharyngeal artery in
32 specimens, or from the occipitoascending pharyngeal trunk in 4
specimens, or it arose in common with ascending pharyngeal artery
in 3 specimens (Fig. 12-1). In one specimen it arose from the
comnon carotid artery in common with the internal carotid artery
and a muscular branch (Fig. 11-1). In 7 specimens it gave off a
small pharyngeal branch (ggggg pharyngeus ) (Figs. 2~1,3; 3-1,2;

4=1,2,4; 34).

B. RELATTONSHIP OF THE CAROTID TREE TO THE SURROUNDING STRUCTURES

The glossopharyngeal nerve (N. glossopharyngeus) emerged from

the Jjugular foramen (Foramen lacerun posterius) and lay craniael to

the vagus nerve, medial to the osseous bulla and caudal to the
internal carotid nerve (Figs. 17 to 19). It received one or two
conmunicating branches from the vagus nerve within the Jjugular

foramen. The petrosal ganglion (Ganglion distale, N.A.V., 1968)

was not distinct in the lambs., It detached the carotid sinus nerve

(Ramus sinus carotici) at the level of its emergence from the

jugular foramen or a few millimetres below the foramen (Figs.

17 to 20; Plate I). It lay cranial to or lateral to the
cranial cervical ganglion and ran cranioventrad to the lateral
aspect of the medial retropharyngeal lymph node where it divided
into pharyngeal and lingual branches. It also detached a small

branch (Ramus m. stylopharyngei caudalis) to the caudal
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Key to Figs, 7, 8, 9, 10 and 14.

Innervation of the Carotid Trifurcation by the Carotid Sinus
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Figs. 7, 8, 9 and 10: 1 - left, 2 - right, 3 - left, 4 - right
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ap = ascending pharyngeal artery
br = comnunicating branch to external
carotid nerve

¢l = cranial laryngcal artery

csn = carotid sinus nerve
csn1 = carotid sinus nerve first branch
csn2 - carotid sinus nerve second branch

ic = 1internal carotid artery

m = nmuscular branch

o = occipital artery
opt = occipitoascending pharyngeal arterial trunk

vb = a small branch from pharyngeal branch of

vagus nerve
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stylopharyngeus muscle, The pharyngeal branch was usually

associated with the dorsal of the two pharyngeal rami of the vagus,
but there was no distinct formation of a classical pharyngeal plexus /
in the fresh specimens., The pharyngeal plexus was seen in the
routinely embalmed specimens. The glossopharyngeal nerve also
received communicating branches from the vagus (Ramus communicans

cun n. glossopharyngeo) in 8 specimens (Figs. 24; 28; 31), and

from the pharyngeal branches of the vagus in 10 specimens (Figs.

19; 22; 25 to 27).

The cranial cervical ganglion was a pale yellow, fusiform body

and was approximately 6-9 man long and 4-5 mm wide in the lambs, It
was related cranially or laterally to the glossopharyngeal nerve,
caudolaterally to the internal carotid artery and caudally to the
condyloid artery in the lambs (Figs. 17 to 20). The internal

carotid nerve (E4 caroticus internus) arose from the cranial

extremity of the ganglion to enter the jugular foramen cranial to
the glossopharyngeal nerve., The cervical sympathetic trunk and the

external carotid nerve (E, caroticus externus) usually left the

caudal extremity of the ganglion (Fig. 16; Plate I-3). The
cervical sympathetic trunk was related laterally to the internal
carotid and occipital artcries, pharyngeal branches of the vagus and
cranial laryngeal nerve, and caudally to the vagus. Usually there
was a big connection between the external carotid nerve and the
pharyngeal branch (ventral) of vagus nerve and the cranial

laryngeal nerve,

The yagus nerve (ﬁ, xgggg) energed from the jugular foramen
caudal to the glossopharyngeal nerve and cranial to the accessory

nerve. In its wentrocaudal course it was related medially to the
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Key to Figs. 12, 13, 14 and 15,

Innervation of the Carotid Trifurcation by the External Carotid

Nerve (Sympathetic). Lateral Views.
Figs. 12 and 15: 1 - right, 2 - left, 3 - left, L - right
Figs., 13 and 14: 1 - left, 2 - right, 3 - left, 4 - right
Abbreviations

ap = ascending pharyngeal artery

br - communicating branch to carotid
sinus nerve

ecn = external carotid nerve (sympathetic
branch from cranial cervical ganglion
to carotid trifurcation)

la - 1lingual artery

m - nmuscular branch

o = occipital artery



Fig.12




Fig.13




Fig.14




Fig,]5




3k,

aecessory nerve with which it was enclosed in a coammon fibrous sheath,
and caudally to the hypoglossal nerve only up to the level of the

origin of the occipital artery where it was separated from the

accessory nerve by the hypoglossal nerve (Figs. 19; 20). It gave off
the cranial laryngeal nerve before it became associated ventrally with
the cervical sympathetic trunk at the dorsal aspect of the termination
of the common carotid artery. Above the origin of the cranial laryngeal
nerve it exhibited a broad and flattened nodose ganglion (Gggglion
distale, N.A.V., 1968), The pharyngeal branch(es) (pharyngoesophageal

nerve), usually a dorsal one and a ventral one (Ramus oesophageus,

N.A.V,, 1968), were detached from the vagus Jjust above the nodose
ganglion, One or two anastomoses between the glossopharyngeal and
vagus nerves were found in 8 specimens, and in 10 specimens communicat-
ing branches were present between the glossopharyngeal and pharyngeal

branches of the vagus nerve,

The accessory nerve (N, accessorius) emerged from the jugular
foramen caudal to the vagus nerve and ran caudoventrad lateral to the
vagus, It was then separated from the vagus by the hypoglossal nerve
and continued in the atlantal fossa, On the lateral aspect of the
longus capitis muscle it divided into a dorsal and a ventral branch.
The dorsal branch was associated with the muscular branch of the
occipital artery while the ventral branch accompanied the tendon of

the sternomastoid muscle,

The hypoglossal nerve (N. hypoglossus), after its emergence from

the hypoglossal foramen, became associated with the medial aspect of
the accessory nerve to which it was attached by loose connective
tissue, It then passed between the vagus and accessory nerve and

curved around the medial aspect of the origin of the occipital



Key to Fig, 16.

Variations in the Origin of the External Carotid Nerve
(Sympathetic Branch from the Cranial Cervical Ganglion to

the Carotid Trifurcation). Lateral Views,
Abbreviations

ccg = cranial cervical ganglion
cct = cervical sympathetic trunk
ecn = external carotid nerve

icn = internal carotid nerve

Key to F:_LP{. 174

Innervation of the Right Carotid Trifurcation. Lateral View,

1 = cranial cervical ganglion

2 = external carotid nerve

- glossopharyngeal nerve

- carotid sinus nerve, first branch
carotid sinus nerve, second branch
- Vvagus nerve

- pharyngeal branch of vagus nerve
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- cranial laryngeal nerve
9 = common carotid artery
10 - occipital artery
11 =~ ascending pharyngeal artery
12 = internal carotid artery
13 = cranial laryngeal artery
14 = 1lingual artery

15 = muscular branch
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artery or the occipitoascending pharyngeal trunk to gain the lateral
surface of the common carotid artery. It detached a communicating
branch to the ventral branch of the first cervical nerve before or
after it passed between the vagus and accessory nerve, While it was
related to the dorsal or lateral aspect of the common carotid artery
it gave off a muscular branch which passed along and crossed the
lateral surface of the common carotid artery to innervate the
omohyoid, sternohyoid and sternothyroid muscles, with or without
receiving anastomoses from the first two or three ventral branches
of the cervical nerves, The hypoglossal nerve then ran cranio-
ventrad, lying under cover of the caudal belly of the digastric
muscle and the submandibular salivary gland to be associated with the

lateral aspect of the lingual artery,

C. GROSS ANATOMY OF THE CAROTID BODY AND CAROTID SINUS

(a) Carotid Body

The carotid body of the lamb, examined under the dissecting
microscope, appeared usually as oval or rounded, richly vascularized
organs approximately 1 mm long and 1 mm wide. A single carotid body
was found on each carotid tree in all specimens except two lambs in
which they were seen as distinctly bilobed organs (Figs. 10-3,4;

14-1,2). The lobulation of the organ was distinct in the adults.

The position of the carotid body was on the anterolateral
aspect of the origin of the occipital artery in 7 specimens
(Figs. 3-4; U4=4), at or near the origin of the ascending pharyngeal
artery in 38 specimens, and on the dorsal aspect of the origin of
the external carotid artery in one specimen., The position of the

carotid body on the ascending pharyngeal artery was found to be
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View,
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Innervation of the Right Carotid Trifurcation., Lateral

View,
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variable, It was on the ventrolateral aspect of the origin of this
artery, lying between it and the origin of the external carotid artery,
in 7 specimens (Fig. 3-1,2); on the dorsal or lateral aspect,

slightly away from the origin of the artery, in 17 specimens

(Figs. 1-2,3; 2-3); and on the dorsal aspect of the origin of the
artery, lying between it and the occipital artery, in 14 specimens

(Figse 1=k; 2-k4; L4=3).

(b) Carotid Sinus

. . G
common carotid art
4 B ' el o TR

L L S o
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D. GROSS BLOOD SUPPLY OF THE CAROTID BODY, CAROTID SINUS AND
THE ASSOCIATED NERVES AND GANGLIA

(a) . Carotid Body

The carotid body in the lamb received a separate arterial
branch from the ascending pharyngeal artery (Figs. 24; 35) in 27
specimens (61%), from the occipital artery (Figs. 26; 27) in 9
specimens (20%), from the angle between the origin of ascending
pharyngeal and occipital arteries (Fig. 30) in 6 specimens (15%),
and from the origin of the external carotid artery in 2 specimens
(4%). The artery of the carotid body usually gave off a twig Jjust
below the carotid body to supply the distal part of the carotid
sinus nerve, the external carotid nerve,.the anterolateral aspect

of the origin of the occipital artery or occipitoascending
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Innervation of the Left Carotid Trifurcation., Lateral

View,
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pharyngeal trunk, and occasionally that part of the hypoglossal

nerve which curved around the origin of the occipital artery or
occipitoascending pharyngeal trunk and the common carotid artery
(Fig. 24). This arterial twig sometimes arose separately, either
from the ascending pharyngeal or occipital artery, or from the angle
between the origin of the occipital and ascending pharyngeal arteries.
The carotid body artery entered the organ at the ventral or caudal

aspect to form a glomus (Glomus caroticus).

The veins of the carotid body in the lambs lay superficially on
the surface of the organ. There were approximately 8«12 small veins
emerging from the carotid body. These soon united to form 1-3 large
veins which finally joined other veins from the lateral and medial
aspects of the occipital artery or occipitoascending pharyngeal trunk,
distal part of the carotid sinus nerve, the external carotid nerve,
and the common and external carotid arteries (Figs. 21 to 23; 25 to
29; 31 to 33). This confluent vein then ran alongside the muscular
branch of the occipital artery and/or along the occipital artery
itself to open finally into the cranio-occipital vein (ventral cerebral
vein of Popesko, 1970, or V. occipitalis, N.A.V., 1968) (Figs. 21; 23;
25 to 28; 31; 32) in 15 specimens (68%), into the linguofacial vein
(Figs. 22; 33) in 2 specimens (%) and into both crenio-occipital and

linguofacial veins (Fig. 29) in 5 specimens (23%).

(v) Carotid Sinus

The lateral aspect of the origin of the occipital artery or the
occipitoascending pharyngeal trunk was supplied by an arterial twig
which was detached from the artery of the carotid body in 21 specimens

(81%), or came directly from the ascending pharyngeal artery in 4



Key to Fig. 22,

L3.
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Venous Drainage of the Right Carotid Trifurcation,
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specimens (15%), or from the occipital artery in one specimen (4%).
It was not possible to examine grossly the arterial supply to the

medial aspect of the sinus.

There were usually two small veins draining the lateral and
medial aspects of the origin of the occipital artery or occipito-
ascending pharyngeal trunk (Figs. 21 to 23; 27; 29; 31). These
veins also drained the carotid body, caretid sinus nerve, external
carotid nerve and common carotid and external carotid arteries., In
68% of specimens they either united first or opened separately into
the cranio-occipital vein, in 9% they opened into the linguofacial
vein, and in 23% the carotid sinus region was drained into both
cranio-occipital and linguofacial veins, It was found that the vein
draining the medial aspect of the carotid sinus region was usually

larger than that draining the lateral aspect.

(e) Glossopharyngeal Nerve

The blood supply to the glossopharyngeal nerve at the pharyngeal
region came from the occipital, ascending pharyngeal or external
carotid arteries (Figs. 21; 24 to 26; 29), The venous drainage
was principally into the cranio-occipital (Figs. 25; 32) or rarely

into the linguofacial vein (Fig. 33).

(a) Carotid Sinus Nerve

The blood supply to the proximal part of the carotid sinus
nerve was from the occipital artery (Figs. 21; 24 to 26; 29; 30),
and that to the distal part was usually from the artery of the
carotid body (Fig. 24). In a few specimens the blood supply to the

distal part of the nerve came from the ascending pharyngeal artery



Key to Fig, 24,

Arterial Supply of the Left Carotid Region., Lateral View.
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Arterial Supply and Venous Drainage of the Right Carotid
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or from both the carotid body artery and the cranial laryngeal artery.
The venous drainage was usually into the cranio-occipital vein
(Figs. 24 to 23; 25; 26; 28; 32) or rarely into the linguofacial

vein (Fig. 33).

(e) Cranial Cervical Geanglion

The blood supply to the cranial cervical ganglion was from the
cranial laryngeal artery (Fig. 27) in one specimen (&%), from the
ascending pharyngeal artery in 4 specimens (24%), and from the
occipital artery (Figs. 21 to 25; 25 to 29; 31) in the remaindmg
10 specimens (70%). However, in 2 specimens, in addition to the
occipital arterial supply, one received blood from the ascending
pharyngeal artery (Fig. 30) and the other from the external carotid
artery (Fige. 34). The venous drainage was usually into the cranio-
occipital vein (Figs. 23 to 25; 30 to 32) or rarely into the

linguofacial vein (Fig. 33).

() External Carotid Nerve

The arterial supply to the external carotid nerve was usually
from the artery of the carotid body. In some specimens, in
addition to the blood supply from the artery of the carotid body,
it also received arterial blood from the ascending pharyngeal,
occipital or from both occipital and cranial laryngeal arteris
(Fig. 27). The venous drainage was always into the cranio-
occipital vein (Fig. 25) and rarely into the linguofacial vein
(Fig. 33).

48,
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Key to Fig, 26,

Arterial Supply and Venous Drainage of the Left Carotid

Region., Lateral View,
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arteries
3 = vein draining carotid trifurcation and
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14 = cranial laryngeal nerve
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(&) Cervical Sympathetic Trunk

The blood supply to the cervical sympathetic trunk from its
origin up to the level where it became associated with the cervical
vagus nerve was nearly always from the occipital artery (Figs. 22;
24k; 25; 27), but in a very few instances it was from the cranial
laryngeal artery. The venous drainage was usually into the cranio-
occipital vein (Figs. 25; 31) or rarely into the linguofacial

vein (Fig. 33).

(h) Vagus, Accessory and Hypoglossal Nerves

The occipital artery supplied the vagus nerve, including its
pharyngeal branches and the nodose ganglion, the accessory and the
hypoglossal nerves (Figs. 21; 24 to 26; 3L4). The venous drainage
was usually into the cranio-occipital vein (Figs. 21 to 33). That
part of the hypoglossal nerve which curved around the common carotid
artery was supplied by an arterial twig from the carotid body artery
in most of the specimens but occasionally was supplied by twigs from
the ascending pharyngeal, occipital (Figs. 22; 24) or cranial

laryngeal arteries.,

E. THE GROSS NERVE SUPPLY TO THE CAROTID BODY AND THE CAROTID
SINUS REGION

The major nerves responsible for the innervation of the carotid
body and carotid sinus were the carotid sinus nerve (Ramus sinus
carotici) from the glossopharyngeal nerve, and the external carotid

nerve (N. caroticus externus) from the cranial cervical ganglion

(Fig. 16). Vagal and hypoglossal contributions were occasionally

seen but no contribution from the accessory nerve was observed.
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Key to Fig. 29,

Arterial Supply and Venous Drainage of the Left Carotid

Trifurcation, Lateral View,
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(a) Vagus Nerve

In one specimen only was there a delicate branch from the
pharyngeal branch of the vagus nerve to the carotid sinus region,
especially to the carotid body (Fig. 10-1), It was also noted that
in most of the specimens there was a communicating branch between
the glossopharyngeal nerve and the dorsal branch of the pharyngeal

rami of the vagus nerve,

(b) Hypoglossal Nerve

In only two specimens was the sinus region supplied by a
delicate branch from that part of the hypoglossal nerve which

curved around the common carotid artery,

(c) Spinal Accessory Nerve

There was no contribution from the accessory nerve to the

carotid trifurcation in any of the animals examined,

(a) Carotid Sinus Nerve

The glossopharyngeal nerve detached the carotid sinus nerve

(BéEEi.EiEEE carotici) just before its emergence from the Jjugular
foramen in 12 specimens (Fig. 21) or from some point ventral to the
foramen in the remaining 45 specimens (Figs. 17 to 20; 22). 1In
specimens having double carotid sinus nerve, the first one was
detached while the glossopharyngeal nerve was in or Jjust outside
the jugular foramen (Figs. 17; 19). There were double carotid
sinus nerves (Figs. 7-2,2; 8-2; 9=3,4; 10-1) in 13 specimens
(22%) and a single carotid sinus nerve (Figs. 7-3,4; 8-1,3,k;

9-1,2; 10-2,3,k; 11; 18; 20) in the remaining 45 specimens (78%).
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Venous Drainage of the Left Carotid Trifurcation.
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There was a communicating branch between the carotid sinus

nerves in 8 specimens (Figs. 8=2; 9-4) out of the total 13 specimens

having double carotid sinus nerves, There was also a communicating
branch between the carotid sinus nerve and the pharyngeal branch of

the vagus in one specimen (Fig. 18; Plate I-1), between the sinus

nerve and the vagus nerve trunk in 2 specimens (Fig. 28; Plate I-2),

and between it and the glossopharyngeal nerve in one specimen,

The name, carotid sinus nerve, is misleading in its implication

as it has been found to innervate not only the carotid body and

carotid sinus, but also the entire carotid trifurcation, The carotid

sinus nerve, Jjust before it reached the trifurcation, divided into
3=5 filaments which supplied the carotid body, carotid sinus, and
occipital, ascending pharyngeal, common carotid, external carotid,
cranial laryngeal and lingual arteries (Figs. 7 to 11). There were
two sets of filaments, the medial ones which supplied the medial
aspects of the carotid sinus, common carotid, caudal pharyngeal,
cranial laryngeal and lingual arteries, and the lateral filaments
which supplied the lateral aspect of the carotid trifurcation. The
most prominent of all the fileaments was the one which coursed along
the lateral aspect of the common carotid artery., Usually either a
filament supplying the carotid body or one of the other filaments of
the carotid sinus nerve received a communication from the filament
of the external carotid nerve supplying the carotid body, about the
ventral or lateral aspect of the origin of the ascending pharyngeal

artery.,

The two carotid sinus nerves, observed in 13 specimens (22%),
either united with each other before reaching the carotid trifurca-

tion or had a communication with each other near the origin of the

57.
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of the Right Carotid Trifurcation,

vein draining into linguefecial vein

vein draining entire carotid trifurcation region
vein draining carotid sinus nerve and
glossopharyngeal nerve

vein draining medial aspect of common carotid
artery, carotid sinus, occipital artery, cranial
cervical ganglion, external carotid nerve,
cervical sympathetic trunk and last three
cranial nerves

cranial cervical ganglion

glossopharyngeal nerve

carotid sinus nerve

cormon carotid artery

muscular branch

internal carotid artery

occipital artery

ascending pharyngeal artery

artery to cranial cervical genglion and
sympathetic trunk

cranial laryngeal artery

cranio-occipital vein

external Jjugular vein
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ascending pharyngeal artery. Usually the smaller carotid sinus

nerve supplied the origin of the ascending pharyngeal artery and

also had communications between the larger sinus nerve and a filament
from the external carotid nerve. The filaments from the external
carotid nerve and the carotid sinus nerves tended to form a diffuse
plexus at and around the vicinity of the carotid body in the

embalmed specimens,

(e) External Carotid Nerve

The external carotid nerve (ﬁ. caroticus externus) contributed

the sole sympathetic innervation to the carotid body, carotid sinus
and the entire carotid trifurcation (Figs. 12 to 15; Plate I-}).
The fibres of this nerve had a variable origin from the cranial
cervical ganglion., The fibres arose usually from the caudal extrem-
ity, but occasionally from the cranial border, from the lateral side
or from just below the cranial extremity of the ganglion (Fig. 16).
Very rarely the origin was by two roots which soon united below the

caudal extremity of the ganglion (Fig. 16-5).

The external carotid nerve was related laterally to the glosso-
pharyngeal nerve and pharyngeal branches of the vagus, and medially
to the pharynx. It ran ventrocaudad to the origin of the occipital
and the external carotid arteries. Before it reached the medial
aspect of the origin of the ascending pharyngeal artery, it divided
into 3-5 filaments. Some filaments supplied the carotid body at the
medial or ventral aspect of the origin of the ascending pharyngeal
artery and usually this filament had a communication with a filament
of the carotid sinus nerve just ventral to or lateral to the origin

of the artery (Figs. 12-4; 14-1,2,3; 15). Other filaments
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The Arterial Branches of the Left Carotid Trifurcation.

Lateral View,

1 = common carotid artery

2 = occipital artery

3 = ascending pharyngeal artery

4 = artery tc longus capitis muscle, medial
retropharyngeal lymph node, and pharyngeal
branch of vagus nerve

5 = artery to cranial cervical ganglion,
glossopharyngeal nerve and carotid sinus nerve

6 =~ artery to cranial cervical ganglion, cervical
synpathetic trunk, vagus, spinal accessory
and hypoglossal nerves

7 = a branch to pharyngeal branch of vagus
nerve and hypopharyngeus muscle

8 -~ cranial laryngeal artery






followed the medial aspects of the occipital artery and its

muscular branch, and the common carotid, external carotid,

cranial laryngeal and lingual arteries, The filament that followed
the medial aspect of the lingual artery was the most prominent of all
the filaments. The origin of the occipital artery or the occipto-
ascending pharyngeal trunk received innervation from one or more of
the filaments of the external carotid nerve except from those

passing along the external ccrotid and lingual arteries, The
tendency of these extermal carotid nerve filaments to form a plexus

around the carotid body has already been mentioned,

DISCUSSION

The carotid trifurcation in the sheep was found to vary
considerably in the mode of branching of the main arteries. Not
only did the branching pattern vary in the individual animal, but
also mode of venous drainage and innervation pattern of the carotid
trifurcation region varied in each individual animal, The mode of
branching of the carotid trifurcation also differed from that of the
bovine species. The ascending palatine artery, according to N.A.V.
(1968), arises from the common carotid artery in the ovine and
caprine species whereas in the bovine species it arises from the
occipital artery. N.A.V, (1968) also listed the deep stylomastoid
artery as a branch of the occipital artery in the bovine species,
The middle meningeal and condyloid arteries in the sheep may arise

as a common trunk from the occipital artery,

The regression of the internal carotid artery in the lamb
seened to be slow, as the patent distal portion of this artery was

found consistently in most of the lambs examined. A4s it can be
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easily and certainly identifiable in lambs, its origin should be

regarded as the termination of the common carotid artery,

The variable position of the carotid body on either the
occipital or ascending pharyngeal artery or on the occipitoascending
pharyngeal trunk, and its relative smallness in size compared to
other laboratory animals such as the cat (Gerard and Billingsley,
1923; Sato, 1932), rabbit (Stilling, 1892; Sato, 1932), and dog
(Comroe armd Schmidt, 1938; Sato, 1932) should be born in mind when

performing experiments dealing with the organ,

The origin of the carotid body artery was also variable in
sheep as it came from the occipital or ascending pharyngeal artery
or occipitoascending pharyngeal trunk, More or less the same
situation has been reported in the dog and cat by many observers,
In the cat it has been described as arising from the occipital
artery (de Castro, 1940) or from the occipitoascending pharyngeal
trunk (Muratori, 1943; Addison, 1945; Chungcharoen gt al.,
1952 a, b; Murphy and Hughes, 1965). In the dog two carotid body
arterial branches which originated from the occipital artery and
the occipitoascending pharyngeal trunk were described by de Castro
(1940) , Muratori (1943), and Chungcharoen et al., (1952 a, b); or
from the occipital and external carotid arteries by Addison and
Comroe (1937). Three to four arterial branches to the carotid body
of the dog, arising from the occipital and external carotid arteries,
from the ascending pharyngeal artery alone, or from the ascending
pharyngeal and external carotid arteries have also been reported
by Chungcharoen et al., (1952 a, b). In the rabbit, the carotid body
has been described as receiving one or two arterizl branches from

the external carotid and internal carotid arteries, or the carotid



bifurcation (Chungcharoen gt al., 1952a, b), from the carotid sinus
close tc the bifurcation of the common carotid (/4ddison, 1945), or
from the occipitoascending pharyngeal trunk (Murphy and Hughes,
1965). 1In man, the carotid body arterial branches arise from the
bifurcation itself and the external carotid or, rarely, the
internal carotid artery, but there is no recorded case where it

comes from the ascending pharyngeal artery (fdams, 1958).

The carotid body artery in the shcep supplied the carotid
sinus area, as recorded in the dog and cat by Hughes (1965), and
also supplied the distal parts of the carotid sinus nerve and
externmal carotid nerve, whereas in the dog, cat and rabbit, the
carotid body artery has been reported to supply the superior
cervical and nodose ganglia in addition to the carotid sinus area

(Chungcharoen et al., 1952c).

The variation in the venous drainage of the carotid body and
the carotid sinus area of the shecp within individuals and betveen
individuals was similar to that reported in the dog, cat and rabbit
(Chungcharoen et al., 1952b, c). In the sheep the final channel
for blood draining fram the carotid region, including the carotid
body, carotid sinus, associated nerves and ganglia, was the
cranio-occipital (occipital) vein or, rarely, the linguofacial
vein, and thence blood drained solely into the external jugular
vein, In the dog and cat, the venous drainage has been reported to
be directly into the internal Jjugular vein and indirectly into the
external jugular vein via the posterior pharyngeal and laryngeal
veins (dog) or via the transverse posterior pharyngeal vein (cat),
while in the rabbit it was solely into the internal Jjugular vein

(Chungcharoen et al., 1952b). When the internal jugular vein was
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absent, the drainage was solely via the laryngeal vein into the
external jugular vein in the dog (Chungcharoen et al., 1952b), and
through the prevertebral vein and thence into the external jugular

vein in the rabbit (Chungcharoen et al., 1952c).

It is noteworthy that in the dog, cat and rabbit the blood
supply to the cranial cervical and nodose ganglia, although mainly
from the occipital artery, was also from the carotid body artery
(Chungcharoen et al., 1952¢), whereas in the sheep, it was entirely
from the occipital artery. The ascending paryngeal artery only
occasionally contributes to the vascularization of these structures
in the dog and cat (Chungcharoen et al., 1952c) but in the human
this artery is the main source of blood supply to these structures
(Patterson, 1950). In the sheep, the cranio-occipital vein, which
drained into the external Jjugular vein, was responsible for the

venous drainage from the cranial cervical and nodose ganglia.

It was reported that the carotid sinus nerve might arise from
the nerve to the styloglossus in man (Boyd, 1937b) and in the sheep
the stylopharyngeal nerve might arise from it (May, 1964, 1965), but
it was not so in any of the animals examined. The presence of two
carotid sinus nerve filaments in the sheep is not peculiar to that
species as it has been reported also in other vertebrates such as
man, primates, Anthropoidea, Lama glama and African elephant

(Adams, 1958).

The major innervation of the carotid body and carotid sinus
in the sheep was from the carotid sinus nerve and the external
carotid nerve. Vagal innervation through the pharyngeal branches

and the hypoglossal nerve was occasionally seen but, since fibres



were usually very small and inconstant, they probably are of no
significance in the sheep., Hypoglossal and vagal inncrvation from
pharyngeal branches, nodose ganglion or superior (cranial) laryngeal

nerve has been recorded in most vertebrates (adams, 1958).

SUMMLRY

1. The topographical anatomy of the carotid trifurcation region
in lambs and sheep t7as studied., Studies were made on fresh,
embalmed, embalmed and latex injected, and india ink injected
specinens for the blood and nerve supply, and the venous
drainage, of the carotid body, carotid sinus, and associated

nerves end ganglia,

2, The carotid trifurcation in the sheep has been found to vary

considerably in the mode of branching of the main arteries.

3. In young lambs the carotid bodies are difficult to identify

with certainty by gross inspection.,

L, The occipital artery or occipitoascending pharyngeal arterial
trunk near its origin has been found to be dilated and this

"bulb" corresponds to the carotid sinus in other species.

5 The position, blood supply and venous drainage of the carotid
body have been found to be variable. The carotid body is
found on the occipital artery, on the ascending pharyngeal
artery, or the occipitoascending pharyngeal arterial trunk.
The artery of the carotid body usually arises from one of
these arteries to supply the carotid body, the carotid sinus,
and the distal parts of the carotid sinus nerve and the

external carotid nerve,
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6. The occipital artery is the major arterial source of supply
for almost all the structures associated with the carotid
trifurcation, It supplies the proximal part of the carotid
sinus nerve, the vagus nerve including pharyngeal and
oesophageal rami, the nodose and cranial cervical ganglia,
the cranial part of the cervical sympathetic trunk, and the

glossopharyngeal, accessory and hypoglossal nerves,

The The final channel for blood draining the carotid trifurcation
region, including the carotid body, carotid sinus, and
associated nerves and ganglia, is the cranio-occipital or
linguofacial vein, and thence solely into the external jugular

vein,

8. The origin and the number of the carotid sinus nerve or nerves

vary between individuals,

9. The carotid sinus nerve may or may not anastomose with the

glossopharyngeal or pharyngeal branches of the vagus nerve,

11+ The sole sympathetic innervation of the carotid trifurcation is
from the cranial cervical ganglion through the extermal carotid

nerve whose point of origin may vary between individuals.

12, Vagal and hypoglossal contributions to the carotid trifurcation

are uncommon and there is no spinal accessory nerve innervation,



CHAPTER FOUR

LIGHT MICROSCOPY OF THE CAROTID BODY
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INTRODUCTION

The carotid body of various vertebrate species has been studied
extensively since the discovery of the carotid body by Haller in 1742.
Although the carotid body of the sheep has been studied by de Kock
(1954) and Abraham (1968a, 1969), it is felt that a detailed
description of the histological structure of the organ is still needed.
The following work was ccnducted in the normal carotid body of lambs

and sheep to study:

(i) the size, shape, position and connective tissue,

(ii) whether there is any scattered carotid body-like tissue

at the carotid trifurcation,

(iii) the structure of the artery and veins of the carotid body,

and the carotid sinus and external carotid nerves,
(iv) the cell types, and

(v) the innervation of the organ.

The carotid bodies of 9 lambs (N1 to N5 and G1 to G4) were also
studied after chronic denervation (sectioning of the carotid sinus
nerve, cranial cervical ganglionectomy, or sectioning of the external
carotid nerve, the sympathetic branch to the carotid body and the

carotid sinus). Studies were made of the denervated specimens:

(i) to determine whether there are any detectable morphological

changes in the carotid body cells or in the blood vessels,

(ii) to trace the degenerated nerves (glossopharyngeal
fibres) using the modification techniques of Nauta and
Gygax (1951, 1954) as recommended by Hamlyn (1957) and

Guillery et al. (1961), and



(iii) the nature of persisting nerve fibres, their distribution
and mode of terminations in the carotid body using
Ungewitter's (1951) urea-silver nitrate staining

technique, and Romanes' (1950) silver chloride method,

LITERATURE REVIE7

Very comprehensive reviews of the carotid body can be consulted
in Funke (1904), Hollinshead (1940a), Schmidt and Comroe (1940),
Pick (1959), Heymans (1955), Adams (1958), Heymans and Neil (1958),
de Kock (1958, 1959), Anichkov and Belen'kii (1962), Torrance (1968),

and Abraham (1969).

The carotid body of the sheep, dog and rabbit, according to
Adams (1958), was first mentioned by Pf8rtner in 1869, more than a
century after the discovery of the carotid body of man by Haller

in 1742. The carotid body of various vertebrates has been studied
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by light microscopy in the bird (Chowdhary, 1953; de Kock, 1958, 1959;

Abreham, 1969; Jones and Purves, 1969, 1970), Rana tigrina

(Chowdhary, 1951), guinca-pig (Engstrom et al., 1957; Kondo, 1971),
cat (Gerard and Billingsley, 1923; Hollinshead, 1942a,b, 1943;

de Kock, 1951, 1954; Ross and Hunt, 1954; Ross, 1957b), dog
(Gerard and Billingsley, 1923; Bloom, 1943; Abraham, 1969), rat
(de Kock, 1954; Ross and Hunt, 1954), mouse (Hollinshead, 1945),

Veranus monitor (Chowdhary, 1950), Veranus varius, opossum, hedgehog,

Nyceticebus (Adams, 1952, 1955, 1957a, 1957c), pilot-whale (de Kock,
1956), Weddell-seal (Morita et al., 1970), man (Funke, 1904; Keen
and Funke, 1906; Gomez, 1908; Hollinshead, 1942a; Gerard and
Billingsley, 1923; Kushiro, 1949; Lattes, 1950; Willis and Tange,

1959b; Prys-Davies et al,, 1964; Karnauchow, 1965; Kraus, 1966;



Grinley and Glenner, 1967), man and various mammals (Gerard and
Billingsley, 1923; Abrahan, 1958, 1968a, 1969). References have
been made to developmental aspects of the carotid body in the
amphibian (Boyd, 1933), in the rat (Smith, 1924; Rogers, 1965), in
vertebrates (Boyd, 1936), in the sheep (Batten, 1960a,b) and in the

human (Celestino da Costa, 1935; Boyd, 1937a).

The carotid body of the sheep has been studied by PfOrtner in
1869, and Schaper in 1892, according to 4dams (1958), and also by
de Kock (1954), Waites (1960) and Lbraham (1968a, 1969), De Kock
studied the intraglomerular tissue of the sheep, cat and rat by
using Holmes' silver technigue, and Abraham studied the innervation
of the carotid body of man and various vertebrates including sheep.,
However, only one observation of Abrahan (1968a) described briefly
the innervation of the carotid body of the sheep. #Although %aites
studied the carotid body of the sheep, he merely confirmed the

presence of the carotid body tissue at the carotid trifurcation,

CELL TYPES IN THE CAROTID BODY

De Kock (1951) reported for the first time that there are two
types of cells in the carotid body of the cat; a typical rounded

glonus cell (type I) and an irregular, smaller seccnd glomus cell

(type II). Her observations in 1954 in the sheep, cat and rot, using
Holmes' silver technique, confirmed the presence of type I and type II

cells, She also mentioned some other cells such as interstitial cells,

ganglion cells and unidentified acidophil cells,

70,
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Chief Cells

The chief cells (Adams, 1958; Grimley and Glenner, 1966b;
Kondo, 1971) of the carotid body appear under a variety of nanes
in the literature as follows: "cheumoreceptor" cells (De Castro,
1926, 1951; Heymans, 1955; Ross, 1957a,b, 1959), "type I" cells
(de Kock, 1951, 1954), "epithelioid" cells (de Castro, 1951;
Chowdhary, 1950; Adams, 19525,"glomus" cells (Lever and Boyd, 1957;
Garner and Duncan, 1958), "specific" cells (Hoffman and Birrell, 1958),
"distinct" cells (Garner and Duncan, 1958), "medial" cells (Hoffman
and Birrell, 1958), "enclosed" cells (Al-Lami and Murray, 1958a,b),
"main" cells (Morita et al,, 1970), "typical" cells, "principal

cells (Adams, 1958), "granular" cells (Mclyneux and Scott, 1966).

The chief cells (type I), according to de Kock (1951, 1954)
stain bluish grey with a granular cytoplasm, while their nuclei
remain unstained with Holmies' silver stain and they contain up to
three nucleoli. However a contradictory report came from Abrahem
(1969). He claimed that "the distinction of chief fEype I/ and
accessory cells Zgype 127 appeared to be partly Jjustified, type II
cells of de Kock (1954) being only vaguely distinguishable from
the chief cells on the basis of the features given in the literature",
At the same time he admitted that there are certain cells which differ
from the chief cells mainly in respect of the shape of their nuclei

and their staining reactions.

gxges of Chief Cells

In most mammalian species, there are two types of chief cells,
"light" or chromophobe and "dark" or chromophil cells as in the

rabbit (Lever and Boyd, 1957; Lever et al,, 1959), mouse and cat



(Garner and Duncan, 1958). However no such cell types iere
mentioned by Ross (1957a,b) in the cat and Engstrom et al. (1957)

in the guinea=-pig and man,

The "1light" cells, according to .dams (1958) are larger
and have a very reticular, vacuolated and faintly eosinophilic
cytoplasm., They have a vesicular nucleus, containing delicate
strands of chromatin, which has one or nore nucleoli, The
smaller "dark" cells have been described as having a strong
eosinophilic and homogenous cytoplasm and the snall and dark
nucleus is rich in chromatin (de Castro, 1929; cited by Adanms,
1958), In some aninials the dark cells were reported to be the
najority of the glomus cell population (Sato, 1932; Lever and
Boyd, 1957; Lever et_al., 1959; Morita et al., 1970) while in the
others no specific light or dark cells have becn reported (Engstrom
et al,, 1957; Ross, 1957a,b; Hollinshead, 1942a,b, 1945;
Chowdhary, 1950, 1953; Adams, 1952; Willis and Tange, 1959b;
Dowd, 1966; Kondo, 1971; Abraham, 1969). It is not yet settled
regarding the origin of the light and dark cells, whether they are
actually two different types of cells or are formed as a result

of external or internal factors.

The shape of the chief cells in various vertebrates has been
reported as typically rounded (de Kock, 1954), ovoid, cuboidal or
even colunnar (Hoffman and Birrell, 1958) in the ret; rounded or
oval (Hollinshead, 1945), ovoid or polygonal (Garner and Duncan,
1958) in the mouse; polygonal . or rounded (Engstrom et al., 1957)
rounded or angular (Kondo, 1971) in the guinea-pig; complex shape
in the rabbit (Biscoe and Stehbens, 1966); polygonal or rounded

(Hollinshead, 1942a,b, 1943; Ross, 1959), rounded (de Kock, 1951,

724



1954; de Kock and Dunn, 1964), ovoid (Hess, 1968), complex shape
(Biscoe and Stehbens, 1966) or irregular (Al-Lami and Murray, 1968a)
in the cat; rounded or slightly elongated ( Abraham, 1969) in the
dog; typically rounded (de Kock, 1954) in the sheep; multiangular
(Hollinshead, 1942a), polygonal or rounded (Abraham, 1969) in man,
The size of the chief cells in various vertebrates has been reported:
in the duck, 8-111 in diameter (Jones and Purves, 1970), guinea-pig,
15 L in diameter (Engstrom et al., 1957), cat, 6-10 K (Ross, 1959)

or 8-12 1. (Hess, 1968), calf, 15-18 4 (Ostermann, 1952), horse,

10-20 & (de Boissezon, 1942) and man, 7.5 1L (Martinez, 1939) or

15-30 b (Watzka, 1943).

The chief cell contains a rnumber of organoids in its cytoplasm:
mitochondria, granules, Golgi complex, centrioles and fibrils. The
cytoplasmic processes will be reviewed under ultrastructural studies
of the carotid body. The granular nmitochondria previously reported
by de Castro (1926), Argoud and de Boissezon (1938) and de Boissezon
(1942) were later found to be fuchsinophilic granules (Hollinshead,
1942b, 1943) which disappeared under anoxia (Hollinshead, 1945).

De Castro (1926) had found these to be plentiful in the dark cells
but Hollinshead (1945) reported that they were not mitochondria,
Many observers have described the glomus cells as having cytoplasmic
processes but Abrahan (1969) denied their presence. Neurofibrils

or neurofibrillar networks were claimed by Meijling (1938) and

de Kock (1951, 1954) to be present in the glomus cells, but later
observers were unable to detect their existence (Hammond, 1941;

Hollinsheed, 1943; Abraham, 1969).
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Glomus Cells of the Second Type

The glomus cells of the second type (de Kock, 1951, 1954)
also have appeared under = variety of names; "type II" cells
(de Kock, 1951, 1954), "sustentacular" cells (Ross, 1959; Grimley
and Glenner, 1966b; Kondo, 1971), "receptor" cells (de Kock, 195L4),
"perisinusoidal" or "pericapillary" cells (Adams, 1957z2),
"pericytes" (Lever et al., 1959), "capsule" or "supporting" cells
(Hess, 1968), "satellite" cells (Hoffman and Birrell, 1958;
Duncan and Yates, 1967; de Castro amd Rubio, 1968, Kondo, 1971),

"enclosing" cells (4Al-Lami snd Murray, 1968b).

The type II cells were first reported by de Kock (1951) in
the cat and then later she confirmed their presence in the shecep,
cat and rat in 1954. These cells, according to her, are snzaller
than the chief or type I cells, irregular in shape, stain (Holmes'
silver) pinkish red and are devoid of cytoplasnmic granules, She
found then interposed between the sinusoidal blood spaces and
between groups of type I cells or closely applied to the latter,
She stated that they are found sparingly in glomeruli, are much
less common then type I, and "their relative number increases
towards the entrance area of the blood supply to the carotid body"
(de Kock, 1954). These type II cells or cells resembling then
have also been reported in various animals: in the guinea-pig
(Engstron et al., 1967; Kondo, 1971), rabbit (Lever et al., 1959;
Biscoe and Stehbens, 1966), cat (Lever et al., 1959; Ross, 1959;
de Kock and Dunn, 1964; Biscoe and Stehbens, 1966; Duncan and
Yates, 1967; Hess, 1968; Dearnzley et al., 1968, see ultrastructural
studies of the carotid body), Weddell seal (Morita et al,, 1970)

and man (Willis and Tange, 1959b). The type II cells, according
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to Lever et al., (1959) are more often observed in the rabbit than in

the cat,

The type II cells were claimed by de Kock (1951, 195&) to be a
special type of receptor cell due to the fact that they exhibited
neurofibrillar network, However, Hollinshead (1940b, 1943) and
tbrahan (1969) did not find the neurofibrillar network. Many
observers do not accept the "receptor" idea of de Xock (Hollinshead,

1940b, 1943; Adams, 19572a; Abrahanm, 1969).

Interstitial Cells

Meijling (1938) first described the interstitial cells and later
de Kock (1954) reported that they were of two types, stellate and
non-stellate in the carotid body of the sheep, cat and rat. It was
their idea that these cells played the part of intermediaries
between the afferent fibres 2nd the glomus cells, fidams (1958)
stated that the precise relationships of these cells to the nerve
teminations is by no means clear, Abraham (1969) denied the

presence of these cells in the carotid body.

Fuchsinophilic Cells

According to Hollinshead (1945), there are usually a few
stellate cells, whose cytoplasm is crowded with granules brilliantly
stained with fuchsin, wedged among the larger and more rounded
chenoreceptor cells of the mouse, One or two irregular shaped
cells, which stain brilliantly red with Holmes' silver stain, have
been reported to be usually present in the carotid body of the
sheep, cat and rat (de Kock, 1954). These small stellate cells

have also been reported to be apparently unchanged either in



number or granulation under anoxia (Hollinshead, 1945). In 1957,
Ross demonstrated both fuchsinophilic and siderophilic granules

in the carotid body of the cat.

Ganglion Cells

Gonglion cells have been reported in the carotid body of
various animals: in the rat, rabbit, nonotrenes (Tachxglossus),
hedgehog, cat, pig, sheep, horse, pilot whale, Weddell seal and nan.,
They were found to be present in the carotid body of the sheep,
rat and cat (de Kock, 1954), pilot whale (de Kock, 1956), cat, in
the periphery of the connective tissue capsule, (Ross, 1959),
rabbit, also in the periphery of the connective tissue capsule,
(Ross, 1959), rabbit, also in the periphery of the connective
tissue capsule, (Biscoe and Stebhens, 1966), pig, between the
glomeruli, (4brahes, 19682), horse, in the capsule and connective
tissue septa, (Abrchan, 1958, 1968a, 1969), and elsewhere in the

carotid body of monotrenes (Tachyglossus) (Dowd, 1966) and the

hedgehog ( fbrohar, 1968a). Although ganglion cells have been

described in the sheep, cat and rat by de Kock (1954), Abraham (1968e.,

1969) did not find them in the sheep or in horned cattle. Gerard
and Billingsley (1923) stated that there were no nerve cells of
any type in the carotid body of the cat, dog and man but on the
other hand Abraham (1969) claimed to have found single nerve cells
in the periglandular plexus of carotid body of man., According to
Abraham (1968a) the nerve cells and ganglia found in the hedgehog,
having only one process, belong to the glossopharyngeal system, and
those of the pig and horse possessing two or more processes,

belong to the sympathetic systen.
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INNERVATION OF THE CAROTID BODY

There are two major theoretical views proposed by de Castro
(1926) and Meijling (1938) regarding the innervation of the carotid
body. ficcording to de Castro, only the glossopharyngeal nerve
exclusively supplies the capsular (periglanduler) and periglomerular
(perilobular) plexuses and the fibres inside the lobules (intra-
glomerular plexuses) are the terminations of the medullated fibres
which come from the latter., Section of the IX nerve below the
ganglion causcd degencration of the fibres supplying the lobules

. indicating that they were reeprors (e Castro, 1926). In 1928 he
again performed the IX nerve section above the ganglion and found
that the fibres supplying the lobules remained unchanged, so hec
again claimed that they were sensory receptors. Do Ceostro's
terminal reticulum concept has had many supports (Riegele, 1928;
Sunder-Plassnann, 1933; Rasario, 1937; Hollinsheod, 1940b, 1943;
Lbrabom, 1969). The idea of double innervation of the carotid body
lobules from sympcthetic and parasympathetic sources was later
proposed and accepted by reny observers (Palumbi, 1940; JAbrahan,

1953a, 1968a, 1969; Stohr, 1950, 1951, 1957; Adeaas, 1958).

On the other hend, Meijling (1938), according to /dams (1958),
maintained that the specific cells of the carotid body formed a
syncytium in which are cmbedded interstitial cells which act as
intermediaries between the afferent fibres and the specific cells;
this concept has been supported, according to Adams (1958), by
White (1935), Goormaghtigh (1939), Martinez (1939), de Zock (1954)

and Clermont (1955).
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Nerve Fibre Terminals and Nerve Endings

The various forms of nerve endings have been described as
"menisque terminaux" (de Castro, 1929), plates or nerve end plates
in the guinea-pig (Engstron et al., 1957), end fibres only, in the
hedgehog (fAdams, 1957a; ibrahaz, 1968a), free nerve endings, tiny
loops and bulbs in the cat (Hollinshead, 1939), end bulbs or
cnd.rings in the dog (Abraham, 1968a, 1969), plates on end fibres in
the sheep (Abraham, 1968a), end systems and end arborizations in
cattle (Abrahan, 1968a), end aborizations of a variety of forms in
the horse (4braham, 1968a) and end bulbs, end rings or cnd knots in

nan (Abraham, 1968a, 1969).

There is controversy as to the localization of the terminal
nerve fibres or endings of the carotid body; some consider that
they penetrate the cytoplasn (intracytoplasmic) of the carotid
body (Riegele, 1928; Boeke, 1932; de Castro, 1951) or of the
aortic body (Nonidez, 1935a), whereas many observers have clained
that they did not penetrate the chief cell cytoplasm (pericellular
or appositional) (de Castro, 1926, 1929; Riegcle, 1928; Sunder-
Plassman, 1938; Abrahan, 1953a, 1969). The pericellular or
appositional nature of nerve fibre terminals or nerve endings
has been confirned by electron microscopical studies (Ross, 1957,
1959; Engstrom et al., 1957; Lever et al., 1959; Garner and
Duncan, 1958; Biscoe and Stehbens, 1965, 1966; Al-Lami and
Murray, 1968b; de Kock and Dunn, 1964, 1968; Hess, 1968;
Dearnaley et _al., 1968; Kondo, 1971; Abbott et al., 1972).
According to Ross (1957) the end fibres of glossopharyngeal nerve
end directly and freely on the surface of the glomus cells,

Abraham (1969) reported that all kinds of fibres ramify near their
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site of junction with the glomus cell (in close contact with the
cells), and nerve end bulbs or end rings are located bctween or

sonetines on the glomus cells of the dog.

The occurrence of nerve fibres and aborizations in the
capsular vein of the human carotid body (ibraham, 1969), and in the
"capsular artery" of the carvtid body of the sheep (4Lbraham, 1968a,
1969) and the dog (Abraham, 1969) has been reported. Also, the
artery of the carotid body and occipital artery in the cat, up to
the level of origin of the artery of the carotid body, has been

found to be rich in baroreccptor nerve endings (de Castro, 1940).

RESULTS

L, HISTOLOGY OF THE NORILL CAROTID BODY

Shape, Size and Position

The carotid body of the lamb is an oval, rounded or irrcgular
shaped mass of tissue situuted on the craniomedial aspect of the
occipital artery or occipitoascending pharyngeal arterial trunk
(Plate II, Fig. 1), at or cround the origin of the ascending
pharyngeal artery (Plate II, Fig. 2), or situated at the angle
formed by the origin of the externzl carotid artery and occipital
artery (or occipitoascending pharyngeal arterial trunk), The
greater part of the carotid body tissue was compact and capsulated
in seven aninals (Plate V, Fig. 1) while in the remaining two all
the glomic tissue was either scattered around the origin of the
ascending pharyngeal artery or widespread around the carotid

trifurcation (Plate II, Fig., 3). In some specimens the scattered
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glomic tissue was 0,88 m1 to 1.40 mn eway from the main compact
carotid body tissue. In two out of six specimens studied prior to
fluorescent microscopy, the carotid body tissue was scattered
around the origin of the ascending pharyngeal artery (Plate XVIII,

Fig. 1) or the occipital artery (Plate XIX, Fig. 2).

The sizes of the carotid bodies studied varied widely from
1425 x 0.54 x 0,80 m o 1,75 x 0.75 x 1.84 nm (Tables V, VI, VII),
The left and right carotid bodies were found to be unequal in size,
In all specimens studied the carotid bodies were never rclated to
the internal carotid artery which, in the lambs, was usually patent

(Plate XV, Fig. 2).

Capsule and Lobulation

The conpact carotid body tissue was surrounded by a collagenous
connective tissue capsule which was in part continuous with the
adventitia of the ascending pharyngeal artery, the occipital artery,
the occipitoascending pharyngeal arterizcl trunk or the external
carotid artery (Plate II, Fign.1,2; Plate IX, Fig. 2; Plate XIX,
Fige 2). The capsule was not very distinct, except in one
specimen studied prior to fluorescent nicroscopy, and in it no
elastic fibres were demonstrable by the staing and the staining
technique enployed: oreein, Verhoeff's elastin stain, Gomori's
aldehyde fuchsin and Masson's trichrome stain., The scattered carotid
body tissue possessed a thin connective tissue capsule. The
capsule, particularly that around caompact tissue, contained
nyelinated and nommyelinated nerve fibres, blood vessels and
lymphatics. Stramds of connective tissue extended into the

carotid body substance thercbhby dividing the organ into separate
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Method of Determining the Size of the Carotid Body

Measurements of the length, breadth and thickness of the
carotid body as a whole were carried out on the serial paraffin
sections. Serial sections 54 thick were cut through the entire
carotid body and the total number of the serial sections was noted.
Every tenth section was mounted on a glass slide and stained with
haematoxylin and eosin. The greatest length and greatest breadth
of the carotid body was obtained by measuring these dimensions on
the mounted serial sections, using the stage micrometer of the
microscope. The thickness of the carotid body was calculated by
multiplying the section thickness by the total number of serial

sections obtained from the entire carotid body.
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TABLE V.

SIZE OF THE NORMAL CAROTID BODY

Whole organ (mm) Diameter of
Animal largest "
Left Right lobule (mm)
1. Lamb 1.62 x 1,35 x 0,70 1.35 x 1.21 x 0,86 0.32

0.25 x 0,07 x 0,22

»
2. ¥ 0.78 x 1.02 x 1,00 0.73 x 0.33 x 0,10 0,10
0050 X 0025 X 0020

3 @ 0¢85 x 0435 X 1,36 1.21 x 0,57 x 0,80 0.17
he " 1,25 x 0u54 x 0,80  1.12 x 0.43 X 060 0.28
5, @ 1420 % 0.85 X 1420 1,05 x 0.70 x 1.00 0.35
6, 1 1,00 X 1,00 x 1,42  1.45 x 0,52 x 1.30 0.25
7 @ 1.35 x 0,66 x 0.84 1,00 x 0,75 x 1.24 042k
8. Sheep 1,90 x 0,70 x 1.42 1430 x 0,80 x 1.64 0.29
@ " 1.30 x 0.45 x 1,03 1,75 x 0,75 x 1.84 0.37

approximates from the serial frozen sections

the largest diameter of a carotid body labule
as measured from a random selection of serial
sections

Right carotid body of animal 2 had two

portions




TABLE VI,

SIZE OF THE NORMAL (CONTROL) AND

DENERVATED (AFTER SECTIONING OF THE CAROTID

SINUS NERVE) CAROTID BODY (IN mm)

Animal

Right (control)

Left (denervated)

1.01 x 0.80 x 1.45
1.40 x 045 x 0.86
450 x 1,10 x 1,73
1405 x 0,90 x 1,22

1.23 x 1.21 x 0,68

1,00 x 1,00 x 1,50
1.61 x 0,50 x 0,92
1425 x 0,79 x 1.20
1515 5 078018 110T4

1,19 x 0,60 x 1,01

TABLE VII,

SIZES OF THE NORMAL ( CONTROL) /4ND

SYMPATHECTOMISED CAROTID BODY (IN mm)

Animal

Right (control)

Left ( sympatheoto-
mized)

1416 x 1,17 x 1.95
2,00 x 1.05 x 1.25
1.92 x 115 x 1.48
0.30 x 0,90 x 0.60

1.15 x 0095 x 1.50

1,16 x 1,00 x 1.43
170 x 0,57 x 1.25
1.13 x 0.80 x 0,62
2,00 x 1.23 x 1.40

1.55 x 0.85 x 137

portions

DRk et



and distinct lobules (Plate III, Figs. 1,2,3). These collagenous

septa provided passage for the blood vessels, lymphatics and nerves,

Fibroblasts and Schwann cells were seen in the connective
tissue skeleton of the carotid body. They usually accompanied the
nerve trunks to reach the interlobular and intralobular glomic
tissue, The nucleus of the fibroblast was smaller and stained much
mnore deeply than thet of the Schwann cell and was 6-15u long and
1=2.,5u wide, The Schwann cell exhibited a very pale and scanty
cytoplasm around the elongated and flattened nucleus which was
14-17y in length and 2-3u in width. The Schwann cell nucleus
displayed a dense accunulation of chromatin material especially

at the periphery of the nucleus,

Ganglion cells were occasionally found in the connective tissue
capsule (Plate III, Fig. 2) or in the vicinity of the carotid body
smong the nerve trunks (Plate XII, Fig, 1), Only in one specimen
were they seen within the carotid body lobules, Those within the
lobules were very similar to those found in the glossopharyngeal
nerve, The ganglion cells were unipolar with an eccentrically
placed nucleus., They were up to 32u in diameter and their nucleus
was 10 in diameter. The round to oval nucleus exhibited 1-3
nucleoli in tissue sections impregnated with silver nitrate or
silver chloride, Except in two lambs, ganglion cells were not
observed in the carotid bodies of lambs whose carotid sinus nerve
had been sectioned., These unipolar ganglion cells were presumed

to be the sensory ganglion cells of the glossopharyngeal nerve,
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Carotid Body ALrtery

The carotid body artery arose from the ascending pharyngeal
artery, occipital artery or occipitoascending pharyngeal arterial
trunk, Its diameter at the origin varied from 0O.15 mn to 0.22 na
in the specimens exanined., It usually divided into two or rmore
branches to supply the carotid body, carotid sinus, and the external
carotid and carotid sinus nerves, In some specimens parts of the
carotid sinus, external carotid and glossopharyngeal nerves were
also supplied by a separate arterial twig from the ascending
pharyngeal artery. The diameter of the carotid body artery,
outside the carotid body tissue before it divided into smcller
arterial branches was 0,08 rn to 0,18 mm. The diameter of the
carotid body artery, within the substance of the organ after its

division, was 0.07 nm to 0.13 nm.

The carotid body artery had an elastic structure from its
origin to the level of the carotid body. The nmedia and intima
were 5-15 @ thick, the adventitia -7as 2.5-12.5 |1, and the total
arterial wall thickness of the carotid body artery was 7.5u to
20 KL, The number of elastic membrancs present at various levels
of the artery ranged from 2 to 6 (Plate VIII, Fig., 1). The
carotid body artery in the lomb and sheep was richly supplied with
nerve fibres sorne of which also supplied the carotid body tissue,
Usually the nerve fibres coursed along the adventitia of the artery
before entering the tunica media. Fine nerve branches were seen
in the deeper adventitia and in the media of the carotid body

artery (Plate VIII, Fig. 2).



Carotid Body Veins

Eight to twelve small veins 0,02 mn to 0,05 mm in diameter
energed fror the carotid body capsule and united on the surface of
the capsule to form 1 to 3 larger veins (Plate V, Figs. 1,2). The
larger veins with diameter ranges from 0,05 oo to 0,08 rim received
veins of the same sizes from the carotid sinus, and the common
carotid and external carotid arteries (Plate V, Fir. 1), The
larger veins were supplied with nerve fibres (Plate VIII, Fig, 3)
but it was not possible to identify them in the walls of small

vessels,

Carotid Sinus Nerve

The diameter of the carotid sinus nerve varied from 0,50 mn
to 0,78 mn in the animals examined. The perineurcl sheath was
usually 0,01 mn to 0,20 mn thick but in some specimens it was up
to 0,30 rma thick, The sinus nerve at its mid point contained
3=5 nerve bundles; before it reached the carotid body and carotid
sinus it was composed of 5-16 nerve burdles (Plate II, Fig. 3).
The diameter of the smellest nerve bundle was 0,06 mm and of the
largest was 0,20 mm to 0,30 rra, In ¢il nerve bundles there were
both nyelinated and nonmyelinated nerve fibres. In the large
nerve bundles, there were three different diameters of nmyelinated
nerve fibres, large, mediun and small, The large nerve fibres
were 8=12 b in diameter (including nyelin sheath), the mediun
sized fibres were 4-=5|L in diapeter and the small nerve fibres
were 1 L to 1.5 X in diameter. In each nerve bundle the small
diameter nerve fibres were numerous and the large diameter nerve

fibres were comparatively few, while the number of mediun size
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nerve fibres was interrmicdiate. The nerve fibres, especially the
large diameter nerve fibres,exhibited regular thickenings and
narrowings along their course in tissues impregnated with silver
solutions. However, tissues fixed in Regaud's fluid and post-
chrometed for at least 2-3 days, and tissues fixed in nodified
Karnovsky's fluid and post-fixed in osmiun tetroxide solution, did
not show these axoplasmic vnricnsities, Some of the nerve bundles
froo the carotid sinus nerve by-passed the carotid body to supply

the carotid sinus (Plate VII, Fig. 1).

External Carotid Nerve

The external carotid nerve, a branch from the cranial cervical
ganglion, was also called the ganglio-glomerular nerve by
Eyzaguirre and Uchizono (1961). The dicmeter of the external
carotid nerve was 0.40 mm to 0.81 mma, The perineural sheath of
the nerve was 0,05 mm to 0,32 nn thick, and the thickest portion
of the sheath was found in the proximal portion of thc nerve. It
was sub-divided into 5-8 nerve bundles before reaching the carotid
trifurcation. Thesc nerve bunlles were 0,04 mm to 0.20 ran in
diameter and each contained up to five myelinated axons. The
external carotid nerve contained nostly unmyelinated fibres 0,50
- 2,00 in dianeter and very few myelinated nerve fibres 3-8
in diameter. The smaller nmyelinated axons were 3-4 n and the larger
ones up to 8 U in dianeter, The number of nyelinated axons in each

nerve bundle veried considerably,



TYPES OF CELLS IN THE CAROTID BODY

Chief Cells

The chief (type I) cclls for: the majority of the carotid
body cell groups. The type II cells are smaller cells which
surround the type I cell or cell groups. As the term "type II"
does not imply any specific function, it is used throughout this

study.,

The chief cells were of irmegular shape with & diameter of
8-13 u . They possessed a centrelly placed round to oval nucleus,
The chief cells occurred either singly or in groups of two or
five cells and were closcly related to sinusoids., The cytoplasn
was foamy and slightly granular in appearance., In tissues fixed
in formalin, formol saline, formol=-acctic alcohol, formol=glycerin,
Bouin or Bouin's fluid nodified by Davenport (1960), the cytoplasm
of the carotid body cells generally exhibited cytoplasmic
vacuolation (Plate IV, Fig. 3; Plate X, Fig. 1). However, tissues
fixed in Regaud's fluid and postchromated for 2-3 days showed very
finely granular cytoplasn without cytoplasmic vacuolations

(Plate IV, Figs. 1,2).

There appeared to be two types of chief cell, one with a
snaller, deeply staining nucleus and the other with a larger pale
nucleus, The smaller "chromophil" cells were 8-10 U in diameter
with nuclei 3-5 K in dianeter., The nucleus of smaller chief cells
was rich in chromatin material and was readily stained with nost
stains, The nuclear membrane was thick and dense., In tissue sections

impregnated with silver solutions the nuclei exhibited one to threce
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nucleoli (Plate VI, Fig., 2; Plate VII, Fige. 3). The larger type of
chief cell was 10=-13 L in diameter and the pale, rounded nucleus
was 4=7 L in diametecr., The nucleus exhibited chromatin granules

and its membrane was thin but distinct,

It was not possible to demonstrate the cytoplasriic processcs
in tissues fixed in Regaud's fluid or in any other fixatives
eriployed in this experiment., The carotid body cells formed
independent cellular elements and did not show any syncytial
arrangenents. The cell boundaries were sharply outlined in
properly fixed tissues and did not show any anastonoses between

themselves or cells of other types.

The carotid body cells displayed a slight variation in their
staining reactions., Cytoplasmic organelles and fuchsionphil cells
could not be identified by the histological techniques enployed in
this study. The interstitial cells of Meijling (1938) and de Kock

(1954) were not observed in the carotid body.

Tyvpe II Cells

The type II cells were irregularly shaped cells whose nuclei
stained nore deeply than those of the chief cells. The nucleus
was irregularly triangular in shape and measured 3-6 | in dianeter.
The type II cells were closely associated with the type I cells or
cell groups., The cytoplasmic processes of the type II cells and
their exact relationship to the type I cells could not be identified
under the light microscope. The nucleus of the type II cell
possessed a dense and distinct nuclear membrane end scattered
chronatin material., The type II cells were best observed in the

carotid body lobules located near the periphery of the carotid body.
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Sinusoids and Arterioles of Carotid Body

Biscoe and Stehbens (1966) and Biscoe (1971) did not use the
tern sinusoid, instca they described them as blood vessels of the
carotid body. According to Bloom and Fawcett (1962), Majno (1965)
and Han (1969) sinusoids have intercellular gaps and their basement
nenbranes are discontinuous. However, many observers used the tern
sinusoid (Hoffrman and Birrell, 1958; Gerner and Duncan, 1958;

Lever and Lewis, 1959; Lever et al., 1959; de Kock, 1960;

de Kock and Dunn, 196L, 1968; Al-Lani and Murray, 1968a,b; Hess,
1968; Torrance, 1968; EKun., 1971; and fbbott and Howe, 1972).
For convenience in this light microscopical study, all blood vessels

within a diameter range of 5 u to 30 u were cctegorized as sinusoids,

The diareter of sinusoids in the carotid body ranged from 5u to
16 K. Type I cells or ccll groups were seen very closely associated
with the sinusoidal wall. In these situations an intercecllular gap
of only O,5H to 1K separated the endotheliun and the type I cells,
However, sone of the type I cells were about 1=3 4 distant from the

sinusoidal wall,

The arterioles of the carotid body measured 8-25 L in dianeters,

and they were lined by 2-5 endothelial cells (Plate Iv, Tig. 1).
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INNERVATION OF THE CALROTID BODY

Types and Distribution of Nerve Fibres

The carotid body received both nyelinated and nonnyelinated
fibres through the carotid sinus and external carotid nerves. Sone
of the fibres (both nyelinated and ncrnmyelinated) cither bypassed
the carotid body or passed through the substance of the organ to
reach the carotid sinus (Plate VII, Fig. 1). Most of the myelinated
fibres showed a poor staining reaction for the myelin sheath in
tissues fixed in the routine histological fixatives. However, the
nyelin sheaths of tissues fixed in Regaud's fluid stained well with
nyelin stains., A£lso, tissues fixed in modified Karnovsky's fluid
or 5% glutaraldehyde solution (phosphate buffered) and subsequently
stained with osnium tetroxidc and uranyl acetate showed nyelin

sheaths very well.

The diameter of nyelinated fibres located within the interlobular
and intralobuler substance ranged from 1 to 6 p. The nerve fibres
did not form any nerve plexuses in the capsule or within the carotid

body.

Morphology of Nerve Terminals

In the present study no nerve endings which could be regarded
as species specific for Qvis aries were seen in the carotid body of
sheep. No specific nerve endings were demonstrable in carotid body
tissue sections inpregnated with silver by various techniques and
procedures as described by Rogers (1931), Bodian (1936, 1937),
Holmes (1942, 1943), Romanes (1950), Ungewitter (1951), Winkelmann

and Schnit (1957), Winkelnmann (1959), Abraham (1969) and
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Bielschowsky=Gros-Cauna procedure according to Abrahan (1969)

(Plate VI, Figs. 1,2,3; Plate VII, Fig. 3).

Relationships of Nerve Terminals with Glomus Cells

Nerve fibre terminals were seen very closely associated with the
chief cells of the carotid body. They appeared to terminate on or
very close to the chief cells or cell groups (Plate VI, Figs. 2,3;
Plate VII, Fig. 3). However, it was not possible to identify with
certainty the exact mode of ccntact of the nerve terminals with the
chief cells under the ordinary light microscope., Ilienisci
("menisques terminaux") of de Castro (1929) or the distinct rings
or end knots (end spheres) of Abrahan (1969) observed in man were
not detected in the specimens examined. No nerve end formations or
neurofibrils were observed in the cytoplasm of the chief cells

(Plate VII, Figs. 2,3; Plate X, Fig., 2; Plate XII, Fig. 3).

Innervation of Carotid Body Blood Vessels

The carotid body blood vessels were supplied with fine nerve
fibres about 1 b in diameter. Some of the nerve fibres traversed the
substance of the carotid body to reach the carotid body artery. Fine
nerve fibres ran in the adventitia for a short distance before
entering the deeper adventitia. Fine nerve branches in the super-
ficial tunica media were associated with the smooth nuscle cells
of the carotid body artery (Plate VIII, Fig. 2). The veins draining
the carotid body and carotid sinus were also supplied with nerve
fibres, These nerve fibres were larger in diameter than were those
supplying the carotid body artery. The fibres were seen only within

the adventitia of the carotid body veins (Plate VIII, Fig. 3).
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Innervation of Internal Carotid Artery

The internal carotid artery was supplied with fine nerve
fibres 1 UL in diameter, The nerve fibres were observed mainly
within the adventitia but were occasionally seen entering the
superficial layer of the tunica media where they were usually
associated with smooth nuscle fibres (Plate XV, Fig. 3). It is
noteworthy that nerve fibres were found in the media of the

regressing internal carotid artery of the lanmbs,

B, HISTOLOGY OF THE DENERVATED CAROTID BODY (AFTER SECTIONING

OF THE CAROTID SINUS NERVE)

In one lambm, the control and the denervated carotid
trifurcations were treated according to the modification technique
of Nauta and Gygax (1951, 1954) as recommended by Hamlyn (1957).
In both control and denervated carotid bodies no nerve fibres were
stained. Even the norve fibres in the large nerve trunks remained

unstained,

In the second lmbl@j the control and denervoted carotid
trifucations were treated according to the modification technique
of Nauta and Gygax (1951, 1954) as recommended by Guillery et al.
(1961)., In the control carotid body, the large diameter nerve
fibres, especially those about 2.5 L in diameter, were well stained.
These nerve fibres did not exhibit any narked thickenings or
narrowings along their course, Carotid body lobules were richly
innervated. Some nerve fibres passed through the organ to supply
the carotid simnus., However, in the denervated carotid body it

was not possible to identify nerve fibres with certainty (Plate IX,
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Fige 1),

In the remaining three lanmbs (N3, N4 and N5) the normal and
denerveated carotid trifurcaticns were serially sectioned at 12-14U
thickness to be treated for nervous structures by Romanes' (1950)
silver chloride method. . few sections of 5-7U thickness were

also made from each carotid body to study the cellular structure,

The carotid body cells and the blood vessels did not show any
detectable changes one month after sectioning of the carotid sinus
nerve (Plate IX, Figs. 1,2; Plate X, Figs. 1,2). Marked degenerative
changes were observed in the carotid sinus nerve and its fibres
supplying the carotid body, whereas the sympathetic fibres were
intact. Large diameter niyelinated nerve fibres normally seen in
the control carotid bodies (Plate VII, Fig. 2) were absent in the
denervated cearotid bodies (Plate X, Figs. 2,3). In the denervated
specinens the carotid body lobules were apparently devoid of
nerve fibres, Fine nerve fibres presumably sympathetic fibres
were observed in the dcnervated carotid bodies in the connective
tissue capsule, and in the interlobular connective tissue and in
close association with tle blood vessels (Plate X, Fig. 3).
However, no such fine nerve fibres were obscrved inside the

denervated carotid body lobules (Plate X, Fig. 2).



C. STRUCTURE OF THE C4ROTID BODY AFTER SECTIONING OF THE EXTERNAL

CAROTID NERVE OR CRANIAL CERVICAL GANGLIONECTOMY

The structure of the carotid body cells did not show any
detectable norphological changes after sectioning of the external
carotid nerve or cranial cervical ganglionectomy (Plate XI, Figs. 1,2,3).
However carotid body veins and sinusoids of the denervated specinens

were apparently dilated (Plate XI, Fifs. 1,2,3).

The external carotid nerve and its branches to the carotid
trifurcation were found to be markedly degenerated., The small
diameter nerve fibres usually found in the connective tissuec capsule
and interlobular tissue of the normal carotid body and in the wall
of the carotid body artery were absent in the denervated specimens.
The intact nerve fibres, presumably of the carotid sinus nerve
were found in the interlobular and intralobular tissue of the
denervated carotid bodies (Plate XII, Figs. 2,3). These nerve
fibres ended mainly in relation to the carotid body chief cells
(Plate XII, Fig. 3)« The predominant nerve supply of the carotid
body from the carotid sinus nerve was apparent when the carotid
bodies, after sympathectomy and after sectioning of the carotid
sinus nerve, were compared., After sympathectomy there seemed to
be no apparent reduction in the number of nerve fibres in the
carotid body (Plate XII, Fig. 2) whereas after sectioning of the
carotid sinus nerve a very nmarked reduction in the number of nerve

fibres was seen in the carotid body (Plate X, Figs. 2,3).



DISCUSSION

The carotid body of sheep possessed a thinner capsule compared
to laboratory animals such as the guinea-pig, rabbit and cat. The
nerve fibres in the capsule did not show any plexus formnation which
is in contrast to the report of ‘brahan (1969). The position and
distribution of the carotid body tissue varied considerably in
different individuals., As sinilar variations were also recorded in
cattle and the goat {Adams, 1958), this probably is the case in

runinants generally,

The artery of the carotid body which supplies the carotid body
and carotid sinus is elastic in nature fron its origin up to the
level of the carotid body. A similar situation has been reported
by Muratori (1967) and de Castro ard Rubio (1968) in the dog, cat
and rabbit. The innervation pattern observed in the artery of the
carotid body was similar to those described by Abrahan (1969) and
de Castro (1940). 4lso the presence of nerve fibres in the walls

of carotid body veins agreed with the reports of ibrahan (1968,

1969) .

The presence of type I and type II cells of de Kock (1954) were
confirmed in the sheep. Although fbrahan (1969) did not favour the
idea of categorizing carotid body cells into type I and type II, he
stressed the differences in the nuclear shape and staining reactions.
The "light" and "dark" cells found in many species are also observed
in the sheep. The "dark" cell population is comparatively small in
the sheep, and apparently is not affected one month after denervation

of either the carotid sinus nerve or external carotid nerve.
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The cytoplasnic processes of chief cells are not identifiable
with certainty under the light nmicroscope., JA4pparently all glonus
cells studied under the light microscope seemned to be deveid of
cytoplasmic processes, which agrees with Abrahan (1969)., Neither
neurofibrils nor neurofibrillar networks were obscrved, which accords
with the findings of others (Harmmond, 1941; Hollinshead, 1943 and
ibrahan, 1969). Interstitial cells as such, which were described
by de Kock (1951, 1954) but whose existence was denied by Abrahan

(1969), were not observed in the present study.

Ganglion cells were detected. Such cells had been described
by de Kock (1954) although they were nct mentioned by Abrahan (1969).
Ganglion cells werc present in both normal and sympathectomized
carotid bodies, It has been suggested by Lbraham (1968) that these

unipolar ganglion cells belong to glossopharyngeal systen,

The carotid body of the lamb received both glossopharyngeal
(via carotid sinus nerve) and sympathetic (via extcrnal carotid
nerve) nerve supply. Fronm the present nerve section experinents
it is suggested that glossopharyngeal fibres predoniinate over
synpathetic fibres, The large diameter myelinated nerve fibres
which totally disappeared (degenerated) after division of the carotid
sinus nerve, terminated in relation to the type I cells of the
carotid body., Thesec same fibres also supplied the carotid sinus
and degenerated after sectioning of the carotid sinus nerve,
These fibres could possibly be what Abraham (1968, 1969) called,
separately, afferent (sensory) fibres of the carotid body and

baroreceptor fibres of the carotid sinus,
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The glossopharyngeal nerve fibres which reached the carotid
body via the carotid sinus nerve were narkedly degenerated after
one nonth chronic denervation., 4 similar marked degeneration of
nerve fibres to the aortic body of the cat were described by

Hollinshead (1939) after sectioning of the vagus nerve,

The present study agrees with Abrahanm (1968, 1969) on the nature
of the nerve fibres and nerve termincls, The termiinal nerve fibres
did not penetrate the chief cell cytoplasm; these seeried to be

pericellular or appositional in nature,

No detectable morphological changes were seen in the glonus
cells after division of the carotid sinus nerve, the external carotid

nerve or cranial cervical ganglionectony.

The nerve fibres seen in the carotid body artery and veins
were predominantly of sympathetic origin as these fibres disappeared
narkedly in the sympathectomized specimens. However, the possible
presence of glossopharyngeal fibres (via carotid sinus nerve) in

these blood vessels could not be excluded,
SUMMARY

1. The normal carotid bodies of lambs and sheep were studied
histologically to determine the size, shape, position and
distribution of carotid body tissue, cell types and innervation.
The structures of the artery and veins of the carotid body,
the carotid sinus and external carotid nerves were also examined.
In the denervated specimens = after sectioning of the carotid

sinus and external carotid nerves or cranial cervical ganglion-
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ectony = the structure of the glomus cells, and degenerated
and intact nerve fibres were also examined using various

nornmal and degenerated nerve stains,

The carotid body was usually of oval shape, Its position varied
in different individuals or even in the same individual., A4lso
a widespread distribution of carotid body tissue at the carotid

trifurcation was observed,

There are two najor cell types in the carotid body, the chief or
type I and sustentacular or type II cells; the former included

both "light" and "dark" cells,

The artery of thce carotid body was of the elastic type from its

origin up to the level of carotid body.

The carotid sinus nerve consists mostly of nmyelinated nerve
fibres of diameters 1-12 W whereas the external carotid nerve
consists mainly of fine nonmyelinated fibres of dianeters

005"2 .0 “- .

The carotid body cells reccived both glossopharyngeal (via carotid
sinus nerve) and sympathetic (via external carotid nerve)
innervation, From the present study it is suggested that the

glossopharyngeal fibres predominate in the carotid body,

The large diameter nyelinated nerve fibres which degenerated
after section of the carotid sinus nerve, terminated in close

association with the chief or type I cells,

The small diameter nerve fibres of the external carotid nerve
(sympathetic) terninated in the wall of the artery and veins

of the carotid body,
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The glomus cells did not exhibit any detectable norphological
changes after section of the carotid sinus nerve, external

carotid nerve or cranial cervical ganglionectony. However, a
marked dilatation of the blood vessels (sinusoids)ﬁﬂ'id seen

in synpathectomized specinens,

It is suggested that the unipolar ganglion cells of the carotid
body found usually at the periphery of thc carotid body and
occasionally in the glonic tissue are of glossopharyngeal

origin,
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INTRODUCTION

The carotid sinus of various mammalian species has been
studied extensively since the discovery of the baroreceptor reflex
function of the carotid sinus by Hering in 1924. Although these
studies have been conducted in a variety of vertebrates, very few
have been conducted in the shecp., Abraham (1958) studied the
carotid sinus of sheep and varicus other vertebrates. However, he
nade no nention of the carotid sinus of the sheep in particular,
except that he stated that the fibres of the carotid sinus nerve
of the sheep are markedly thick and varicose and run parallel in the
adventitia branching on reaching the media, Later, Abraham (1969)
mentioned the innervation of the carotid sinus and the end plate

systen in the carotid sinus wall,

The present study was undertaken in normal lanbs and sheep in

an attenpt to study:

(i) the structure and elastic tissue composition of the

carotid sinus,

(i1) the distribution of nerve fibres in the carotid sinus

wall, and

(iii) the morphology of the terminal nerve end system and
its relation to the connective tissue and smooth muscle

fibres.,

The carotid sinuses of 9 lambs (N1 to N5 and G1 tc G4) were
also studied after chronic denervation (sectioning of the carotid

sinus nerve, cranial cervical ganglionectomy, or sectioning of the
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external carotid nerve = the sympathetic branch to the carotid
trifucation). The following studies were conducted in the

denervated specimens!

(1) to determine whether there were any resultant morphological

changes in the carotid sinus structure;,

(ii) to trace the degenerated nerves (glossopharyngeal and
synpathetic fibres) using the modification techniques of
Nauta and Gygax (1951, 1954) as recormmended by Hamlym (1957)

and Guillery et al. (1961), and

(iii) to define the nature of persisting nerve fibres (glosso-
pharyngeal or sympathetic), their distribution and mode
of termination in the carotid sinus wall using Romanes'

(1950) silver chloride method.

LITERATURE REVIEW

In nmost animals the carotid sinus is a swelling or dilatation
of the internal carotid artery at its origin as in nan, horse,
rabbit, opossum, hedgehog, and guinea-pig. Hering (1924) discovered
the baroreceptor reflex function of the carotid sinus, and later
studies of Hering (1927), Heymans (1929) and Koch (1931) showed
that the carotid sinus and aortic baroreceptors areas are of

paramount importance in the reflex control of circulation,
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A, COMPAR,TIVE ANATOMY OF THE CAROTID SINUS

From various comparative anatomical studies on the carotid body
and carotid sinus, it is known that in species in which the internal
carotid artery is absent such as cattle, sheep, pig and guinea-pig,
the carotid sinus is replaced by a swelling at the origin of the
occipital artery (de Castro, 1928; Sunder-Plassmann, 1930; Rees
1966, 1967b; Muratori, 1967; Kondo, 1971; Aumonier, 1972). This
swelling is generally referred to as the occipital sinus, "occipito-
carotid sinus" or "occipito-internal carotid sinus" (/Adems, 1958;
Muratori, 1967). In the cat and dog, both the internal carotid sinus
and the occipital sinus are present (Adams, 1958; Muratori, 1967).

According to Adams (1952), in some species such as Varanus varius,

the carotid sinus is a complex structure which is quite different from
that in other animals, It is a localized duplication of the comnon
carotid and internal carotid arteries, in which the two channels may

have accessory conmunication,

Reviews on the carotid sinus that may be consulted are those of
Kuntz (1953), Mitchell (1953, 1956), Adans (1958), and Heynans and
Neil (1958). The comparative morphology and histology of the carotid

sinus in the following vertebrate species have been studied:
Mustelus, (Boyd, 1936)
rat, (Murphy and Hughes, 1965; Rees, 1966, 1967b)

guinea-pig, (Murphy and Hughes, 1965; Rees, 1966, 1967b, 1968;

Kondo, 1971)



rabbit,

cat,

dog,

sheep,

pie,

cattle,

nule,

horse,

bird,

(de Castro, 1928; Addison, 1945; Murphy and
Hughes, 1965; Muratori, 1967; Rees, 1966, 1967b,

1968; Rees and Jepson, 1970; Aumonier, 1972)

(Gerard and Billingsley, 1923; ZAddison, 1944; Green,
1953, 1954; Boss and Green, 1954b; Eyzaguirre and
Uchizono, 1961; Hughes, 1965; Murphy and Hughes,
1965; Muratori, 1967; Rees, 1966, 1967b, 1968;

Rees and Jepson, 1970; Aumonier, 1972)

(Gerard and Billingsley, 1923; de Castro, 1928;

Code and Dingle, 1935; Addison, 1939; Hughes, 1965;
Murphy and Hughes, 1965; Muratori, 1967; Rees, 1966,
1967b, 1968; Abrahan, 1958, 1969; Rees and Jepson,

1970; Bagshaw and Fischer, 1971; Aumonier, 1972).
(Waites, 1960; Lbrahan, 1958, 1969)

(Muratori, 1967; ibrahan, 1958, 1969)

(Abrahan, 1958)

(4brahan, 1958)

(Abraham, 1958, 1969)

(Chowdhary, 1953; Abraham, 1969)

Nycticebus coucang, (Adams, 1957c)

opossum,

hedgehog,

nonotrenes,

(Adams, 1955)
(Adans, 1957a)

(Dowd, 1964, 1966)
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Varanus varius, (Adams, 1952)

Varanus monitor, (Chowdhary, 1950)

Vipera berus, (Boyd, 1942)

menkey, (de Castro, 1928; Murphy and Hughes, 1965)

nan, (Gerard and Billingsley, 1923; de Castro, 1928;
Rijnders, 1933; Boyd, 1937b; Tchibukmacher, 1938;
Willis and Tange, 1959b; Riisager and Weddell,
1962; Murphy and Hughes, 1965; Hilgenberg, 1958,
1967; Muratori, 1967; Rees, 1966, 1967b, 1968;
Abraham, 1967, 1969).

Specialization of the Carotid Sinus Wall

The structure of the carotid sinus according to many observers
is similar to those of the vascular tree elsewhere in the body,
although there is some specialization appropriate to its function as

a reflexogenic zone of the vascular tree in the higher animals,

The carotid sinus wall as reported by many observers, in general
has a thinner wall and thicker tunica media than adjoining vascular
structures (Green, 1954; Dowd, 1966; Rees, 1966, 1967b; Bagshaw
and Fischer, 1971). According to Bagshaw and Fischer (1971) there
is no modification of the whole wall of the carotid sinus. Their
measurenent of the carotid sinus geometry revealed that there was
"siegnificant modification of the tunica media, the adventitia and the
ratio of the internal radius to both whole wall thickness or media
intima thickness, compared to the internal carotid or common

carotid arteries". Most observers have found that the tunicd

104,
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nedia is especially thin particularly in the ventro-medial aspect

of the sinus (de Castro, 1928; Adans, 1955, 1958; Dowd, 1966,
Rees, 1966, 1967b; Muratori, 1967). According to them the tunica
nedia is nore elastic in composition than the tunica nedia elsewhere
in the carotid region. fccording to Rees and Jepson (1970), the
tunica media in the carotid sinus wall contains more than twice as
nuch elastic tissue per unit volune as the media in the carotid

vessels adjoining the sinus,

In the carotid trifurcation, there exist threce classicel vessel
types, muscular, elastic and mixed (nusculo-elastic). Rees (1966, 1968)
described the tunica riedia as predominantly muscular in the internal
carotid artery, eclastic in the carotid sinus, and mixed in the
comnon carotid and external carotid arteries. Jccording to Rees
(1966, 1967b), the specialized tunica media (thinner and nmore elastic
layer) in the rat, rabbit, guinea-pig, cat, dog and human foetus,
exhibited clearly marked cranial and caudal linits. He referred to
it as the "elastic segmient", He also added that the extent of the

"elastic segnent" varies in different species.,

Addison (1939) and Rees (1967b) stated that the transition in
structure from the carotid sinus to the adjoining structures, the
internal carotid, occipital and ascending pharyngeal arteries, is
abrupt whereas that between the junction of the common carotid and
external carotid arteries is gradual., According to Muratori (1967),
the carotid bulb of the young hunaan subject exhibited clearly three
distinpguishable parts, a caudal elastic structure, an intermediate
hybrid one (mixed structurc) and a distal one with ruscular structure.
He also stated that "the carotid trifurcation is a transitional

district of the arterial system between the part with elastic



structure (man) or with mixed structure (mammals) and the part with

the muscular structure",

Rees (1966, 1967b) stated that the composition of the carotid
sinus nedia in the rat is indistinguishable fron that of the common
carotid and the external carotid arterial walls, but that it is

thinner than that of the internal carotid artery.,

Rabbit

It has been stated that the carotid sinus dilatation in the
rabbit is confined to the origin of the internal carotid artery
(Rees, 1966, 1967b; Muratori, 1967). Muratori (1967) described
the elastic structurc of the carotid sinus, fron which the artery
of the carotid body takes its origin, as extending to the commence-

ment of the external carotid artery.

Guinea-pig

In the guinea-pig the dilated carotid sinus, according to Rees

(1967b), occupies the origin of the occipital artery, and the elastic

tissue segnment extends for a short distance into the origin of the
ascending pharyngeal artery. The arterial wall of this specialized
segnent has been described as having a thin, elastic type of tunica

nedia (Rees, 1967b; Kondo, 1971).

cat

Addison (1944) reported that in the cat there is a small out-

pouching fron which both the internal carotid and the occipital
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arteries arise, and that the special elastic structure of the vessel
wall is present in the entire outpouching and in the first part of

the occipital artery as far as the glomus caroticum., A similar

statement was made by Muratori in 1967. Rees (1966, 1967b) stated
that this secondary outpouching gave rise to both the occipital and

ascending pharyngeal arteries.,

Dog

In the dog, according to Addison (1939), the carotid sinus is
the dilated beginning of the internal carotid artcry at the bifurca-
tion of the common carotid artery into the internal and external
carotid arteries., In 1944, he again stated thet in addition to the
well developed carotid sinus, there is at the beginning of the
occipital artery a small dilatation with a special elastic tissue
wall, Rees (1966, 1967b) and Muratori (1967) also found that the
extent of the "elastic segment" reached the origin of the occipital
artery. After studying the properties of the carotid sinus mechanisn
in anaesthetized dogs, Peterson et al. (1960) concluded that the

carotid sinus wall is the most';w’lﬁ grterial segnment known.
Pig

fccording to Muratori (1967) the comnon carotid artery in the
pig divides into the extermal carotid artery, the external nexillary
artery and a diverticulun "(the occipito~-internal carotid sinus)"

whose thin elastic tissue wall is richly innervated,
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Muratori (1967) stated that in the calf the common carotid
artery divides into the external carotid and externel naxillary
arteries, and that sonetimes it exhibits a slight evagination or a
conic diverticulum. The evagination has an elastic structure and
possesses a rich supply of baroreceptor fibres, The conic
diverticulun ("occipito-internal carotid sinus"), if present, has a
nixed structure, except in the area (supplied with nerve endings)

from which the artery of carotid body originates.,

Rees (1967b) described, in the six month-old human foetus,
a dilated "clastic segnent" extending from the internal carotid
artery into the cranial end of the common carotid artery, Muratori
(1967) described the structural composition of the carotid sinus of

the human foetus in detail,

Fron the literature reviewed above, it is evident that, in all
the animals studied, rat, guinea-pig, rabbit, cat, dog, calf, pig,
horse and man, the carotid sinus is a swelling, evagination or
diverticulum, Baroreceptor nerve endings have been found either in
one particular area only of the carotid sinus wall where the
structural composition is usually purely elastic in nature, or
within the entire carotid sinus wall, It scems that the form
and extent of the carotid sinus in the ruminant, especially the
calf, is variable. Muratori (1967) concluded that "the carotid
sinus and its associated arterial areas (cormencement of the
occipital artery, nutrient artery of the carotid body) in the
portions supplied with baroreceptor endings have always an

elastic structure".
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B. INNERVATION OF THE CAROTID SINUS

Fror the conparative and gross anatomical studies in various
vertebrates it has been found that the carotid sinus, like the
carotid body, receives its nerve supply fron four sources, the
pharyngeal branch (carotid sinus nerve) of the glossopharyngeal
nerve, the vagus, and the cranial cervical ganglion and the
hypoglossal nerve (Code and Dingle, 1935; Tchibuknacher, 1938;
Mitchell, 1953, 1956; Adans, 1958; Aibrahan, 1967, 1969). The
contribution from the hypoglossal nerve and its functional
significance, according to Adans (1958), seems to be unimportant,
and its contribution in many species has been reported to be
variable or absent, Fraa various neurophysiological studies it
is known that the najor nerve contribution is from the glosso-
pharyngeal nerve via the carotid sinus nerve (the nerve of Hering),
which is the most important for baroreceptor reflex function of the
carotid sinus, whereas thc sympathetic and vagal contributions are
reported to be of only minor inportance (Adans, 1958). Adams (1958)
nentioned that small twigs of the glossopharyngeal nerve nay reach
the carotid sinus through the intercarotid plexus. It has been
found that some animals, such as the hedgehog, are exceptionally
peculiar in having no special carotid sinus nerve (idams, 1957a).
Various names given to the carotid sinus nerve have been mentioned

fully by Adans (1958).

Adanms (1958) mentioned that the intercarotid nerve may arise by
several rootlets froon the glossopharyngeal nerve or even from the
nerve to the styloslossus. /fAccording to Boyd (1937), 60% of fibres
go to the carotid sinus, and the intercarotid nerve is independent

and is distinguishable fron the intercarotid plexus,
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The intercarotid plexus, according to Danielopolu and Manescu
cited by Adans (1958), is predoninantly parasympathetic, but receives
fibres from both the vagus and glossopharyngeal nerves. Jdans (1958)
stated that "although undoubtedly this plexus has connections with
both carotid body and carotid sinus, it is largely continued on the
external carotid artery". Furthermore, he mentioned that direct
nerve branches particularly from the glossopharyngeal nerve could
be traced to the carotid sinus wall, The carotid sinus nerve usually
divides, according to most investigators, into two or riore branches
which supply the carotid body and the carotid sinus (Tchibukmacher,

1938; Eyzaguirre and Uchizono, 1961; Kondo, 1971).

Although the carotid sinus received sympathetic fibres
(presumably post ganglionic) from the cranial cervical ganglion, as
described by Gerard and Billingsley (1923), Ask-Upnark (1935),
Tobibuknagher- (1938), Kuntz (1953), Mitchell (1956), adans (1958),
Eyzapguirre and Uchizono (1961), Rees (1966, 1967b, 1968), Biscoe
and Sanpson (1968), Abraham (1967, 1969) and Eyzaguirre and Lewin
(1961), Willis and Taonge (1959a) failed to demonstrate adrenergic
fibres in the carotid sinus by usual histological techniques. In
later studies using the phenolic anine-formaldehyde condensation
reaction and electron microscopic examination, Rees (1966, 1967a,b)
identified the adrenergic fibres in the sinus wall, Reis and Fuxe
(1968), using fluorescence histochemical methods, confirmed the
presence of a noradrenaline containing terminal network in the
carotid sinus adventitia of the rabbit and cat. Species variation
in the sympathetic contribution to the carotid sinus has been
reported. Sone workers reported that no sympathetic fibres could

be traced to the carotid region in nonotrenes (Ornithorhxgchus)
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(Dowd, 1966), or in the rat (Reis and Fuxe, 1968). Reis and Fuxe
(1968) suggested that sympathetic innervation may not be necessary for

baroreceptor function in scme mamals such as the rat,

In the adventitia of the carotid sinus of the rabbit, Rees
(1967a) found the ultimate terminations of adrenergic nerves upon
the smooth muscle cells, Similar findings were reported by Reis
and Fuxe in 1967. Rees (1966, 1967b, 1968) stated that the
baroreceptor endings were associated with the collagen in the
adventitia and with the elastin at the medioadventitial border.

From these structural relationships, Rees suggested that stimulation
of the baroreceptors by the sympathetic discharge effect might be
direct in the adventitia or indirect in the media of rabbit and

cat and, furthermore, that the adrenergic innerveted smooth muscle
cells in these species seerned to have the sole responsibility of
increasing the sinus wall tension and baroreceptor discharge
independent of the endosinus pressure. Many investigators have
claimed that the sympathetic innervation serves to set the
sensitivity of the baroreceptor reflexes (Palms, 1943; Floyd and
Neil, 1952; Kezdi, 1954; Peterson, 1962; Moncada and Scher, 1963;
Koizumi and Sato, 1969; Mills and Sampson, 1969; Sampson and Mills,
1970). It has been proposed that the structurel relationship
between smooth muscle cells and the elastic laminae secms to be

one of the major factors in the sympathetic modulation of the carctid
sinus baroreceptor reflexes (Kezdi, 1954; Peterson, 1962; Moncada
and Scher, 1963; Rees, 1966, 1967b, 1968). Peterson (1962) also
claimed that baroreceptors can be fired independently of the
arterial blood pressure by the contraction of the smooth muscle

elements lying within the sinus wall,
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Two hypotheses about the sympathetic influence on barcreceptor
activity are proposed by some observers (Kezdi, 1954; Rees, 1966,
1967b, 1968; Reis amd Fuxe, 1968; Sanpson and Mills, 1970), One
is that the sympathetic fibres might act directly to medify the
sensitivity of the baroreceptors, and the other is that sympathetic
activation could be mediated by the vasoconstrictor action of
noradrenalin on the smooth muscle cells of the carotid sinus and

hence modify the tension on the baroreceptors.

C. HISTOLOGY OF THE HUMAN CAROTID SINUS

As elsewhere in the vascular system, the carotid sinus or
carotid bulb of man consists of three layers - tunica adventitia,

tunica media and tunica intima,

Tunice .Jventitia

The tunica adventitia is usually composed of fibrous connective
tissue and is characterized by a great number of nerve fibres. Its
youndary is nmarled by the external elastic layer which is convention-
ally regarded as the outermost layer of the tunica media (Willis

and Tange, 1969a).

Willis and Tange (1959a) described it as consisting mainly of
collagen fibres which appear as separate lamellae with few elastic
fibres in between. Muratori (1967) described, at the elastic portion
of the carotid sinus, elastic laminae continuing into the adventitia
which became increasingly thick and rich in elastic fibres at the
intermediate portion, whereas at the distal part it exhibited an

internal thick layer rich in elastic fibres and an external loose
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layer of connective tissue.

Early investigators, de Castro (1926, 1928), and Sunder-
Plassmann (1930, 1933) confined the baroreceptor nerve endings to
the adventitia. Riisager and Weddell (1962) and Abraham (1967)
stated that the end fibres terminate in the inner layer of the
adventitia near its junction with the tunica media. However,
Abraham (1958, 1969) confirmed that the adventitia is the richest
of the three layers in nerve fibres, and relatively few nerve
fibres are present in the tunica media. Later studies by Rijnders
(1933), Boss and Green (1956), Willis and Tange (1959a), Abraham
(1958, 1969), Rees (1966, 1967b, 1968), Dropmann (1967) and
Aumonier (1972) showed that most arborizations did penetrate the

external elastic membrane of the tunica media.

Tunica Media

The outermost layer of the tunica media of the human "carotid
bulb" shows regularly arranged numerous layers of elastic fibres.
Each layer, according to Willis and Tange (1959a), has numerous
interstices through which collagen fibres pass. Muratori (1967)
stated that, at the elastic portion of the carotid sinus, a series
of elastic membranes are separated from one another by connective
tissue and smooth muscle cells, and the latter are inserted by means
of small elastic tendons on to the elastic membranes. He also
mentioned that small groups of transverse smooth muscle cells grow
down from about the middle of the carotid sinus tc the elastic
portion, and that this elastic portion of the carotid sinus is
richly supplied with baroreceptor nerves. Thus Muratori (1967)

described the human carotid sinus as having three portions, the
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proximal elastic portion, a "hybrid" intermediate portion, and a
distal muscular portion. In electron nmicroscopic exzaminations by
Dropmann (1967) and Rees (1967b, 1968), the tunice media was found
to consist of four to five broad elastic laminae between which were

three to four layers of smooth muscle cells,

Tunica Intina

Muratori (1967) steted that the tunica intima of the human
carotid sinus consists of endotheliun and sometimes a thin layer of
subendcthelial connective tissue as in the conmon carotid artery.

Most observers found no ncrvous structures in the tunica intina.

(1) Characteristics of Nerve Fibres in the Sinus Nerve

De Castro (1951) stated that in the cat carotid sinus nerve
there were about 700 nyelinated fibres and their sizes and frequencies
varied as follows: 3.5% were lorpe fibres 6-8 u in diameter, 79%
were 3-5 L in diameter and 17.5% were less than 3 U in diameter.
Thus the sinus nerve contains predoriinantly large nonnyelinated
fibres. Douglas and Ritchie (1956) and Douglas and Schumann (1956)
also found that the sinus nerve contains both medullated (4 fibres)
and nonmedullated depressor afferents (C fibres). Fidone and Sato
(1969) estimated A and C fibre populaticns in the carotid sinus
nerve of the cat. According to them, in the A fibre (myelinated)
population, approxinately two-thirds of the fibres are chemoreceptor
fibres and one=third are baroreceptor fibres, and among the C fibres
(unmyelinated) two-thirds are baroreceptar and one-third cheno-
receptor fibres respectively. Some observers believe that this

dominance of baroreceptor C fibres is 1esponsible for the powerful
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depressor reflex elicited by intense stimulation of the carotid
nerve (mediated by unnyelinsted afferents) (Douglas and Ritchie,
1956; Douglas and Schumann, 1956; Fidone and Sato, 1969).
According to Eyzaguirre and Uchizono (1961) the carotid nerve of

the cat consists of two types of nonnyelinated fibres, one cones
from the superior cervical ganglion and the other is presumably of
an intracranial source. They also found that the nommyelinated
axons (0.,1-0.3 1) outnumbered the nyelinated fibres (1.0-9,0 k).
Eyzaguirre and Lewin (1961) stated that nonmyelinated C fibres fell
into two groups according to their conducting velocities., One group
conducts at 0.3-0.4 m/sec while the other conducts at 1.6-1.8 no/sec,
in the cat., It is suggested by some workers that nonmyelinated C

fibres are responsible for the conduction of baroreceptor inpulses.

(ii) Distribution of fixons and their Characteristice in the Cerotid’

Sinus of Man

It is now well known that in all mammalian species, the tunica
adventitia of the carotid sinus is rich in nerve fibres., Fibres fron
the glossopharyngeal nerve, the pharyngeal branch of the vagus and
the cranial cervical ganglion form a rich plexus in the sinus wall,
In this plexus, fAbraham (1969) identified two types of fibres, one
is thick and the other is thin., Some observers also reported that
there was a close association of the nerve branches with the vasa
vasorunl in the adventitia of the carotid sinus in man, .Jccording to
Rees (1967b), Willis and Tange (1959a), Dropmann (1967), and Abrahan
(1967, 1969) the perineural sheaths of the nerve branches nay persist
until they reach the deeper adventitia and nyelin is practically absent

when they reach the tunica nedia,
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It has been variously reported that the diameter of axons in man
ranges from 1.5-15 KL (Willis and Tange, 1959a), or 6 L to less than
1 L in diameter in 18 out of 20 human subjects (Riisager and Weddell,
1962), Distribution curves of axon diameter compiled by Riisager
and Weddell (1962) show a sharp peak for the axons in the bundles
at the 1.5 p level (35%) and a nore rounded curve for the pre-terninal
axons with AQ% being between 2 L and 2,5 U in diameter. Riisager and
Weddell (1962) also stated thot sometimes fibres from the carotid
sinus nerve accompany each other to reach the deeper layer of

adventitia and along their course they divide dichotomously.

Abrahan (1969) described the dendritic branches as assuning the
typical form of "depressor" fibres - an alternate broadening and
narrowing, ficcording to hin, this depressor characteristic could
be seen in many species other than man, such as birds, dog, pig,
calf, but not in the sheep., The thick and thin fibres in the carotid
sinus adventitia, like those in the sinus nerve, are thought by some
to be of glossopharyngeal and vagal origin, and sympathetic origin
respectively (Muratori, 1934; Nonidex, 1935b; Abrahan, 1969).
According to Abraham (1969) there is a complete absence of any
anastomoses betweecn the nerve rami, the terminal branches and the

endplates,

(iii) Nerve End Systems in the Carotid Sinus Wall of Man and Aninals

Adams (1958) reviewed the innervation of the carotid sinus of
man and several vertebrate specics. He mentions two neuronal
concepts regarding the form and naturc of nervous terminations in
the wall of the carotid sinus. One, the "orthodox neuronal

concept" proposed by de Castro, regards the nerve endings as
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distinct and discrete, and classified then as type I and type II
aocording to their shape and end branching systems. The other,
the "terminal reticular concept" originally proposed by Sunder-
Plassnmann and Meijling, maintains that the ultimate ineshwork of
the nervous element is composed of a continuous syncytium of cells

permeated by neurofibrillar reticulum.

The "orthodox neuronal concept" has received much support fron
later observers (Muratori, 1933; Nonidex, 1936; Abraham, 1953a,b,
1958, 1967, 1969; Hilgenberg, 1958, 1967; Willis and Tange, 1959a;
Riisager and Weddell, 1962; Dowd, 1966; Rces, 1967b, 1968). Most
authors deny the terninal reticular concept of innervation of the
carotid sinus (Willis and Tanpe, 1959a; Riisager and eddell, 1962;

Lbrahan, 1953a,b, 1967, 1969; Dowd, 1966; Rees, 1967b, 1968).

It is now generally accepted that the nerve endings are
arborizations of stem fibres formed after the sheaths of the axons
cease to be apparent. Thesec arborizations, according to ¥Willis and
Tange (1959a), occur in circumscribed areas., They described these
circunscribed areas as uniaxonic and rwltiaxonic receptor fields.,
Riisager and Weddell (1962) stated that even the same parent axon
showed endings similor to de Castro's type I and type II. More
comprehensive studies of sAbraham (1958, 1967, 1969) showed that
there are variations in the appearance of cndplates in different
species., He recaffirmed two forms of end systemns in the sinus wall
of man and mamnals, and denied syncytial arrangemcnt of nerve
fibres., One type of end system is constituted by a few, smoetlh,
thick and long myelincted fibres with various sizes of thickenings

along their course and bearing small end plates., The other forn



of nerve end syster is made up of very thick myelinated fibres with
few varices and characterized by rich end arborizations bearing a

greater number of large end plates,

According to some observers, the end plates are sharply
defined against the surrounding connective tissue element in man
and some other animals. According to Abraham (1969) the end plates
in man and most animals arc nostly of ivy leaf shape. The large
end plates attach flatly to the inner adventitial surface (braham,
1969). According to ¥illis and Tange (1959a) the end systenm lies
in close relation to the elastic fibres, and the branches of the
arberizations run along with the elastic fibres. Riisager and
Weddell (1962), however, found the nerve terminals to be closely
related to the arteriolar vasa vasorum, Abrahan (1969) stated
that the end plate system is formed after the nerve terrinals in
the connective tissue layer of the sinus wall, and that the
neurofibrils in the end plates form a network, He also added that
in the terminal rami or in the frece axons, the neurofibrillar

arrangenent is more or less parallel to the long axis,

Lbrahan (1969) stated that the end plates of the carotid sinus
of the dog appear in variable form, those of the pig can be clearly
distinguished from those of the dog, and in the horse there are no
specific end formations., In the calf and sheep particular end
systen patterns and receptor apparatus characteristic of their own

species have been observed (Abraham, 1968, 1969).

118,
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RESULTS

A, HISTOLOGY OF THE NORMAL CAROTID SINUS

(a) Structure and Elastic Composition of the Carctid Sinus

The carotid sinus of the sheep was found to be near the origin
of the oecipital artery or the occipitoascending pharyngeal arterial
trunk (Fig. 35)e The carotid sinus in some animals exhibited a
slight bulge or diverticulum (Plate XIII, Figs. 1,3). The extent of
the carotid sinus varied according to the position of the carotid
body. When the carotid body was situated on the occipital artery,
3435 mm distal to the origin, the elastic tissue layers were seen
1-1.,3 mm beyond the level of the carotid body. When the carotid body
was located at the origin of the ascending pharynmgecal artery, the
elastic tissue layers were seen 1-2 mm beyond the level cf the
carotid body artery which, in these situations, usually originated
from the ascending pharyngeal artery itself or from the angle between

the origins of the ascending pharyngeal and occipital arteries.

Three classical vessel types were found in the carotid
trifurcation, mixed (musculo-elastic), elastic and muscular.
The structure of the occipital artery, 1-1.5 mm from its crigin
from the common carotid artery, was of the musculo-elastic (mixed)
type while that portion of the artery, 1-1.,3 mm beyond the level
of the carotid body (when the carotid body was situated on the
occipital artery), was of the muscular type. The tunica media
was predominantly elastic in the carotid sinus (Plate XIII, Fig. 3),
mixed in the cxternal carotid and common carotid arteries, and

muscular in the occipital artery (Plate XIII, Fig. 2; Plate XV,
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Kez to FiE- éEt

The Elastic Tissue Composition of the Carctid Trifurcation,
Abbreviations

ap =~ ascending pharyngeal artery
¢cb =~ carotid body supplied by carotid body
artery of elastic type
cc = coomon carotid artery
cl =~ cranial laryngeal artery
ec = external carotid artery
1 =~ 1lingual artery
n = nuscular branch
o =~ occipital artery
opt =~ occipitoascending pharyngeal arterial
trunk
The black arcas indicate portions of the

artery with elastic structure,

the occipital and ascending pharyngeal arteries arise from a common

trunk and when the carotid body is at the origin of the ascending




Fig. 35
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Fig. 1). The transition from musculo-clastic to eclastic portions,

and from elastic to muscular portions was abrupt (Plate XIII, Fig. 1).

The carotid sinus consisted of three layers -~ tunica adventitia,

tunica media and tunica intima. The arterial wall thickness of the

= 3 y » e
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(1) Tunica Adventitia

The tunica adventitia of the carotid sinus was found to
be slightly thicker at the origin of' the carotid sinus than at
the level of the carotid body. The adventitia was rich in the
blood vessels, lymphatics and nerve fibres and consisted mainly
of collagen fibres, Therc were few elastic fibres in the
deeper layer of the adventitia. Also, at the origin of the
carotid 3inus there were elastic fibres in the superficial
adventitia., About the middle of the carotid sinus there were
practically no elastic fibres in the adventitia, The elastic
fibres appeared gradually in the outer layer of the adventitia
in the distal portion of the carotid sinus., Small arterioles
found in the superficial layer of the adventitia were 1.5-1.7 mm
in diameter. The diameters of the largest veins draining the

carotid trifurcation werc up to 2.4 mm in diameter,

(ii) Tunica Media

The sinus had a comparatively thinner wall and thicker
tunica media than did the adjoining blood vessels in the
carotid trifurcation (Tables VIII, IX, X). The grecatest
number of elastic membranes (more than 12) was observed in
the wall of the carotid sinus. At the origin of the carotid

sinus and at the junction between it and tke occipital
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Method of Obtaining the Data for Tables VII, IX and X

The entire carotid trifurcation from both sides of one lamb
(approximate age, 6-7 months) w;s fixed in 107 formal saline by
immersion. Serial, transverse,paraffin sections of 5u were made
from each carotid trifurcation and were stained with Mayer's
haematoxylin and eosin, Ponceau, and orcein. The vessel wall
thickness was measured at three sites:

(a) That lying opposite to, and at the level of, the origin

of the carotid sinus; *

(b) That lying caudal to the carotid sinus;

(c) That near the origin of the éarotid sinus.

Variations in the arterial wall thickness were noted as further

measurements: for example in Table VIII, three measurements were
taken of the common carotid arterial wall at site (a). Similar

repeated measurements were taken for Table IX.

The animal identified as animal 1 in Tables VIII, IX and X

was the same animal.
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TABLE VIII.

ARTERTAL WALL THICKNESS OF THE NORMAL CAROTID TRIFURCATIONS (IN mm)

Tunice media

No. of Total Total
internal No, of Thickness thickness
Blood Thickness elastic elastic of of
Aninal vessel of intima nembranes membranes Thickness adventitia vessel
1. Right a. Common 0.01 2 7 O.42 0.19 0.62
carotid
g < 0.01 2 8 Ook3 0.16 0.60
4 ¥ ”)102 2 6 0014-1 0.12 0055
" b. U 0.01 2 - 0.40 0.2 0.62
" 4 0001 2 = O.)-}lf- 0-18 0063
" cn 1 0001 2 b 0162 0.05 0068
" U 0.01 2 - 0.69 0.10 0.80
a » arterial wall lying opposite to/and at the level of the origin of the carotid sinus
b = arterial wall lying caudal to the carotid sinus
¢ = arterial wall near the origin of the carotid sinus
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TABLE IX.

ARTERTAL WALL THICKNESS OF THE NORMAL CAROTID TRIFURCATION (IN mn)

Tunica Media
No. of Total Total
internal No. of Thickness thickness

Blood Thickness elastic elastic of of
Animal vessel of intima nembranes nenbranes Thickness adventitia vessel
1. Right a. Common 0.01 - 12 0.20 0.08 0.29

carotid

b " 0,01 - 12 0:12 0.10 0.23
" u 0001 - 12 0.15 0011 0027
" " 0.01 1 5 0,07 0.12 0.20
" ) 0.01 - 9 0.10 0.06 0.17
1. Left " 0,01 - 12 0.28 0.10 0,39
" " 0,01 - 12 0.15 0.07 0,22
" " 0.01 - 10 0008 0.0S 0014
" " 0.01 - 10 0.09 0.05 0.15

" " 0.01 = 10 0,07 0.15 0.23
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TABLE X.

ARTERIAL WALL THICKNESS OF THE NORMAL CAROTID TRIFURCATION (IN mm)

Tunica media

No, of Total Total
internal No, of Thickness Thickness
Blood Thickness elastic elastic of of
Animal vessel of intima menbranes membranes Thickness adventitia vessel
1. Left Carotid sinus 0,01 - 10 0.03 0.10 Ol
at the level
of artery of
carotid body
L Carotid sinus 0,01 - 12 0.10 O.14 0.25
at its origin
1. Right External 0,02 2 8 0.50 0.13 0.65
carotid
1. Left U 0,02 2 8 approx. 0,33 0.17 0.52
" " 0.02 2 8 approx. 0,42 0.13 0.57
1. Right Ascending 0.01 - 5.8 0.04 0.04 0.09

pharyngeal
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artery (muscular type) the majority of the elastic fibres were
arranged circularly while in the remainder of the carotid
sinus they were arranged mainly longitudinally, In the lambs
the elastic membranes werc disposed close to each other,
2-25 L apart., In the occipital artery (muscular type) of the
ewe the elastic membranes are much farther apart than those

of the lamb (May, 1965).

(iii) Tunica Intima

The tunica intima of the carotid sinus was thinner than
that of the occipital artery (muscular type). It consisted
of endothelium and a thin layer of subendothelial connective
tissue as in the common carotid or occipital (muscular type)
arteries. The subendothelial layer of the occipital artery
(muscular type) is more defined in the ewe than in the lamb
(May, 1965). A single internal clastic membrane usually
separated the intima from the medias In the external carotid,
common carotid and occipital (muscular type) arteries double
internal elastic membranes usually separated the intima from
the media. No nerve fibres were seen in the intima of the

carotid sinus,

(b) Occipital Artery (Muscular gype)

The occipital artery beyond the level of the carotid body
(when the carotid body was situated on the occipital artery) was
of the muscular typc. Similarly, the ascending pharyngeal artery
beyond the level of the carotid body (when the carotid body was
situated at the origin of this artery) was of the muscular type.

Compared to the adventitia of the carotid sinus, the adventitia
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of the occipital artery (muscular type) contained more elastic
membranes, In the adventitia of the occipital artery (muscular type)
up to 8 layers of elastic membranes were observed (Plate XV, Fig. 1).
Few collagen fibres were seen among or external to thesc elastic
membranes, May (1965) also studied the occipital artery (muscular

type).

In the present study the occipital artery of one lamb, from
its origin to 10 mm distant, was sectioned serially to study the
extent, arrangement and disposition of the elastic tissue and
collagen fibres., The tunica media, for 4 mm from the origin of the
artery, was mainly of the elastic type, while the recmaining 6 mm
was mainly of the muscular type., In this specimen the carctid body
was located at the origin of the ascending pharyngeal artery. The
nedia exhibited 3-5 weak elastic membranes, and was clearly defined
from the adventitia (Plate XV, Fig. 1). The occipital artery
(muscular type) possessed double internal elastic membranes

separating the media from the intima.

(c) Distribution of Nerve Fibres in the Carotid Sinus Wall

Myelinated and nonnyelinated nerve fibres were seen in the
carotid sinus wall especcially in the adventitia, The large nerve
fibres in the superficial adventitia exhibited regular narrowings
and expansions along their course and were 2.5=5 | in diameter
(Plate VII, Fig. 1; Plate XVII, Figs. 1,2). Fine nerve fibres,
about 1 4 in diameter, were seen entering the deeper adventitia,
Most of these nerve fibres usually branched either in the super-

ficial adventitia or before reaching the medio-adventitial border,
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(d) Morphology of the Terminal Nerve End System and its Relation

to the Connective Tissue and Smooth Muscle Fibres

Terminal nerve fibres, usually about 0,5 U in diameter, approached
the medio=-adventitial border and ended in relation to the smooth
muscle fibres (Plate XVII, Fig. 2). In the deeper part of the
adventitia, localised arcas of terminal nerve fibres were also
observed., Terminal nerve fibres usually ended as diffuse endings
bearing no typical end formations. Occasionally terminal nerve
fibres were seen in the superficial part of the media between the
smooth muscle bundles, However, in the comnon carotid artery
comparatively more fine nerve fibres were seen in the superficial

nedia,

B. DENERVATED CAROTID SINUS (AFTER SECTIONING OF THE CAROTID

SINUS NERVE)

In one lamb (N1), the control and the denervated carotid
trifurcations were trecated according to the modification technique
of Nauta and Gygex (1951, 1954) as recommended by Hamlyn (1957)
(yide denervated carotid body). In both the control and denervated
carotid sinuses the nervous structures were found to be unstained,
whereas the reticulin and collagen fibres in the carotid sinus wall

were stained deeply (Plate XIV, Fige 1).

In the second lamb (N2), the control and denervated carotid
trifurcations were again treated according to the modification
technique of Nauta and Gygax (1951, 1954) as recommended by
Guillery et al. (1961) (vide denervated carotid body). In the

control carotid sinus, nerve fibres were observed in the
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adventitia and in the superficial tunica media (Plate XIV, Fig, 2).
Also noted were the nerve fibres supplying the common carotid and
external carotid arteries. However, in the denervated carotid
simus no nerve fibres were sccen in the carotid sinus wall, the

common carotid or external carotid arteries,

In the remaining three lanbs (N3, N4 and N5) the carotid
trifurcations were scrially sectioned and selected sections at the
level of the carotid sinus werc stained for nervous structures by
Romanes' (1950) silver chloride method (vide denervated carotid body) .
A few sections, 5-7 u thick, were also prepared from each carotid

sinus to study the structural changes.

The carotid sinus of the lambs did not show any detectable

structural changes one month after denervation (Plate XVI, Figs. 1,2).

In the denervated carotid sinuses of lambs N3, N4 and N5,
therc were no large diameter nerve fibres (2.5-5 u) such as were
seen in the controls. A markedly degenerated carotid sinus nerve
and its divisions at the carotid trifurcation was observed. However,
small diameter nerve fibres about 1 U in diameter were observed in
the adventitia of the carotid sinus and the external carotid and
common carotid arteries. Fine nerve fibres were also seen in the
adventitia and at the medio-adventitial border of the occipital or
ascending pharyngeal arteries, These fibres exhibited a delicate
branching system in the deeper part of the adventitia or at the

medio-adventitial border of these arteries,



C. STRUCTURE OF THE CAROTID SINUS AFTER SECTIONING OF THE EXTERNAL

CAROTID NERVE OR CRANIAL CERVICAL GANGLIONECTOMY

The structure of the carotid sinus did not exhibit any
detectable morphological changes after scctioning of the external
carotid nerve or cranial cervical ganglionectomy (Plate XVI, Fig. 3).
The small veins draining the carotid sinus adventitia were found to

be distended (Plate XVI, Fig. 3; Plate XVII, Fig. 3).

The external carotid nerve and its branches to the carotid
trifurcation were degenerated. The small diameter nerve fibres
usually found in the wall of the normal carotid sinus were absent
in the denervated specimens (Plate XVI, Fig. 3 ). The nerve fibres
fron the intact corotid sinus nerve werec found in the adventitia, in
the medio-adventitial border of the denervated carotid sinus (Plate
XVI, Fig. 3; Plate XVII, Fig. 3), or in a very few instances in

the superficial media,

DISCUSSION

The carotid sinus of sheep exhibits a swelling or dilatation

which has been described in the guinea-pig (Rees, 1967b; Kondo, 1971),

rabbit (Rees, 1966, 1967b; Muratori, 1967), cat (Addison, 1944;
Muratori, 1967; Rees, 1966, 1967b), dog (Addison, 1939, 1944;
Rees, 1966, 1967b; Muratori, 1967) and pig, calf and man (Muratori,
1967). The carotid trifurcation of sheep also displayed three
classical vessel types - mixed, elastic and tmuscular as in most
species so far studied. The "elastic segment" of Rees (1966, 1967b)
could be applied to the carotid sinus of sheep; in addition it was

found that the extent of the elastic tissue of the carotid sinus

129,



could be variable according to the position of the carotid body.

The transition of vascular walls from the common carotid and external
carotid arteries to the occipital (elastic) artery, and from the
elastic to the muscular portions of the occipital artery are also
abrupt, as Rees (1966, 1967b) reported in laboratory animals and

man,

The arterial supply and venous drainage of the carotid sinus,
carotid body and associated nervecs, the carotid sinus nerve and
external carotid nerve, are readily observed in histological
sections., Although the carotid body is provided with profuse blood

vessels the carotid sinus receives relatively few.

The carotid sinus is not exclusively supplied by nerves from
the carotid sinus and external carotid nerves; it occasionally
receives nerve supply from the pharyngeal branches of the vagus,
and from the hypoglossal nerve (see gross anatomy, Chapter III),
Fron the denervation expcriments it is apparent that the only major
source of nerve supply, as in most species, is from the carotid
sinus and external carotid nerves. The fibres of the carotid sinus
nerve supply the carotid body and carotid sinus and some fibres,
after entering the carotid body, even proceed to supply the carotid
sinus, Among these fibres are the large myelinated nerve fibres
which display regular thickening and expansions., These fibres
degenerate markedly one month after division of the carotid sinus
nerve., Their origin, formerly proposed by Abrahan (1968, 1969) to
be from the glossopharyngeal nerve, is clarified by the present

study,
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Degenerated nerve staining techniques employed in the present
study - modification techniques of Nauta and Gygax (1951, 1954)
modified by Guillery et_al. (1961) and that of Hamlyn (1957) -
are not particularly suitable for selective staining of nerve fibres
in a vascular wall with abundant connective tissue. It appeared to
be that the technique of Guillery et al. differentiated nervous
tissue better than that of Hamlyn. However, the former technique
presented certain problems in the removal of clearing agent
(cedarwood 0il) from the tissue during tissue processing leading to

difficulties in subsequent tissue sectioning,

The predominance of myelinated nerve fibres over the nonmyelinated
fibres in the carotid sinus of the sheep described in the present
study agrees with the findings of de Castro (1951) and Eyzyguirre
and Uchizono (1961). The majority of the fibres of the external
carotid nerve are nmyelinated as has been described in the cat
(Eyzyguirre and Uchizono, 1961). Alnost all of the small dianmeter
nonmyelinated nerve fibres in the carotid sinus wall degenerate
after division of the external carotid nerve or cranial cervical

ganglionectony.

In thc carotid sinus wall of the sheep the nerve fibres are
particularly localized in arcas. These areas are probably comparable
to the axonic fields of Riisager and Weddell (1962), Tt appeared
that in the shecp there are no specific types of nerve endings
comparable to those of rabbit, guinea-pig, cat, dog and man,

However, Abraham (1958, 1969) stated that in the sheep there are
particular end systen patterns and receptor apparatus characteristic

of that species,
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The structure of the carotid sinus wall one month after
sectioning of the carotid sinus presents no detectable morphological
changes., The only structural changes observed after division of the
external carotid nerve or cranial cervical ganglionectomy was the
dilatation of veins in the carotid sinus adventitia. Fine nerve
fibres which degenerated after sympathectomy could be traced to
the deeper adventitia, The nerve fibres of the carotid sinus wall
could be traced generally to the deceper adventitia. This is in
accord with the reports of Recs (1966), fbraham (1967, 1969), and
Aumonier (1972). Occasionally some fine nerve fibres could also

be traced to the medioadvential border or superficial media,

SUMMARY

1 The present study was conducted in the normal lambs and sheep
and denervated lambs to study the location, structure and
elastic tissue conmposition of the carotid sinus, the
distribution of nerve fibres and the morphology of the nerve
terminals employing various histological techniques. In the
denervated animals the extent of the degenerated nerve fibres
and their distribution, and the nature of persisting nerve
fibres were observed using Nauta and Gygax (1951, 1954)
technique modified by Hamlyn (1957) and Guillery et al. (1961),

and Romanes' (1950) silver chloride method.

2, The carotid sinus is a swelling, dilatation or diverticulum
at the origin of the occipital artery or the occipitoascending
pharyngeal arterial trunk. The extent of the elastic tissue
of the carotid sinus varies according to the position of the

carotid body.
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Three classical vessel types, musculoelastic, elastic and
muscular, are present in the carotid trifurcation, The

carotid sinus is predominantly of the elastic type.

The carotid sinus has a comparatively thinner wall and a

thicker tunica media than that of the adjoining blood vessels,

The tunica adventitia of the carotid simus wall is rich in
myelinated and nonmyelinated fibres. These could be traced to
the deeper adventitia, to the medioadventitial border or even

up to the superficial media,

Terminal nerve fibres usually end as diffuse endings bearing

no specific end formations,

The carotid sinus wall did not cxhibit any detectable
morphological changes one month after the sectioning of the
carotid sinus nerve; however, a marked dilatation of the
veins of the adventitia was obseirved after sectioning of

the external carotid nerve or cranial cervical ganglionectomy,

The large diameter myelinated nerve fibres which degenerated
after sectioning of the carotid sinus nerve are suggested to
be of glossopharyngeal origin; whereas, fine nonmyelinated
fibres which could be traced to the mediocadventitial border

or superficial media cre suggested to be of sympathetic origin,



CHAPTER SIX

FLUORESCENCE MICROSCOPICAL STUDIES OF THE

CAROTID BODY AND CARCTID SINUS
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INTRODUCTION

According to various biochemical, histochemical and
ultrastructural studies, the carotid body of several vexrtebrates
contains catecholamines, dopamine and 5-hydroxytryptamine in
variable quantities. The species so far studied have been the bird,

rat, Rana temporaria, Syrian hamster, rabbit, cat, dog, horse and

man. However, no work relating to the carotid body and carotid
sinus of the sheep has previously been done. In the present study,
the carotid bodies and carotid sinuses from long=term, unilateral,
sympathectomized lambs were investigated histochemically by using
the formaldehyde-catecholamine condensation reaction, to determine
the localization of catecholamines in the carotid body and carotid

sinus, and in the common and external carotid arteries,

LITERATURE REVIEW

Biochemical, pharmacological, histochemical and ultrastructural
studies have shown the presence of biogenic amines in the carotid
body of various vertebrate species: in the bird (Kobayashi, 1969b),
rat (Battaglia, 1966, 1968; Blimcke et al., 1967a, 1967b), Rana
temporaria (Banister et al., 1967), Syrian hamster (Chen amd Yates,
1968, 1969; Chen et al., 1967, 1968, 1969), rabbit (Lever, and Boyd,
1957; Lever et al., 1959; Fillenz and Woods, 1966; Palkama, 1965;
Blthcke, et al., 1967a; Rees, 1967a; Dearnaley et al., 1968a, 1968b),
cat (Ross, 1959; Lever et al., 1959; Hayashi, 1966; Chiocchio
et al., 1966, 1967, 1971; Hess, 1968; Morita et al., 1969;

Zapata et al., 1969a; Tramezzani et al., 1971), dog (H8glund, 1967;
Kobayashi, 1968), horse (HBglund, 1967), and man (Neimi and O jala,

1964; Hamberger et al., 1966).



Electron microscopical studies revealed the presence of osmio-
philic granules or electron-dense cored vesicles in all the species
so far studied (see the review of ultrastructural studies of the
carotid body). These elctron-dense cored vesicles are considered
by many observers to contain catecholamines (Lever et al., 1959;
Ross, 1959; Neimi and Ojala, 1964; Palkama, 1965; Hamberger et al.,
1966; Hayashi, 1966, 1968; Battaglia, 1966, 1968; Banister et al.,
1968; Chen et al., 1967; BlUmcke et al., 1967a, b; Rees, 1967a;
Hess, 1968; Chen and Yates, 1969; Kobayashi, 1969b; Morita et al.,
1969; Zapata et al., 1969a; Chiocchio et _al., 1966, 1971). Some
observers (Bltimcke et al,, 1967a, b) were even tempted to oall them
"catecholamine bodies"., The carotid body tissue of several species
exhibits fluorescence which indicates the presence of one or more

catecholamines,

According to Bllimcke et al. (1967a, b) the catecholamine bodies
in rats and rabbits depleted after hypoxia and disintegrated after
an increase in CO2 in the respiratory air. Chen and Yates (1968)
and Chen et al. (1969) found that, in Syrian hamsters, reserpine
administration depleted catecholamines without disappearance of
granules (electron-dense cored vesicles) and hypoxia did not affect
cetechulanine content, which is contrary to the findings of Bliimcke
et al. (1967b). Lever et al. (1959) stated that reserpine
administration in the rabbit resulted in a general depletion of these
granules throughout the glomus, which is again contrary to the finding

of Chen and Yates (1968).

The granules (electron-dense cored vesicles) according to many
reports contain varying amounts of adrenaline and noradrenaline and
the adrenaline and noradrenaline content of the carotid body has been

the subject of contradictory reports by different observers. The

135.
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major component of the stored catecholamine is noradrenaline in the
dog (Kobayashi, 1968), rabbit (Palkama, 1965), and cat (Chiocchio

et al., 1971; Hayashi, 1966); whereas in Rana temporaria it is

adrenaline (Banister et al., 1967). According to many reports the
carotid body cells also contain indolamines, dopamine and 5-hydroxy-

tryptamine,

A, Indolamines, Dopamine and 5-hydroxytryptamine

Lever et al. (1959) stated that the phenolic amines present
in the glomus cells of the cat and rabbit, identified by various
histochemical methods, appeared to be adrenaline or noradrenaline
rather than 5-hydroxytryptamine., However, several later reports
stated that carotid body cells also contained indolamines (Chen and
Yates, 1969; Chen et al., 1967), dopamines (Fillenz and Woods,
1966; Banister et al., 1967; Dearnaley et al., 1968a, 1968b;
Knoche et al., 1969; Morita et al., 1969; Chiocchio et al., 1966,
1967, 1971), and 5-hydroxytryptamine (Hamberger et al., 1966;

Morita et al., 1969; Chiocchio et al., 1971).

It appears that the relative amounts of catecholamines,
indolamines, dopamines and 5-hydroxytryptarine present in the glomus
cells vary in different species. In the Syrian hamster, Chen and
Yates (1969) found that the granules contained predominantly
catecholamines with relatively small amounts of indolamines and
serotonin, However, in the cat, the majority of cells contained
dopamine (Chiocchio et al., 1966; Morita et al., 1969). According
to Chiocchio et al, (1966) dopamine constituted more than half of
the total catecholamine content of the carotid body, while noradrenaline
represented 35% and adrenaline 8%. Chiocchio et _al. (1967)

differentiated three cell types in the carotid body of the cat
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according to their distribution, the size of their granules and

the nature of their staining reaction with silver nitrate. One type,
having large polymorphic granules, was distributed irregularly in the
carotid body. It gave a positive reaction with 1-2 min treatment
with silver nitrate., The second type, having smaller granules,
exhibited no silver nitrate reaction up to 2 min treatment, but gave
a positive reaction after treatment for 15 min or more., The third
type, which was scarce, contained small round granules and showed

a negative reaction even when treated for 30 min or more. They
suggested that the first type, which was the most prevalent cell
type, contained noradrenaline, the second cell type adrenaline, and
the third cell type, which was scarce, 5-hydroxytryptamine. Morita
et al, (1969) found that the majority of cells ('dark cell type II')
contained dopamine, and the remainder of the glomus cells contained
either noradrenaline ('dark cell type I') or adrenaline ('light cell
type IV')., This was confirmed in a more recent report by

Chiocchio et _al. (1971) who described the carotid body cells of the
cat as exhibiting an intense fluorescence after formaldehyde treat-
ment, but not all of these cells gave a fluorescence reaction with
the trihydroxyindole histochemical method. They concluded "that
most of the glomus cells contain norepinephrine or DOPA or a
combination of these two compounds while some cells contain only
dopanine, A few yellow fluorescence cells were also found after

formaldehyde treatment which probably contain 5-hydroxytryptamine",

B. Fluorescence Microscopical Studies

Fluorescence microscopical studies have been done on the carotid
body of the white rat (Blimcke et al., 1967b), rat (Battaglia, 1968),
rabbit (Fillenz and Woods,1966; Rees, 1967a), cat (Chiocchio et al.,

1971), man (Neimi and Ojala, 1964) and the carotid labyrinth of
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Rana temporaria (Banister, 1968). Fluorescence microscopical studies

on the carotid sinus have been made in the rabbit (Rees, 1966, 1967a;

Reis and Fuxe, 1968), the rat and cat (Reis and Fuxe, 1968).

Blliacke et al, (1967b), using fluorescence microscopy, found
that the catecholamines vanished almost completely from the receptor
cells after the rats were subjected to 20 min of hypoxia. According
to Neimi and Ojala (1964) the green fluorescence cells in man were
relatively few in nunber but were evenly distributed among the
alveoli of the lobules and did not show any clear relationship to
the capillary spaces of the carotid bodies. They also stated that
no fluorescence was seen in the nerve fibres and suggested that the
carotid body probably lacked adrenergic parenchymatous innervation,
Fillenz and Woods (1966) found that yellow green fluorescence was
intense in the cytoplasm of type I cells of the carotid body of the
rabbit, while similar but much weaker fluorescence was seen in the
nerves, They suggested that amines present in the carotid body

cells might be dopamine,

Rees (1966, 1967a) studied the distribution of biogenic amines
in the carotid bifurcation region of the rabbit. He stated that
glomus cells contained phenolic amines which persisted even up to
21 days after sympathectomy. According to him, the carotid sinus
of the rabbit contained adrenergic fibres derived from the superior

cervical ganglion,

There has been a controversy for many years on the nature of a
possible chemical transmitter substance in the carotid body cells,
It has been the subject of various reviews and experiments
(Liljestrand, 1954; Liljestrand and Zotterman, 1954; Daly, 195L;

Heymans, 1955; Heymans and Neil, 1958; Anichkov and Belen'kii, 1962;



Eyzaguirre et al., 1965; Heymans ct al,, 1968; Eyzaguirre and
Zapata, 1968; Torrance, 1968; Paintal, 1969; Biscoe, 1971;
Ballard and Jones, 1972). Various substances which have been
proposed as candidates for a chemical mediator are acids (lactic
acid, etc.),amino acids (glutamic acid and glutamic dehydrogenasc,
ctc.), ATP and AMP, acetylcholine and catecholamines (Torrance,
1968; Eyzaguirre and Zapata, 1968)., Of the theories on chenmical
mediation, the cholinergic hypothesis (acetylcholine) and the
adrenergic hypothesis (catecholamines) seen the most plausible

and yet still await confirmation,
RESULTS

Normal.Carotid Body

In the lamb, the carotid body lobules were 0,05-0,20 rma in
diameter (see histology of the carotid body). Each lobule was
observed as a very distinctly outlined area of intense fluorescence
(Plate XVIII, Figs.1,2). The cytoplasm of almost all of the glomus
cells exhibited an intense green to yellow-green fluorescence after
treatment for one hour with formaldehyde gas. Each glomus cell
appeared as a discrete fluorescent unit having a dimeter of 6-9 Lu.
Sometimes discrete masses of individually fluorescing cells were
found to be distributed evenly in the sections cut at the periphery

of the organ,

The catecholamines were found to be very liable to diffuse out
of the cytoplasm of the glomus cells and, when this occurred,
(Plate XX, Fig. 2), the fluorescent units coalesced and appeared as
diffuse fluorescent masses, However, optimal fluorescence was

attained in most of the sections gassed with formaldehyde (paraformal-
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dehyde powder subjected to humidity 70%, 80%, 85% and 89% by storing
over 34%, 28%, 25% and 21% sulphuric acid respectively) at 80°C for
one hour, The diffusion of biogenic amines usually occurred during
thawing of the frozen tissue sections on the fluorescence free glass
microscope slides and during drying in the desiccator containing
phosphorous pentoxide. The intensity of the fluorescence faded
gradually and was appreciably lost after 24 hr, while the elastic

fibres retained their autofluorescence,

There ware no significant fluorescent products in the inter-
lobular spaces or in the capsule of the carotid body. Even the
largest nerve fibres (the glossopharyngeal fibres) produced very
faint fluorescence or none at all., However, a diffuse fluorescent
network was seen along the artery of the carotid body in thinner

frozen tissue sections,

(a) Normal Common Carotid and External Carotid Arteries and

Carotid Sinus

In the ccmmon carctid and external carotid arteries beaded
fluorescent fibres, presumed to be sympathetic nerve fibres, were
seen in the adventitia and also at the pedieo~adventitial becrder
(Plate XXI, Figs. 1,3). Especially at the medio-adventitial border,
there were non-specific fluorescent elastio fibres, but these auto-
fluorescent elastic fibres could be easily distinguished by the
nature of their fluorescence (Plate XXI, Fig. 3). If diffusion of
biogenic amines had occurred, it was not possible to distinguish
the strands of connective tissue fibres from the sympathetic

nerve fibres,

140,



101,

From the present study of frozen serial sections of the carotid
sinus, it was found that the carotid simus of the lamb contained a
few beaded fluorescent fibres in the outermost layer of the adventitia
(Plate XXI, Fige 1). It was not possible to demonstrate the presence

of fluorescent nerve fibres in the media of the carotid sinus itself,

(b) Denervated Carotid Body and Carotid Sinus

The carotid body cells from animals one month and 6 weeks after
cranial cervical ganglionectomy, and 8 weeks after sectioning of the
external carotid nerve, were still found to be as fluorescent as the
contralateral normal carotid body cells of the same individuals
(Plate XIX, Figs. 1,2,3; Plate XX, Fig. 1). The intensities of
the discrete fluorescent cell units in the normal and the denervated
carotid bodies were found to be the same., However, the fluorescent
plexus usually seen along the carotid body artery in the normal
carotid bodies, was absent in all the denervated carotid bodies,
Moreover, the beaded fluorescent fibres usually seen in the
adventitia and at the medio-adventitial border of the common and
external carotid arteries were virtually absent in the denervated
arteries of the same individuals., Furthermore, the beaded
fluorescent strands usually found in the outermost layer of the
adventitia of the normal carotid sinus, were invariably absent in
the denervated carotid sinuses of all the experimental animals

(Plate XXI, Fig. 2).

(c) Ungassed Control Sections of Normal Carotid Body, Carotid

Sinus, and Common and External Carotid Arteries

In the ungassed control sections of normal carotid bodies,

fluorescent glomus cell units were absent (Plate XX, Fig. 3) and
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no fluorescent plexus was seen along the carotid body artery near

its point of entry. The beaded fluorescent fibres seen in the
formaldehyde gassed sections in the outermost layer of the adventitia
of the carotid sinus, and those in the adventitia and at the medio-
adventitial borier of the common carotid and external carotid
arteries, were lacking in the ungassed normal control sections,

These results confirmed that true fluorescence was obtained from

the formaldehyde condensation products,

DISCUSSION

The histochemical reaction involved in the present study is a
condensation of catecholamines with formaldehyde gas to form a
3,4=dihydroisoquinoline and 2,4~d**>y-*0o=norharmiancs thich, when
excited with ultraviolet light, fluoresce strongly at a wavelength
of 480 mn (Corrodi and Hillarp, 1963, 1964), or 390 nn (Falck, 1962;
Falck et al., 1962; Corrodi et al., 1962), Only primary cate-
cholamines such as noradrenaline, dopamine and 5-hydroxytryptamine
are converted into a fluorescing product after treatment for one hour
with formaldehyde, whereas secondary catecholamines, such as adrenaline,
are not (Carlsson.gﬂ;jg,, 1964). Noradrenaline and dopamine give green
or yellow-green fluorescence (Spricgs et al., 1966) but, having
identical activation and emission spectra (Corrodi and Jonsson, 1965),
can not be separately distinguished under the fluorescence microscope,
The fluorescence of 5-hydroxytryptamine (serotonin) is yellow, The
secondary catecholamines such as adrenaline also give fluorescence
products, but only after 3 or more hours treatment with formaldehyde
gas. MAngelakos and King (1967) and Chiocchio et al. (1971) used
trihydroxyindole fluorescence products (blue to blue-green

fluorescence, 500=520 rm ) to differentiate adrenaline from other
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catecholamines in the nerve endings,

In the present study it was not possible to malse a quantitative
estimation of the different biogenic emines present in the carotid
body of the lanb., However, from the intense green to yellow=green
fluorescence obtained with the formaldehyde gas condensation reaction,
it is suggested that the carotid body cells of the lamb are rich in
catecholamines, As 5-hydroxytryptamine gives a yellow fluorescence,
and secondary amines such as adrenaline give fluorescent products only
after 3 or more hours treatment with formaldehyde gas (Carlsson et al,,
1964), the intense fluorescence exhibited by the glomus cells in this
study is likely to have been produced mainly by noradrenaline and
dopamine, It was not possible to differentiate these two amines
because of their identical activation and emission spectra, nor was
it possible to determine that the carotid body cells contained
exclusively noradrenaline or dopamine., The persistence of intense
fluorescent carotid body cells even up to 8 weeks after denervation
suggested that sympathetic denervation did not affect the catechol-
amines detectable by the formaldehyde condensation reaction and that
the noradrenaline armd dopamine content remained the same after long-

term sympathetic denervation.

Fluorescence other than that produced by catecholamines may
result from formaldehyde gas reaction with other proteins and auto-
fluorescence of nerve itself. Also, same tissues may not be
influenced by formaldehyde (Norberg and Hamberger, 1964). In the
lambs, the non=-specific fluorescence was very intense in the internal
elastic membrane amd the elastic fibres of the common and external
carotid arteries, whereas in the collagen fibres in the adventitia

of these arteries the fluorescence was weaks Similar auto-
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fluorescence was seen near the intimal surface of the gingival artery
from a sevensweek-0ld infant, "non-specific intimal fluorescence or
inner ring", by Frewin et al. (1971), and in the cerebral artery of
the ret (Iwayama et al,, 1970). Neimi and Ojala (1964) reported the
non=specific fluorescence of connective tissue fibres in the human
carotid body. They also reported that no fluorescence was seen in the
nerve fibres. Rees (1967a), likewise, found auto-fluorescent elastic

fibres in the common and external carotid arteries of the rabbit,

The present findings on the carotid body in the lambs agree
with those of Fillenz and Woods (1966), and Rees (1967a) in the
rabbit, and Chiocchio et al. (1971) in the cat. They also agree
with the finding by Neimi and Ojala (1964) in man, that the nerve
fibres (possibly glossopharyngeal fibres) exhibit no fluorescence.
However, Neimi and Ojala made no mention of beaded fluorescent
fibres such as have been found along the carotid body artery in the
lamb. The present findings also support the fact that the carotid
body cells contain catecholamines, especially noradrenaline or
dopamine or both (Battaglia, 1968; Chen and Yates, 1969; Chen
et al., 1967; Chiocchio et al., 1966, 1971; Dearnaley et al.,
1968a, 1968b; Fillenz and Woods, 1966; Hamberger et al., 1966;
Hayashi, 1966; Hoglund, 1967; Kobayashi, 1968, 1969; Lever and
Boyd, 1957; Lever et al., 1959; Morita et al., 1969; Palkama,
1965 and Zapata et al., 1969a). They also agree with those of
Rees (1966, 1967a) and Reis and Fuxe (1968) on the carotid sinus,
and the common and external carotid arteries (Rees, 1967a). The
nature of the fluorescence observed by Rees (1966, 1967a) and
Reis and Fuxe (1968) in the rabbit and cat was comparable to that

of the lambs used in the present study.
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SUMMARY

The distribution of catecholamines in the carotid body and
carotid sinus was studied histochemically by using a formal-
dehyde=-catecholamine condensation reaction. Studies were made
after cranial cervical ganglionectomy or after sectioning the

external carotid nerve.

Both the normal and sympathetically denervated carotid body
cells exhibit intense fluorescence, and the intensity of the

fluorescence remains the same up to 8 weeks after sympathectomy.

It is suggested that the normal carotid body cells contain
catecholamines consisting nainly of noradrenaline and dopamine,

which are not affected by chronic sympathetic denervation,

Fluorescent nerve fibres were seen on the outermost layer of
the adventitia of the normal carotid sinus, along the carotid
body artery, and in the adventitia and the medio-adventitial
border of the cormon carotid and external carotid arteries.

They were not present in the denervated specimens,

It is concluded that the carotid sinus, carotid body artery and
the common carotid and external carotid arteries of the lamb

receive sympathetic adrenergic innervation,



CHAPTER SEVEN

ULTRASTRUCTURE OF THE C..ROTID BODY AND C..ROTID SINUS
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INTRODUCTION

The ultrastructure of the carctid body and carotid sinus of
various vertebrates including man has been studied extensively,
the most commonly used laboratory animals for e¢lectron microscopical
studies being the cat and rabbit. However, there is no reference
in the literature to the ultrastructure of either the carotid
body or carotid sinus of the sheep, one of the commonly used
experimental animels, The following experiments were carried out
to study the ultrastructure of the normal and long-term denervated

carotid body and carotid sinus in lambs,

In the normal carotid bodies, studies were nade for:
(1) the types of carotid body cells,

(ii) the blood vessels and their relation to the

glomic cells, and

(1ii) the terminal axons, nerve endings and their
relationships to the glomic cells and the bloocd

vessels,

In the denervated carotid bodies (after sectioning of the
carotid sinus nerve, cranial cervical ganglionectomy or sectioning
of the external carotid nerve) the following studies werc

conducted:

(1) the nature of morphological changes in the glomic

cells, and

(ii) the changes in the terminal axons and the nerve

endings,
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Studies were also nade:

(i) in the normal carotid sinus for the structure and

conposition of the vascular wall, and

(ii) in the denervated carotid sinus for structural
changes cspeecinally in the terminal nerve fibres and

nerve endings.

LITERATURE REVIEW

The carotid body of a varicty of vertebrates has been studied
extensively by electron microscopy, including the "emphibian"
(Ishii and Oosaki, 1969), toad (Ishii and Oosaki, 1966), bird
(Kobayashi, 1969a), guinea-pig (Engstron et al., 1957; Kondo,
1971), rat (Hoffman and Birrell, 1958; Battaglia, 1966, 1968;
Blumcke et al., 1967a,b), mouse (Duncan and Garner, 1957; Garner
and Duncan, 1958; Kobayashi and Uehara, 1970), rabbit (Lever and
Boyd, 1957; Lever et al., 1959; Palkama, 1965; Palkana and
Hopsu, 1965; Biscoe and Stehbens, 1966; Bluncke et al,., 1967a;
Dearnaley et al., 1968), Syrian hansters (Chen and Yates, 1968,
1969; Chen et _al., 1969), cat (Ross, 1%7a, 1959; Duncan and
Garner, 1957; Garncr and Duncan, 1958; Lever et z2l., 1959;
Eyzapuirre and Uchizono, 1961; de Kock and Dunn, 1964, 1966,
1968; Biscoe and Stehbens, 1965, 1966, 1967; Biscoe et al,,
1969, 1970; Molyneux and Scott, 1966; Hayashi, 1966; Duncan
and Yates, 1967; Hess, 1968; de Castro and Rubio, 1968;
Al-Lani and Murray, 1967, 1968z; Lall, 1969; Morita et al.,
1969; Zapata gt al., 1969z,b; Abbott et al., 1972; Ballard

and Jones, 1972), dog (Hoglund, 1967; Kobayashi, 1968), horse
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(Hoglund, 1957), Weddell seal (Morita et al,, 1970), man (Feria-
Velasco and Zavala, 1967; Kraus and Martinck, 1967, 1968;
Grimley and Glenner, 1966a,b, 1967, 1968; Abraham, 1968b) and

nonkey (Kraus and Martinek, 1967, 1968; Al-Lami and Murray, 1968b).

CELL TYPES

The type I and type II cells of the carotid body as seen under
light microscopy in various aninals have been confirmed by electron
microscopical studies in the mouse (Garner and Duncan, 1958),
guinea-pig (Kondo, 1971), Syrian hamster (Chen and Yates, 1969),
rabbit (Lever et al., 1968), cat (Garner and Duncan, 1958; Ross,
1959; Lever et al., 1959; Eyzaguirre and Uchizono, 1961; Biscoe
and Stehbens, 1965, 1966, 1967; de Kock and Dunn, 1964, 1968;
Duncan and Yates, 1967; fl-Lami and Murray, 1968a,b; Hess, 1968;
de Castro and Rubio, 1968; Morita et al., 1969; Abbott et al.,
1972), horse and dog (Hoglund, 1967) and Weddell seal (Morita
et al,., 1970). Lbbott and Howe (1972) also fourd two types of
cells, type I and type II, in the aortic body tissue of the cat.
Sometimes the cell types are not mentioned, as in the guinea-pig
(Engstron et al., 1957), mouse and cat (Duncan and Garner, 1957).
Studies have also revealed the presence of ganglion cells in the
rat (Hoffman and Birrell, 1958), cat (Ross, 1959; Biscoe and
Stehbens, 1966; fl-Lami and Murray, 1968a; Hess, 1968), dog
(Kobayashi, 1968), rabbit (Biscoe and Stehbens, 1966) and Weddell
seal (Morita et al., 1970), mast cells in the cat and rabbit
(Lever et al., 1959), fibroblasts in the cat (Hess, 1968) and
histiocytes in the cat (de Castro and Rubio, 1968). Unidentified
cells have been reported to be associated with clumps of type I

and type II cells in the cat and rabbit (Biscoe and Stehbens,
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1966), and one particular type of cell which is quite distinct from
the type I and type II cells, in the cat (de Castro and Rubio,
1968) .

A, CHIEF OR TYPE I CELLS

The chief (type I) cells have been described in detail by
nany observers (Garner and Duncan, 1958; Ross, 1959; Lever et al.,
1959; Biscoe and Stehbens, 1966; de Castro and Rubio, 1968;
Hess, 1968; Al-Lani and Murray, 1968a,b; Morite et al., 1969,
1970; Kondo, 1971). The majority of cells in the carotid body
in various species are the chief cells. Jiiccording tc Al-Lami
and Murray (1968a) the type I and type II cell ratio is ten to
one, /£11 authors agree that most of the chief cells occur in
groups invested by type II cells. According to de Castro and
Rubio (1968) the minimun distance which separates the chief cell
from the blood varies between 1 and 3 U, even though it is
ensheathed by the sustentacular cell processes, and the greatest
distance between the blood and a chief cell can be as much as
15-20 K. Kondo (1971) reported that mitotic chief cells are
rarely found, and that they are considerably enlarged and
rounded and contain nunerous dense granular vesicles throughout

the cytoplasn,

Types of Chief Cells

The light and dark cells as seen under the light microscope
have been confirmed by ultrastructural studies in the rabbit
(Lever and Boyd, 1957; Lever et al., 1959; Palkaua and Hopsu,

1965), cat (Hayashi, 1966; de Castrc and Rubio, 1968; Morita



et_al., 1969; Abbott et al., 1972), dog and horse (Hoglund, 1967),
Weddell seal (Morita et al., 1970), nonkey (Kraus and Martinek,
1967) and man (Feria-Velasco ct_al., 1966; Grimley and Glenncr,
1966b, 1967; Kraus and Martinek, 1967). However, a number of
observers did not catcgorize the type I cells into light or dark
cells (Duncan and Garner, 1957; Garner and Duncan, 1958;

Engstron EILJEL" 1957; Heffman and Birrell, 1958; Ross, 1959;

de Kock and Dunn, 1964, 1968; Biscoe and Stehbens, 1966; Duncan
and Yates, 1967; Hess, 1968; Al-Lami and Murray, 1968a;
Dearnaley et al., 1968; Kondo, 1971), but some of them indicated
that there is a wide range of appearance of the nomal glornus

cell (Lever and Boyd, 1957; Lever EE_El" 1959; Duncan and
Garner, 1957; Garner and Duncan, 1958; Ross, 1959). Morita

et al. (1969) even distinguished four types of chief cell,

"Type I", "Type II", "Typc III", and "Type IV or light cell", on
the basis of the electron density of their cytoplasm as well as

on the morphological features of the osmiophilic granules they
contained, Kraus and Martinek (1967) stated that the light and
dark cells were nmorphologically different functional stwges of

the chemoreceptor cells, Kobayashi (1968) classified the glorus
cells into chromaffin and nonchromaffin cells on the basis cf
their reaction to potassium dichromate. He stated that chromaffin
cells were less frequent and contained dense osmiophilic granules,
However, Biscoe (1971) stated that there was no entirely convincing
morphological evidence to support the claim that there are two
varieties of type I cell, light and dark, one with many vesicles

and the other with few or no clectron-dense vesicles,
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Light Cells

The cytoplasm of the light or clear cell, according to
Lever and Boyd (1957), Lever et al, (1959), de Castro (1968),
and Lbbott ef al, (1972), is less dense or clearer than that of the
dark cell, It has been reported that light cclls contain grossly
vacuolated and distended mitochondria (Lever and Boyd, 1957;
Lever et al., 1959), or they contain many vesicles or vacuoles
and fewer mitochondria (or none at all) than the dark cells
(de Castro and Rubio, 1968). They have been described as having
fewer osmiophilic granules in the cytoplasm (Lever and Boyd,
1957; Lever et al., 1959). Afccording to Morite et al. (1969)
these cells, their "Type IV", arc difficult to find in thz cat,
and in their cytoplesm & small number of granules, 120 nn + 3 in
diameter, are uniformly distributed. They suggested that these
cells might be adrenaline-containing cells or might be a functional
state of their "Type II" cell. However, according to /bbott
et al. (1972) "clear Type I cclls" are more common than the
"dense Type I cells", According to Hayashi (1966), nore
mitochondria were found in the "pale" cells than in the "dark"

cells,

Dark Cells

The "dark" cell contains a background cytoplasm of noticeable
electron density (Lever and Boyd, 1957; Lever et al., 1959;
Grimley and Glenner, 1966b; Morita et al., 1969) in which lie
conpact mitochondria with a content of internal cristae,
filaments and numerous osmiorhilic granules 0,05-0.15 U in

diameter (Lever and Boyd, 1957; Lever et al., 1959). Morita
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EE_EL' (1969) classified the dark cells into three types:

"Type I", "Type II", and "Type III". "Type I" cells did not
appear very often, "Type II" cells were most frcecquent, and "Type
III" cells were occasionelly seen, and they had cytoplasmic granules
with diameters of 170-400nm, 1301 nm + 3.5 end 93 ro + 2.4
respectively., Moreover they considered that "Type I", "Type II"
and "Type III" cells contain noradrcnaline, dopanine and "specific
anines" respectively. Abbott et al. (1972) stated "that some of
these cells (dense Type I cells) have very few granules and in
some respects are sinmilar in appearance to the Type II cells,

but may be distinguished from the latter by their topography and

a different arrangement of the endoplasnic reticulun",

The chief cell cytoplasm in nost of the animals studied
exhibits a finely granular cytoplasm with a rcunded and centrally
placed nucleus., The cytoplasn has been reported to be rich in
organelles and inclusions: mnitochrondria (Ross, 1957, 1959;
Hoffman and Birrell, 1958; Hess, 1968; Eyzaguirre and Uchizono,
1961; Biscoe and Stehbens, 1966; Battaglia, 1968; Al-Lani
and Murray, 1968a,b; Zapata et al., 1969b; Kondo, 1971),
endoplasmic reticulum (Ross, 1957a, 1959; Garner and Duncan,
1958; Hcffman and Birrell, 1958; Lever et al., 1959; Biscoe
and Stehbens, 1966; Grimley and Glenner, 1966b; Kraus and
Martinek, 1967, 1968; Battaglia, 1968; Kondo, 1971), Golgi
conplex (Ross, 1969; Garner and Duncan, 1958; Lever et al,,
1959; Biscoe and Stehbens, 1966; Battaglia, 1968; Kraus and
Martinek, 1968; Hess, 1968; Grimley and Glenner, 1966b;

Zapata et al., 1969b; Kondo, 1971), centriole or centrioles

(Hess, 1968; Biscoe and Stehbens, 1966; Kondo, 1971), cilium
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or cilia (Biscoe and Stehbens, 1966; Kraus and Martinck, 1967;
Hess, 1968; Battaglia, 1968; Kondo, 1971), Nissl body (Grimley
and Glenner, 1966b; Hess, 1968; Zapata et al., 1969b), riboscmes
(Battaglia, 1968; Kondo, 1971), micrctubules (Hess, 1968;
Biscoe and Stehbens, 1966), filaments (Kondo, 1971), lysosomes
(Biscoe and Stehbens, 1966; Al-Lami and Murray, 1968a,b;

Kondo, 1971), vacuoles (Hess, 1968), clear corpuscles (de Castro
and Rubio, 1968), 1lipid body (Ross, 1959; Lever ct al., 1959;
Al-Lami and Murray, 1968a; Hess, 1968), nultivesicular bodies
(Kondo, 1971), unspecified intracellular inclusion bodies

(Ross, 1959; de Kock and Dunn, 1964; Kondo, 1971) and

cytoplasmic vesicles (Ross, 1957).

The glomus cells have been claimed to have complex cytoplasmic
processes (Garner and Duncan, 1958; Lever et al,, 1959; de Kock
and Dunn, 1964, 1968; Biscoe and Stehbens, 1966; Molyncux and
Scott, 1966; Grinley and Glenner, 1966b; Duncan and Yatecs,

1967; de Castro and Rubio, 1968; Hess, 1968; Al-Lemi and
Murray, 1968a; Zapata et al., 1969b; Morita et al., 1970;
Kondo, 1971). Up to five cytoplasmic processes have been
reported by de Kock and Dunn (1964). The nature of the
cytoplasmic processes has been variously described as interlocking
(Garner and Duncan, 1958; Grimley and Glenner, 1966b), dendritic
(Hoffman and Birrell, 1958), dovetailing or interdigitated
(Duncan and Garner, 1957; Lever gt al., 1959), and finger-like
(de Kock and Dunn, 1964; Biscoe and Stehbens, 1966). These
cytoplasmic processes arc said to be directed toward the cell
bodies and extensions of other neighbouring chief cells

(Lever et _al., 1959), and they are not oriented toward the



blood vessels or nerve fibres (de Kock and Dunn, 1964) but may
extend for a long distance around the blood sinusoids (Hess, 1968).
Therefore ecach cell=-group or cell-nest is separatcd from the

ad joining one by connective tissue and the type II cell cytoplasmic
process or processes (Hess, 1968), and from the blood sinusoids by
the type ITI cell cytoplasmic process, interstitial space, basement
membrane and the endothelial cells (de Kock and Dunn, 1964). Non-
myelinated axons ensheathed by Schwann cells (Ross, 1959) and
nyelinated fibres (Lever et al., 1959) mey occupy these interstitial
spaces. According to de Kock and Dunn (1964) up to six layers of
collagenous bundles can be found around the cell-groups. The
cytoplasmic membrane of the chief cells is completely enveloped by
the type II cell sheaths (de Kock and Dunn, 1964, 1568; Biscoe and
Stehbens, 1966), or less completely enveloped (Duncan and Yates,
1967; 4l-Lami and Murray, 1968a; Kondo, 1971). The unenveloped
portion of the cytoplasmic membrane of the chief cell is in direct
contact with the basement membrane or perisinusoidal space surrounding
each glomus cluster (Ross, 1959; Duncan and Yates, 1967; Al-Lami
and Murray, 1968a; Kondo, 1971), or in contact with the plasma
membranes of terminal axons or of the nerve endings (Biscoe and

Stehbens, 1966; Al-Lami and Murray, 1968a; Kondo, 1971).

Mitochondria

The mitochondria, according to Ross (1959), Dattaglia (1968),
and Kondo (1971) are small, numerous, and round to oval or elongated
in shape. They are stated by Ross (1959) to be uniformly distributed
in the cytoplasm, and small (200-400 nm), and by Biscoe and Stehbens

(1966) to be 1.3 L long and 0.2-0.35u wide. Kondo (1971) reported
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that the chief cell cytoplasmic processes were elongated in shape,
and werec oriented parallel to the long axis of the processes.
Lccording to Al-Lomi and Murray (1968a) they werce exceptionally
dense after single fixation with glutaraldehyde and osmic acid.

It has been stated that cristae were closely packed (Ross, 1959),
uniform and parallel to each other and embedded in the dense
metrix (Battaglia, 1966, 1968). A few branching forms have been

reported by Ross (1959) and Biscoe and Stehbens (1966).

Endoplasmic Reticulun

The endoplasmic reticulum of the chief cells has been
described as tubular (Garner and Duncan, 1958), simple in fomm
(Levez'gngg., 1959) consisting of small rough-wallecd sacs and
tubules (Lever et al,, 1959) or flattened elongated sacs (Biscoe
and Stehbens, 1966). Jiccording to Ross (1959) they are usuclly
located at the opposite pole of the nucleus and the width of their
profiles varies from 20-40 nm, It has been reported that they
are in parallel arrangements (Ross, 1959; Biscoe and Stehbens,
1966; Chen and Yates, 1969) except "in the cells containing
compact mitochondria and few or no osmiophile granules some of the
endoplasmic reticulum is arranged in bilaminar sheets" (Lever

et al,, 1959). The size of thc dense granules associated with

the membranes of the endoplasmic reticulum was measured as 10-15 nm

by Ross (1959) and 16-19 nm by Biscoe and Stehbens (1966).
According to Garner and Duncan (1958) they are usually sensitive
to fixation and produce granules of high electron density in

poorly fixed tissues.
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Golgi Complex

The Golgi complex has been rcported to be occasionally observed
in the juxtanuclear or perinuclear region (Ross, 1959; Chen and
Yates, 1969; Kondo, 1971) or to be poorly developed (Haoyashi, 1966;
Kondo, 1971). Abbott et _al. (1972) stated that the Golgi camplex and
endcplasmic reticulum arc a common feature of type I cclls. It has
been described as consisting of a compact collection of Golgi
membranes (Lever et al,., 1959) or as systems of narrow, flattened
tubules and small (20-40 nn) vesicles in close assocation (Ross,
1959). Electron-opaque cored vesicles have been found to be fused
with or budded from sacs of the Golgi apparatus (Biscoe and Stehbens,
1966). Kraus and lartinek (1968) stated that the typical primary
granules arising from the vesicles of the Golgi complex are in

dircct connection with the ergastoplasmic tubules.

Centriocles, Cilia and Nissl Body

Kondo (1971) stated that centrioles are located near the
nucleus and are gathered in a cytocentrum, and Biscoe and Stehbens
(1966) found them to be continuous with a cilium. According to
Hess (1968) each glomus cell has a single cilium extending from its
interior in relation to a single centriole, but Biscoe and Stehbens
(1966) found several cilia extending beyond the "normal cell margin'
and lying parallel to the surface of the chief cell where they were
covered by type II cells, Cilia have been reported as short
(Kondo, 1971), and having an overall diameter of 220 nm and
containing circumferentially arranged fibrils each 250 nm wide
(Biscoe and Stehbens, 1966). He®s (1968) stated that a Nissl
body consisting of double membranes was located near the periphery

of each glorus cell,



Free Ribosomes, Microtubules, Filaments, Lysosomes and Lipids

Kondo (1971) reported that the chief cell eyboplasm contains
free ribosomes, and that filaments and microtubules are oriented
parallel to the long axis of the chief cell cytoplasmic processes.
Microtubules have also been reported to be present (Hess, 1968),
and located particularly in the centrosomal regicns with a diameter
of 17-25 nn (Biscoe and Stehbens, 1966). Lysosomes have been
reported in the glomus cell (Biscoe and Stehbens, 1966; Al-Lami
and Murray, 1968a; Kondo, 1971). They have becn described as
membrane bound bodics having a diameter of 0,3-0.7 L (Biscoe and
Stehbens, 1966) or 0.8-1.5 K (Al-Lami and Murray, 1968a). Lipid
bodies have been reported to be occasionally found (Ross, 1959;
Lever et al,, 1959; [1-Lemi and Murray, 1968a; Hess, 1968).

It has been stated that they are about the same size as lysosomes
(A1-Lami and Murray, 1968a) and that they are found more in the

sustentacular cells than in the chief cells (Ross, 1959).

Cytoplasmic Vesicles

Cytoplasmic vesicles of various dimensions have becen rcported
in the chief cells by many observers (Ross, 1957, 1959; Engstrdh
et al,, 1957; Duncan and Garner, 1957; Garper and Dunsen, 1958;
Lever and Boyd, 1957; Lever et al., 1959; Eyzaguirre and Uchizono,
1961; Biscoe and Stehbens, 1966; Molyneux and Scott, 1966;

BlMmcke et al., 1967a,b; Kraus and Martinek, 1967, 1968; Duncan
and Yates, 1967; HYglund, 1967; Al-Lami and Murray, 1968a,b;
Dearnaley ¢t _al., 1968; Kobayashi, 1968; Zapata et al., 1969b;
Chen and Yates, 1969; Morita et al., 1969, 1970; Kobayashi and

Uehara, 1970; Kondo, 1971). Many observers have been tempted to

157.



158.

group them according to their sizes and staining res&ctions. Morita
et al, (1969) even classified the chicf cells into four types on

the basis of their cytoplasmic density as well as on the morphological
features of their osmiophilic granules, Feria-Velascc and Zavala
(1967) described two types of granular cells, differins; only in sizes
of their granules, surrounding type I cells. The most characteristic
feature of the chief cell, according toc many observers, is the
presence of membrane~bound granules (cored vesicles) or osmiophilic
granules in the species so far studied: rat, rabbit puinea-pig,

Syrien hamsters, cat, dog, horsc, Weddell seal, monkey ond man,

The sizes of the smzll and large vesicles, dense granules, and
osmiophilic granules or high electron density dark-cored vesicles

in various animals have been reported as fcllows:

Smell vesicles

mouse 30-40 nn (Kobayashi and Uehara, 1970)
rat 20=50 nn (Hoffran and Birrell, 1958)
cat 20-40 m (Ross, 1959)

cet 93+2.4 mm (Morita et al., 1969)

Large vesicles

cat 60-120 nm (Ross, 1959)
cat, rabbit 40-120 nm (Biscoe and Stehbens, 1966)

cat 170-400 nno (Morita et al., 1969)



Dense granulcs

guinea=-pig

cat, rabbit

L=5 nn

16-19 nn

(Engstrth et al., 1957)

(Biscoe and Stehbens, 1966)

Osmiophilic granules (dark-cored vesicles)

Syrian hanster

guinea-pig

nouse
rabbit

cat,

rabbit

cat, rabbit
cat

cat

cat

cat

cat

man

50-200 nn
70-200 nm
av.100 nnm
80-90 nn
60-200 nm

50-400 nn

35-190 nm
60-80 nm
50-150 nn
40-130 nn
50-150 nn
130+3.5 mm

100-200 nm

(Chen and Yates, 1969)

(Kondo, 1971)

(Kobayashi and Uehara, 1970)
(Dearnaley et 2l., 1968)

(Lever and Boyd, 1957;
Lever et al,, 1959)

(Biscoe and Stehbens, 1966)
(Ross, 1959)

(Hess, 1968)

(£1-Lami and Murray, 1968a)
(Zapate et al., 1969Db)
(Morita et al., 1969)

(Grinley and Glenner, 1966b)

Ross (1959) and Moritc et al. (1969) and many others reported

that most of the chief cells contain a sparse or scattered population

of high electron density dark-cored vesicles. ficcording to Lever and

Boyd (1957) and Lever et zl. (1959), the population of osmiophilic

granules is higher in the dark cells than in the light cells,

Although many studies have indicated that thesc granules are widely

distributed in the chief cell eytoplasm, they are particularly dense

beneath the cell membrene (Morite et al., 1969; Kondo, 1971) and

are sometimes crowded at one pole of the cell or even found opening
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on to the chief cell surface (Kondo, 1971). Kondo (1971) also
reported that these granules are present in the chief cell processes

but are absent in the axons.

Duncan and Yates (1967) regarded the high clectron density
droplets as an effect of fixation on a highly labile cytoplasm.
In 1967, they reported that granules were faint after fixation vwith
Dalton's fluid, very dense but small after fixation with osmic acid,
devoid of a dense central core after 3% KMnO4 fixation, and very
dense after perfusion with formalin and glutaraldehyde. However,
Biscoe and Stehbens (1966) and Hess (1968) found that granules were
depleted in osmiun fixed materials., The dark-cored vesiclcs,
according to Duncan and Yates (1967), did not disappear but rather
increased in number under anoxia., ficcording to Molyneaux and Scott
(1966) the granules becore dispersed and approximate the plasma

nembrane after hypoxia,

Multivesicular Bodies, Vacuoles, Inclusion Bodies, Clecar Corpuscles,

and "Lamellate Bodies"

Multivesicular Lodies were reported in the chief cell cytoplasn
by Kondo (1971). Large vacuoles, 0.,2-0.3 4 in diameter, containing
small vesicles 20-30 nm in diameter have been reported by Hess (1968).
The inclusion bodies of Kondo (1971) are about O.4 W in diameter,
each having a central dense particle 0.3 W in diameter, surrounded
by 2=3 concentric lamellae., According to de Castro and Rubio (1968)
clear corpuscles, O,7-1.2 L in diameter, are more frequent in
animals subjected to hypoxia or hypercapnia. Abbott et al. (1972)
have been the first to describe "lamellate bodies" measuring up to

1Un in length. They stated that these "lamellate bodies" are
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"composed of a system of closely aligned, parallel canals or sacs,
were occasionally found, —--- Continuity between lamellate bodies

and the endoplasmic reticulun was sometimes observed",.

Nucleus

The chief cells have been described as having a centrally placed,
oval or rounded nuclecus with a single nucleolus (Hoffman and Birrell,
1958; Ross, 1959; J.l-Lami and Murray, 1968a; Kondo, 1971). Ross
(1959) described them atc having a dense periphery and a fine granular
karyoplasm, Nuclear pores have been reported by Hoffman and Birrell
(1958), Hayashi (1966) and Al-Leni and Murray (1968a), tut Ross
(1959) found none., The pores are about 80-100 nm wide according
to /l-Lami and Murray (1968z). Lever et al. (1959) stated that
the outer lamina of the nuclear membrane is more sacculated toward

the cytoplasm in the cat than in the rabbit.

Modifications of the Chicf Cell Plasrnir Membtrane

Where two chief cells are opposed to ecach other, membrane
thickenings (Dearnaley et al., 1968), desmosomes (Hess, 1968),
tight junctions as well as desmosomes (Al-Lemi and Murray, 1968b),

junctional complexes similar tc zonula adhaercns (Biscoe and

Stehbens, 1966) and junctional specializations of the cell membranes

of the type called fascia adhoerens have been reported by Kondo

(1971). On the other hand, many obscrvers made no mention of such
a modification of chief cell plasma membranes (Duncan and Garner,
1957; Hoffman and Birrell, 1958; Ross, 1959; de Xock and Dunn,

1964 ) .
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Most observers did not report any specializations in the plasma
nembranes of chief cells contiguous with or enclosed Uy the sustentacu-
lar or type II cells, but Kondo (1971) reported "occasional junctional
specializations of cell membranes with an accumulation of dense
neterial in the subjacent cytoplasm on one or both sides", It has
been reported that a gop only about 15 nm wide separates ad.jacent

chief cell plasme membranes (Kondo, 1971).

At the sites of contact between the axon terminals and the chief
cell there is no specialization of the adjoining; surfaces nor is
there any accumulation of synaptic vesicles or of mitochondria
(Ross, 1959; de Kock and Dunn, 1964). Lever ct al. (1959) however,
made no mention of local speeciazlization on the type I cell membrane
although they described spccializaticn in the axoplasm. This will

be reviewed in detail in connection with the nerve cndings.

(B) SUSTENTACULAR OR TYPE II CELLS

The cytoplasn: of the sustentacular or type II cell has been
stated to be less dense (Ross, 1959; Lever et al., 1959) or denser
(de Castro and Rubio, 1968) than that of the chief cells, or the
cytoplasmic density varies even in the same ccll (Kondo, 1971). The
cytoplasm has been described by many observers as containing
nitochondria, endoplasmic reticulum, Golgi complex, cilia, ribosomes,
microtubules, filaments or fibrils, lipid hodies, vesicles and
vacuoles. Ross (1959) reported that 3-4 cytoplasmic processes which
may be wide (300-500 no) or narrow (15-30 nn), arise from any one
sustentacular cell, According to him, they may embrace a whole
glonus cell, parts of glomus cells, other sustentacular cell

processes or a combination of these. The cytoplasmic processes
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have been described as possessing vacuoles (de Kock and Dunn, 196L4),
nmicrotubules 15 nn in diameter and fine fibrils about 5-15 nm in
diameter (Biscoe and Stehbens, 1966) and a small amount of mitochondria
and filaments in a very clear matrix (Kondo, 1971). Thcse cytoplasmic
processes, according to Kondo (1971) are applied to the chief cells

without any membrane specializations,

Mitochondria, Endoplasmic Reticulum and Golgi Complex

The mitochondria, according to various reports, are small and
are about 200-300 nm (Ross, 1959), and relatively few of them have
been observed in the sustentacular cell cytoplasn (Lever et al,,
1959; de Castro and Rubio, 1968). They have been described as

having sparse cristae (Ross, 1959).

Dearnaley et 2l. (1968) stated that the sustentacular cells
are characterized by an abundance of rough endoplasmic reticulum
but, according to some workers, the endoplasmic reticulum is
inconspicuous (Lever ct al., 1959) and is not well developed
(Kondo, 1971). The elongated or folded membrane profiles of Ross
(1959) studded with small dense granules (10-15 na in sizc), are

probably the rough surfaced endoplasmic reticulun,

The size of the vesicles of the Golgi complex have been reported
to be as large as 0.8 p in diameter (Biscoe and Stehbens, 1966)

and not well developed (Kondo, 1971).



Cilia, Ribosomes, Microtubules, Fibrils and Filaments

Cilia have been observed in the type ITI ccll cytoplasm by
Biscoe and Stehbens (1966) and Hess (41968). According to Biscoe
and Stehbens (1966) the cilia of the 9 + O fibril pattern projected

from the endotheliel aspcct of the type II cells,

Ribosomes, according to Kondo (1971), were not so well
developed., Polyribosomes have been reported in the type II cell

cytoplasn.

Microtubules, filanents and fibrils were reported to be
conspicuocus and rich in the type II cell cytoplasm by Al-Lami and

Murray (1968) and ondo (1971).

Lipid Bodies, Vacuoles cmd Vcsicles

Ross (1959) reported the presence of osmiophilic 1lipid bodies
in the sustentacular cell cytoplasm. Small vacuoles have been
observed by de Castro and Rubio (1968). Alsc reported have been
a few dark-cored vesicles (Al-Lami and Murray, 1968a) and a few

light-cored vesicles (Ross, 1959).

Nucleus

The sustentacular cells have been described as having an ovoid
(Kondo, 1971) and flattened or elongated nucleus (Ross, 1959;
Lever et _al., 1959), with a finely granular karyoplasm (Ross, 1959).
Most of the observers stated that the sustentacular cell nucleus has

a denser periphery than that of chief cells,
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Cell Membrane Modifications

Biscoe and Stehbens (1966) found that dense zones up to 0.1
long and 30 nm wide were present along the type IT cell plasma
membrane adjoining the basement membrane, and similar dense zones
have been described by Al-Lami and Murray (19682,b). Junctional
specializations of cell membranes between two adjacent type II

cells or between them and chief cells have been reported by Kondo

(1971).

"Another Type of Cell" in the Carotid Body

According to de Castro and Rubio (1968) "there is another type
of cell in the carctid body eeee These cells arc almost as large
as the type I cells though they are much less numerous'. They
described the characteristics of these cells as a dense cytoplasm
with osmiophilic granules, smaller mitochondria found only in the cell
body, an irregular nucleus with large electron-dense granules,

and cytoplasmic vacuoles.

(Cc) BLOOD VESSELS OF THE CAROTID BODY

De Castro and Rubio (1968) stated that in each carotid body
lobule there are two distinct types of capillaries, the wide and
tortuous type I capillaries with a diameter of 14-28 L, and the
narrower aml less numerous type II capillaries, with a diameter
of 6-12 u, which bridge between the type I capillaries. Biscoe
and Stehbens (1965) stated that blood vessels werc numerous and
sinusoidal, and were always lined by at least three endothelial
cells, Association of pericytes and smooth muscle fibres with

the vessel walls has been reported (Hoffman and Birrell, 1958;
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Lever ct al., 1959; Biscoe and Stehbens, 1965, 1966). The
endothelial cells have been repcrted to be devoid of fenestrations
(Garner and Duncan, 1958; de Kock and Dunn, 1964) but later
observers emphasized their presence (Biscoe and Stehhens, 1965, 1966;
Al-Lami and Murray, 1968a,b). Fencstrations, according to Biscoe
and Stehbens (1965, 1966) and Al-Lami and Murray (1968ez,b) are

about 50-70 nm and 60 nnm wide respcctively, and are covercd by
diaphragms 10 nm thick (Al-Lami and Murray, 1968a). Moreover

Biscoe and Stehbens (1965, 1966) stated that dense-walled or coated
vesicles and caveolae arc present in the endothelium, The endothelium
was described as having numerous endothelial folds in the cat and

mouse (Duncan and Garner, 1957).

Hoffmen and 3irrell (1958) detected a solitary ganglion cell
lying adjacent to the sinusoid and Engstr¥m et al. (1957) cven
detepted bud-shaped nerve cndings beneath the innermost layer of
the endothelium of small capillaries., In contrast to #hese reports
Lever et al. (1959) stated that there are no nerve terminals in

relation to the vessel wall,

According to ibraham (1968b), microvilli and cilia, especially
of the endothelial cells, may play a role in the regulation of blood

flow,

(D) NERVE FIBRES, NERVE ENDINGS AND THEIR RELATIONSHIP TO THE

CHIEF CELLS

Most nerve fibres in the interstitial strome (interglomerular
tissue) are unmyelinated but a few myelinated fibres have also

been reported (Ross, 1959; Eyzaguirre and Uchizono, 1961; Biscoe



and Stehbens, 1966;

Kondc, 1971;
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Abbott et al,, 1972). The axons,

having a wide range of diameters, have been described by many workers

as follows:

Species

cat

(1arge axon)

cat

(small axcn)
cat

cat

(nonmyelinated axon)

guinea-pig

Axon diameter

0.2 u or larger

0.2 U or around

(de Kock and Dunn, 1968)

(de Kock and Dunn, 1968)

0.2-0 4k L (Ross, 1959)
Oi=1 .2 L (Dearnaley-g&_éi,, 1968)
0.07-0.2 I (Kondo, 1971)

Axons of the following diameter ranges have been reported to be

expanded or dilated to form the biggest nerve endings or synaptic

bags or bulbous synaptic terminals in the carotid body:

Species
cat, rabbit

cat
cat

cat

cat

cat

guinea-pig

Dianeter of Axon

Diancter of Endings

0.2"0.5 p: axon

axon terninecl

axon terminal

axon terminal

0.5 KL axon

axon

0.2 4 and larger
axon

axons

0.5L axon

0.5-2.0 W endings (Biscoe and
Stehbens, 1966)

0.4-0.5 KL endings (Ross, 1959)

3-6 WL endings (de Castro and Rubio,
1968)

1-2 L endings (Zapata et al., 1969b)
1-2 U endings (Hess, 1968)

1-3 W endings (Dearnaley et al,,

1968)

(de Kock and Dunn,
1968)

synaptic bags

1.5-6.04 endings "synaptic"
terminals (A4bbott et al,, 1972)

2 U endings (Kondo, 1972)



According to de Kock and Dunn (1968) the small diameter nerve
fibres (0.2‘1 and around) do not show any enlargement but contain
well defined microtubules around 20 nm in diameter. XKondc (1971)
stated that the smallest fibres having a diameter of 70-200 nnm
are found particularly necr the venules and possesscs few neuro-

tubules in a reletively dense natrix of axoplasm, According to

de Kock and Dunn (1968) the nerve fibres end in one of the following

three ways:

(i) as small nerve endings within mesaXonic infcldings
of type II cells,
(ii) as large synaptic begs in close aoposition to the
type I cells, and
(iii) as small nerve endings in the conplex folded membrane

systemn,

The axcns of the carotid body, according to many observers
contained mitochondria (Dearnaley et al., 1968), neural filaments

and fibres (Hess, 1968).

A11 ultrastructural studies of the carotid body indicate that
the terminal axone or their expensions and the nerve endings are
located on the surface of the glomus cell, between adjacent glomus
cells, between the glormus cells and the blood vessels, or in
relation to the type II cell sheaths. None of the ultrastructural
studies so far carried out on the carotid body demonstrates that
the terminal axons or the nerve endings are intracytoplasmic.
Many observers have found them lying in contact or in the groove
of the plasma membrane of the chief cells (Engstrth et al., 1957;

Garner and Duncan, 1958; Ross, 1957a, 1959; Hoffman and Birrell,
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1958; de Kock and Dunn, 1964; Biscoe and Stehbens, 1965, 1966;
Al-Lami and Murray, 1967, 1968a,b; Morita et al., 1970; Kondo,

1971).

According to Al=Lemi and Murray (1968a,b) and Molyneux and
Scott (1966) there are two classes of nerve endings, but Kondo
(1971) described three types of nerve endings and cne type of
terminal expansicn or synaptic bag., Kondo (1971) described a rare
nerve ending which lies in the cytoplasm of the sustentacular cell
and contains small cored vesicles 50 nm in diametcr, and a less
frequent form of nerve ending having a dense accumulation of mito-
chondria, few glycogen particles and vesicles of varying sizes,

He proposed that the former type of ending is "adrenergic" and
the latter a "presumptive afferent ending". He also stated that

none of them is in direct contact with the chief cells.

The nerve endings in the Schwann cells, according to Biscoe
and Stehbens (1966) contained mitochondria 0.,1-0.13 p in diameter,
electron opaque ccred vesicles 65-100 nm in size, and microvesicles
50 nm in diameter. The nerve endings according to various reports
contain mitochondria (Biscoe and Stehbens, 1965, 1966; Hbglund,
1967; Al-Lami and Murray, 1965a,b; Kondo, 1971; Abbott et al.,
1972), synaoptic vesicles (Biscoe and Stehbens, 1965, 1966; Grimley
and Glenner, 1966b; Hoglund, 1967; Al-Lami and Murray, 1968a,b;
Kondo, 1971; Abbott et al., 1972), occasional vesicles with central
dense cores (Biscoe and Stehbens, 1965, 1966; #bbott et al., 1972),
dense particles (Biscoe and Stehbens, 1965), glycogen granules
(Biscoe and Stehbens, 1966; Al-Lami and Murray, 196€z; Xondo,
1971; Abbott et al., 1972), and fibrils and microtubules (Biscoe

and Stehbens, 1966). According to Al=Lami and Murray (1968a)

169,



170.

ribosomes are absent in the nerve endings. The dimensions of the
constituents of the nerve endings given Ly various olservers are

as follows:

mitochondria 100-180 nm in diameter (Biscoe and Stehbens, 1966)

150-250 nm " y (Kondo, 1971)
vesicles 50 nm " " (Biscoe and Stehbens, 1965)
50-100 nm " th ( m " 3 , 1966)
50-70nm L fi (Zapata et _al., 1969b)
electron opaque
cored vesicles 100 nm " " (Biscoe and Stehbens, 1965)
40-850 g " " (" v, 1966)
glycogen
granules 10 nm " J { & i " , 1966)
fibrils 10 o " e ¢ " " ", 1966)
microtubules 25 nm L g ¢ U L , 1966)

The terminal axon expansions (synaptic bags or synaptic
terminals) have been reported as containing the following:
mitochondria  (Molyneux and Scott, 1966; Dearnaley et al,, 1968;

Hess, 1968; de Kock and Dunn, 1968; Kondo, 1971;
Lbbott et al., 1972).

clear

vesicles 50 nm in diancter (Dearnaley ct al., 1568)
50-60 nm " " (Hess, 1968)
40-60 no " B (de Kock and Dunn, 1968)
60-150nm " " ¢ mooom o, 1968)
15-30 no " " (de Castro and Rubio, 1968)
up to 50 om " (ibbott et al., 1972)

osmium-dense

cored vesicles rare (de Kock and Dunn, 1968)

50-90 nn " " (Abbott et al., 1972)
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dense bodies 150-250 nm in diameter (Kondo, 1971)
glycogen
granules 10-15 nm " " (Abbott et al., 1972)

The distance between the plasma membranes of the axon or nerve
ending or synaptic terminal and that of the chief cell at the

region of synaptic contact have been stated to be as follows:

axon-chief cell 30 mm wide (Lever et al., 1959)

axon- " " 8-17 nm " (Biscoe and Stehbens, 1965)
axon- " bt 5-10 nm " ( L " , 1966)
endings-" "  10-20 om " ( n "o, 1966)
endings-" " 20 nm " (Kondo, 1971)

axon terminals-
chief cell 20 nm " (Hess, 1968)

axon terminals-
chief cell 810 nm " (de Castro and Rubio, 1968)

axon terminals-
chief cell 30 nm " (zapata et _al., 1969b)

axon terminals-
chief cell 30 nm " (Abbott et al., 1972)

(some 15-20 nm)

Axons, Axon Terminals, Endings and their Association with the

Chief Cells

According to some observers the junction between the axon and
glomus cell has no specializetions whatsoever on either side (Ross,
1959; Garner and Duncan, 1958; de Kock and Dunn, 1964), but Lever

et al. (1959) found specialization within the axoplasm. Many
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observers reported that the structural modifications were cither
on the axon side or on both axon and glomus cell sides, (Biscoe
and Stehbens, 1965, 1966; Duncan and Yates, 1967; Al-Lami and
Murray, 1968a,b; Hess, 1968; de Kock and Dunn, 1968; de Castro
and Rubio, 1968; Dearnaley et_al., 1968; Kondo, 1971; ALbbott
et al., 1972). The structural modifications may be found (1) on
the plasma membranes of axon terminals, nerve endings or glomus
cells, (ii) within the axoplasm or in the glomus cell cytoplasm

adjacent to the specialized structural contacts,

The structural modifications on the plasma membranes at the
synaptic contacts (axon-glomus cell contacts) were reported as
electron-dense zones 0.,2-0.5 KL in length (Biscoe and Stehbens,
1965), 20 nm wide (Al-Lami and Murray, 1968a), opaque zones
(Biscoe and Stehbens, 1966; Kondo, 1971), membrane thickenings
(Hess, 1968; 4bbott et al., 1972) and desmosomes (Hess, 1968;
Battaglia, 1968; Kobayashi and Uehara, 1970). The speciclizotions
within the axoplasm or chief cell cytoplasm subjacent to the
synaptic contacts have been reported as being a dense accumulation
of vesicles with or withcut electron dense zones (Molyneux and
Scott, 1966; Biscoe and Stehbens, 1965, 1966; de Castro and
Rubio, 1968; Kobayashi, 1968, 1969a; Kobayashi and Uehara, 1970;
Kondo, 1971; Abbott et al,, 1972). The electron dense zones
according to Biscoe and Stehbens (1965, 1966), extended about 50 nm
into the axoplasm from the synaptic contacts, and the related intra
cytoplasmic dense zones on the glomus cell side were as much as

80 nm wide (Biscoe and Stehbens, 1966).



173.

Synaptic complexes were apparently afferent in the mouse as
reported by Kobayushi and Uehara (1970) on the basis of the
localization of small-cored vesicles, 4ecording to Al-Lami and
Murray (1968b) the nerve endings in the carotid body may be entirely
afferent in function. Axo-axonic synapses were also described by
Kobayashi (1969b) in the carotid bedy of the bird, where he found
synaptic vesicles on %“oth sides of these synapses. However, according
to some researchers, glormus cells received efferent innervation in
the dog (Kobayashi, 1968) and in man (Abraham, 1968b). The basket-
endings of the carctid body of the cat according to Al-Lami and
Murray (1968a) were both afferent and efferent endings. Kondo
(1971) also described adrenergic and afferent endings in the

carotid body of the guinea-pig.

Nerve Endings as Chemorcceptors

Biscoe and Taylor (1963) proposed that the fine nerve endings
in the carotid body of the cat were involved in chemoreception,
In 1971, Biscoe postulated that the nerve endings themselves could
be the transducer element ond suggested that such nerve endings
could be under the endothelium or surrounded by type II cells. He
concluded thet "the evidence now suggests that the type I cells are
not receptors ..., The sensors are small nonmyelinated nerve

terminals enclosed in the type II cells",



#E . NERVE SECTION EXPERIMENTS ON THE CAROTID BODY AND CAROTID SINUS

Reviews and reports of nerve section experiments on the carotid
body have been written by de Castro (1926, 1928), Meijling (1938),
Lever et al. (1959), de Kock and Dunn (1968), de Castro and Rubio
(1968), Hess (1968), Biscoe and Stehbens (1967), Biscoe et al.
(1969, 1970), Biscoe (1971), and Abbott et al. (1972). Denervotion
experiments on the carotid sinus were performed by Rees (1966,

1967, 1968).

(a) Carétid Body ffter Sectioning of Carotid Sinus_Nerve

De Castro (1926) sectioned the glossopharyngeal nerve below the
ganglion and found degeneration of nerve endings which were related
to the glomus cells, and therefore suggested that these were
effectors. In 1928 ho perfcrmed intracranial sectioning of both
glossopharyngeal and vagal nerve roots. He reported that the nerve
endings were still intact even after 12 days post operation, and
then claimed that the glomus cells were receptors. However,
according to Meijling (1938),the neurofibrillar reticulum within
the glomus cells remains unchenged after the carotid sinus nerve or
all the nerves in the intercarotid triangle of the horse ore

sectioned,

Hess (1968) sectioned the glossopharyngeal nerve of the cat.
He found changes in the synapses as early as one day post operation,
and virtually no synapses were seen on the glomus cells at 3 days
post operation, and at 7 days no nerve fibres or synapses around
the glomus cells were seen, He also stated that "at 3 days up to

7 days from denervation no striking changes are seen in the chief
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cells, .... perhaps the lipid bodies are seen more frequently than
in the normal glomus cells", He also found changes in the cytoplasm
of the capsule cell and changes in the nature of the cytoplasmic
envelopment of the capsule cell around the glomus cells., De Kock
and Dunn (1968) have described the folded membrane systems of type
IT cells as undergoing signs of severe membrane degeneration within
4B hours of carotid sinus nerve section; however, they did not
find the small nerve fibres enclosed by these membrane systems to
be affected. De Castro and Rubio (1968) stated that, when the
carotid sinus nerve was sectioned in the cat, after 48 hours
degenerative changes had developed only in the nerve terminals

in contact with type I cells., However, when the vagal and
glossopharyngeal roots were sectioned intracranially, they were
unable to detect any changes in the nerve endings ecven after

30 days.

Delayed degeneration of glossopharyngeal fibres to the carotid
body was suggested by Biscoe and Stehbens (1967), Biscoe et al.
(1969, 1970) and Biscoe (1971). It was reported that the
degeneration was neither uniform nor complete even after three
months post operation (Biscoe and Stehbens, 1967; Biscoe et al,,
1969). They stated that irregular spaces or vacuoles appeared
within the type II cells., Biscoe et al. (1969, 1970) described
the nerve endings on the glomus cells as efferent and hence their
cell bodies were probably in the brain stem. Abbott et al. (1972)
examined the carotid bodies of cats 3 hours to 3 weeks after
sectioning of the carotid simus nerve., They found that most of
the myelinated fibres and many of the nonmyelinated fibres underwent

degenerative changes. According to them the initial stages in
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degeneration of the "synaptic" terminals could be detected within

3 hours of the carotid sinus nerve divisicn, and beyond 10 days after
operation no normal synaptic terminals were seen. They also

reported that the type I glonus cells appeared to hypertrophy and
produced new branched processes which filled in the spaces left by

the degenerated neural elements.,

(b) Carotid Body After Sympathectomy

One week after the unilateral excision of the cranial cervical
ganglion and upper sympathetic chain of the rabbit, Lever et al.
(1959) found no changes either in the glomus cells or in the nerve
terminals associated with them. Hess (1968) did not find any
changes in the synaptic terminals one week after severence of the
sympathetic fibres to the carotid body of the cat. However, 2-3
weeks after the exeision of the cranial cervical ganglion and
sympathetic fibres to the carotid body of the cat, Biscoe and
Stehbens (1967) found degenerative changes in the nerve fibres
within Schwann cells under the endothelium, They therefore suggested

that these nerve endings were sympathetic in origin,

(¢) Ultrastructure of Normal Carotid Sinus

Various ultrastructural studies on the carotid sinus have
been undertaken in the rabbit (Rees, 1966, 1967a,b, 1968;
Dropmann, 1967) and man (Abraham, 1967, 1969)., Ultrastructural
studies on the carotid sinus of sheep or any other ruminants are

not available in the literature,



Rees (196?b) described the cerotid sinus adventitia as having
two types of nerves "(category 1 and category 2)" in the deeper
layer., He observed myelinated together with "prenyelinated" axons
of diameters 0,6~8.0 u (thickness of myelin sheath not included)
in the superficial adventitia, In the decper layer he did not
find any nyelin sheath and suggested that the nerve fibres are
"premyclinated" or nonmyelinated. He also stated that the
"category 1" nerves (0.1-1.1 L in diameter) are characterized by
having numerous vesicles (3C=50 nm in diameter) amd a small number
of mitochondria, According to him they are exclusively myelinated
and are associated with isolated adventitial smooth muscle cells,
He described the "category 2" nerves as having a diometer range
of 0¢2-4,5 |, numerous mitochondris, concentric osmiophilic
lanellac, membrane free granules, and inconspicucus vesicles
50-250 nm in diamcter. He stated that they may be either
normyelinated or "premyelinated" and are also associated with the
adventitizl smooth muscle cells, Rees (loc. cit.) observed no

nerves in the tunica nedia or in the intinma,

Dropmann (1967) observed clliptical shaped lamellar bodies
ranging from 0.2-3.0 L in diameter in the third or fourth muscle
layer of the media in close connection with the elastic laminac,
However, Rees (1967b) regarded these lamellar bodies as simple
whorl-shaped membrancus neurites in the deeper layer of the

adventitia.

(@) Ultrastructure of Dencrvated Carotid Sinus

Rees (1966, 1967b) is probably the only one who performed

denervation experiments on rabbits and studied the carotid sinus
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microscopically and ultrastructurally, He performed unilateral
cranial cervical ganglionectomy &nd unilateral carotid sinus nerve
section, or both, /[fter sectioning of the carotid sinus nerve

he observed no najor nerve bundles of normal appearance in the
carotid sinus wall, and the nerves containing dense-cored

vesicles ("category 1 nerves") still remcined in the dceper part
of the adventitia, After sympathectcmy he did not observe any
"category 1 nerves" in the corotid sinus wall or any visible
changes in the composition of large sheathed nerve bundles situated
in the superficial adventitia. He concluded that the "category 1
nerves" were adrenergic nerves which ultimately ended in relation
to the adventitial muscle surface., The deep adventitial neurites
("category 2") were derived from the glossopharyngeal nerve and
they most likely represcnted the sensory (baroreceptor) nerve

component of the sinus wall (Recs, 1967b).

RESULTS

A.  FDUTION AND STATNDMG

Carotid bodies «nd carotid sinuses removed from
anaesthetized animals prior to subsequent immersion in the modified
Karnovsky's fixative at 1°C were poorly fixed. In these specimens,
the organelles of the carotid body cells, especially the mitochon-
dria, were abnormally distended and the glomus cytoplasm was
excessively vacuolated., Also, the cytoplasm of fibroblasts, axons

and smooth muscle cells in the carotid sinuses were vacuolated,

Carotid bodies and carotid sinuses from anaesthetized

animals infused in situ with either modified Karnovsky's fluid
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or 5% glutaraldehyde, phosphate buffered, pH 7.2-7.4, were
satisfactorily fixed., Infusion of 5% glutaraldehyde only, phosphate
buffered, pH 7.2=7.4, through both common carotid arteries appeared
to be equally as effective in fixing the carotid body and the

carotid sinus as when 2% paraformaldehyde was incorporated.

Brief washing of the tissue blocks in distilled water before
dehydration through an ethanol series, including 75% ethanol in
which 1% uranyl nitrate wes incorporated, gave better differentiation
and contrast. Subsequent staining of the tissue sections from
these tissue blocks with 1% uranyl nitrate did not further improve
the contrast or the differentiation of the cellular components.

Seven to ten minutes staining of thin section on the grid with 1%
lead citrate alone was found to be sufficient for the carotid body

and carotid sinus,

B. ULTRASTRUCTURE OF THE C.ROTID BODY

1« NORMAL C..ROTID BODY

The parenchyma of the carotid body of the lamb was found to
be composed of two major types of cells, the chief ar type I and
sustentacular or type II cells. The carotid body cells were found
in groups among the blood vessels (sinusoids). Myelinated and non
myelinated nerve fibres were numerous especially at the periphery
of the carotid body tissue (Plate XXIV, Fig. 1). Mast cells were
occasionally found but they were fewer ir the carotid body than
in the carotid sinus., Although ganglion cells were observed
frequently in the carotid body under light microscopy, they were

rarely seen under electron microscopy.
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(a) Chief or Type I Cells

The large parenchymal cells of the carotid body which contained
electron dense-=cored vesicles are the chief or type I cells., These
osmiophilic, electron dense-cored vesicles were present in all the
carotid bodies examined by electron microscopy, the fixatives
being either modified Karnovsky's fluid or in 5% glutaraldehyde
(phosphate buffered, pH 7.2-7.4) solution (Plate XXII, Fig. 2).

The classical "light" and "dark" cells found in many species were
not able to be identified with certainty in the lamb., It was
also not possible to classify the cerotid body type I cells into

several sub types as was done by Morita et al. (1969) in the cat.

The chief or type I cells were generally rounded to polygonal
in shape, having oval to rounded nuclei. They measured 7-14K in
diameter., The type I cells or cell groups were partially enclosecd
by the cytoplasmic extensions of fibroblasts and type II cells
(Plate XXII, Fig. 3). The centrally placed nucleus usually
exhibited a single amd prominent nucleolus. The nucleus

measwred 2.,8-7u in diameter,

The adjacent chief cells were generally approximately O.3u
apart., On some occasions a distance of 1.,19u - 2. was noted when
the adjacent chief cells were separated by three or more layers
of cytoplasmic processes of fibroblasts, The membrane thickenings
and specializations such as desmosomes, zonula adhaerens or
fascia adhaerens were not observed on the opposed membranes of

the chief or type I cells,



The chief cell cytoplasm exhibited numerous cytoplasmic
organelles and inclusions, Mitochondria were abundant throughout
the cytoplasm, They were usually round to oval in shape and were
720 nm long and 160 nm wide, Christae mitochondriales were
generally of equal size and parallel in their orientation

(Plate XXII, Fig. 1). In the cytoplasmic processes of the chief

cells they were oriented parallel to the long axes of the processes,

Numerous free ribosomes 10-21 nm in diameter, and granular

endoplasmic reticulum were observed in thz cytoplasm., The endoplasmic

reticulum was composed of cisternae of various sizes, 21 to 63 nm in

diameter., Some of these cisternae were 105 nm apart from each
other., The granules on these tubular systems were of the same size
as those found free in the cytoplasm, Centrioles were located near
the nucleus, Also distributed throughout the cytoplasm were the
microtubules and filaments which were also present in the chief

cell processes,

Golgi complexes were located occasionally around the nucleus,
Cytoplasmic vesicles 17-45 nm in diameter were always present and
sometimes tubuler systems of the Golgi complexes were closely
associated with them., Also noted in the cytoplasm were clear

vesicles 350-400 nm in length and 100-300 nm in width,

The most characteristic feature of the chief cell was the
presence of the osmiophilic electron dense-cored vesicles which
were bounded by distinct membranes (Plate XXIII, Fig. 1;

Plate XXIV, Fig. 2). They were distributed throughout the
cytoplasm and their diameters ranged from 63-160 nm. The electron
dense cores of these vesicles were separated fran the outermost

ambranes by a uniform distance of 21 nm,
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There were two types of nerve endings = the large and small,
in the carotid body. The large nerve endings (Plate XXIV, Fig. 3)
were seen associated with the type I cells while the smaller nerve
endings and nonmyelinated axons were related to the blood vessel
(Plate XXVIII, Fig. 2). The type I cell membranes did not exhibit
any electron-dense zones at the glomic cell and nerve ending
contacts, Scmetimes very fine nonmyelinated axons were seen in

the small grooves of the type I cell membrane,

(b) Sustentacular or Type II Cells

The sustentacular or type II cells were irregularly shaped

and were best observed at the periphery of the carotid body lobules,

They were 4-6|L in diameter and possessed extensive cytoplasmic
processes which wrapped around the type I cell or cell groups
(Plate XXII, Fig. 2). These cells possessed a flattened or ovoid

nucleus with a finely granular karyoplasm.,

The cytoplasm of type II cells contained mitochondria,
endoplasmic reticulum, Golgi complexes, few cytoplasmic vesicles,
microtubules and filaments., No electron dense-cored vesicles
were observed in their cytoplasm., The type II cells exhibited
relatively few mitochondria, and their granular endoplasmic

reticulum was not as prominent as in the type I cells,

The cytoplasmic processes of the type II cells were long and
complex., They enveloped the type I cell almost completely or
only partially. In some cases, by doing so, their cytoplasmic
processes intervened between the type I cell or cells amd the
blood vessels (Plate XXII, Figs. 1, 3). Therefore in these

situations the sinusoidal walls were separated by varying
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numbers of cytoplasmic processes of type IT cells, fibroblasts

and collagen fibres from the type I cell or cells,

(c) Nerve Fibres

The carotid body capsule contained numerous myelinated and
nonmyelinated fibres. The smallest diameter myelinated fibres
were 1,8y, in diameter whereas the largest ones were up to 3.5
in diameter. Bundles of myelinatcd fibres were ensheathed by
cytoplasmic processes of fibroblasts. Usually collagen fibres
were ensheathed by cytoplasmic processes of fibroblasts. Usually
ccllagen fibres intervened between the nerve fibres, between nerve
bundles, and between them and the adjacent glomic tissue (Plate
X1, Figs. 2, 3). Numerous, small mitochondria, very few
vesicles, and neural filaments and microtubules were seen in the

axoplasm of nerve fibres,

(d) Nerve Endings

There were two types of nerve endings - lerge and small - in
the carotid body of the lamb., The large ncrve endings were 2
thick and approximately 8 long (Plate XXIV, Fig. 3). They contained
small mitochondria, densely packed electron dense-cored vesicles
110 nm in diameter, clear vesicles up to 1y in diameter, and small,
dense granules of 36 nm in diameter. The axoplasm was very
susceptible to fixation artifacts, especially when the tissues
were fixed by imersion as compared to thcse fixed in situ by

influsion,



(e) Blood Vessels

Blood vessels were numerous in the carotid body tissue and
were lined by one to three endothelial cells (Plate XXII, Fig. 1;
Plate XXV, Fig. 3). The endothelial cells projected cytoplasmic
folds, 70-95 nm iride and 460-720 nm long, into the blood vascular
lumen, Occasionally, branched cytoplasmic folds were observed,
The endothelial cells were fenestrated and their fenestrae were

L0-80 nm wide,

The distance between the chief ccll (type I) and blood
vessel (sinusoid), in situations where fibroblast or type II
cell processes intervened, was about O.4, It was generally
found that cytoplasmic cxtensions of fibroblasts either surrounded

the blood vessel or ensheathed groups of type I and type II cells,

2. DENERVATED CAROTID BODY

(a) Carctid Body After Sectioning of the Carotid Sinus Nerve

From two weeks after sectioning of the carotid sinus nerve
the myelinated nerve fibres in the capsule and in the interlobular
connective tissue of the carotid body exhibited marked degenerative
changes., The degeneratcd nerve fibres were not identifiable with
certainty in the carotid bodies after five weeks to eight weeks

denervation,

Neither the type I nor the type II cells showed detectable
cellular changes either after sectioning of the carotid sinus
nerve or af'ter sympathectomy. In this, the present study agrees
with those of Lever et al, (1959), de Xock and Dunn (1968) and

de Castro and Rubio (1968).
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Nerve endings of the large type which were usually associated
with the type I cells, as well as the large diameter myelinated
nerve fibres of the carotid body degenerated after sectioning cf
the carotid sinus nerve (Plate XXV, Fig., 2). As the nonmyelinated
nerve fibres (Plate XXV, Fig. 1) still remained intact these
large nerve endings and large myelinated nerve fibres are suggested

to be of the glossopharyngeal origin,

(b) Carotid Body After Sectioning of the External Carotid

Nerve or Cranial Cervical Ganglionectomy

There were no detectable morphological changes in the type I
and type ITI cells of the carotid body after sectioning of the
external carotid nerve or cranial cervical ganglionectomy,.
However, degeneration was seen in the small nonmyelinated nerve
fibre terminals (Plate XXV, Fig. 3), and also in the small nerve
endings especially those near to or in contact with the blood
vessels of the carotid body. As the large diameter myelinated
nerve fibres and the large nerve endings still remained intact,
the small nonmyelinated nerve fibre terminals and the small nerve
endings which are related to the blood vessels are suggested to

be of sympathetic origin,

C. ULTRASTRUCTURE OF THE CAROTID SINUS

1. NORMAL CAROTID SINUS

The fine structure of the individual vascular wall components
was found to be similar in the common carotid artery, carotid
sinus, and the occipital (muscular portion) and external carotid

arteries, The carotid sinus wall is composed of endothelium,
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tunica media end tunica adventitia, The individual components of
the carotid sinus wall are endothelium, smooth muscle cells,

fibrocytes, occasional mast cells, collagen and elastic fibres,

(2) Tunica Intima

A single layer of flattened endothelial cells lined the lumen
of the carotid sinus. The intima was normally 1.5-2.5u thick and
was separated from the internal elastic lamina by an ill-defined
layer 0.3~1.0u thick., The endothelial cell processes narrowed
gradually before coming in contact with the adjacent endothelial
cell processes. No intercellular gaps or pores were observed,

The endothelial cells possessed rich organelles and inclusions.,

The endothelial cells presented complex endothelial folds,

(b) Tunica Media

The tunica media of the carotid sinus wall consisted of
elastic mcmbranes (Plate XXVI, Fig. 1) altcrnated with one to
three layers of smooth muscle cells (Plate XXVII, Fig. 3). In
a few situations smooth muscle cells were absent between one or
two elastic laminae, The number of elastic laminae in the media
of the carotid sinus varied from 3 to 12, The smooth muscle cells,
especially their cytoplasmic processes, were closely related to
the elastic membranes. A distance of 0.16u to 0.78u generally

separated the smooth muscle cells and the elastic membranes,

The slender smooth muscle cells of the media were 3-4U wide
across their nuclei while their cytoplasmic processes were
considerably narrower. The processes formed cytoplasmic contacts
with adjacent smooth muscle cells (Plate XXVII, Fig. 3). Ad jacent

cell bodies also exhibited cytoplasmic contacts which were



Oe7=2414 long, whereas the cytoplasmic contacts between processes
or betireen the processes and the membranes of the cell bodies

could be as small as 0,07-0.1u in length.

(c) Tunica Adventitie

The tunica adventitia of the ccrotid sinus consisted of a few
isolated smooth muscle cells, fibrocytes and collagen fibres,
Fibrocytes showed long cytoplasmir extensions (Plate XXVI, Fig, 2)
similar to those found in the ccrotid body. The prescnt findings

agrec with those of Rees (1968).

() Nerves of the Carotid Sinus

In the electron micrographs of the normal carotid sinus of
lambs, no nerve fibres iviere detected either in the media or in
the tunica media. The tunica adventia was rich in nmyelinated and

nonmyelinated nerves (Plate XXVI, Fig.3; Plate XXVII, Fig. 2).

(1) Nerves in the Superficial Adventitia

In the superficial part of the carotid sinus adventitia,
both myelinated and nommyelinated axon bundles (Plate XXVIII,
Fig. 1) werc observed. Almost all of the nerves occurred as
bundles or trunks. The nerve terminals possessed very
indistinct perineural sheaths and few clectron dense-cored

vasicles,

(i1) Nerves Near the Medioadventitizl Border

Neacr the medioadventitial border of the carotid sinus wall,

only single nerve fibres were observed. All the nerves at this

level were nonmyelinated and possessed distinct perineural
shecaths, The nerve terminals contained dense-cored vesicles

and mitochrondria (Plate XXVII, Fig. 1).
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2. DENERVALTED CAROTID SINUS

(a) Carotid Sinus After Sectioning of the Carotid Sinus Nerve

Two weeks after sectioning of the carotid sinus nerve marked
degenerative changes were observed in the large myelinated nerve
fibres of the carotid sinus. These changes were almost complete
five to eight weeks after sectioning of the carotid sinus nerve,
The number of myelinated nerve fibres in the carctid sinus
adventitia were markedly reduced while some nonmyelinated nerve
fibres were occasionally seen., Those finc nonmyelinated necrve
fibres (Plate XXVIII, Fig. 2) which persisted could be compared to
those small nerve fibres of de Kock and Dunn (1968) and Biscoe
and Stehbens (1967). These small fibres could be either persisting
carotid sinus nerve fibres or the fibres of the external carotid
nerve (sympathetic), The nommyelinated nerve terminals possessing
distinct perineural sheaths ond possessing dense-cored vesicles
were usually found to be degenerated after sectioning of the
external carotid nerve, However, the nerve terininals possessing
indistinct perineural sheaths and few clectron dense-cored vesicles
degenerated after sectioning of' the carotid sinus nerve. From
the present study it is suggested that these nerve terminals
were derived from the glossophar'yngeal nerve via the carotid sinus

nerve,

(b) Carotid Sinus After Sectioning of the External Carotid

Nerve or Cranizl Cervical Ganglionectomy

The nonmyelinated sheathed nerve terminals at the medio-
adventitial border of the carotid sinus were usually degenerated

after sectioning of the external carotid nerve or after cranial
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cervical ganglionectomy. However, the large myelinated nerve
fibres (Plate XXVIII, Fig. 3) and, the nerve terminals possessing
indistinct perineural sheaths and few clectron dense-cored
vesicles still remeined in the carotid sinus adventitia., It is
suggested that the degenerated nomnyelinzted sheathed nerve

terminals belonged to the sympathetic system.

D. OCCIPITAL ARTFRY (MUSCUL.'R PORTION)

The elastic membrznes in the media of the oceipital artery
(muscular portion) weire 0,2=-3,0L in diameter., They were closcly
related tc the collagen fibies and fibroblasts, The collagen
fibres were 6.0 nm thick. In the adventitic, myelinated nerve
fibres 1.4 to 5,3. in dianeter and & number of nonmyelinated
fibres were seen, The myelin sheaths were 0.4 to 0,4L thicl,
The axoplasm of the myelinated fibres contained mitochondria

and vesicles of various sizes,

E. COMiON C/ROTID [RTERY

The elastic membranes in the media of the common carotid
artery were 2,3-3.34 in diameter, Collagen fibres usually
intervened between the smooth muscle cells and the elastic
membranes, £ minimum distance of 2,3l was found between the
snooth muscle cells and the elastic membranes. There were 2-3
layers of smooth muscle cells in each cell group interposed
between the elastic membranes., The smooth muscle cells measured
2.4=0..5u in diameter and their nuclei O0.7-1.5u in diameter,
Adjacent smooth muscle cells were 0,1-1,0UL apart from each

other., The rough surface endoplasmic reticulum was especially
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prominent in the smooth muscle cells., Numerous myelinated and

nonmyelinated nerve fibres were seen in the adventitia,

DISCUSSION

The ultrastructure of the carotid body and carotid sinus of
the lamb can be compared to those of laboratory animals such as
the rat, mouse, guinea-pig, rabbit and cat (see Literature Revicw,

PALT).

The type I and typc II cells of the carotid body as seen
under light microscopy in all laboratory animals were also
dcmonstrated by electron microuscopy in the lambs, Although nast
cells have been described by Lever ct al, (1959) in the rabbit
and cat, they were not seen in the lamb caiotid body under the
electron microsccre, Ganglion cells have been described in the
rat (Hofffman and Birrell, 1958), cat (Ross, 1959; Biscoe and
Stchbens, 1966; Al-Lami and Murray, 1968 a; Hess, 1968),
rabbit (Biscoe and Stehbens, 1966), dog (Kchayashi, 1968) and
“eddell seal (Morita et_al., 1970). However, in the lamb ganglion
ceclls were net seen under the electron microscope although they

were demonstrated histologically.

According to de Castro and Rubio (1968) the minimum
distance which separates the type I cell fran the blood varies
between 1 and 3L in the cat. In the present study the distance
between the type I cell and the blood vessel in some situations

was about O.4lL.
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Many observers classified type I cells into two or more
cell types. However, in the lamb it was not possible to classify
type I cells according to their cytoplasmic density, or the
norphological features of the osmiophilic granules, It was found
that 211 of the type I cells contained osmiophilic vesicles. The
present study supports the statenent of 3iscoe (1971) that there
is no entirely convincing morphological evidence to support the
claim that therc arc two varieties of type I cell, light ana dark,
one with many vesicles and the other writh few or no electiron-dense

vesicles,

The type I cells of many laboratory canimals and nan have been
reported to have a cilium or cilia (Biscoe and Stehbens, 1966;
Kraus and ilartinek, 1967; Hess, 1968; Battaglia, 1968;
¥ondo, 1971) and a Nissl body (Grimley ond Glenner, 1966 b;

Hess, 1968; Zapata et al., 1969 b). They were not seen in the

present study of the lanmbs,

45 the glomus cells (type I) are cquipped with mumerous
cytoplasmic organelles, especially abundant mitochondria,
endoplasnic reticulum, well developed Golgi complexes and various
types of cytoplasmic vesicles, they should be regarded as
metabolically very active cells supplemented with abundant nerve
terminals and nerve endings. The greatest interest lies in the
nature and content of the dark-cored osmiophilic vesicles of the
type I cells, From the fluorescent microscopical studies they
are suggested to be rich in biogenic amines especially noradrenaline
and dopamine which did not disappear after chronic sympathetic
denervation., The size of the osmiophilic dark-cored vesicles of

the lamb carotid body was found to be the same as those of the
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Syrian hamster (Chen and Yates, 1969), guinea-pig (Kondo, 1971),
mouse (Kobayashi and Uehara, 1970), rabbit (Dearnaley gt al., 1968;
Biscoe and Stehbens, 1966), cet (Lever ond Boyd, 1957; Biscoe and
Stehbens, 1966; Ross, 1959; Hess, 1968; al-Lami amd Murray, 1968 a;
Zopate et al., 1969 b; Morita et al., 1969) and man {Grimley and
Glenner, 1966 h). These elctron densc-cored vesicles were always
seen in thc osmium fixed czroutid bodies obtained from animzls
perfused by modified XKarnovsky's rluid or 5% glutaraldehyde
(phosph:te buffered, pH 7.2-7.4). Duncan and Yates (1967)
repcrted that granules were very dense but small after fixation
with osmic nacid; however, Biscoe and Jtehbens (1966) and Hess
(1968) found that these wvesicles were depleted in osmiun fixed

materials,

The present study agrees with the statement of de Kock and
Dunn (1968) that the nerve fibres end in cne of three ways -
(i) as smell nerve endings within mesaxenic inf'cldings of type II
cells, (ii) as largc synaptic bags in closc apposition to the
type I cells, and (iii) as suall nerve endings in the complex
folded membrane system. The present study also demonstrated
that the terminal axons and the nerve endings are located on the
surtface of the type I cell, between adjocent type I cells,
between the glomus cells and the blood vessels, or in relation to

the type II cell sheaths,

£lthough delayed degersration of the glossopharyngeal nerve
fibres to the carotid body was suggested by Biscoe and Stehbens
(1967), Biscce et _al. (1969, 1970) and Biscoe (1971), many
observers described nerve degeneration from as early as 3 hours

(Abbott et al., 1972), 2 dzys (de Castro and Rubic, 1968;
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de Kock amd Dunn, 1968), and 3 days (Hess, 1968). According to

Hess (loc. cit.) nc nerve fibres or synapses around the glomus

cells are seen at 7 days after sectioning of the carotid sinus
nerve, Beyond ten days after operation no ncrmal synaptic terminals
were seen by Abbott et al. (1972). 1In the precsent study in lambs,
degenerative nerve terminals and nerve endings were not identifiable
with certainty in the carotid bodies after 5 weeks to 8 weeks from

nerve sectioning.,

After sectioning of the carotid sinus nerve, Hess (1968)
found more lipid bodies than in the normal glomus cells, and
changes in the ccpsule cell cytoplasm, whereas Biscoe amd Stehbens
(1967) and Biscoe ¢t al. (1969) stated that irregular spaces or
vacuoles appeared within the type I cells. In contrast, in the
lemb, neither the type I nor the type II cells showed detectable
cellulaxr changes either after sectioning of the carotid sinus

nerve or after sympathectonmy.

The carctid sinus ultrastructure in the lamb presented no
narked morphological differences from that of the laboretory
animals so far studied, It was found that the endothelial cells
of the tunica intima in the lamb had elaborate endothelial folds

and occasionally were branched,

The scattered carotid body tissuc was studied by light
microscopy and was found to ccnsist of cells similar to those
observed in the carotid body., Its nerve supply was found to be
meinly from the carotid sinus nerve (Plate II, Fig. 3).

However, in the present study the ultrastructure of the scattered

carotid body tissue iras not examined,
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SUMMARY

Ultrastructural studies were made on the normal and long-term

denervated cerotid body and cearotid sinus in lambs,

The normal cerotid bedy of the lomb was ccniposed of two major
cell types, the chief or type I and sustentacular or type II
cells, The type I cells were characterized by the presence
of numerous dark-ccred ostiophilic vesicles apd mitochondria,
The type II cells were irregular shaped cells with few
osrmophilic vesicles or imitochondria, and extensive

cytoplasmic processes,

Two types of nerve endings - the large and small - were
obseived in the nornal carotid body. The lurge nerve
endings were seen associcted with the type I cells while the

smaller nerve endings were related to the blood vessels,

The blood vessels were nwicrous in the carotid body and

werc lined by one tc thrce endothelial cells,

Ifter sectioning of the cerotid sinus nerve most of the large
diameter myelinated nerve fibres and the large nerve endings
degenerated, and therefore it is suggested that they are
derived from the glossopharyngeal nerve., After sympathectomy,
however, the small nerve endings which were related to the
blood vessels degenerated, and they are suggested to be

derived fron the sympathetic system.
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Ultrastructure of the individual vascular wall ccaponents
were similar in the common carotid artery, carotid sinus,

and occipital (muscular) and extcrnal carotid arteries.

The vascular layers of the ovine carotid sinus appeared to

be comparable to those of the laboratory animals,

No nerve fisres viere detected in either the tunica media or

tunica intima of the carotid sinus,

The nerve terminals in the superficial adventitia which
possessed indistinct perineursl sheaths and few electron
densc=cored vesicles degenerated after sectioning of the
carotid sinus., It is suggested that they are derived from
the glossopharyngeal nerve, .fter sympathectomy the nerve
terminals near or at the nmedioadventitial border were found

to be degenerated. These nerve terininals, which contained

nuwaerous densc-cored vesicles and mitochondria, are suggested

to be sympathetic in origia.

The ultrastructure of the occipital (muscular) artery and

the comnon carotid artery is also briefly described,

195.
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GENERAL CONCLUSIONS AND COMMENTS




In the present study of the carotid body and carotid sinus of
lambs and adult sheep, the results obtained fror: thc gross
anatomical, histological, fluorescent microscopical and
ultrastructural studies have been discussed separately in their
respective chapters of the thesis, From thesg studies it is
evident that the carotid body and cerotid sinus of lambs and
adult sheep are similar to those of the laboratory animals so
far described by others., The present experiments have shown that
both the carotid body and cerotid sinus in the ovine species
receives glossopharyngeal and sympathetic innervation. The
results obtained from the normal csrotid body and carotid sinus
were supported by the nerve degeneration results from the nerve

section experiments,

The times allowed for nerve degeneration were thought tobe
sufficient in both the histological and ultrastructural nerve
degeneration studies; however, in the case of ultrastructural
studies it is suggested that the post operative period should be
as short as possible in order to observe the early degenerative
changes in the terminal nerve fibres and nerve endings. In the
present study, the degenerative changes were almost complete at

2 weeks to 2 months after nerve transection.

For both histological and ultrastructural studies on the
carotid body and carotid sinus fixation of the organs in situ
is recommended, In situ fixation prevented the cytoplasmic
vacuolations and mitochondrial swelling in the carotid body cells
and carotid sinus smooth muscle cells, Nerve endings in both
the carotid body and the carotid sinus are highly susceptible

to fixation artifacts,
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The optimum compositions of the fixative fluids employed in
the gross anatomical dissections for better differentiation of
the nervous tissue from the connective tissue and surrounding

structures have becen described,

Various tissue fixatives and nerve staining techniques were
cnployed on the carotid body and carotid sinus of lambs and sheep.,
For histological studies on the carotid body fixation with regaud's
fluid is recommended as it invariably preserved the glomic cell
cytoplasm and its organelles, Tissues fixed in 10% formalin,
formol=-acetic alcohol or forrnol-sucrose ammonium hydroxide are
suitable for frozen sections which are subsequently to be stained
with Winkelmann's (1959) nerve stain. For this stain, thorough
washing of the tissue blocks and sections is necessary to prevent
the formation of precipitates in the potassium carbonate solution,
Tissues fixed in the above fixatives and in Bouin's fluid or
Bouin's fluid as modified by Davenport (1960) are suitable for
most nerve stains, especially Romanes' silver chloride (1950)
stain, Thin frozen tissue sections can also be stained satisfactorily
with Romanes' silver chloride stain, Tissues fixed in Bouin's
fluid or in Bouin's fluid as modified by Davenport (1960) need
shorter silver reduction time in both the gold chloride and

oxalic acid solutions,
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Key to Platc I,

198.

Gross Inncrvation of the Carotid Trifurcation

Fige 1.

Fige 3.

Two carotid sinus nerve filaments join together
before reaching the carotid trifurcation. A
conrunicating branch between the glossopharyngeal
nerve and the dorsal branch of the pharyngeal rami

of the vagus is prominent., Left carotid trifurcation,

lateral view,

Twc carotid sinus nerve filaments as in Fige. 1. One
of the filaments cormwunicates with the vagus. A
communicating branch between the glossopharyngeal
nerve and the dorsal branch of the pharyngeal remi
of the vagus is illustrated. Left carctid

trifurcaticn, lateral view,

Twe carotid sinus nerve filaments lie lateral to the
pharyngeal rami of the vagus while the cervical
synpathetic trunk and external carctid nerve lie
pedial to them. The external carotid nerve
cornmunicates with one carotid sinus nerve filament,

Right carotid trifurcation, lateral view.

Key to Plate I1I.

Position of the Carotid Body

The carotid body is situated on the occipitoascending
pharyngeal arterial trunk. Formol-acetic alcohol,
H & E, X50,

The carotid body is located around the origin of the
ascending pharyngeal artery. Formol-acetio alcohol,
H & E, X50.

Scattered carotid body tissues on the occipitoascending
pharyngeal arterial trunk., Divisions of the carotid
sinus nerve are also to be seen, Formol=-saline,

H & E, X50.



PLATE I.

Fig.1.

Fig.Z.

Fige.3.




PLATE II,

Fig.1.

Fig.2.

Fig:}.



Key to Plate III.
Structure of the Normal Carotid Body

g9

Fige 1. Distinet lobulation of the carotid body is illustrated.
Nerve trunks (on the top and on the right hand side)
and blood vessels (left hand side) arec also to be
seen, Regaud's fluid, H & E, X74.

Fige, 2. Upper portion of the carotid body from (Fige 14).
Ganglion cells are seen in the nerve trunks which
are located in the capsule. Regaud's fluid,

H & E, X190,

Fig, 3. Carotid body showing less distinct interlobular
connective tissue, Regaud's fluid, Picro-ponceau,
X190,

Key to Plate IV,

Structure of

Fige 3.

the Normal Czrotid Body Lobules

Carctid body tissue showing different ccll types,
Small and large chief cells are to be noted,

Regaud's fluid, Picro-ponceau, X470,

Carotid body lobules cxhibiting large and small
chief cells, A blood vesscl is seen cn the right.
Regaud's fluid, H & E, X1050,

Carotid body lobule and the interlobular connective
tissue and blood vessels, Large and rounded chief
cells (type I) with foamy cytoplasm, and small and
irregular sustentacular (type II) cells are
demonstrated. Formol-saline, H & E, X1050.



PLATE III.

Fig.1.

Fig.2.

Fig-}.




PLATE IV.

Fig.1.

Fig.2.

Fig.3.




Key to Plate V.

Innervation of

Fige 1.

Key to Plate VI

the Normal Carotid Body

Most of the large diameter nerve fibres are
demonstrated. Entry of nerve fibres through the
capsule at various points of the organ is noted.

Bouin's fluid, Romanes' silver chloride, X74.

Carotid body fron Fig. 1, left hand side upper
portion, One large carotid body vein emerges
fron the thin capsule. Some nerve fibres are

secen associated with this emergent vein. X190,

Nerve fibres of the carotid body. Small and
large (regularly beaded) nerve fibres are seen at
the periphery of the carotid body. Formol=-saline,

Romanes' silver chloride, X190,

Innervation of

the Normal Carotid Body Lobules

Large diameter nerve fibres are seen in the inter-
lobular tissue of the organ, Formalin, Holmes'
silver, X470,

A large diameter nerve fibre is se€en on the upper
left hand side, and a small and long nerve fibre
ends in relation to the glomic cell., Formol=-

saline, Romanes' silver chloride, X470,

Innervation of accessory glomic tissue, Large
dianeter nerve fibres supplying isolated glomic
tissue. Formol-saline, Romanes' silver chloride,

X470,
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Fig.Z.




PLATE VII.

Fig.2.
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Key to Plate VII,

Relationships of Nerve Fibres to the Carotid Body Cells

Fig, 1. 4 large (regularly beaded) and small diameter nerve
fibres passing from the carotid body tc the carotid
sinus, Formol-saline, Ungewitter's urea=-silver
nitrate, X470,

Fige 2. Relationship of the large diameter (beaded) nerve
fibres to the carotid body cells., 4 small blood
vessel is seen on the right hand side. Bouin's
fluid, Romanes' silver chloride, X470.

Fig, 3+ Relationship of the small diameter nerve fibres to
the glomic cells. Fibres end very claose to the
chief cells, Formol-saline, Romanes' silver
chloride, X4050,

Key to Plate VIII,

Structure of

Fige 1.

Fige 2.

the Carotid Body fArtery and Vein

Elastic tissue of the artery of the ecarotid body,
The artery in the carotid body substance exhibits
2=-6 layers of elastic fibres, and a thin adventitia,

Formol-saline, Orcein-ponceau, X470,

Innervation of the artery of the carotid bcdy. A
fine nerve fibre is seen in the arterial wall.,

Formol-saline, Romanes' silver chloride, X470,

Innervation of the vein of the carotid body,
Comparatively thick nerve fibres are demonstrated
in the vascular wall, Bouin's fluid, Holmes'
silver, X470,



PLATE VI,

Fig.1.

Fig.2.

Fig.}.




PLATE VIII.

Fig.1.

Fig.2.

Fig.3.




Key to Plate IX,

Structure of the Denervated Carotid Body

Fige 1.

Key to Plate

Structure of

Fig, 1.

Carotid body after sectioning of the carotid sinus

nerve, No degenerated nerves are demonstrable.

Hamlyn's (1957) method, X190.[; Pétfused

Carotid body (on the right) and carotid sinus (on the
left) after scctioning of the carotid sinus nerve,

No detectable morphological changes are observed,
except proliferation of the connective tissues of

the carotid body. Formol-saline, H & E, X190,

Carotid body after scctioning of the carctid sinus
nerve, Prcliferation of the interlobular connective

tissues is prominent, Formol=-saline, H & E, X190,

the Denervated Carotid Body

Carotid body after sectioning of the carotid sinus
nerve, Chief (type I) cclls are seen at the centre.
Vacuolation of the cytoplasn is probably due to
fornol-salinec fixation. H & E, X1050.

The carotid body (Fige. 1) is practically devoid of
nerve fibres after division of the carotid sinus
nerve; however, the morphology of the chief cell
nuclei remains unchanged. Formol-saline, Romanes'

silver chloride, X1050.

Carotid body after sectioning of the carotid sinus
nerve, Except for a fine nerve fibre in the inter-
lobular connective tissue, which apparently supplies
the carotid body blood vessel, there are virtually no
nerve fibres in the carotid body, Formol-saline,

Romanes' silver chloride, X190,
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PLATE X.

Fig.2.

Fig.}.




Key to Plate XI.

Structure of the Sympathectomized Carotid Body

Fig, 1.

Carotid body after cranial cervical ganglionectony,
Dilated carotid body blood vessels are observed.

Formol-saline, Picro-ponceau, X190,

Marked dilatations of the carotid body blood vessels
and sinusoids after sectioning of the external carotid
nerve, Formol-saline, H & E, X470,

No detectable morphological changes are apparent in
the carotid body chief cells, Prominent and distended
sinusoids are demonstrated, Formol-saline, H & E,
X1050.

Key to Plate XII,

Innervation of the Sympathectomized Carotid Body

Fige 1.

Fig, 2,

Intact unipolar ganglion cells in the nerve trunks of
the carotid body after cranial cervical ganglionectony.

Formol~saline, Romanes' silver chloride, X470,

Intact nerve fibres of the carotid body after cranial
cervical ganglionectony., The predominance of
glossopheryngeal fibres is denmonstreted. Romancs'
silver chloride, X190,

Innervation of the carotid body chief (type I) cells
after sectioning of the external carotid nerve. The
nerve fibres uswally terminate in close relationship
to the chief (type I) cells. Fomol-saline, Romanes'
silver chloride, X1050,
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PLATE XII.

Fig.1.

Fig.2.

Fig.3.
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Key to Plate XIII,

Structure of the Normal Carotid Sinus

Fige 1.

Junction of the carotid sinus (left hand side) and the
conmon carotid artery (risht hand side). The transition
is abrupt where the circular elastic fibres of the
carotid sinus and the smooth muscle fibres of the

conmon carotid artery are distinctly separated.

However, the longitudinal elastic fibres of the

carotid sinus proceed into the common carotid
adventitia, Formalin, H & E, X50.

Junction between the elastic portion (carotid sinus)
and the muscular portion of the occipital artery.
At the beginning of the nmuscular portion of the
occipital artery, the smooth muscle fibres appear

. . o o ....' - _ﬁ
between the elastic fibres. H & E, X190 .‘I,L_.W

T 4

Elastic tissue of the carotid sinus. Nunerous
layers of elastic fibres of the carotid diverticulun
are denonstrated. The carotid sinus is predominantly

of the elastic type. Verhoeff's elastin stain,

X7k, ‘\Foxmalin



PLATE XIII.

Fig.2.

Fig.3.
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Key to Plate XIV.

Structure of the Denervated Carotid Sinus and Occipital Artery

Fige 1.

Key to Plate

Carotid sinus after sectioning of the carotid sinus
nerve, Degenerzted nerves are stained by Hamlyn's
(1957) nethod., This method is not suitable for

staining nerve fibres in the vascular wall., X74,

Control carotid sinus stained by the method of Guillery
et al, (1961), Normal nerve fibres are seen on the
botton right hand side, This illustrates that this
nethod in the carotid sinus, stains normal nerve

fibres and is thus unsuitable as a specific stain for

degenerated nerve fibres, X190
¥

Nerves in the wall of the occipital artery (muscular
type) after sectioning of the external carotid nerve,

Frozen section, formol-saline, Romanes' silver chloride,

ro ? Y

XV.

Structure of

Fig, 1.

Fig, 2.

Fig. e

the Occipital and Internal Carotid Artecries

Occipital artery (muscular portion), Thick tunica
media with few elastic fibres and a thinner tunica
adventitia with elastin and collagen fibres., Formol-
saline, H & E, X74.

Patent internal carotid artery. LA very thick tunica
adventitia and a thinner tunica media, Elastic fibres
are seen in the medioadventitial border., Bouin's
fluid, Orcein, X74.

Nerve structures in the wall of the internal carotid
ertery. Formol-saline, Romanes' silver chloride,

X470,
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PLATE XV,

Fig.3.
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Key to Plate XVI,

Structure of the Denervated Carotid Sinus

Fige 1, Carotid sinus after sectioning of the carctid sinus
nerve, No detectable nmorphological changes are seen,
Formol~-saline, H & E, X190,

Fig, 2. Carotid sinus after division of the carotid sinus
nerve, The sinus wall is apparently normal.

Formol-saline, Gomori's aldehyde fuchsin, X190,

Fize 3o Carotid sinus after cranial cervical sganglionectomy.
Intact nerve fibres of glossopharyngeal origin arc
seen, on the left hand side, approaching the

adventitia, Dilated vessels in the adventitia are

demonstrated. Formol-saline, Romanes' silver
chloride, X470.

Key to Plate XVII.

Structure of the Normal and Sympathectomized Carotid Sinus

Fig, 1. Normal carotid sinus. The nerve fibres of the
carotid sinus nerve (lower right hand side) are seen
coursing in the adventitia, Fibres can be traced up
to medioadventitial border. These fibres are
narkedly degenerated one month after sectioning of
the carotid sinus nerve., Ronanes' silver chloride,

X190,

Fig, 2, Normal carotid sinus. The terminal nerve fibres of
the carotid sinus nerve are seen in the deeper
adventitia and in the superficial media. Romanes'
silver chloride, X470,

Fig, 3. Carotid sinus one month after cranial cervical
ganglionectony., The intact nerve fibres of the
carotid sinus nerve arc seen in the superficial
and deeper adventitia, Dilated blood vessels are
observed in the adventitia. Romenes' silver chloride,

X470,



PLATE XVI.

Fige 1.
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Key to Plate XVIII,

Fluorescent Microscopy of the Carotid Body

’;_'3-}_1
Fige 1. Normal carotid body tissue. Frozen section, neutral
formol~saline, H & E, X50,

Fig, 2. Normal carotid body tissue (Fig. 1). Discrete
fluorescent units of the carotid body lobules

are denonstrated, X50,

Fige 3. Diffuse carotid body tissue (after sympathectomy).

Frozen section, neutral formol-saline, H & E, X50,

Key to Plate XIX,

Fluorescent Microscopy of the Sympathectonized Carotid Body

Fig, 1. Carotid body after sympathectony (from Fig. 3,
Plate XVIII). Fluorescent units are still seen

one ntonth after denervation. X50,

Fig, 2. Carotid body after sectioning of the external carotid
nerve. Frozen section, neutral formol-saline, H & E,
X50.

Fig. 3. Sympathectomized carotid body (from Fig. 2).
Fluorescing carotid body lobules are still
observed. i X 50%
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Key to Plate XX,

Fluorescent Microscopy of the Carotid Body

Fiis- 1 L]

Carotid body after sympathectony., Carotid body
lobules fluorescc brightly 8 weeks after chronic

. I3 ey 2
denervation, im |

Normal carotid body., Diffusion of catecholamines

leading to a diffuse fluorescing nass, |AM2.3 l

Normal carotid body (at the centre). Ungassed
(fornaldehyde) control preparation of the carotid body
is devoid of fluorescing units. | X 50038}

Key to Plate XXI.

Fluorescent Microscopy of the Carotid Sinus and Cormon Carotid Lrtery

Fig, 1.

Normal carotid sinus., Usually, small fluorescing
nerve fibres are observed in the adventitia of the
carotid sinus especially near the junction of the
carotid sinus &nd the common carotid artery. A slight
diffusion of anines has taken place. The carotid

sinus diverticulun is illustrated. i[‘ ‘&m,

Denervated carotid sinus. ifter sympathectony no
fluorescing fibres are seen either in the carotid
sinus adventitia or in the common carotid artery,

Bulging of the carotid sinus is noted., i ~7|

Normal common carotid artery. Autofluorescing
internal and external elastic membranes, and elastin
in the media are demonstrated. Fluorescing nerve

fibres are seen only in the adventitia, Fhﬂw
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Fig. 1.

Fig. 2o

Figo 30
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Key to Plate XXII.

Ultrastructure of the Normal Carotid Body

Tige 1.

Fige 2.

Carotid body cells and a blood vessel, Glomus cells
of type I and type II can be scen, Pericytes may

be observed, Glutaraldehyde fixation., X3750

A type IT cell located between type I cells and a
blood vessel, The type II cell exhibits a different
nuclear chromatin pattern and extensive cytoplasmic

process around type I cells, Glutaraldehyde fixation,
X7000 44 Perfits m

A type I cell enveloped by the cytoplasmic processes

of a type II cell and a fibroblast., Electron dense-
cored vesicles are numerous, The cytoplasm is
vacuolated due to fixation of the tissue by immersion
in modified Karnovsky's fluid, X8100.

Key to Plate XXIII.

Ultrastructure of the Normal Carotid Body

Fig - 1 °

_F_Ié-gn 20

A type I glomus cell showing election dense-=corcd
vesicles, mitochondria, rough surfaced endoplasmic
reticulum, and cytoplasmic granules., Nuclear poires
may also be seen, Glutaraldehyde fixation,

X26400,

A type I glomus cell related to a fibroblast and a
myelinated nerve fibre. ©Small terminal nerve fibres

can also be seen, Glutaraldehyde fixation. X6660.

Large diameter nerve fibres in the :”E: h ody.

Note the neurotubules, fibrils and mitochondria,

Glutaraldehyde fixation, X10950,
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Figo 1e
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Key to Plate XXIV,

Ultrastructure of the Nornal|jCamotid Body:

Fizs 1.

Fig, 2.

A nerve bundle of the normal carotid body in
a conncctive tissuc sheath, It contains two
nyclinated nerves and a small nyelinated axon,
A Schwann cell nucleus is illustrcted.
Modified Karnovsky's fluid. X10Q80.

£in extensive type II cell sheath enveloping

a type I cell aliiost completely., [ fibroblast,
a snall nerve ending and a niyelinated nerve
fibre are also obscrved, Glutaraldchyde

fixation., X10200.

Li large type of nerve ending of the carotid
body. Numerous clectron dense-cored vesicles,
nitochondria and clear vesicles are visible,

Kodified Karnovsky's fluid. X21300.

Key to Plete XXV,

Ultrastructure of the Denervated Carotid Body

Fige 1.

Persisting nonmyelinated nerve fibre bundles
in the carotid body 8 weeks after sectioning
of the carotid sinus nerve., Glutaraldehyde
fixation. X8190,.

Type I glomus cells and the related large
diameter nerve fibres 3 weeks after

sectioning of the carotid sinus nerve, The
nerves fibres are degenerated, Glutaraldehyde
fixation., X7700,

Marked degeneration of the nerve endings
related to the blood vessels 8 weeks after

cranial cervical ganglionectony. Glutaraldehyde
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Figo 3.



PLATE XXV,



211,

Key to Plate XXVI,

Ultrastructure of the Normal Carotid Sinus

Fige 1« An elastic membranc in the media of the carotid
sinus which is related to collagen fibres and

fibrocytes. Glutaraldehyde fixation., X13170.

Fige, 2. fn extensive cytoplasmic process of a fibrocyte
separating laycrs of alternating collagen fibres
which are cut longitudinally and transversely,

Glutaraldehyde fixation., X21380,.

Fige 3 A large dianmeter nyelinated nerve fibre in the
adventitia of the carctid sinus,

Glutaraldehyde fixation, X3175.
A1l perfused

Key to Plate XXVII.

Ultrastructurce of the Normal and Denervated Carotid. Sinus

Fige 1. Nonrayelinated nerve fibres near the medio-
adventitial border cf the normal carotid
sinus., Glutaraldehyde fixation, X7500.

Fig, 2, Persisting nomuiyelincted nerve fibres in the
adventitia of the curotid sinus 8 weeks after
transcction of the carotid sinus nerve, Note
also the small terminal nerve fibres,

Glutaraldehyde fixation., X8400.

Fige 5+ Rows of smooth muscle cells between two
elastic riembranes of the carotid sinus media
8 weeks after transection of the carotid sinus
nerve, Adjacent smooth muscle cells exhibit
cytoplasnic contacts. X7650.
. A1l perfused. |



PLATE XXVI.




Key to Plate XXVII1I,

Ultrastructure of the Normal and Denervated Carotid Sinus

Fige 1.

Fige 2.

Norrial carotid sinus adventitia. Nonmyelinated

nerve fibres and their relations to the
fibroblast and connective tissue fibres,
Glutaraldehyde fixation. X9610,

Carotid sinus 8 weceks after sectioning of the
carotid sinus nerve. Persisting small
nonnyelinated nerve fibres are found to be
related to the blood vessels., Glutaraldehyde
fixation, X8000.

Carotid sinus 5 weeks after cranial cervical
ganglionectory, Persisting riyelinated nerve
fibres are observed. Wodified Karnovsky's
fluid, X9000.

| 411 perfused
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