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.ABSTRACT 

Structural and ultrastructural observations on the normal and 

denervated carotid body and caroti d sinus of 50 lambs and 7 adult 

sheep ( Ovis arios) were made employing various anatom ical, histo­

logical, fluorescent, microscopicnl and ultrastructural techniques. 

Chronic denervnti on experiments were performed by ( i) unilateral 

sectioning of the caroti d sinus nerve with or wi thout sectioning 

of the glossopharyng eal n erve and pharyngeal branches of the vagus 

nerve, and ( ii ) unilateral sectioning of the sympathetic filament 

( e xternal carotid nerve) to the caroti d t rifurcation, or unilateral 

cranial cervical g anglionectomy. 

The gross anatomical studies demonstrated that there is 

variation in the mode of branchi ng 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 ell the structures associated with the 

carotid trifurcation is the occipital artery. The dual i nnervation 

of the carotid body and the c arotid sinus from the glossopharyngeal 

nerve (via the cm'otid sinus nerve) and the cranial cervical gangl ion 

(via the external carotid nerve) is described. 

From the histological studies i t  was found that there is 

widespread distributi on of carotid body tissue at the carotid 

trifurcation. Two major cell types were seen in the caroti d  body, 

the chief or type I cells and the sustentacular or type II cells. 

The former incl uded "light" and "dark" cells but it was not possible 

to identif y  these cells with certainty under the electron microscope. 



The carotid body and carotid sinus receive predominantly 

glossopharyngeal fibres which nere traced close to the type I 

cells in the carotid body, and in the carotid sinus to the deeper 

tunica adventitia. The large diameter ne1�e 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 sinus 

nerve or after sympathectomy; h owever, a marked dilatation of the 

blood vessels was seen in both t he carotid body and carotid sinu::;. 

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 p osition of the carotid. body. The carotid sinus 

is predominantly of the elastic type. The terminal nerve fibres 

end as diffuse endings. The large diaueter myelinated nerve fibres 

which degenerated after sectioning of the carotid sinus nerve are 

suggested to be of glossopharyngeal origin, whereas the fine 

nonmyelinated fibres wh ich 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 c onsisting mainly of noradrenaline and d opamine 

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 bod y  

artery, and in the adventitia and the r:1edio-adventi tial border 

of the common carotid and external cm.�otid arteries. They were 

not present in the dene1�ated specinens. It is suggested that 

the carotid sinus, car·otid bod y artery and tre c omrnon carotid 

and extern al 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 numer01.1s dark-cored osmiophilic 

vesicles and mitochondria. The type II cells are irregular shaped 

cells with c character istic nucleus, extensive cytoplasmic processes, 

fewer mitochondria and indistinct endoplasmic r eticulum. Blood 

vessels are numerous in the carotid bo dy. The nerve endings are of 

two types - large and small, the former being particularly 

associated with type I cells. Sometimes f ine nonrnyelinated small 

axons were seen in the Slilall grooves of the type I cells. Most 

of the large diameter myelinated nerve fibres and the large type 

of nerve endings degenerated after sectioning of the carotid s inus 

nerve. The degeneration was almost complete at 2-8 weeks after 

nerve transection. lrl'ter sy mpathectomy soall diameter nonmyelinatcd 

nerve 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 g lossopharyngeal 

system, and the small diruneter nonmyelinated nerve fibres, which 

are usually related to the blood vessels, are from the sympathetic 

system. 



The ovine carotid sinus presented a very similar fibre 

architecture to that found in the laboratory anima ls , and the 

endothelial cells possessed complex endothelial folds. Those 

nerve terminals which possessed indistinct perineural sheaths 

and few electron dense-cored vesicles degcnero.ted after 

sectioning of the carotid sinus nerve, and these nerve terminals 

are suggested to be derived from the glossopharyngeal nerve. As 

the nonmyelinated sheathed nerve terminals at the medioadvcntitiul 

border of the carotid sinus degenerated after sectioning o f  the 

external carotid nerve or cranial cervical ganglionectomy, they 

are suggested to be from the sympathetic system. 
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CHAPI'ER ONE 

GENERAL INTRODUCTION 



The carotid body and the ce rotid sinus of certain vertebrate 

species have been studied very extensively. The xubbit 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 carotid sinus. Lambs and sheep have been 

used increasingly for many investigations includine physiolo�ical and 

pharmacological studies on the carotid body and the carotid sinus. 

The interpretation of functional studies r elating to the carotid body 

and the carotid sinus in the sheep requires a detailed kno�ledge 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 an d 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 sheep have not 

been worked out in detail. Waites (1960) was probably the first one 

who described the gross alli�tomy of this recion brfufly and demonstrated 

the importance of carotid sinus nerve ( nerve of Herine) 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 information was 

availeble on the blood supply and venous drainage of the associated 

nerves and ganglia - the glossopharyngeal, the carotid sinus nerva, 

vagus and its pharyngeal rami, accessory and hypoglossal nerves, and 

the sympathetic truulic, external carotid nerve, and the nodose and 

cranial cervical ganglia. 
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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 

( 1 958, 1 967, 1 968a, 1969), Waites (1 960) and de Kock ( 1 954). De Kook's 

( 1 950, 1 954) findin§S of two type s 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 recaptor 

idea of de Kock is not accepted by many observers. de Kock (1 950, 

1 954) studied the carotid body using only Holmes' silver technique 

and classified type I and type II cells. Later cytological studies 

by Abraham (1 969) did not favour this categorization based only on 

nuclear differential staining reaction. 

The histology of the carotid sinus has received little attention 

in sheep in comparison with other vertebrate species. Abraham (1958, 

1 959) described its innervation briefly. In his later study ( 1 969) 

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 sympathetic 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 

ad.renergic 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 

2 .  



amines, their nature in the carotid body and carotid sinus before and 

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 after 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. 

3. 



CHAPl'ER 'JXlO 

MATERIALS AND METHODS 
·-��= 



1. MetHods for G�ss Apatomic�l Dis@eotions 

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 throueh the common carotid artery and the 

external jugular vein. Five lambs and two sheep were dissected 

in the fresh state. Three l�bs were injected with thrombin and 

indian ink into the external jugular vein and the common carotid 

artery. 

Nine l�bs and three sheep were anaesthetized and were 

exsanguinated through the common carotid artery and the external 

jugular vein. Embal.t::J.ing fluid was infused by gravity through the 

coiJIDon carotid artery and the external jueular vein while keeping 

the animal's head in the normal position. They were kept in the 

cool room for a week after which rubber latex was injected into the 

common carotid artery and the external jugular vein. After the 

latex had set, the animal!• 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 

surroundine tissues the dissected specimens were kept in one of 

the following solutions: 

(A) 1% glacial acetic acid solution, 

�·B) 0.1 - 1 .CJ!(, saturated aqueous picric acid solution, 

(C) 1% glacial acetic aQid and 0.1 - 1 .Q% saturated ; 

aqueous picric acid, 

(D) 1% glacial aaetic acid, 0.1 - 1.Q% saturated aqueous 

picric acid and 1 - 5% ethyl alcohol, 

(E) treated by Pennan •a r1etbod as described by McCrea ( 1959) • 



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 dur ing and after dissections in the following 

solution (F): {Bereent&le• are by volume) 

Y/o formaldehyde 

1% glacial acetic acid, 

0.1 - 1% saturated aqueous picric acid, 

3% ethyl alcohol, and 

1� glycerine. 

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

without being distorted or unduly hardened. 

To study the venous drainage of th8 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 eruployed by Chungcharoen, Daly and 

Schweitzer (1952) was used. An injection of Pelikan ink (C11/1431a, 

GUnther Wagner) incorporated with 5 ml 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 



d isse ctions. The spec imens were kept in the solution (F) . 

Apart from the abo ve mentioned twenty-two ani mal s, animal s 

which were use d  to study the no �al histology of the carotid body 

and the carot id sinus, and animals u sed for denerv at ion e xperiment s, 

were also examined for the node of branching of the carotid tree , 

the position of the carotid body and the ir innervation patt erns. 

S ket che s made from the se ob servations were also included in the 

illustrations. Three c arotid trifurcations we re di ssected out to 

make photographic records of the ir inne rvating patterns. 

2. Histolo gical Methods 

A. No rmal Histolo gy 

A total of 9 anioal s (7 laobs and 2 adult sheep) were used to 

study the nornal histology of the carotid body and c arot id sinus. 

Animals were fre shly killed or anae sthetized by intravenous thiopental 

sodium and were e xsanguinated t hrough a jugular vein. The caro t id 

trifurcat ions were di ssected out immediately, and were f ixed in 

various fixative s as  de scribed in T able I • The following stains 

and method s were used : 

( a) For General Cytology 

Meyer' s Haemato xylin a rd  Eo sin, 

Harris' Haemat oxylin a rd  Eo sin , 

(b) For Elastin and C ollage n 

Ve rhoeff 's Ela stin Stain acc o rding to Culling (1963), 

Orce in (Romei s, 1948)� 

Gomori's Aldehyda Fuchsin (1950), 

6. 
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No. Animals 

1 Lamb 

2 Lamb 

3 Lamb 

4 Lamb 

TABLE I. 

METHODS EMPLOYED FOR NO::U1A.L HISTOI,OGY OF THE CAROTID BODY AND CAR OTID SINUS 

Carotid- Fixative 
trifurcation 

Left 10% formal-salin e 

Right 1o% formal-saline 

IJeft Formal-acetic 

alcohol 

Right 1o% formol-saline 

Left Formol-acetic 
alcohol 

Right Formal-sucrose 

ammonium hydroxide 

Left 1 o% formalin 

Right Formal-sucrose 
ammonium hydroxide 

Section 

5 J.l., serial, longi tidunal, 
paraffin sections 

5 J.l., serial, transverse, 
paraffin sections 

10-5 0 J.l., longitudinal, 

frozen sections 

10 J.l., serial, longitudinal, 
paraffin sections 

1 2 J.l., serial, longitudinal, 
paraffin sections 

15-20 J.l., longitudinal, 

frozen sections 

25-40 J.l., frozen sections 

15-20 J.l., transverse, 
frozen sections 

Stains requiring 
special fixatives 

i/inke 1mann and 
Schmi t ( 1 95'7) 

Bodian ( 1936, 1937) 

vlinkelmann ( 1959) 

Bielschowsky­

Gros-Gauna Procedure 

1¥inkelmann ( 1959) 



.. 
CO 

TABLE I ( continued) 

No. Animals Carotid- Fixative Section Stains requiring 
trifurcation special fixatives 

5 Lamb Left 1 a% fonnalin 15-20 �' longitudinal Abraham (1969) 
frozen sections 

Right Formal-glycerin 15-20 IJ., serial, Winkelmann ( 1959) 
longitudinal, frozen 
sections 

6 Lamb Left Formal-acetic 14 IJ., serial, longitudinal, Bodian (1936, 1937) 
alcohol paraffin sections 

7 Lamb Left Bouin's fluid 12-14 IJ., serial, 
longitudinal, paraffin 
sections 

Right Bouin's fluid 12-14 IJ., serial, longitudinal, Davenport (196o) 
modified by 
Davenport ( 1960) 

paraffin sections 

8 Sheep Left 10,% formal-saline 12-14 J..L, serial, 
paraffin sections 

Right Regaud' s fluid 5-6 IJ., serial, transverse, 
paraffin sections 

9 Sheep Left 1Q% formal-saline 12-14 IJ., serial, longitudinal, 
paraffin sections 

Right 1 Cf/o fomalin 5-6 J..L, serial, transverse 
paraffin sections 



Masson's Trichrome Stain (1929), 

Picro-Ponceau with Haematoxylin (Gurr, 1956), 

Lillie1s Allochrome Method (1951, 1954), 

(c ) For Reticulin 

Gordon and Sweet's (1936), 

(d ) For Nervous Tissue 

Abraham's Technique (1969), 

Bielschowsky-Gros-Cauna Procedure according to 

Abraham ( 1 969) , 

Bodian's Activated Protargol Method (1936, 1937), 

Bodian's Method as described by Humason (1967), 

D avenport's nvo 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, cervical vagus nerve, nodose 

ganglion, p haryngeal branches of the vagus nerve, cranial cervical 

ganglion, origin of cervical sympathetic trunk, and external 

carotid nerve. They were fixed in 1ofo formal-saline, formal-· 

acetic �lcohol, Bouin's fluid and Bouin's fluid modified by 

Davenport ( 1960). From then-. 5-141-L longitudinal and transverse 

paraffin sections were cut and stained by Meyer's haeBatoxylin and 
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eosin, Picro-ponceau with haematoxylin, Bodian's method ( 1 936 , 1 937) , 

Holces' silver ( 1 942 ), Rogers' nethod ( 1 931 ) ,  Foot ( 1 932) , Romanes' 

method ( 1 950) , and Ungewitter's method ( 1 957) . 

To compare their elastic tissue composition with that of the 

carotid trifurcation, s pecimens were taken of the followins blood 

vessels: origin of the common carotid artery, bicarotid trunk, 

brachiocephalic and external carotid arteries. They were fixed in 

io% formal-saline or Helly's fluid, and transverse sections of 5-14  � 

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 Kodnk 

Panatomix-X films. 

B .  Methods for Denervated Carotid Trifurcations 

A total of 9 lambs were used. Five lambs (N1 ,  N2, N3 , N4 & 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 s inus nerves. The animals were perfused 

by gravity bilaterally into the common carotid arteries at the 

neck with 1o% neutral formal-saline ( using Li2co3 ) .  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 
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TABI·F. II. 

TYPE OF NERVE SECTIONS PER.FOID-lED IN DENEr .. v..:�TION 

EXPERIMENTS AND THEIR RESPECTIVE POST-oPERATIVE 

Number Animal 

1 • 

2 .  

3 .  

4. 

5 .  

6 .  

s. 

9. 

N1 

N2 

N3 

N4 

N5 

G1 

G2 

G3 

G4 

TIMES 

Type of nerve section 

Carotid sinus nerve , and glosso­
pharyngeal and pharyngeal branches 
of vagus nerve . 

Carotid sinus nerve . 

Carotid sinus nerve . 

Carotid sinus nerve , and glosso­
pharyngeal nerve . 

Carotid sinus nerve , and glosso­
pharyngeal nerve . 

External carotid nerve . 

Cranial cervical ganglionectomy 

Cranial cervical ganglionectomy 

External carotid nerve 

animals were.approximately 7 months 

Post 
operative 
time 

1 month 

1 month 

1 month 

1 month 

1 month 

1 month 

1 month 

6 weeks 

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), 181-l. 

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 jugular vein at different times after the 

nerves had been sectioned (Table II). T�� carotid trifurcations were 

removed immediately and were fixed in 1o,% formal-saline. Longitudinal, 

12-141-l. 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 IJ. 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 Sympathectomy) 

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-old 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/lb 

body weight. A skin incision about 5 cm long was made obliquely 

ventrocaudad starting at a point midway between the base of the ear 
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and the caudal angle of the mandible. The incision line was approxi­

mately parallel to and about half a centimeter dorsal to the internal 

maxillary and external jugular veins. The platysma muscle was 

transacted carefully to expose the caudal auricular, internal 

m��illary 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 area now exposed 

cranially the middle of the caudal border of the parotid salivary 

gland , dorsally the great auricular nerve and the sternomastoideus 

muscle , and ventrally the external jugular and the internal maxillary 

veins . The cervical fascia and the surrounding adipose tissue were 

bluntly dissected, and the lateral retropharyngeal 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 ouscle together with the caudal 

belly of the digastric and the stylohoid muscles had to be retracted 

upwards. Adipose t issue between the angle of the o ccipital 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 
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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 

14. 

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 e.ppropriate lev�b (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 laobs 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. Fluorescence Microscopy. 

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 Microscopy. 

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. Three lambs 

were used f or 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. 

4.  Methods for Fluorescence 1{icroscopy 

Experimental animals were kept for one month, six weeks and 

eight weeks after unilateral syopathecto�y or sympathetic ganglion­

ectomy (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 w ith blotting 

paper, t rimmed, and very quickly frozen on cryostat chucks. The 

cryostat internal temperature was set at -25°C to -30°C, and serial 

longitudinal (one animal) or cross s ections ( two animals), 1 5-1 8� 

thick were collected and thawed on the fluorescence-free microscopic 

glass slides. They were immediately placed i n  the desiccator to dry 

over fresh phosphorous pentoxide for a few hours. Lt frequent 

intervals during serial sectioning some of the sections were stained 

by haematoxylin and eosin stain to identify the carotid body. A few 
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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 • F1 Cranial cervical 1 month 
ganglionectomy 

2 .  F2 Cranial cervical 6 weeks 
ganglionectomy 

3 . F3 External carotid nerve 8 weeks 

All aniWlls were be tween 7 and 8 months of age 



sections among the series in the region of the carotid body and the 

carotid sinus were fixed in 10,% formol saline for staining of 

co.llagen, elastin, reticulin and nervous tis sues. The rest of the 

selected seri �.l sections from the denervated and control carotid 

trif'urcations were treated by methods described by Spriggs et 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 micros lides with Fluormount 

(Edward Gurr Ltd) and were examined under a Leitz microscope using 

Blau B G 12 and K530 filters. Photographs were taken on Ilfard FP3 

or FP4 films with average expo sure times 45 sec - 1 oin . Objective 

lenses of 3.5, 12.5 and 25 magnifications were used with a 10 power 

eye piece. 

5. Methods for Electron Microscopy 

Four lambs were used for normal ultrastructural studies and ten 

lambs were used for denervation experiments (Table IV). 

Tissue saoples for ultrastructural studies were obtained and 

fixed by the following methods: 

i) Animals were killed without anaesthetic. The c arotid 

trifurcat ions were immediately dissected out and trimmed in 

cold, modified Karnovsky' s ( 1965)  fixative ( �  paraformaldehyde, 

3% glut�ehyd0 , in phosphate buffer , pH. 7 . 2)  or in cold 

buffered 5% glutare.ldehydo ( phosphate buffer, pH. 7. 2). The 

carotid bodies were dissected out u�der 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 
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TABLE IV. 

TYPE OF NERVE SECTIONS PERFORMED FOR ELECTRON 

MICROSCOPICAL STUDIES AND THEIR RESPECTIVE POST-

OPERATIVE TDAES 

No .  Animal Type of nerve section Post operative 
time 

1 • EMN 1 Carotid sinus nerve 2 weeks 

2 .  EMN 2 Carotid sinus nerve and gl osso- 3 weeks 
pharyngeal nerve 

3. 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 ganglia- 4 weeks 
nectomy 

8. EMG 3 Cranial cervical ganglia- 5 weeks 
neotony 

9. EMG 4 External carotid nerve 6 weeks 

10 . EMG 5 Cranial cervical ganglia- 8 weeks 
nectomy 

6 and 
- - -



occipital or occipita-asc ending pharyngeal arterial trunk) , 

the common carot id and external carotid arterie s fron both 

denervated and control carotid trifurcations were fixed in the 

fresh fixative for 3-24 hours at 4
°

C .  

ii) Animals were anaesthe ti zed by intravenous pent othal s odiun , and 

the arterial branches of t he c aro tid trifurcations on both s ides 

of the anim.ls were exposed . 1�11 the arterial branche s were 

clamped and the e nti1� carotid t rifurcations were removed and 

fixed within tr - -i min after clamping . 

iii ) Animals were given primary anae sthetic indu ction by intravenous 

thiopental sodium ( 5%) and were maintained by endotracheal ether 

or halothane inhalation. Common carotid arteries and jugular 

veins were exposed on both sides of the animals . Cold , modified 

Karnovs ky' s fluid or buffered , 5% glutaraldehyde solution was 

perfused bilaterally through c ommon c arotid arteries under a 

pres sure o f  1 20-1 50 mm Hg or by gravity , a nd the anin.als were 

exsanguinated throuGh external jugular ve ins . The c arotid 

trifurcations were removed after 20-30 min and were fixed as 

above o 

Tissue blocks were e i��er vacuum infiltrated in fixative s for 

1 5-30 min and fre sh fixatives were replaced , or were subjected to 

buffer wash. Tissue b locks were washed twice with a half hour 

interval , or kept overnight in 0 . 1  I.I phosphate buffer , pH . ·.-· o 1 , 

and were post fixed in buffered , 2% osmium tetroxide s oluti on ( 0 . 1  M 

phosphate buffer , pH . 7 .2 )  for 2-4 hours . Tis sue blocks were again 

washed wi th the phosphate buffe� twice with an interval of 1 0  min 

and were dehydrated through ascending grades of ethanol to propylene 

oxide ; or blocks we re kept overnight in 75% ethanol incorporated 
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with 1% uranyl acetate. Blocks were embedded in luraldite and sections 

were cut at about 50 -60 nm. The sections were stained on grids with 

one of the following: 1% uranyl acetate, 1% lead citrate (Reynolds, 

1 963 ) , 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 -2 � were made, before cutting ultra-thin 

sections from each tissue block, to be stained with 1 %  methylene 

blue, 1% safranin 0, and 1% toluidine blue in 1% borax. 
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CHAPrER THREE 

TOPOGR.tJ'HICAL ANATOMY OF THE 

CAROTID TRIFURCATION 



INTRODUCTION 

The gros s anatomy of the caro tid trifurcation region in man 

and in a large number of vertebrates has been studied in detail, 

but reports on that of the s heep are s till deficient in the 

literature . As the s heep is being increasingly utilized in various 

anatomical and physiological studie s ,  detailed information on the 

gross anatomy of the carotid t rifurcation region in this species 

may be us eful , the following c omparative anatomical ob servations 

on the carotid trifurcation region were carried out in lambs and 

adult sheep . Studie s were made o f  the node of branching o f  the 

carotid t rifurcation , the gros s  anatomy of the carotid body a nd  

the carotid sinus , and the relationship o f  the carotid tree to the 

surroundi ng structure s .  .Als o studies were aade on tb.e 'blood supply 

nerve supply, and venous drainage of the carotid body and carotid 

sinus , and the associated nerves and ganglia , the glo sso-pharyngeal , 

vagus , hypoglo s sal and spinal access ory nerve s ,  and th e cranial 

cervical and nodos e  ganglia . 

LITER.i\TURE R.EVJ:EW 

A. Mode of Branching of the Carotid Tree 

The earliest account o f  the mode of branching of the c anmon 

carotid artery in the sheep was given by Chauveau ( 1 891 ) • He 

de scribed the carotid arteries as furnish ing a thyroid branch , a 

laryngeal branch and a very slender occipital artery . A more 

detailed de scription of the ovine carotid t rifurcati on was given 

by May ( 1 964 , 1 965 ) .  

The internal carotid artery has been found to be developed 

in the young and absent in the adult sheep ( Chauveau, 1 891 ; 
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Vaughan, 1 895 ; Daniel , Dawes and Prichard , 1 953 ; Bnlankura, 1 954; 

Baldwin and Bell , 1 963 ; May, 1 965) .  

The occipital artery and its branches were described by 

Chauveau ( 1 891 ) and May ( 1 964, 1 965) .  The condyloid artery, 

according to May ( 1 964,  1 965 ) ,  arises froo the occipital artery 

near the origin of the latter ,  but he also points out that it nay, 

in some cases , arise directly from the external carotid artery. 

The cranial branch of the condyloid artery arises near the condyloid 

foramen and enters the posterior foraQen lacerum caudal to the 

vagus and accessory nerve and then ramifie s  in the meninges  dorsal 

to the foramen ( May, 1 965) . This cranial branch of the c ondyloid 

artery of May was illustrated as the middle meningeal artery by 

Popesko ( 1 970) . However , Nomina Anatonica Veterinaria ( 1 968) lists 

the middle meningeal artery as a separate branch of the occipital 

artery in the rucinant . 

The origin of the pharyngeal artery (ascending pharyngeal) , 

according to Chauveau ( 1 891 ) ,  was nearly conf'ounded with that of the 

occipital artery. However its origin, according to Daniel , Dawes 

and Prichard ( 1 953) and May ( 1 964,  1 965) , was from near the origin 

of the parent vessel (the occipital artery) . 

The caudal pharyngeal artery, first identified by May ( 1 965 ) , 

arise s  from the occipital or external carotid artery. Because this 

artery pursued a course with the same relationships as the internal 

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 ( 1 958) the carotid body in the sheep was 

first mentioned by Pf8rtner in 1 869 without any detail . Also ,  

Adams cited Schaper ( 1 892 ) as stating that t he  position and f ore 

of the organ were variable . In 1 960 , Waites found that the carotid 

body and the carotid sinus of the sheep were located at the junction 

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. 

c. 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 , 1 945 ; J�dison and Comroe , 1 937 ; 

Chungcharoen, Daly and Schweitzer, 1 952a , 1 952b , 1 952c ; Murphy and 

Hughes ,  1 965 ) ; also the venous drainage and the arteriovenous 

anastomoses between the carotid body and the carotid sinus in the 

above laboratory anioals have been extensively described by 

Chungcharoen , Daly and Schweitzer ( 1 955b , c ) , Murphy and Hughes 

( 1 965) and Hughes ( 1 965 ) ; 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 ( 1 96o ) seems 

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. 
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Studies have also been made on the arterial blood supply to the 

superior cervical ganglion in man (Patterson, 1 950 ) and the superior 

cervical sympathet ic and nodose ganglia in cats, dogs, and rabbits 

(Chungcharoen , Daly a nd  Sc hweitzer , 1 952 c) .  The latter workers also 

found that in these aniQu ls the blood supply to the carotid body, 

and superior cervical sympathetic and nodose ganglia were derived 

fron the same arte rial source and,  moreov er, the ve ins from these 

structure s drained into comr1on 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. Gross I nnervation of the Carotid TrifUrcation 

The gross innervation of the carotid body an d carotid sinus 

region has been studied in a variety of vertebrates includin g  

man (Adaos , 1 952 ,  1,55 , 1 957a, 1 957 b; Chowdh ary, 1 950 , 1 953 ; 

Code and Din gle, 1 935 ; Ge rard and B illingsle y, 1 923 ; Dowd,  

1 964, 1 966) . 

A small nerve ( carotid sinus nerve) branching from the 

glossopharyngeal nerve was described as early as 1 891 by Chauveau, 

and later observers (Doughert y ,  Habel and Bond ,  1 958 ;  Waites, 

1 960; May , 1 964, 1 965 ) consistently described it. May was probably 

the only one who stated that the stylopharyngeal nerve may aria e 

from the branch of the glossopharyngeal nerve which goes to the 

vagus and carotid si nus. 

Waites (1 960) made brief mention of the gross innervation 

of the carotid trifurcat ion in the shee p and also noted that 

there was sympathetic innervation of the carotid body and that 
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sympathetic filaments c ontinued along the c ommon carot id , external 

c arotid and lingual arteries .  The contribution of fib re s , not only 

from the glo s sopharyngeal and cranial c ervical ganglion but al so 

froQ the vagus nerve , to the f ormation of the external carotid 

plexus ( Plexus .ca.roticus externus) was de s c ribed by Chauveau 

(1891) , Waites (196o) and May (1964, 1965) . May (1964) stated th at 

from the caudal end of the ganglion , f ibres went to the pharyngeal 

and c arotid plexus or to the cranial laryngeal nerve . In addit ion 

he found that fibres conne cted the ganglion with the last four 

c ranial nerves and the first cervical nerve . 

The comounication betv1een the glo s s opharyngeal 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 give s one to this nerve and the external branch of the 

s pinal accessory" . May ( 1964, 1965) de s crib ed the branche s of the 

vagus to the cranial cervical ganglion .  

Only a single carotid s inus nerve filament has been repo rted 

in the sheep ( Dougherty , Habel and Bond , 1958; Waites , 196o ;  

May , 1964,  1965) . However, more than one carotid sinus filame nt 

has been reported in man ,  primates , Anthropoide a ,  � glaraa 

( Mit chell , 1956; Adams , 1958) and African e lephant (Elephas 

africanus ) ( Ea le s , 1926) . 

Als o  noted in vertebrates was vagal i nnervation froQ pharyngeal 

branches , nodose ganglion or superior laryngeal nerve . It has 

been reported in man , Marsupials ( Dide lphys virginiana ) ,  

Trichosurus , Chiroptera ( Pteropus gouldi) , Edentata ,  Primates 

(A, lorisiforme s ) , Anthropoidea, Glires ( rats and rabbits ) ,  



Hydrochoeus (guinea-pig), Phocaena, Carnivora (Zalopue) , Felidae 

(cat), Capra, horse, okapi, camel and � glama (Adams, 1958) ;  

and also in Insectivora (Erinaceus europaceus} (Adam.s , 1957a) and 

in the dog ( Gerard and Billingsley, 1 923) • 

RESULTS 

A.  MODE OF BRANCHING OF  THE CAROTID TREE 

The common carotid artery (!_. carotis communis) tenninated 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 jugulohyoid 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 

occipita-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 (!. carotis interna) was the first 

arterial branch given off from the dorsomedial aspect of the common 

carotid artery immediately caudal to the occipital or occipita­

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 dorsodranially !o the petro-

'o/ 
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Key to Figs . 1 ,  2, 3 an�o 

Branching Patterns of the Carotid Trifurcation and Variations 

in the Position of the Carotid Body. Lateral Views . 

Figs . 1 ,  2 ,  3 and 4:  1 - left , 2 - right , 3 - left , 4 - right 

Abbreviations 

ap ascending pharyngeal artery 

cb carotid body 

c c  common carotid artery 

cl  cranial laryngeal artery 

ic internal carotid artery 

m - muscular branch 

o occipital artery 

opt occipitoascending pharyngeal arterial trunk 

The gro ss ana tomical studied were made on the 22 animals referrea 
,) · - ·� 
to on p 4 ,  plus the 18  animal s used for his tology and denervation 

experiments ( see p 6 and p 10) . 

I 
Each of the il ustra tions in Figs 1 -34 is from a separate 

excep t for Fisa 2 1  and 26 which a re from the same anima1 . 
�-- -
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occipital fis sure . In one specimen ( a  lamb) the internal carotid , a 

mus cular branch , and the cranial laryngeal arteries arose by a common 

trunk . 

The o c c ipital arte� (! . occipitalis ) arose fro� the common 

trunk formed by the occipitoascending pharyngeal trunk with the 

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

I n  a true sense , the occipita l ,  ascending pharyngeal , cranial 

laryngeal , and caudal pharyngeal arteries aro se froo the external 

carotid artery, if the origin of the internal c arotid artery is 

regarded as the termination of the coomon carotid artery. The 

major branches of the occipital artery are : ascending pharyngeal 

artery, a muscular branch , middle meningeal artery, condyloid 

artery, and an oc cip ital branch . The Lnddle meningeal and 

co ndyloid arteries s ometime s arose as a common truruc . 

The ascending :e_h�eal arter4:: (�. Eh,aryngea �scendens ) 

arose from the medial aspect of the common carotid arte ry clo se to 

the occipital artery in 1 1  specimens , from the oc cipitoascending 

pharyngeal trunk in 25 specimens , or from the cot:JLlon t runk formed 

by the occipitoascendi ng pharyngeal trunk with the cranial laryngeal 

artery in 4 specimens . In three specimens it arose in c ommon with 

the cranial laryngeal artery. Its origin , anteromedial t o  the 

origin of occipital artery, was guarded dorsolaterally by the 

arterial cushion projected caudove ntrad from the junction of the 

external carotid artery and the anterolateral part of the 

occipitoascendi ng  pharyngeal trunk (Figs . 5 ;  6) . 

The arterial b ranch which May ( 1 965) designated as the 

caudal pharyngeal artery arose usually from the external carotid 

28. 



Key to Figs . 5 and 6 .  

Origin of  the ��eries of the Carotid Trifurcation as  Seen 

from Within .  Lateral Views . 

1 - left , 2 - right , 3 - left , 4 - right 

Abbreviations 

a ascending pharyngeal artery 

b cranial laryngeal artery 

c internal carotid artery 

o occipital artery 



F i g .  s 

�;��'P''''' 
\ 

1 2 

0 r�(]·',rr;t 
3 4 



F i g .  6 

1 2 

0 

3 
4 



artery. In a few specimens ona or two arterial branches were 

usually seen. 

The cranial laryngeal artery (£!. laryngea cranialis }  arose 

from the medial wall of the common carotid artery slightly ventral 

to  or close t o  the origin of the ascending pharyngeal artery in 

32 specimens , or fro� 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 

common 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 (Ramus pharyngeus) (Figs . 2-1 ,3;  3-1 , 2; 

4-1, 2,4; 34). 

B .  RELATIONSHIP OF THE CAROTID TREE TO THE SURROUNDING STRUCTURES 

The glossopharyngeal � (li. glossopharyngeus) emerged from 

the jugular foramen ( Foramen lace� posterj us) and lay cranial 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 

comnunicating branches from the vagus nerve within the jugular 

foramen. The petrosal ganglion (Ganglion distale , N.A.V . , 1 968) 

was not distinct in the lambs . It detached the carotid sinus � 

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

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

1 7  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 B• stylopharyngei caudalis ) to the caudal 
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Key to Figs . 7, 8, 9, 1 0  and 1 1 . 

Innervation of the Carotid Trifurcation by the Carotid Sinus 

Nerve . Lateral Views . 

Figs . 7 , 8 ,  9 and 1 0 :  1 - left , 

2 - left , 

2 - right , 

3 - right ,  

3 - left , 

4 - left Fig . 1 1 : 1 - right , 

Abbreviations 

ap ascending pharyngeal artery 

br comnunicating branch to external 

carotid nerve 

cl cranial laryngeal artery 

csn carotid sinus nerve 

csn1 carotid sinus nerve first branch 

osn2 carotid sinus nerve second branch 

ic internal carotid artery 

m muscular branch 

o occipital artery 

4 - right 

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 

a s sociated with the dorsal of the two pharyngeal rami o f  the vagus , 

but there was no distinct formation of a c la s s ical pharyngeal plexus ( 

in the fresh specimens . The pharyngeal plexus was seen in the 

routinely �balmed specimens . The glossopharyngeal nerve also 

re ceived c ommunicating branche s from the vagus (� c ommunicans 

� ll• glo s s opharyngeo) in 8 s pecimens (Figs . 24; 28; 31 ) ,  and 

from the pharyngeal branches of the vagus in 1 0  spe cirilens ( Figs . 

1 9 ;  22 ; 25 to 27) .  

The ,2.z:a,nial cervical ganglion was a pale yellow , fus ifom body 

and was approximately 6-9 mm long and 4-5 nn wide in the lambs . It 

was related cranially or lat erally to the glos sopharyngeal nerve , 

caudolaterally to the int ernal carotid artery and caudally to the 

c ondyloid artery in the lambs (Figs . 1 7 to 20) . The internal 

carotid nerve (� caroticus internus ) arose from the cranial 

extremity of the ganglion to enter the jugular foramen cranial t o  

the glos sopharyngeal nerve . The cervical sympathet ic trunk and the 

external c arotid nerve (N. caroticus externus ) usually left the 

c audal extremity of the ganglion ( Fig . 1 6 ; Plate I-3) .  The 

cervical sympathetic trunk was rel ated laterally to the inte rnal 

carotid and occipital arterie s ,  pharyngeal branche s of the v agus and 

cranial laryngeal nerve , and c audally to the vagus . Usually there 

was a big connection between t he external carotid nerve and the 

pharyngeal branch ( ve ntral) of vagus nerve and the cranial 

laryngeal ne rve . 

The vagus nerve (!i_. �) er:1erged from the jugular foramen 

caudal to the glos sopharyngeal nerve and cranial �o the ac ce s s ory 

nerve . In its ventrocaudal cours e  it was related medially to the 
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Key to Figs . 1 2 , 13, 14 and 15. 

Innervation of the Carotid Trifurcation by the External Carotid 

Nerve ( Sympathetic) . Lateral Views . 

Figs . 1 2  and 1 5 : 1 - right , 2 - left , 3 - left , 4 - right 

Figs . 1 3  and 1 4 :  1 - left , 2 - right , 3 - left , 4 - right 

�bbreviations 

ap ascending pharyngeal artery 

br communicating branch to carotid 

sinus ne1�e 

ecn external carotid nerve ( sympathetic 

branch from cranial cervical ganglion 

to carotid trifurcation) 

la lingual artery 

m - muscular branch 

o occipital artery 
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ac cessory nerve with which it was enclosed in a canmo n fibro us sheath, 

and caudally to the hypo glossal nerve only up to the leve l o f  the 

o rigi n of  the o ccipital artery where it was s eparate d from the 

34. 

accessory nerve by the hypo glossal nerve (Figs . 1 9 ; 20) . It gave o ff 

the cranial larynge al nerve before it be came associated ve ntrally w ith 

the cervical sympathetic trunk at the do rsal as pe ct of the terminatio n 

o f  the commo n caro tid art ery. Above the o rigin o f  the cranial laryngeal 

ne rve it exhibited a broad and flattened nodose ganglio n (Gangl ion 

dis tale , N.A.V. , 1 968) . The pharyngeal branch( es ) ( pharyngoesophage al 

nerve) , us ually a do rs al o ne and a vent ral one (� oesophageus , 

N.A.V . ,  1 968) ,  were detached from t he vagus j us t  above the nodose 

ganglion. One or two a nastomoses be tween the glossopharyngeal and 

vagus nerves we re fo und in 8 s pe cimens , and in 1 0  s pe cimens communicat­

ing branches were present between the glossopharyngeal and pharynge al 

branches o f  t he vagus ne rve. 

The accessory nerve (E. accesso rius ) eme rged from the j ugular 

forame n caudal to the vagus ne rve and ran caudoventrad lateral to the 

Tegu& . It was the n s eparated from the vagus by the hypo glossal nerve 

and cont inue d in the atlantal fos sa.  On the lateral as pe ct o f  the 

lo ngua capitis muscle it divided into a dorsal and a ventral branch. 

The do rsal branch was associated w ith the mus cular branch o f  the 

oc cipital artery while the ve ntral branch accompanied the t endo n  of  

the sternomasto id mus cle. 

The hypoglossal nerve (�. hypoglos sus) , aft er its eme rge nce from 

the hypo glo s s al fo ramen, became associat ed with the medial aspe ct of  

the accessory nerve to which it was attache d by loose co nnect iv e  

t is s ue. It t h en pas s e d  be tvm en the vagus and accessory nerve and 

curved around the medial as pect o f  the origin of  the occipital 



Key to Fig, 16 . 

Variations in the Origin of the External Carotid Nerve 

(Sympathetic Branch �om 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 Fig. 17. 

Innervation of the Right Carotid Trifurcation . Lateral View, 

1 cranial cervical ganglion 

2 external carotid nerve 

3 - glossopharyngeal nerve 

4 carotid sinus nerve , first branch 

5 carotid sinus nerve , second branch 

6 - vagus nerve 

7 - pharyngeal branch of vagus nerve 

8 cranial laryngeal nerve 

9 common carotid artery 

1 m  - occipital artery 

11 - ascending pharyngeal artery 

1 2  - internal carotid artery 

13 cranial laryngeal artery 

14 - lingual artery 

15 - muscular branch 
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artery or the occipitoas cending pharyngeal t runk to gain the lateral 

surface of the c ommon carotid art ery. It detached a c ommunicating 

branch t o  the ventral branch of the first c ervical nerve before or 

aft er it pas s ed b etween the vagus and acc es sory nerve . While it was 

related to the dorsal or lateral aspe ct of the c ommon carotid artery 

it gave off a mus cular branch which pas sed along and crossed the 

lateral surface of the common c arotid artery to innervate the 

omohyoid , sternohyoid and sternothyroid musc le s ,  with or without 

rec eiving anastomoses from the fi rst two or three ventral branches 

of the c ervical nerves . The hypoglos sal nerve then ran cranio­

ventrad, lying under cover of t he caudal be lly of the digastric 

muscle and th e submandibular s alivary gland to be a s so c iated with the 

lateral aspect of the lingual artery. 

C .  GROSS ANATOMY O F  THE CAROTID BODY AND CAROTID S:rntJS 

( a) Carotid Body 

The c arotid body of the lamb , examined under the dis secting 

microsc op e , appeared usnally as oval or rounded , richly vas cularized 

organs approximately 1 mm long and 1 mm wide . A s ingle carotid body 

was found on each carotid tree in all specimens except two lruobs in 

which they were s een as distinct ly bilobed organs ( Figs . 1 0-3 14; 

1 4-1 ,2 ) .  The lobulation of the organ was distinct in the adults . 

The position of the carotid b ody was on the anterolateral 

aspect of the origin of the o c c ipital artery in 7 spe c imens 

( Figs . 3-4; 4-4) , at or near the origin of the ascending pharyngeal 

artery in 38 spe cimens , and on the dorsal a spect 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 

-



Key to Fig. 1 8 . 

Innervation of the Left Carotid Trifurcation. Lateral 

View. 

1 cranial cervical ganglion 

2 external carotid nerve 

.3 cervical sympathetic trunk 

4 glossopharyngeal nerve 

5 carotid sinus nerve 

6 ,7 communicating branches to pharyngeal 

branch of vagus nerve 

8 vagus nerve 

9 pharyngeal branch of vagus nerve 

1 0  common carotid artery 

1 1  occipital artery 

1 2  ascending pharyngeal artery 

1 3  cranial laryngeal artery 

1 4  cranial laryngeal nerve 

1 5  hypoglossal nerve 

1 6  spinal accessory nerve 
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Key to Fig. 19. 

Innervation of the Right Carotid Trifurcation. Lateral 

View. 

1 cranial cervical ganglion 

2 cervical syrapathetic trunk 

3 external carotid nerve 

4 glossopharyngeal nerve 

5 carotid sinus nerve , first branch 

6 carotid sinus nerve , second branch 

7 communicating branch between glossopharyngeal 

nerve and pharyngeal branch o f  vagus nerve 

8 - vagus nerve 

9 pharyngeal branch of  vagus nerve 

1 0  cranial laryngeal nerve 

1 1  spinal accessory nerve 

1 2  hypoglossal nerve 

1 3  common carotid artery 

1 4 occipital artery 

15  ascending pharyngeal artery 

1 6  muscular branch 
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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 1 7  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 1 4  specimens 

(Figs . 1 -4; 2-4; 4-3 ) .  

(b)  Carotid Sinus 

�he oc€ipitG-as�ending pharyngeal � was slightly d �ated 

• ,  but JIIUCh more so in the 

��inn�r .than that of the external or common carotid 

to the carotid s �ies . 

D.  GROSS BLOOD SUPPLY OF THE CAROTID BODY, CAROTID SllffiS 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 ( 2Q%) , from the angle between the origin of ascending 

pharyngeal and occipital arteries (Fig . 30) in 6 specimens ( 1 5%) , 

and from the origin of the external carotid artery in 2 specimens 

(4%) . The artery of the carotid body usually gave off a twig just 

below the carotid body to supply the distal part of the carotid 

sinU8 nerve , the external carotid nerve , the anterolateral aspect 

of the origin of the occipital artery or occipitoascending 

39.  



Key to Fig. 20 . 

Innervation of the Left Carotid Trifurcation. Lateral 

View . 

1 cranial cervical ganglion 

2 external carotid nerve 

3 cervical sympatheti c trunk 

4 glossopharyngeal ne rve 

5 carotid sinus nerve 

6 glossopharyngeal , vagus and spinal 

nerves in a common f ibrous sheath 

7 pharyngeal branch of vagus nerve 

8 cranial laryngeal nerve 

9 spinal accessory nerve 

1 0  hypoglossa l  nerve 

1 1  common carotid artery 

1 2  occipital artery 

1 3  external carotid artery 

� .  
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Key tc. Fig, 21 . 

Venous Drainage of the Left Carotid Trifurcation. 

Lateral VieVT . 

1 crania-occipital vein 

2 , 3 small veins draining c omoon carotid artery 

4 vein draining external carotid artery, 

carotid sinus and occipital artery 

5 vein draining carotid sinus nerve , pharyngeal 

branch of vagus nerve , vagus and spinal 

accessory nerve 

6 glossopharyngeal nerve 

7 carotid s inus nerve 

8 pharyngeal branch of vagus nerve 

9 spinal accessory nerve 

1 0  common carotid artery 

1 1  occipital artery 

1 2  ascending pharyngeal artery 

1 3  muscular branch 

1 4  small artery supplying cranial cervical 

ganglion , glossopharyngeal nerve , carotid 

sinus nerve and pharyngeal branch of vagus 

nerve 

1 5  cranial laryngeal artery 
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pharyngeal t runk , and occasionally that part of the hypoglos sal 

nerve which curved around the origin of the occipital artery or 

occipitoas c ending pharyngeal trunk and the c ommon carotid artery 

( Fig . 24) . This arterial twig s ometimes arose separately, e ither 

from the ascending pharyngeal or occipital a rtery, or from the angle 

between the origin of the o ccipital and ascending pharyngeal arterie s .  

The carotid body artery entered the organ at the v entra l or caudal 

aspect to form a glomus ( Glomus caroticus) . 

The veins of the c arotid body in the lambs lay superficially on 

the surface of the organ . There qere approximately 8-1 2 small veins 

eme rging from the carotid body. The se soon united to form 1 -3 large 

veins which fi nally joined other veins from the lateral and medial 

as pects of the occipital artery or o c c ipitoas cending pharyngeal trunk ,  

distal part of the carotid sinus nerve , the external carotid nerve , 

and the common and external carotid arterie s ( Figs . 21 t o  23 ; 25 to 

29 ;  31  t o  33) . This c onfluent vein then ran alongside the mus cular 

branch of the occipital artery and/or along the occ ipital artery 

its elf to open finally into the cranio-occipital vein (ventral cerebral 

vein of Popesko , 1 970 , or y. occipitalis , N .A.V. , 1 968) (Figs . 21 ; 23 ;  

25 to 28 ; 31 ; 32) in 1 5  specimens ( �) , into the linguofacial vein 

( Figs . 22 ; 33) in 2 specimens ( 9.%) and int o both crenio-oc c ipital and 

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

(b) C arotid Sinus 

The lateral aspect of the origin of the oc c ip ital artery or the 

occipitoasc ending pharyngeal trunk was supplied by an arterial twig 

which was detached from the artery of the carotid body in 21 sp ecime ns 

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

� .  



Key to Fig. 2 2 .  

Arterial Supply and Venous Drainage of the Left Carotid 

Trifurcation . Lateral View. 

1 crania-occipital vein 

2 vein draining pharyngeal and carotid regio ns 

3 small vein draining carotid sinus nerve , 

occipital artery and hypoglossal nerve 

4 snall vein draining carotid body and 

carotid sinus 

5 ,6 - veins draining vagus , spinal accessory 

and hypoglossal nerves 

7 

8 

9 

1 0 , 1 1  

1 3  

1 4  

1 5  

1 6  

1 7 

cranial cervical ganglion 

glossopharyngeal nerve 

carotid sinus nerve 

pharyngeal branches of vagus nerve 

comma� carotid artery 

ascending pharyngeal artery 

occipital artery 

small artery supplying hypoglossal nerve 

artery supplying cranial cervical ganglion 

and cervical sympathetic trunk 
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Key t o  Fig. 23. 

Venous Drainage of the Right Carotid TrifUrcation. 

Lateral View . 

1 crania-oc c ipital vein 

2 vein draining c arotid trifurcation 

3 small vein draining comoon c arotid and 

external carotid arteries , vagus and 

spinal acces sory nerve 

4 vein draini ng carotid body ,  carotid sinus , 

c arotid sinus nerve , oc c ip ital artery and 

cranial cervi cal ganglion 

5 vein draining hypoglos sal , spinal acces sory 

and vagus nerves 

6 carotid sinus nerve 

7 coQDon carotid artery 

8 occipital artery 

9 ascending pharyngeal artery 

1 0  small arte ry  to external carotid nerve , 

medial retropharyngeal lymph node and 

mus cles of pharynx 
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specimens (15%), or from the occipital artery in one specimen (4%) . 

It was not pos sible 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 occipita­

ascending pharyngeal trunk (Figs . 21 to 23; 27; 29; 31). These 

veins also drained the carotid body, carotid 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 

Tein , and in 23% the carotid sinus region was drained into both 

crania-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 . 

( c ) .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 crania-occipital (Figs . 25; 32) or rarely 

into the linguofacial vein (Fig .  33). 

{d) Carotid Sinus Nerve 

The blood supply t o  the proximal part of the carotid sinus 

nerve was from the occipital artery (Figs . 21; 24 to 26; 29 ; 30) , 

and that to the di stal part was usually from the artery of the 

carotid body (Fig .• 24) . In a few s pecimens the blood supply to the 

distal part of the nerve came from the ascending pharyngeal artery 

45 .  



Key to Fig, 24. 

Arterial Supply of the Left Carotid Region . Lateral View. 

1 crania-occipital vein 

2 small vein draining lateral aspect of 

coomon carotid artery 

3 small vein draining spinal accessory nerve 

4 vein draining hypoglossal and vagus nerves 

and vago-sympathetic trunk 

5 vein draining cranial cervical ganglion 

6 cranial cervical ganglion 

7 glossopharyngeal nerve 

8 carotid sinus nerve 

9 pharyngeal branch of vagus nerve 

1 0  common carotid artery 

1 1  ascending pharyngeal artery 

1 2  carotid body artery supplying carotid sinus , 

external carotid and carotid sinus nerves 

1 3  occipital artery 

14  artery supplying glossopharyngeal nerve and 

carotid sinus nerve 

1 5  artery supplying cranial cervical ganglion, 

external carotid nerve and cervical 

sympathetic trunk 
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Key to Fig. 25. 

Arterial Supply and Venous Drainage of the Right Carotid 

Trifurcation . Lateral View .  

1 crania-occipital vein 

2 small vein draining ac c e s s o � ,  hypogl o s s al 

and vagus nerves 

3 vein draining cranial c e rvical ganglion, external 

c arotid nerve and c ervical sympathetic trunk 

4 vein draining pharynx , carotid body , carotid 

sinus and c ommon carotid art ery 

5 soall vein draining vagus nerve 

6 - vein draining glo s sopharyngeal nerve , c arotid 

s inus nerve and pharyngeal branch of vagus nerve 

7 small vein draining medial s ide of c ommon 

c arotid artery , c ranial laryngeal artery and 

external carotid artery 

8 glo s s opharyngeal nerve 

9 carotid s inus n erve 

1 0  communic ating branch betwee n gloss opharyngeal 

nerve and pharyngeal b ranch of vagus nerve 

1 1  pharyngeal b ranch of vagus nerve 

1 2  c ommon carotid artery 

1 3  artery to hyp oglossal nerve 

1 4  arte� to cranial cervical ganglion , c ervical 

sympathetic trunk , exte rnal c arotid nerve , carotid 

sinus nerve , �os sopharyngeal nerve and 

pharyngeal branch of vagus nerve 

1 5  a$cending pharyngeal artery 
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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 . 21 to 23 ; 25 ; 26;  28; 32 ) or· rarely into the linguofacial 

vein (Fig . 33 ) . 

( e) Cranial Cervical Ganglion 

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 remaintag 

1 0  specimens ( 7Q%) . 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 ( Fig . 34) . The venous drainage was usually into the cronio­

occipital vein (Figs . 23 to 25 ; 30 to 32) or rarely into the 

linguofacial vein ( Fig. 33) . 

( f) External Carotid Nerve 

The arterial oupply 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). 
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Key to Fig, 26 . 

Arterial Supply and Venous Drainage of the Left Carotid 

Region. Lateral View. 

1 crania-occipital vein 

2 vein draining common carotid and occipital 

arteries 

3 vein draining carotid trifurcation and 

associated nerves 

4 vein draining external carotid , coQDon carotid 

and occipital arteries , and carotid body 

5 vein draining vagus , spinal accessory, 

pharyngeal branch of vagus and carotid sinus 

nerve 

6 glossopharyngeal nerve 

7 carotid sinus nerve 

8 pharyngeal branch of vagus nerve 

9 spinal accessory nerve 

1 0  coooon carotid artery 

1 1  ascending pharyngeal artery 

1 2  occipital artery 

1 3  artery supplying cranial cervical ganglion,  

glossopharyngeal nerve , carotid sinus nerve and 

pharyngeal branch of vagus nerve 

14 cranial laryngeal nerve 
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Key to Fig. 27. 

Arterial Supply and Venous Drainage of the Right Carotid 

Trifurcation. Lateral View. 

1 crania-occipital vein 

2 small vein from hypoglossal nerve 

3 vein draining carotid trifurcation and 

associated structures 

4 - vein draining the common carotid , external carotid 

arteries  and carotid body and carotid sinus 

5 - vein draining vagus , accessory and hypoglossal 

nerves ,  pharyngeal branch of vagus and 

occipital artery 

6 glossopharyngeal nerve 

7 carotid sinus nerve 

8 pharyngeal branch of vagus nerve 

9 spinal accessory nerve 

1 0  common carotid artery 

1 1  occipital artery 

1 2  carotid body 

1 3  artery to carotid sinus nerve and external 

carotid nerve 

1 4 , 1 5  artery to cranial cervical ganglion, 

sympathetic trunk 

1 6  artery to cranial cervical ganglion, cervical 

sympathetic trunk and external carotid nerve 

1 7  cranial laryngeal nerve 
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( g) fervical Sympathetic Trunk 

The blood supply to the cervical sympathetic trunk from its 

origin up to the level where it became as sociated with the cervical 

vagus nerve was nearly always from the oc cipital artery ( Figs . 22 ; 

24; 25 ; 27) ,  but in a very few instances it was from the cranial 

laryngeal artery. The venous drainage was usually into the cranio­

occ ipital vein (Figs . 25 ;  31 ) or rarely into the linguofacial 

vein ( Fig. 33) . 

( h) Yagus, Acces s ory and Hypoglos s al Nerves 

The occipital artery supplied the vagus nerve , including its 

pharyngeal branche s and the nodose ganglion, the acces sory and the 

hypoglossal nerves ( Figs . 21 ; 24 to 26;  34) . The venous drainage 

was usually into the crania-oc cipital vein (Figs . 21 to 33) . That 

part of the hypoglos sal nerve which curved around the common c arotid 

artery was supplie d  by an arterial �vig from the carotid body artery 

in mos t of the specimens but occasionally was supplied by twigs from 

the as cending pharyngeal , o c c ipital ( Figs . 22 ;  24) or cranial 

laryngeal arterie s .  

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

SINUS REGION 

The maj or nerves responsible for the innervation of the c arotid 

body and carotid sinus were the carotid sinus nerve (Ramus si nus 

carotici) from the glossopharyngeal nerve , and the external carotid 

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

( Fig . 1 6) .  Vagal and hypoglossal contributions were o cc asionally 

seen but no c ontribution from the a c c e s sory nerve was observed . 
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Key to Fig. 28. 

Arterial Supply and Venous Drainage of the Left Carotid 

Region. Lateral View. 

1 crania-occipital vein 

2 vein draining vago-syopathetic trunk 

3 vein draining laryngeal region 

4 vein draining carotid sinus nerve occipital 

artery, carotid body, carotid sinus and external 

carotid artery 

5 vein draining vagus, spinal accessory and 

hypoglos sal nerves 

7 - vein draining into linguofacial vein 

8 - glossopharyngeal nerve 

9 - carotid sinus nerve 

1 0  - external carotid nerve 

1 1  vagus nerve, comounicating branch to 

glossopharyngeal nerve 

1 2  -

1 3 -

1 4 -

1 5  

1 6  -

1 7  -

pharyngeal branch of vagus nerve 

hypoglossal nerve 

ascending pharyngeal artery 

occipital artery 

artery to cranial cervical ganglion 

cranial laryngeal artery 
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Key to  Fig. 29. 

Arterial Supply and Venous Drainage of the Left Carotid 

Trifurcation. Lateral View. 

1 crania-occipital vein 

2 small veins from vagus , spinal accessory 

and hypoglossal nerves 

3 vein draining conmon carotid artery, carotid 

body, carotid sinus and occipital artery 

4 small veins froQ medial retropharyngeal 

lymph node 

5 vein draining pharyngeal branch of vagus , 

carotid body arrl nedial aspect of the carotid 

trifurcation 

6 vein draining parotid salivary gland 

7 glossopharyngeal nerve 

8 carotid sinus nerve 

9 - pharyngeal branch of vagus nerve 

1 0  occipital artery 

1 2  ascending pharyngeal artery 

1 3  arteries to cranial cervical ganglion 

14 artery to glossopharyngeal nerve and 

carotid sinus nerve 
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(a) Vagus Nerve 

In one specimen o nly �as there a delicate branch from the 

pharyngeal b ranch of the vagus nerve t o  the c arotid sinus region , 

especially t o  the carotid body ( Fig . 1 0-1 ) .  It was als o noted that 

in most of the spe cimens there was a c ommunicating branch between 

the glossopharyngeal nerve and the dorsal branch of the pharyngeal 

rami of the vagus nerve . 

(b ) Hypoglossal Nerve 

In o nly two specimens was the sinus re gion supplied by a 

delicate branch from that part of the hypoglos sal nerve wh ich 

curved around the c ommon carotid artery. 

( c ) Spinal Ac cessory Ne� 

There was no c o ntribution from the ac cess ory nerve to the 

carotid trifurcation in any of the animals examined . 

( d) Carotid Sinus Nerve 

The glossopharyngeal nerve detached the carotid s inus nerve 

(Ramus s i nus carot ici ) jus t before it s emergence from the jugular 

foramen in 1 2  specimens ( Fig .  21 ) or from some point ve ntral t o  the 

foramen in the remaining 45 spec imens ( Figs . 1 7  to 20; 22 ) . In 

specimens having double carotid s inus nerve , the first one was 

detached while the gloss opharyngeal nerve was in or just outs ide 

the jugular foramen ( Figs . 1 7 ; 1 9) .  There were double c arotid 

s inus nerves (Figs . 7-2 , 2 ;  8-2 ; 9-3 ,4; 1 0-1 ) in 1 3  specimens 

( 22%) and a s ingle carotid s inus nerve ( Figs . 7-3 ,4; 8-1 , 3 ,4; 

9-1 , 2 ;  1 0-2 ,3 ,4; 1 1  ; 1 8 ; 20 ) in the remaining 45 specimens ( 78%) . 
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Key to Fig. 30 . 

Arterial and Venous Drainage of the Right Carotid Region. 

Lateral View. 

1 crania-occipital vein 

2 vein draining parotid salivary gland 

3 vein draining carotid trifurcation and last 

three cranial nerves 

4 vein draining vagus , spinal accessory and 

hypoglossal nerves 

5 vein draining carotid trifurcation 

6 occipital artery 

7 artery to cranial cervical ganglion 

8 artery to cranial cervical ganglion and 

pharyneeal branch of vagus nerve 

9 artery to cranial cervical ganglion , carotid 

sinus nerve and glossopharyngeal nerve 

1 0  vein from cranial cervical and nodose ganglia 

1 1  vein from pharyngeal region 

1 2  vein from laryngeal region 

1 3  ascending pharyngeal artery 

1 4  cranial laryngeal artery 
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Key to Fig. 31 . 

Venous Drainage of the Left Carotid Trifurcation. 

Lateral View. 

1 cranio-occipital vein 

2 vein draining occipital artery and carotid sinus 

3 vein draining carotid body, medial aspect 

of carotid trifurcation and last three cranial 

nerves 

4 vein draining vagus , spinal accessory and 

hypoglossal nerves ,  carotid body and carotid 

sinus 

5 veins draining cranial cervical ganglion and 

cervical sympathetic trunk 

6 glossopharyngeal nerve 

7 carotid sinus nerve 

8 conmunicating branches to vagus nerve 

9 pharyngeal branch of vagus nerve 

1 0  ascending pharyngeal artery 

1 1  occipital artery 

1 2  muscular branch 

1 3  cranial laryngeal artery 
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The re was a c ommunicating branch betwe e n  the carotid s inus 

nerve s in 8 sp ecimens (Figs . 8-2 ; 9-4) out of the total 1 3  spe c imens 

having double carotid sinus nerve s . There was also a communic ating 

branch between the c arotid sinus nerve and the pharyngeal branch o f  

the vagus in one specimen ( Fig� 1 8 ; Plate I-1 ) ,  between the sinus 

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

and between it and the glossopharyngeal nerve in one s pecimen. 

The name , carotid. sinus ne rve , is mis leading in its implication 

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

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

sinus nerve , just b efore it reached the tri�ation , divided into 

3-5 filaments which supplied the c arotid body, carotid sinus , and 

o cc ipital , asc ending pharyngeal , common carotid , external ccu�otid , 

cranial laryngeal and lingual art erie s ( Figs . 7 to 1 1 ) .  There were 

two sets of filament s , the medial one s  which supplied the medial 

aspects of the c arotid sinus , c ommon caroti d ,  caudal pharyngeal , 

cranial laryngeal and lingual arterie s ,  and the lateral fil�ent s  

which supplied the lateral aspect of the carotid trifurcation. The 

most prominent of all the filaments was th e one whi ch coursed along 

the lateral aspect of the c ommon carotid artery. Usually eithe r a 

filament supplying the carotid body or one of the othe r  filaments of 

the c arotid sinus nerve received a communication from the filament 

of the external c arotid nerve supplying t he carotid body, about the 

ventral or lateral aspect of the origin of the as ce nding pharyngea l  

artery. 

The two c arotid sinus nerves , obs erved in 1 3  specimens ( 22,%) , 

either united with each other before reaching the carotid trifurca­

tion or had a c ommunication with e ach other near the origin of the 
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Venous Drainage of the Left Carotid Trifurcation. 

Lateral View. 

1 external jugular vein 

2 crania-occipital vein 

3 vein draining cranial cervical ganglion and 

sympathetic trunk, glossopharyngeal nerve , 

carotid sinus nerve , pharyngeal branch of vagus , 

and carotid body and carotid sinus 

4 vein draining vagus , spinal accessory and 

hypoglossal nerves and nodose ganglion 

5 vein draining cranial cervical ganglion, external 

carotid nerve , medial aspects of common carotid 

and carotid sinus 

6 vein draining into lingu.tacial Ysin 

7 glossopharyngeal nerve 

8 carotid sinus nerve 

9 cranial cervical ganglion 

1 0  external carotid nerve 

11 vagus nerve 

1 2  pharyngeal branch of vagus nerve 

1 3  spinal accessory nerve 

14  hypoglossal nerve 

1 5  ascending pharyngeal artery 

16 cranial laryngeal artery 
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Key to Fig. 33 .  

Venous Drainage of the Right Carotid Trifurcat io n .  

Lateral View . 

1 vein draining i nto linguotaoial vein 

2 vein draining entire carotid trifurcation region 

3 vein draining carotid sinus nerve and 

glos sopharyngeal nerve 

4 vein draining medial aspect of common carotid 

artery , carotid sinus , occipital artery, cranial 

cervical ganglio n , external carotid nerve , 

cervical sympathetic trunk and last three 

cranial nerves 

5 cranial cervical ganglion 

6 glo s sopharyngeal nerve 

7 carotid sinus nerve 

8 comnon carotid artery 

9 - muscular branch 

1 0  internal carotid artery 

1 1 o c cipital artery 

1 2  asce nding pharyngeal artery 

1 3  artery to cranial cervical g5nglion and 

sympathetic trunk 

14 cranial laryngeal artery 

1 5 crania-occipital vein 

1 6  external jugular 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 (li. caroticus externus ) contributed 

the sole sympathetic innervation to the carotid body,  carotid sinus 

and the entire carotid trifurcation (Figs . 1 2  to 1 5 ;  Plate I-3) . 

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 . 1 6) .  

Very rarely the origin was by two roots which s oon united below the 

caudal extremity of the ganglion (Fig . 1 6-5 ) . 

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 tl1e 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 filament s .  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 c ommunication with a filament 

of the carotid sinus nerve just ventra l to or lateral to the origin 

of the artery ( Figs . 1 2-4; 1 4-1 , 2 , 3 ;  1 5 ) . other filaments 
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Key to Fig, }!;.. 

The Arterial Branches of the Left Carotid Trifurcation. 

Lateral View. 

1 common carotid artery 

2 occipital artery 

3 ascending pharyngeal artery 

4 artery to longus capitis muscle , medial 

retropharyngeal l;yiJph node , ani pharyngeal 

branch of vagus nerve 

5 artery to cranial cervical ganglion , 

glossopharyngeal nerve and carotid sinus nerve 

6 artery to  cranial cervical ganglion,  cervical 

SYQpathetic trunk, vagus , spinal accessory 

and hypoglossal nerves 

7 a branch to pharyngeal branch of vagus 

nerve and hypopharyngeus muscle 

8 cranial laryngeal artery 
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followed the medial aspects of the occipital artery and its 

muscular branch, and the common carotid, external carotid, 

cranial laryngeal a nd  lingual arteri es. The filament that followed 

the medial aspect of the lingual artery was the most prominent of all 

the filaments. The origin of the occipital art ery or the occipto­

ascending pharyngeal trunk received innervation from one or more of 

the filaments of the external carotid nerve excep t from those 

passing along the external cGrotid and lingual arteries. The 

tendency of these external carotid nerve filaments to for8 a plexus 

around the carotid body has already been mentioned. 

DISCUSSION 

The caroti d trifurcati on in the she ep was found to vary 

considerably in the mode of branching of the main arteries. Not 

only did the branching pattern vary in the indivi dual animal, but 

also mode of venous drainage and innervation pattern of the carotid 

trifurcation region varied in each i ndividual animal. The mode of 

branching of the carotid trifur cation also differed from that of the 

bovine species. The ascending palati ne 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 ari ses from the 

occipital artery. N .A.V . ( 1 968) also liste d the deep stylomastoid 

artery as a branch of the occipital artery in the bovine species. 

The middle meningeal and condyloi d arterie s i n  the sheep oay arise 

as a common trunk from the occipital artery. 

The regre ssion of the internal carotid artery in the lamb 

seeoed to be slow, as the patent distal portion of this artery was 

found consistentl y in most of the lambs examined . As it can be 
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easily and certainly identifiable in lambs , its origin should be 

regarded as the te rmination of t he common c arotid artery. 

The variab le position of the carotid body on either the 

occipital or asc e nding pharyngeal artery or on the occipitoas cending 

pharyngeal trunk , and it s relative smallne s s  in size c ompared t o  

other laboratory animals such as the cat ( Gerard and Billingsley , 

1 923 ; Sato , 1 932 ) ,  rabbit ( Stilling , 1 892 ; Sat o , 1 932 ) ,  and dog 

( Cornroe and Schrnidt , 1 938; Sat o ,  1 932 ) should be born in mind when 

performing expe riments dealing with the organ. 

The origin of the carotid body artery was als o  variable in 

she e p  as it c ame from the o ccipital or ascending pharyngeal artery 

or o ccipitoascending pharynge a l  trunk . More or less the same 

situation has been reported in the dog and c at by many observers . 

In the c at it has been de scribed as ari s ing from the occipital 

artery ( de Castro , 1 940) or from the occipitoascending pharyngeal 

trunk ( Muratori , 1 943 ; Addis o n ,  1 945 ; Chungcharoen et al . ,  

1 952  a ,  b ;  Murphy and Hugh es , 1 965) . I n  the dog two carotid body 

arterial branche s which or iginated from the occipital artery and 

the occipi toas c ending pharyngeal trunk rmre de scribed by de Castro 

( 1 940) , Muratori ( 1 943) , and Chungcharoen et al. , ( 1 952 a ,  b ) ; or 

from the occipital and external carotid arterie s by Addis on a nd 

Comroe ( 1 937) . Three t o  four arterial branches t o  the carotid body 

of the dog, arising from the occipital and external carotid arteries , 

from the ascending pharyngeal artery alone , or from the a s cending 

pharyngeal a nd external c arotid arteries have a ls o  been reporte d  

b y  Chungcharoe n �. ,  ( 1 952  a ,  b ) . I n  the rabbit , the carotid body 

has b een des cribed as re c e iving one or two arterial branches from 

the external carotid and internal c arotid arterie s , or the c arotid 

63 .  



bifurcation ( Chungcharoen �. , 1 952a , b ) , from the carotid sinus 

close to the bifurc�tion of the common carotid ( bddison ,  1 945 ) , or 

from the occipitoascendine; pharyngeal trunk (Murphy and Huehes ,  

1 965) . In 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 pharyneeal artery (Adams , 1 958) . 

The carotid body artery in the sheep supplied the carotid 

sin� area, as recorded in the dof and cat by Hughes ( 1 965 ) ,  and 

als o  supplied the distal parts of the carotid sinus nerve and 

external carotid nerve , whereas in the dog,  cat and rabbit ,  the 

carotid body artery has been reported to supply the superior 

cervical and nodose eanglia in addition to the carotid sinus area 

( Chungcharoen et al . ,  1 952c ) . 

The variation in the venous drainae;e of the carotid body and 

the carotid sinus area of the sheep within individuals and be�1een 

individuals was similar to that reported in the dog , cat and rabbit 

( Chungcharoen et al . ,  1 952b , c) . In the sheep the final channel 

for blood drainine fran the carotid region , including the carotid 

body, carotid sinus , associated nerves and ganglia , was the 

crania-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 jugular 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 jugular vein 

( Chungcharoen et al . ,  1 952b) . When the internal jugular vein was 
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abs ent , the drainage >vas sol ely via t he laryngeal vein into the 

ext ernal jugular vein in the dog ( Chungcharo en e t  al . ,  1 952b ) ,  and 

through the prevert ebral vein and tl1enc e int o the ext ernal j ugular 

vein in the rabbit ( Chungcharo en e t  al . ,  1 952c ) .  

It is noteworthy that in the do g ,  cat and rabbit the bl ood 

supply to the cranial c ervical and nodose gangl i a ,  although mainly 

from the occipital art ery ,  was also from the carotid body art ery 

( Chungcharo en et al . , 1 952c ) ,  \vhereas in the sheep , it was entirely 

from the occipital ar t ery. The as c ending pary.ngeal art ery only 

occas i o nally contribut es to the vas culari zation of thes e s tructures 

in the dog and cat ( Chungcharo en et al . ,  1 952c ) but in the human 

this art ery is the main sourc e of blood supply to thes e s t ructures 

( Pat t er s on , 1 950 ) . In the sheep , the crania-occipital vein , which 

drained into the ext ernal jugular vein , was r espons ib l e  for the 

venous drainage from the cranial c ervi cal and nodo s e  gangl ia . 

I t  was report ed that the carotid sinus nerve might arise from 

the nerve to the stylogl o s sus in man ( Boyd , 1 937b ) and in the sheep 

the s tyl o pharyngeal nerve might arise from i t  (May , 1 964 , 1 965 ) ,  but 

it was not s o  in any of the animals examined . The pres enc e of two 

carot id s inus nerve filaments in the sheep is not peculiar to that 

spec i es as it has been r epor t ed also in o th er vertebrat es such as 

man, primat es , Anthropo idea , Lama glama and African el ephant 

(Adams , 1 958) . 

The maj or innervation of the carotid body and c arotid sinus 

in the sheep was from the car o t id sinus nerve and the ext ernal 

caro tid nerve . Vagal innervat i on through the pharyngeal branches 

and the hypogl o s sal nerve was occas ionally s e en but , s inc e fibres 



were usually very small and inconstant , they probably are of no 

s ignificance in the she e p . Hypoglossal arrl vagal innervation from 

pharyngeal branche s ,  nodose ganglion or superior ( cranial ) laryngeal 

ne rve has been re corded in nost vertebrate s  (Adans , 1 958) .  

SUMMt..RY 

1 • The topographical anatomy of the carotid trifurcation region 

in lambs and sheep '7as studied. Studie s were made on fre sh , 

embalmed , embalmed and latex injected , and india ink injected 

spec imens for t he  b lo od and nerve supply, and the venous 

drainage , of the carotid b ody , c arotid sinus , and ass0ciated 

nerves nnd ganglia . 

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

cons iderab ly in the mode of branching of the main arterie s .  

3 . In yotll'l{; lambs the carotid bodies are difficult to identify 

with certainty by gross inspection. 

4. The occipital artery or oc cipitoascending pharyngeal arterial 

trunk near its origi n has been found to be dilat ed and thi s 

"bulb " c orre sponds to the carotid sinus in other specie s .  

5 . The po sition , blood supply and venous drainage of the carotid 

body have been found to be variable . The carotid b ody is 

found on the occipital arte ry, on the a s c ending pharyngeal 

arte ry, or the o c cipitoasc ending pharyngeal 3rterial trunk. 

The artery of the carotid body usually aris es from one of 

thes e  arteries to supply the carotid body, the carotid s inus , 

and the distal parts of the carotid sinus nerve and the 

external carotid nerve . 
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6 .  The oc cipital art e ry i s  the major arterial so urce o f  s upply 

for almost all the structure s asso c iated \nth the carotid 

t rifurcat ion . It supplies the p�oximal part of the carotid 

sinus ne rve , t he  vagus nerve including pharyngeal and 

o e sophageal rami , the nodo s e  and cranial c ervical ganglia , 

the cranial part of the cervi cal sympathetic truruc , and the 

glo s s opharyngeal , acce s sory aud hypoglos sal nerve s .  

7 . The f inal channel for blood draining the carotid trifurcation 

region , including the c arotid body, c arotid s inus , and 

a s s ociated nerves and gangl ia, is the c ranio-occipital or 

lineuofacial v ein , and thence solely into the exterlli�l jugular 

vein .  

8.  The origin a nd  the number o f  the c arot id sinus nerve or ne rve s 

vary between individuals . 

9 . The carotid sinus nerve may or mny no t anastomo se with the 

glossopharyngeal or pharyngeal branche s of the vagus nerve . 

nerve no t only inne rva t e s  the caro t id s inus 

1 1 . The s ole sympathetic innervation of the c arotid t rifurcation is 

from the c ranial cervical ganglion through the e xternal c arotid 

nerve whos e  point of origin may vary between individuals . 

1 2 .  Vagal and hypoglo ssal contributions to the c arotid trifurcation 

are uncommon and there is no spinal accessory nerve innervation. 



CHAPrER. FOUR 

LIGHT �ITCROSCOPY OF THE CAROTID BODY 



INTRODUCTION 

The carotid body of various vertebrate species has been studied 

extensively since the discovery of the carotid body by Haller in 1 742 .  

Although the carotid body of the sheep has been studied by de Kock 

( 1 954) and Abraham ( 1 968a , 1 969) , it is felt that a detailed 

description of the histological structure of the organ is still needed. 

The following work was conducted in the normal carotid body of lambs 

and sheep to study: 

( i) the size , shape , position and connective tis sue , 

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

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 inncrvction of t he  organ . 

The carotid bodies of 9 lanbs (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 ( 1 951 , 1 954) as recommended by Hamlyn ( 1 957)  and 

Guillery ll, al . ( 1 961 ) , and 
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( iii) the nature of persist ing nerve fibre s ,  their distribution 

and mode of terminations in the carotid body using 

Ungewitter' s ( 1 951 ) urea-silver nitrate staining 

technique , and Romanes '  ( 1 950) silver chloride method. 

LITERATURE REVmrT 

Very comprehensive reviews of the carotid body can be consulted 

in Funke ( 1 904) ,  Hollinshead ( 1 940a) , Schmidt and Comroe ( 1 940) , 

Pick ( 1 959) , Heymans ( 1 955 ) ,  Adams ( 1 958) , Heymans and Neil ( 1 958) , 

de Kock ( 1 958 ,  1 959) , Anichkov and Belen 'kii ( 1 962 ) ,  Torrance ( 1 968) , 

and Abraham ( 1 969) . 

The carotid body of the sheep , dog and rabbit , according to 

Adams ( 1 958) , was first mentioned by Pf8rtner in 1 869 , more than a 

oentury after the discovery of the carotid body of man by Haller 

in 1 742 . The carotid body of various vertebrates has been studied 

by light microscopy in  the bird ( Chowdhary, 1 953 ; de Kock , 1 958 , 1 95 9 ;  

Abraham , 1 969 ; J ones and Purve s , 1 969 , 1 970) , � _iigrina 

( Chowdhary, 1 951 ) ,  guinea-pig (Engstrom et al . ,  1 957 ; Kondo , 1 971 ) ,  

cat ( Gerard and Billingsley, 1 923 ; Hollinshead , 1 942a ,b , 1 943 ; 

de Kock , 1 951 , 1 954; Ross and Hunt , 1 954; Ross , 1 957b ) , dog 

( Gerard and Billingsley , 1 923 ; Bloom ,  1 943 ; Abraham, 1 969) , rat 

( de Kock ,  1 954 ; Ross and Hunt , 1 954) , mouse (Hollinshead , 1 945 ) , 

Veranus monitor ( Chowdhary, 1 950) , Veranus varius , opossum, hedge ho� 

Nyceticebus ( Adams , 1 952 , 1 955 , 1 957a , 1 957c ) , pilot-whale (de Kock, 

1 956) , Weddell-seal ( Morita et al . , 1 970) , man ( Funke ,  1 904; Keen 

and Funke , 1 906; Gomez , 1 908; Hollinshead , 1 942a; Gerard and 

Billingsley ,  1 923 ; Kushiro , 1 949; Lattes , 1 950; Willis and Tange , 

1 959b; Prys-Davies et al . , 1 964; Karnauchow , 1 965 ; Kraus , 1 966; 



Grir.1ley and Glenner , 1 967) , man and various mammals (Gerard and 

Billingsley, 1 923 ; Abrahao , 1 958 , 1 968a , 1 969) . Referenc es have 

been made to developmental a spe cts of the carotid body in the 

amphibian ( B oyd ,  1 93 3) , in t he rat ( Smith , 1 924; Rogers , 1 965 ) ,  in 

vertebrates ( Boyd , 1 93� in the sheep ( Batt e n ,  1 960a , b )  and in the 

human ( Celestine da Costa,  1 935 ; B oyd ,  1 937a) . 

The carotid body of the sheep has been studied by Pf�rtner in 

1 869 , and Schaper in 1 892 , acc ording to L.dams ( 1 958) , and als o by 

de Kock ( 1 954) , \7aites ( 1 960 )  and .Abraham ( 1 968a , 1 969) . De Kock 

studied the intraglomerular tissue of the sheep , c at and rat by 

using Holmes ' silver te chnique , and Abraham studied the innervation 

of the carotid b ody of man and various vertebrate s inc ludi ng sheep . 

However, only o ne observation of Abraham ( 1 968a) des c ribed briefly 

the innervation of the carotid body of the sheep . luthough l/aite s 

s tudied the carot id body of the sheep , he merely c onfir�ed the 

pre sence of the c arotid body tis sue at the carotid trifurcation. 

CELL TYPES IN T HE  C.lJWTID BODY 

De Kock ( 1 951 ) reported for the first time that there are two 

type s of cells in the carotid body of the cat ; a typical rounded 

glomus c e ll ( type I)  and an irregular , smaller s e c cnd glo�us cell 
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( type II) . Her observations in 1 954 i n  the sheep , c at and rat , using 

Holmes ' siiver t e chnique , c onfirmed the presence of type I and type II 

cells . She als o  mentioned s ome other c ells such as interstitial cells , 

ganglion ce lls and unidentified acidophil cell s .  



Chief Cells 

The chief cells ( Ada.ms , 1 958;  Grirnley and Glenner , 1 966b ; 

Kondo , 1 971 ) of the carotid body appear under a variety of names 

in the literature as follows : " chemoreceptor" cells ( De Castro , 

1 926 , 1 95 1 ; Heymans , 1 955 ; Ross , 1 957a ,b ,  1 959) , "type I "  cells 

( de Kock , 1 951 , 1 954) , " epithelioid" cells ( de Castro , 1 951 ; 
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Chowdhary, 1 950 ; Adarns , 1 952), "glomus " cells ( Lever and Boyd , 1 957 ;  

Garner and Duncan , 1 958) , "specific"  cells ( Hoffrnan and Birrell , 1 958) , 

"distinct"  cells ( Garner and Duncan , 1 958) , "nedial " cells ( Hoffman 

and Birrell , 1 958) , "enclosed" cells ( .Al-Lani and Murray , 1 958a ,b ) , 

"main" cells (Morita et al . ,  1 970) , "typical" cells , "principal" 

cells ( Ada.P.ls , 1 958) , "granular" cells (Molyneux and Scott ,  1 966) . 

The chief cells ( type I) , according to  de Kock ( 1 951 , 1 954) 

stain bluish grey with a granular cytoplasn , while their nuclei 

remain unstained with Holnes ' silver stain and they contain up to 

three nucleoli . However a contradictory report came from Abraham 

( 1 969) . He claimed that "the distinction of chief /_type !7 and 

accessory cells /.type I!7 appeared to be partly justified , type II 

cells of de Kock ( 1 954) being only vaguely distinguishable from 

the chief cells on the basis of  the features given in the literature " .  

At the saoe 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 . 

Types of Chief Cells 

In most mammalian species , there are two types of chief cells , 

"light" or chronophobe and "dark" or chromophil cells as in the 

rabbit ( Lever and Boyd , 1 957 ; Lever et al . ,  1 959) , mouse  and cat 



(Garner and Duncan , 1 958) . However no such cell types rrere 

mentioned by Ross ( 1 957a ,b)  in the cat and Engstrom et al . ( 1 957) 

in the guinea-pig and man. 

The " light " cells , according to  i�dams ( 1 958) 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 oore nucleoli . The 

smaller "dark" cells have been described as having a strong 

eosinophilic and homogenous cytoplaso and the s.oall and dark 

nucleus is rich in chrooatin ( de Castro , 1 929 ; cited by Adaos , 

1 958) . In some ani.oals the dark cells were reported to be the 

majority of the glomus cell population ( Sato , 1 932;  Lever and 

Boyd , 1 957 ; Lever 2t al . ,  1 959 ;  Morita et al . ,  1 970) v;hile in the 

others no specific light or dark cells have been reported (Engstrom 

et al . ,  1 957 ; Ross ,  1 957a ,b ; Hollinshead ,  1 942a ,b , 1 945 ; 

Chowdhary, 1 950 , 1 953 ; Adams , 1 952 ;  Willis and Tange , 1 959b ; 

Dowd , 1 966 ; Kondo , 1 971 ; Abrahru�, 1 969) . 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, 1 954) , ovoid , cuboidal or 

even columnar (Hoffman and Birre ll ,  1 958) in the rat ; rounded or 

oval ( Hollinshead , 1 945 ) ,  ovoid or polygonal ( Garner and Duncan, 

1 958) in  the mous e ;  polygonal . o r  rounded (Engstrom et al . ,  1 957) 

rounded or angular (Kondo , 1 971 ) in the guinea-pig ; complex shape 

in the rabbit (Biscoe and Stehbens , 1 966) ; polygonal or rounded 

( Hollinshe ad , 1 942a,b , 1 943 ;  Ross ,  1 959) , rounded (de Kock, 1 951 , 



1 954; de Kock and Dunn, 1 964) , ovoid ( Hes s ,  1 968) , cooplex shape 

( Biscoe and Stehbens , 1 966) or irregular (Al-Lami and Murray, 1 968a) 

in the cat ;  rounded or slightly elongated ( Abraham, 1 969) i n  the 

dog; typically rounded ( de Kock , 1 954) in the sheep ; multiangular 

(Hollinshead , 1 942a) , polygonal or rounded (Abraham, 1 969) in man. 

The size of the chief cells in various vertebrates has been reported : 

in the duck , 8-1 1 � in diameter (Jones and Purves , 1 970 ) , guinea-pig , 

1 5  IJ. in diameter (Engstrom et al . ,  1 957) , cat , 6-1 0 IJ. (Ross , 1 959) 

or 8-1 2 � ( Hess ,  1 968) , calf , 1 5-1 8  f-1. ( Ostemann, 1 952 ) , horse , 

1 0-20 j.L ( de Boissezon, 1 942 ) and oan , 7 .5 j.L ( Martinez , 1 939) or 

1 5-30 IJ. (Watzka , 1 943) . 

The chief cell contains a �ber of organoids in its cytoplasm:  

mitochondria, granules ,  Golgi c omplex , centrioles and fibrils . The 

cytoplasmic processes will be reviewed under ultrastructural studies 

of the carotid body. The granular nitochondria p reviously reported 

by de Castro ( 1 926) , Argoud and de Boisse zon ( 1 938) and de Boissezon 

( 1 942) were later found to be fuchsinophilic granules ( Hollinshead , 

1 942b , 1 943 ) which disappeared under anoxia ( Hollinsheo.d , 1 945 ) . 

De Castro ( 1 926) h�d found these to be plentiful in the dark cells 

but Hollinshead (1 945 ) 1�ported tho.t they were not mitochondria . 

Many observers hnve described the glomus cells as having cytoplasmic 

processes but Abraham ( 1 969) denied their presence . Neurofibrils 

or neurofibrillar networks were claimed by Meijling ( 1 938) and 

de Kock ( 1 951 , 1 954) to be present in the glomus cells , but later  

observers were unable to detect their existence (Hammond ,  1 941 ; 

Hollinshead , 1 943 ; Abraham , 1 969) . 
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G lomus Cells of th e Sec on d TYPe 

The glomus cells of the sec ond type ( de Ko ck , 1 951 , 1 954) 

a lso have a ppeared under ,-;. vo.. riety of name s; " type II" cells 

( de Koc k , 1 951 , 1 954) , " sustentac u lar" c ells ( Ross, 1 95 9 ;  Grm ley 

and G lenner , 1 966b ;  Kondo ,  1 971 ) ,  " rec eptor" cells ( de K ock, 1 954) , 

" perisinusoida l" or " perico.pillary" cells ( AdnEs, 1 957n) , 

" pericyt es "  ( Lever et a l. , 1 959) , "ca psu le" or " supporting " c ells 

( Hess , 1 968) , " satellite" ce lls ( H offnan and Birrell, 1 958;  

Dtmcan and Ya tes, 1 967 ; de Castro ani Rub io ,  1 968 , K ond o , 1 971 ) ,  

" enc losin g" cells (Al-Lani nnd Murray ,  1 968b) . 

Th e type II c ells v;rere f irst reported by de Kock ( 1 951 ) in 

the cat and then la ter sh e c onfiroed their pre sence in the she ep, 

co.. t and rat in 1 954. These c e lls, acc ord ing to her, o.re sna ller 

than th e chief or type I c ells, i1�egu�ar in sha pe, sta in ( Haloes' 

silv er) pinkish red and are dev o id of cyto plasnic granu les. She 

f ound then interp osed between the sinusoida l b lo od s po.ces and 

betwe en groups of type I cells or c losely a pplied to th e lo..tter. 

She sta ted that they are f ound sparing ly in gloneruli, are ouch 

less c ommon th�:m type I ,  and " their re lative nunber inc reases 

towards the entrance area of the b lood sup ply to the c ar otid b ody" 

( d e  Koc k ,  1 954) . These type II cells or c ells resemb ling then 

hav e a lso been reported in various anina ls: in th e guinea-pig 

( En gstron et o. l . , 1 967 ; K ond o , 1 971 ) ,  rabbit ( Lev er � a l . , 1 95 9 ;  

B isc oe and Stehbens, 1 966) , cat ( Lever et a l. , 1 95 9 ;  Ross, 1 95 9 ;  

de Kock a nd  D unn ,  1 964; B isc oe a nd  S tehbens, 1 966;  Duncan and 

Ya tes , 1 967 ; Hess, 1 968 ; Dearna ley et a�. ,  1 968 , se e u ltras truc tu ra l  

stud ies of the c arot id body) , Weddell sea l ( Morito. et a l. , 1 970) 

and man (W illi s and Tange , 1 959b) . The type II c ells, a c c ording 
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to Lever et al . ( 1 95 9) are more often obs erved in the rabbit than in 

the c at .  

The type II cells were claimed by de Kock ( 1 951 , 1 954) to be a 

spe c ial type o f  re ceptor cell due to the fact that they exhibited 

neurofibrillar network . H�7eve r ,  Hollinshead ( 1 940b , 1 943 ) and 

Abraham ( 1 969 ) did not find the neurofibrillar network . Many 

observe rs do not a ccept the " receptor " idea. of de Kock ( Hollinshead , 

1 940b , 1 943 ; Adruns , 1 957a ; Abrahan , 1 969 ) . 

Inte rstitial Cells 

Meijling ( 1 938) first described the interstitial cells and later 

de Kock ( 1 954) reported that they were of two typ es , stellate and 

non-stellate in the carotid body of the sheep , c a.t and rat . It was 

their idea that th ese cells played th e part of inte�ediarie s  

between the afferent fib re s  nnd the glomus cells. Adnns ( 1 958 ) 

stated thnt the pre cise relationships of the se c ells to the nerve 

terninations i s  by no means c lear . Abraham ( 1 969 ) denied the 

presence of th es e ce lls in the carotid b ody. 

Fuchsinophilic Cells 

Acco rding to Hollinshead ( 1 945 ) , there are usually a few 

ste llate c e lls , whose cytoplasm is c rowded with granule s  brilliantly 

s tained with fUchsin , w edged among th e larger and more rounded 

chemoreceptor cells of the mouse . One or two irregular shaped 

cells , which stain brilliantly red with Holnes 1 silver stain , have 

been reported to be usually pre sent i n  the carotid body of the 

sheep , c at and rat ( de Kock, 1 954) . These small stellate cells 

have also been reported to be apparently unchanged either in 
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number or granulation under anoxia ( Hollinshe ad , 1 945 ) .  In 1 957 , 

Ro s s  demonstrated both fuchsinophilic a nd siderophilic granule s 

in the carotid b ody of the c at .  

Ganglion C e lls 

Ganglion cells have b een reported in the carotid b ody of 

various animals : in the rat , rabbit , nonotrene s ( TachyBlos sus ) , 

he dgehog , cat , pig, shee p , horse , pilot whale , Weddell seal and nan. 

They were found to be pre s ent in the carotid b ody of the sheep , 

rat and cat ( de Kock , 1 954) , pilot whale ( de Koc k ,  1 956) , c at ,  in 

the periphery of the c onne ctive ti s s ue  capsule , ( Ro ss , 1 959 ) , 

rabbit , als o  i n  the periphery of th e c onnective ti ssue capsule , 

( Ros s ,  1 959) , rabbit , also in the peri phery of the connective 

tis sue cap sule , ( Biscoe and Stebhe ns , 1 966) , pig , betwee n  the 

glooeruli , ( ;�brahc.::l , 1 968o.) , hor se , in the capsule and c onnective 

t i s sue septa , (AbrcJ1nL1 , 1 958 , 1 968a , 1 969) , and elsewhere in the 

carotid b ody of monotrene s ( Tachyglos sus ) ( Dowd , 1 966) and the 

hedgehog ( lillrahao , 1 968a) . Although ganglion cells have been 

de s cribed in the she e p , cat and rat by de Kock ( 1 954) , Abraha.n ( 1 968a , 

1 969) di d not f ind then in the sheep or in horned cat tle . Gerard 

and Billingsley ( 1 923) s tated that there were no nerve cells of 

any type i n  the carotid body of t he cat ,  dog and man but on the 

other hand Abraham ( 1 969) c laime d to have found single ne rve cells 

in the periglandular p lexus of c arotid body of nan. Acc ording to 

Abraham ( 1 968a) th e nerve c e lls and ganglia found in the hedgehog , 

having only one pro ce s s , bel ong to the glos s opharyngeal syst em , and 

those o f  the pig and horse p o s se s s ing two or more proc e s se s , 

belong t o  the sympathe tic system. 



INNERVJ,TION OF THE CAROI'ID BODY 

There are ��o najor theoretic�l vi�;s proposed by de Castro 

( 1 926) and Heijling ( 1 938) regc..rdine; t rn  innervation of the carotid 

body. According to de Castro , only the glossophcrynge�l nerve 

exclusively supplies the capsular ( periglandulcr) and periglonerular 

( perilobular) plexuses nnd the fibres inside the lobules ( intra­

glonerular plexuses )  are the terninations of the medullated fibres 

which come fron the latter. Section of the IX nerve belo� the 

ganglion caused degeneration of the fibres supplyine; the lobules 

indicattng tha t  they were rec ep tors K de Castro ,  1 926) . In 1 928 he 

again performed the IX nerve section above the ganglion and found 

that the fibres supplyin(S the lobules reoaincd unchane;ed , so he 

again c).ai.oed that they '\7Cre sensory receptors . Do Co.stro ' s 

terminal reticulw� concept h�s h�d many supports (Riegele , 1 928 ;  

Sunder-Plassnann , 1 933 ; Rnsario , 1 937 ; Hollinshead , 1 940b , 1 943 ; 

Abrahnn, 1 969) . The idea of double innervation of the carotid body 

lobules fron synpathetic etnd parasyt�tpathetic s ources was later 

proposed and accepted by nany observers ( Palunbi , 1 940; Abrahan , 

1 953a , 1 968a , 1 969 ; Stohr , 1 950 , 1 951 , 1 957 ; /,druJs ,  1 958) . 

On the o ther ht:md , Meijling ( 1 938) , according to .:�dru...!s ( 1 958) , 

maintained that the specific cells of the carotid body formed a 

syncytium in which are embedded interstitial cells which act as 

intermediaries between the afferent fibres and the specific c ells ; 

this concept has been supported , according to  Adams ( 1 958) , by 

White ( 1 935) , Goomaghtieh ( 1 939) , Martine z ( 1 939) ,. de l�ock ( 1 954) 

and Clermont ( 1 955) . 
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Nerve Fibre Terminals and Nerve Endings 

The various forms of nerve endings have been des cribed a s  

"menisque tenninaux" ( de Castro 1 1 929) , plates or nerve end plates 

in the guinea-pig (Engstron et al . ,  1 957) , and fibres only, in the 

hedgehog (Adams , 1 957n ; lilirahm1 , 1 968a) , free nerve endings , tiny 

loops and bulb s  in the cat ( Hollinshead ,  1 939) , end bulbs or 

ond.rings in the dog (Abraham, 1 968a , 1 969) , plates on end fibres in 

the sheep (Abrahrum , 1 968a) 1 end systems and end arborizntions in 

cattle (Abraham , 1 968a) , end aborizations of a variety of for.os in 

the horse (Abrnham, 1 968a) and end bulbs , end rings or end knots in 

man (Abraham , 1 968a , 1 969) . 

There is  controversy as to the localization of the terminal 

nerve fibres or endings of the carotid body; sooe consider that 

they penetrate the cytoplasn (intracytoplasmic) of the carotid 

body (Riegele , 1 928; Boeke , 1 932 ;  de Castro , 1 951 ) or of the 

aortic body (Nonidez , 1 935a) , whereas nany observers have clained 

that they did not penetrate the chief cell cytoplasm (pericellular 

or appositional ) ( de Castro , 1 926 ,  1 929 ;  Riegcle , 1 928; Sunder­

Plassnan , 1 938;  fillrahao, 1 953a , 1 969 ) . The pericellular or 

appositional nature of nerve fibre terminals or nerve endings 

has been confiroed by electron microscopical studies ( Ros s ,  1 957 , 

1 959; Engstrom et al. , 1 957; Lever et al . ,  1 959 ; Garner and 

Duncan , 1 958;  Biscoe and Stehbens , 1 965 , 1 966; Al-Lani and 

Murray, 1 968b ;  de Kock and Dunn , 1 964, 1 968; Hess , 1 968; 

Dearnaley_ et al . ,  1 968; Kondo , 1 971 ; Abbott et al . ,  1 972 ) .  

According to  Ross  ( 1 957) the end fibres of glossopharyngeal nerve 

end directly and freely on the surface of the glomus cell s .  

Abraham ( 1 969) reported th�t all kinds of fibres raoify near their 
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site of junction with the g lomus cell ( in close contact with the 

cells ) , and nerve end bulbs or end rings are located benveen or 

s omet imes on the glomus cells of the dog . 

The occurrence of nerve fibres and aborizations in the 

cap sular vein of the human ccrotid b ody ( AbrahD.B , 1 969 ) , and in the 

"capsular artery" of the carotid b ody of the sheep (AbrahD.B , 1 968a , 

1 969) and the doe (Abrah�� ,  1969 ) has been reported . Als o ,  the 

artery of the carotid b ody and occipital artery in the cat , up to 

the level of origin of the artery of the carotid b ody, has been 

found t o  be rich in baroreceptor nerve endings ( de Castro , 1 940) .  

�JJLTS 

A .  HISTOLOGY OF T !iE  NORMI\.1 Clill.OTID BODY 

Shape , Size and Position 

The carotid b ody of the lanb is an oval , rounded or irregular 

shaped nas s  of ti ssue si tuated on the c ranionedial aspe ct o f  t he  

occipital artery o r  o ccipitoas cending pharyngeal arterial trunk 

(Plate II , Fig. 1) , at or around the orig in of the as cending 

pharyngeal artery ( Plate II , Fig. 2 ) , or s ituated at the angle 

forned by the origin of the external carot id artery and o c cipital 

artery ( or oc cipi toascendine; pharyngeal arterial trunk) .  The 

greater part of the carotid body tis sue was compact and capsulated 

in seven aniBals ( Plate V, Fig. 1 )  while in the reu1aining two all 

the glomic tissue was either s cattered around the origi n of the 

ascending pharyngeal artery or widespread around the carotid 

trifurcation ( Plate II ,  Fig . 3 ) . In some s pe cioens the s cattered 
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glomic ti ssue was 0 .88 illlJ. to 1 .40 mm away fron the main corilpact 

carotid body tissue . In two out of six specimens studied prior to 

fluorescent microscopy, the co.rotid body tissue was scattered 

around the origin of the nscending pharyngeal artery ( Plate XVIII ,  

Fig . 1 )  o r  the o ccipital artery (Plate XIX , Fig. 2 ) . 

The sizes of the cnrotid bodies studied varied widely fron 

1 . 25 X 0 .54 X o . Bo DD to 1 .75 X 0 .75 X 1 .84 fJJO (Tables V, VI , VII ) . 

The left nnd right carotid bodies were found to be unequal in size . 

In all speciuens studied the carotid bodies v,rere never related to 

the internal carotid artery which , in the laob s ,  was usually patent 

(Plate XV, Fig . 2 ) . 

Capsule and Lobulation 

The conpact carotid body tissue was surrounded by a collagenous 

connective tissue capsule uhich was in part continuous with the 

adventitia of the ascending pharyngeal artery, the occipital artery, 

the occipitoascending pharyngeal arterinl trunk or the external 

carotid artery ( Plate II , Fi� .1 , 2 ;  Plate IX ,  Fig . 2 ;  Plate XIX , 

Fig . 2) . The capsule was not very distinct , except in one 

specimen studied prior t o  fluore scent nicroscopy, and in it no 

elastic fibres were denonstrable by the stains and the staining 

technique employed: orcein, Verhoeff ' s  elastin stain , Gomori ' s  

aldehyde fuchsin and Mns son ' s trichroue stain. The scattered carotid 

body tissue possessed a thin c onnective tissue capsule . The 

capsule , particularly that around C Q�pact tis sue , contained 

myelinated and nonmyelinated nerve fibres , blood vessels and 

lymphatic s .  Strands of c onnective tissue extended into the 

carotid b ody substance thereby dividing too organ into separate 
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� thod o f  De termining the Size of the Caro tid Body 

Measurements of the leng th , bread th and thickne ss o f  the 

caro t id body a s  a whol e  were carried out on the s erial paraff in 

sections . Serial s e c t ions 5� thick were cu t t hrough the en t ire 

8 0a .  

Garo t id body and the to tal number o f  the s erial s ec t ions was noted . 

Eve ry tenth sect ion was moun ted on a gla s s  s l ide and sta ined with 

haemat oxylin and eo s in .  The g reat e s t  length and greatest b read th 

�f the caro tid body was ob tained by measuring these dimens ions on 

the moun ted serial sec t ions , u s ing the st age microme ter of t he 

micro s cope . The thicknes s  o f  the c aro tid body wa s calculated by 

multiplying the sec t ion thickness b y  the to tal number of serial 

sect ions ob tained from the ent ire carotid body . 



Animal 

1 • Lamb 

2 .  " 

3 .  " 

4. " 

5 .  " 

6.  " 

7 . tl 

B. Sheep 

9 .  " 

TABLE V. 

SIZE OF THE NORMAL CAROTID BODY 

Whole organ (mm) Diameter of 
largest 

Left Right lobule (mm)+ 

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 
• 

0 .78 X 1 .02 X 1 .00 0 .73 X 0 .33 X 0 . 1 0  0 . 1 0 

0 .50 X 0 . 25 X 0.20 

0 .85 X 0.35 X 1 .36 1 .21 X 0 .57 X 0.80 0 . 1 7 
* Ill! 

1 . 25 X 0.54 X 0 .80 1 . 1 2  x o .43 x o .6o 0.28 
* • 

1 . 20 X 0 .85 X 1 .20 1 .05 X 0 . 70 X 1 .00 0 .35 

1 .00 X 1 .00 X 1 .42 1 .45 X 0.52 X 1 .30 0 .25 

1 .35 X 0 . 66  X 0 . 84  1 .00 X 0 .75 X 1 .24 0 . 24 

1 .90 X 0 .70 X 1 .42 1 .30 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 measure d from a random selection of serial 

sections 

Right carotid body of animal 2 had two 

portions 
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TABLE VI . 

SIZE OF THE NORMAL ( CONTROL) AND 

DENERVATED (AFTER SECTIONING OF THE CAROTID 

SINUS NERVE) CAROTID BODY (IN mm) 

Animal Right ( control) Le�t ( denervated) 

I 
R 1 i 

'2 

N 3 : 

• 

Animal 

1 .01 X 0.80 X 1 .45 1 .00 X 1 .00 X 1 .50 

1 .40 X 0.45 X 0 .86 1 .61 X 0 .50 X 0.92 

1 e50 X 1 . 1 0  X 1 .73 1 . 25 X 0 .79 X 1 . 20 

1 .05 X 0 .90 X 1 .22 1 . 1 5  X 0.80 X 1 .34 

1 . 23 X 1 .21 X 0 .68 1 . 1 9  x o.6o x 1 .01 

TABLE VII . 

SIZES OF THE NORMAL ( CONTROL) JIND 

SYMPl�HECTOMISED CAROTID BODY ( IN mm) 

Right ( control) Le�t ( sympatheoto-
mized) 

1 . 1 6  X 1 . 1 7  X 1 . 95 1 . 1 6  X 1 .00 X 1 .43 

2 . 00 X 1, .05 X 1 . 25 1 .70 X 0 .57 X 1 .25 

1 • 92 X 1 .1 5 X 1, .48 1 . 1 3  X 0 .80 X 0 .62 

0 .30 X 0.90 X 0 . 6o  2 . 00 X 1 . 23 X 1 .40 

1 . 1 5  X 0 .95 X 1 .50 1 . 55 X 0 .85 X 1 -.37 

The carotid bodies o� animal 3 had two 
portions 
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and distinct lobules (Plate III , Figs . 1 ,2 ,3) . Thes e  collagenous 

septa provided pas sage for the blood vessels , lymphatics and nerves .  

Fibroblasts and Schwann cells were seen in the conne ctive 

tissue skelet on of the carotid body. They usually accompanied the 

nerve t runks to reach the interlobular and intralobular glomic 

tissue . The nucleus of t he fibroblast was smaller and stained much 

!..i1ore deeply than that of the Schwann ce 11 and was 6-1 51l long and 

1 -2 . 5j..L wide . The Schwann cell exhibited a very pale and scanty 

cytoplasm around the elongated and flattened nucleus which was 

1 4-1 7J.L in length and 2-31l in width . The Schwann cell nucleus 

displayed a dense accumulation of chromatin material especially 

at the periphery of the nucleus . 

G-anglion cells were o ccasionally found in the c onnective tissue 

capsule ( Plate III , Fig . 2 )  or in the vicinity of the carotid body 

among the nerve trunks (Plate XII ,  Fig. 1 ) .  Only in one s pecimen 

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 nith an eccentrically 

placed nucleus . They were up to 321l in diameter and their nucleus 

was 1 0 �L in diameter . The round to oval nucleus exhibited 1 -3 

nucleoli in tis sue sections impregnated with s ilver 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 ArteEY. 

The carotid body artery arose from the ascendine pharyngeal 

artery, occipital artery or occipitoascending pharyneeal arterial 

trunk. Its dianeter at the origin varied from 0 . 1 5  r&J to 0 . 22 mm 

in the specimens exmJined . It usually divided into two or more 

branches to supply the carotid body, carotid sinus , and the external 

cnrotid and carotid sinus nerves . In soue specimens parts of the 

carotid s inus , externnl ��rotid and �lossopharyneeal nerves wore 

also supplied by a separate arterial tvrif, from the ascending 

pharyngeal artery. The di.::uneter of the carotid body artery, 

outside the carotid body tissue before it divided into sncller 

arterial branches was 0 .08 on to 0 . 1 8 mm . The diaa eter of the 

carotid body artery, within the substance of the organ after its 

division , was 0.07 ThJ to 0 . 1 3  nm . 

The carotid body artery had an elastic structure from its 

origin to the level of the carotid body. The nedia and intima 

were 5-1 5 1-1. thick, the adventitia 'VEtS 2 .5-1 2 .5 !1. ,  and the total 

arterial 'liTall thickness of the carotid bocly artery was 7 .5 J..L to 

20 !1. .  The number of elastic neL1brancs present at various levels 

of the artery raneed from 2 to 6 (Plate VIII , Fie. 1 ) .  The 

carotid body artery in the lamb and sheep was richly supplied vrith 

nerve fibres some of  whi ch also  supplied the carotid bocly 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 oedia of the carotid body 

artery (Plate VIII ,  Fig . 2 ) . 
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Carotid Body Veins 

Eight to twelve small veins 0 .02 mo to 0.05 OR in diameter 

eoerged from the carotid b ody capsule and united on the surface of 

the capsule to foro 1 to 3 larger veins (Plate V ,  Figs . 1 , 2) . The 

larger veins with diameter ranges from 0.05 no to 0 .08 n� received 

veins of the same sizes from the carotid sinus , and the connon 

carotid and external carotid arteries (Plate V, Fie . 1 ) .  The 

larger veins were supplied with nerve fibres (Plate VIII , Fig . 3 )  

but it was not possible t o  identify then in the walls of small 

vessels . 

Carotid Sinus Nerve 

The diameter of the carotid sinus nerve varied frou 0 .50 mo 

to 0 . 78 mo in the ani@als exruoined. The perineural sheath was 

usually 0 .01 nn to 0 .20 nrJ thick but in some specimens it wns up 

to 0 . 30 mo 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 5-1 6 nerve bur�l� (Plate II , Fig. 3 ) . 

The diameter of the smallest nerve bn11dle was 0 .06 mm and of the 

largest was 0 . 20 rua to 0 .30 nm . In � 11 nerve bundles there were 

both myelinated  and nonmyelinated nerve fibres . In the large 

nerve bundles ,  there were three different diameters of myelinated 

nerve fibres , large , medium nnd small . The large nerve fibres 

were 8-1 2 J.L in diameter ( including nyelin sheath) , the medium 

sized fibres were 4-5 J.L in diameter and the small nerve fibres 

were 1 J.L to 1 .5 J.L in diameter . In each nerve bundle the small 

diameter nerve fibres were numerous and the large diaLleter nerve 

fibres were comparatively few , while the number of mediuo size 
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ne rve fibres was inter�ediat e . The nerve fibre s , e s pecially the 

large di ameter ne1�e fib re s , exhibited regular thicke nings and 

narrowings along the ir course in tis sues impregnQted with silver 

so lutions . However , tis s ue s  fixed in Regaud ' s  f luid and post­

chromated for at least 2-3 days , and ti s sue s fixed in oodified 

K.::l.rnovsky' s fluid and po st-fixed in o soiun tetroxide s oluti on , did 

not show the se axop lasmic V['.ri c 'l sit ic s . Some of the ne1�e bundle s 

froo the caro tid s inus nerve by-pas sed the c arotid body to supply 

the carotid s inus ( Plate VII ,  Fi e . 1 ) .  

External Carotid Nerve 

The external carotid nerve , a branch froo the cranial cervi cal 

ganglion , v1as a ls o  c a ll ed the ganglio-glooerular nerve by 

Eyz aeuirre and Uchiz ono ( 1 961 ) .  Tho diQQeter of the external 

carotid nerve was 0 .40 on to 0 .81 on . The perineural sheath o f  

the nerve was 0 .05 crQ t o  0 .3 2 run thi c k ,  and the thickest portion 

of the sheath was found in the prox��al portion of the ne rve . It 

was sub-divided into 5-8 nerve bundles before reaching t he c arot id 

trifurcat ion . The s e  nerve bunC.lcs Here 0 .04 nn to 0 .20 r::u:1 i n  

di aneter and each c ontained up t o  five oyelinated axons . The 

ext ernal c arotid nerve co ntained no s t ly unr.:lye linated fibres 0 .50 

- 2 .00 j.1. in diaoeter and very few o.yelinated nerve fibre s 3-8 j.1. 

in diameter . The soaller oyelinated axons were 3-4 1-1. and t he  larger 

one s  up to 8 J.1. in di ao.e ter . The numbGr of oyelinated axons in e ach 

nerve bundle v axied c onsiderably. 
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TYPES OF CELLS IN THE CAROTID BODY 

C hief Cells 

The chief ( type I ) ce lls foro the ma jority of the carotid 

body cell groups . The type II cells are snaller cells which 

surround the type I cell or cell groups . As the tern " type I I " 

doe s not i.nply any speci fic funct ion , i t  is used t hroughout this 

study. 

The chief cells vre re of imegular shape with a dianeter of 

8-1 3 J.L • They possessed a centrally placed round to oval nucleus . 

The chief cells occurred e it her singly or in e;roups of tvro or 

five cells and were closely related to sinusoids . The cytoplasn 

was foany and slightly granular in appearance . In tissues fixed 

in foroalin ,  forool saline ,  forool-acetic alcohol , fornol-glycerin , 

Bouin or Bouin ' s  fluid r:10dified by Davenport ( 1 960), the cytoplasm 

of the carotid body ce lls generally exhibite d cytoplasmic 

vacuolation (Plate IV ,  Fie . 3 ;  Plate X ,  Fir, . 1 ) .  However ,  t issues 

fixed in Rer,aud ' s fluid and postchronated for 2-3 days showed very 

finely granular cytopl.::tsD without cytoplasmic vacuolations 

( Plate IV, Figs . 1 ,2 ) . 

There appeared t o  be two types of chief cell , one with a 

snaller , deeply staining nucleus and the othe r  with a larger pale 

nucleus .  The snaller " chronophil" cells v<ere 8-1 0 J.L in dianeter 

with nuclei 3-5 J.L in di aneter . The nucleus of smaller chief cells 

was rich in chromatin material and was readily stained with nost 

stains . The nuclear neobrane was t hick and dense. In tissue sections 

impreenat ed with silver solutions the nuclei exhibited one to three 



nucleoli (Plate VI , Fie . 2 ;  Plate VII , Fie; .  3) . The lareer type of 

chief cell was 1 0-1 3 l.L  in dia.neter and the pale , rounded nucleus 

was 4-7 ll in diameter. The nucleus exhibited chronatin e;ranules 

and its nembrane was thin but distinct . 

It was not possible to demonstrate the cytoplasruc proces se s  

i n  tissues fixed in Rceaud ' s fluid or i n  any other fixntives 

enployed in this experinent . The carotid body cells foroed 

independent ce llular elenents and did not show any syncytial 

arrane;enents . The cell boundaries were sharply outlined in 

properly fixed tissues and did not show any anastoooses between 

thenselves or cells of other types . 

The carotid body cells displayed a slieht variation in their 

stainine; reactions . Cytoplasr�c ore;anelles and fuchsionphil cells 

could not be identified by the histoloe;icaJ. techniques enployed in 

this study. The interstitial cells of Me ijline; ( 1 938) and de Kock 

( 1 954) were not observed in the carotid body. 

Type II Cells 

The type II cells were irregularly shaped cells whose nuclei 

stained nore deeply than t hose of the chief cells . The nuc leus 

was irreeularly trianeular in shape and :21easured 3-6 I.L 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 oicroscope . The nucleus of the type II cell 

possessed a dense and distinct nuclear menbrane and 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 Bo� 

Bis coe and Stehbens ( 1 966 )  and Biscoe ( 1 971 ) did not use the 

tem s inusoid , :instc:c:!L thc.:y des c ribed t hem as blood vessels of the 

carotid b ody. Ac c ordine to Bloon � nd  Fawcett ( 1 962) , Majno ( 1 965 ) 

and Han ( 1 969) sinusoids have intercellul.:1r eaps and their basenent 

nemb rane s are discontinuous . However , oany obse1�ers used the ten� 

sinus oid ( Hoffoan and Birre ll , 1 958; Gcrner and Duncan , 1 958 ; 

Lever and Lewis , 1 959; Lever et al . ,  1 959 ;  de Kock , 1 960 ; 

de Kock and Dunn, 1 964 , 1 968 ; Al-Lani and Murray , 1 968a ,b;  He s s , 

1 968 ; Torrance ,  1 968 ; &.n--�- , 1 971 ; and J"bbott and Howe , 1 972) . 

For convenience in this lieht rnicro s copical study, a ll blood ves sels 

within a diameter ranee of 5 J..1. to 30 J..l. were cc.teeorized as sinuso ids . 

The diane ter of sinusoids in the carotid body rc.nged from 5 J..l. to 

1 6  J..l. . Type I ce lls or cell eroups were seen very closely as s oci.:1ted 

with the sinus oidal wall . In tho se si tuations an intercellular eap 

of only 0 .5 J..l. to 1 I.L separnted the e ndotheliun and the type I ce lls . 

However ,  s one of the type I cells rrere nbout 1 -3 J..l. dis tant fron the 

sinus oidal wall . 

The arteriolcs of the carotid body neasured 8-25 I.L in diaoeters , 

and they were lined by 2-5 endothelial cells (Plc.te IV, Fie . 1 ) .  



INNERVATION OF THE CAROTID BODY 

TYpes and Distribution of Nerve Fibres 

The carotid body received both nyelinated and nonmyelinated 

fibres throur;h the carotid sinus and external carotid nerves . Some 

of the fibres (both nyelinated and ncnoyelinated ) either bypassed 

the carotid body or pa::eed throueh the substance of the ore;an to 

reach the carotid sinus ( Plate VII � Fie . 1 ) . Most of the nyelinated 

fibres showed a poor staining reaction for the nyelin sheath in 

tissues fixed in the routine histological fixatives . However ,  the 

nyelin sheaths of tissues fixed in Regaud ' s fluid stained \Yell with 

myelin stains . Also , tissues fixed in modified Y�rnovsky' s fluid 

or 5% glutaraldehyde solution ( phosphate buffered) and subsequently 

stained with osnium tetroxide and uranyl acetate shmored nyelin 

sheaths very well . 

The dianeter of nyelinated fibres located within the interlobular 

and intralobular substance ranged fron 1 !J. to 6 !J. • The nerve fibres 

did not foro any nerve plexuses  in the capsule or vnthin the carotid 

body. 

Morpholoey of Nerve Teminals 

In the present study no nerve endings which could be regarded 

as species spec ific for � � were seen in the carotid b ody of 

sheep . No specific nerve endings were demonstrable in carotid body 

tissue sections iopregnated with s ilver by various techniques and 

procedures as described by Rogers ( 1 931 ) ,  Bodian ( 1 936, 1 937) , 

Holmes ( 1 942 , 1 943) , Ronanes ( 1 950) ,  Ungewitter ( 1 95 1 ) ,  Winkelnann 

and Schoit ( 1 957) , Winkeloann ( 1 959) , Abro.ham ( 1 969 ) and 

90 . 



Bielschowsky-Gros-Cauna procedure acc ordine to Abrru1am ( 1 969 ) 

(Plate VI , Fies . 1 , 2 ,3 ;  Plate VII ,  Fie. 3) . 

Relationships of Nerve Teroinals with Glomus Cells 

Nerve fibre terminals were seen very closely associated with the 

chief cells of the carotid body. They appeared to teroinate on or 

very close to  the chief cells or c ell groups (Plate VI ,  Fies . 2 ,3 ;  

Plate VII , Fig . 3 ) . However , it was not pos sible to identify with 

certainty the exact node of contact of the nerve terminals with the 

chief cells under the ordinary light microscope . Menisci 

( "menisques teroinaux" ) of de Castro ( 1 929) or the distinct rings 

or end knots ( end spheres ) of Abrahan ( 1 969) observed in nan were 

not detected in the specimens examined. No nerve end format ions or 

neurofibrils were obse1�ed in the cytoplasn 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 � 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 muscle cells 

of the carotid body artery (Plate VIII , Fie . 2 ) . The veins draining 

the carotid body and carotid sinus were a lso  supplied with nerve 

fibres . These nerve fibres were larger in diameter than were those 

supplying the carotid body artery. The fibres were seen only >7ithin 

the adventitia of the carotid body veins (Plate VIII , Fig . 3) . 
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Innervation o f  Int e rnal Carotid Artery 

The internal c arotid artery was supplied wi th fine nerve 

fibre s 1 � in diaoete r . The nerve f ibres were ob served nainly 

within the adve ntitia but were oc casionally seen enterine; the 

supe rfic ial layer of the tunica nedia where they were usually 

as s oc iated with snooth nus cle f ibres ( Plat e XV, Fie; . 3 ) . It i s  

notewo rthy th at ne rve fibre s were found in the nedia o f  the 

regre s s ine; internal carotid artery of the laobs . 

B .  IUSTOLOGY O F  THE DENERVJ,TED CAROTID BODY (AF'J.'E.T{ SECTIONING 

OF THE CAROTID SINUS NERVE) 

c ont rol and the denervated carotid 

trifurcati ons were treated accordine; to the nodifi cation t e chnique 

of Nauta and Gygax ( 1 951 , 1 954) as re c oomended by Hc"..nlyn ( 1 957 ) .  

In both c ontrol and denervated carotid bodies no nerve fibre s were 

st ai ned . Even t he n0rve f ibre s in the l arge nerve trunks remained 

unstained . 

carotid 

trifucati ons were treated according to the oodification te chni que 

of Nauta and Gygax ( 1 951 , 1 954) as re c ommended by Guillery et al . 

( 1 961 ) .  In the cont ro l  carotid body ,  the large diaoeter ne rve 

fibres , e spec ially those about 2 .5 � in diameter ,  were we ll s tained . 

The se nerve fib re s  did not exhibit any lJarked thi ckenings or 

narrowi ngs along their c ourse . Carotid b ody lobule s were ri chly 

innervat ed. Sane nerve fibres pas s e d  throue;h the ore;an t o  supply 

the carotid si nus . Horreve r ,  in the denervated c arot id b ody it 

was not po s s ible t o  identify nerve f ib1� s  with certainty ( Plate IX ,  
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Fie .  1 ) .  

In the reLJ.a inine thre e  lanbs ( N3 , NL:. and N5) the nomal and 

denervated carotid trifurcat i ons were serially se ctioned at 1 2-1 4� 

thicknes s to be treated for ne rvous struc ture s by Romane s '  ( 1 950 )  

s ilver chloride nethod .  L. fe'il s ec tio ns of 5-7� thiclme s s  v;e re 

also LJ.ade froo e ach caro tid body t o  study the ce llular s tructure . 

The carotid body c el ls and the b lo od ve s sels did not sho'il' any 

dete ctable chane;es one nonth after s e c t i oning of th e carotid s inus 

nerve ( Plate IX , Fies . 1 , 2 ;  Plate X ,  Figs . 1 , 2 ) . Marked dee;enerative 

chanee s were ob se rved in t he carotid s inus nerve and its fibres 

supplyine; the carotid body , where as the syopathetic f ibres were 

intact . Large diar.1eter nye linated nerve fibres noroally seen in 

the contro l  carotid bodi e s  ( Plate VII ,  Fig . 2) we1� absent in t he  

denervat ed c arotid b odie s  ( Plate X, Fie;s . 2 ,3) . In the denervated 

specioens the carotid b ody lobules were appare ntly devoid o f  

nerve fibre s . Fine nerve f ibres presuoably synpathetic fib res 

were ob s erved in the dene rvated carotid b odies in the c onne ctive 

t is sue caps ule , and in the interlobular connective tis sue and in 

close as so c iation with the blo od vess els (Plate X ,  Fig . 3 ) . 

However ,  no such fine n e rve fibre s were obs e rved inside the 

denervated carotid body l obules (Plate X ,  Fie; . 2) . 
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C.  STRUCTURE OF THE CARGriD BODY AFrER SECTIONING- OF THE EXTERNAL 

CAROTID NERVE OR CRANIAL CERVI GAL G-ANG-LIONECTOMY 

The structure of the carotid body cells did not show any 

detectable oorpholoeical chanees after sectioning of the external 

94. 

carotid nerve or cranial cervical ganglionectomy (Plate XI , Figs . 1 , 2 ,3 ) . 

However carotid body veins and sinusoids of the denervated specioens 

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

The external carotid nerve and its branches to the carotid 

trifurcation were found to be narkedly degenerated . The small 

diameter nerve fibres usually found in the connective tissue capsule 

and interlobular tissue of the noroal carotid body and in the wall 

of the carotid body artery were absent in the denervated specimens . 

The intact nerve fibres ,  presunably of the carotid sinus nerve 

were found in the interlobul�r and intralobular tissue of the 

denervated carotid bodies (Plate XII , Figs . 2 , 3) . The se nerve 

fibres ended nainly in relation to the carotid body chief cells 

(Plate XII , Fig .  3) . The predominant nerve supply of the c arotid 

body fron the carotid sinus nerve was apparent when the carotid 

bodies ,  after sympathectomy and after sectioning of the carotid 

sinus nerve , were c oopared . After sympathectomy there seemed to 

be no apparent reduction in the nunber of nerve fibres in the 

carotid body (Plate XII , Fig . 2)  �hereas after sectionine of the 

carotid sinus nerve a very narked 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 COQpared 

to laboratory aniQals such as  the guinea-pig , rabbit and cat . The 

nerve fibres in the capsule did not sho� any plexus fornation whi ch 

is  in contrast to the report of �brahan ( 1 969) . The position and 

distribution of the carotid body ti ssue varied considerably in 

different individuals .  As sinilar variations were also re corded in 

c attle ani the goat (Adaos , 1 958) , this probably is the c ase in 

ruQinant s generally. 

The artery of the carotid body which supplies the carotid body 

and carotid s inus is elastic in nature fron its oriein up to the 

level of the carotid body. A sioilar situation has been reported 

by Muratori ( 1 967) and de Castro a ni  Rubio ( 1 968)  in the dog , cat 

and rabbit . The innervation pattern observed in the artery of the 

c arotid body was sioilar to those de scribed by Abrahan ( 1 969) and 

de Castro ( 1 940) . �so the presence of nerve fibres in the walls 

of carotid body veins agreed with the report s of Abraham ( 1 968 , 

1 969) . 

The presence of type I and type II cells of de Kock ( 1 954) were 

confimed in the sheep . A1 though .Abrahan ( 1 969) did not favour the 

idea of categori zing carotid b ody cells into type I and type II , he 

stressed the diffe renc e s  in the nuclear shape and staining reactions . 

The " light " and "dark" cells found in nany species are also observed 
-

in the sheep . The " dark" c ell population is  comparatively small in 

the sheep , and apparently is  not affected one oonth after denervation 

of either the carotid sinus nerve or external carotid nerve . 
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The cytoplasQic proce s se s  of chief cells are not identifiab le 

with certainty under the lieht Qic roscope . Apparently all eloQUS 

cells s tudied under the light Dicrosc ope s e eoed t o  be devoid of 

cytoplasmic proce s s e s , which aeree s  with Abrahao ( 1 969) . Ne ither 

neurofibrils nor neurofibrillar networks were obse rved , which ac c ords 

with t he findings of others ( Ha�ond , 1 941 ; Hollinshe ad , 1 943 and 

Ab rahan , 1 969) . Interstitial cells as s u ch ,  which uere de scribed 

by de Kock ( 1 951 , 1 954) but wh os G existence was denied by Abrahan 

( 1 969) , were not observed in t h e  pres ent study. 

Ganelion cel ls were dete ct ed . Such cells had been de scribed 

by de Kock ( 1 954) al thoueh th ey were not mentioned by Abrahao ( 1 969) . 

Ganel ion cells were pre sent in both noroal and syopathe ctooiz ed 

carotid bodie s . It has been suggested by Abrahao ( 1 968) that the s e  

unipo lar eanglion c e lls belong t o  glos s opharyngeal s ysten . 

The carotid b ody of th e lamb re ceived both g lo s s opharyneeal 

( via carotid s i nus nerve) and s yopathe t i c  ( via ext ernal carotid 

nerve ) nerve supply. Froo the p re s ent ne rve s e ction experioents 

it is sugge sted that glossopharyngeal f ib re s  predooina te over 

s yopathetic fibre s . The large dianet er oyelinated nerve fib re s  

whi ch t o tally dis appeared ( degenerated) after division of the carotid 

sinus nerve , terminated in relation to the type I cells of the 

carotid b ody . The se s �e fibres als o s upplied the cnrotid s inus 

and de generated after s e ctioning of the carotid sinus nerve . 

The se fibres c ould p o s s ibly b e  what AbrahaQ ( 1 968 , 1 969) called , 

separ�tely ,  afferent ( s ens ory) fibres of the carot id body and 

baroreceptor f ibre s  of t he carotid sinus . 
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The glossopharyngeal nerve fibres which reached the carotid 

body via the carotid s inus nerve were markedly dee;enerated after 

one nonth chronic denerv.::tion . A s imilar marked dee;eneration of 

nerve fibres to the aortic body of the cat were de scribed by 

Hollinshead ( 1 939) after sectioning of the vae;us nerve . 

The pres ent s tudy agrees with Abrahar.1 ( 1 968 , 1 969) on the natU!e 

of the nerve fibres and nerve t erninals . The ten.:1inal nerve fibres 

did not penet rate t he chief c e ll cytoplasn; the se s eer.1ed to b e  

peri c ellular o r  appo s itional in nature . 

No detectable norphological changes �ere seen in the glonus 

cells after divis ion of the carotid s inus nerve , the external c arotid 

nerve or cranial cervical ganglione ctomy. 

The nerve fibre s s een in the carotid body artery and veins 

�e re predoninantly of s yopatheti c origin as the se fibres disappeared 

narkedly in the synpathectonized spe cinens . Honever, the possib le 

pre sence of g loss opharyngeal fibres (via carotid sinus nerve ) in 

the s e  blood ve s s e ls could not be excluded . 

SUMMARY 

1 .  The nornal c arotid bodies of lambs and sheep were studied 

histologic ally to determine the s iz e ,  shape , position and 

distribution of carotid b ody tissue , cell type s  and innervat ion . 

The structures of the artery and veins of the c arotid bo dy, 

the c arotid sinus and external carotid nerve s �ere also e xamined . 

In the denervated spe cinens - after s ectioning of t he  carotid 

sinus and external carotid nerves or c ranial cervical ganglion-
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ectooy - the struc ture of th e glomus cells , and degenerated 

and intact nerve fibres �ere also exaoined using various 

noroal and degene rated nerve s tains . 

2 .  The carotid body pas usually o f  oval shape . Its position varied 

in different individuals or even in the sane individual . luso 

a �idespread dis tribution of carotid b ody tis sue at the carot id 

trifurcation �as observed. 

3 .  There are tPo maj o r  c ell type s in the carotid body , the chie f or 

type I and s u stentacular or type II cell s ; the former inc luded 

both " li[")lt" and " dark" cells . 

4. The artery of the carotid body �as of the e last ic type from its 

o rigin up t o  the level of carotid b ody . 

5 .  The carotid s inus nerve c onsists mos t ly of myelinated nerve 

fibres of dianctcrs 1 -1 2 J.L >1hereas t he external c arotid nerve 

c onsists mainly of fine nonoyelinated fibres of dianeters 

0 .5-2 .o J.L .  

6. The carotid b ody c ells rece ived both glossopharyngeal ( via c arotid 

sinus nerve ) and sympathetic ( via ext ernal carotid nerve ) 

innervati on .  From the p re s ent study i t  i s  s ugge st ed that the 

glo s sopharyngeal fibres predominate in the carotid body. 

7 . The large dia8eter �linated nerve fibres Phich degene rated 

after section o f  the carotid sinus nerve , ter.oinated in c lose 

as soc iatio n with the chief or type I cells . 

8 .  The small diameter nerve f ibres of the external c arotid nerve 

( sympathetic ) t erminated in the wall of the artery and veins 

of the carotid body. 
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9 . The gloous cells did not exhibit any detectable oorphological 

changes after section of the carotid sinus nerve , external 

carotid nerve or cranial cervical ganglionectony. However ,  a 

narked di latation of the blood vessels ( sinusoids ) 

in sympathe ctomized s pe cioens . 

1 0. It is suggested that the unipolar ganglion cells of the carotid 

body found usually at the periphery of the carotid body and 

occasionally in the glooic tis s ue are of glossopharyngeal 

origin . 

LIBRARY 
MASSEY UNIVERSITY. 
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CHAPI'ER FIVE 

LIGffi' MICROSCOPY OF THE CARai'ID SINUS 



INTRODUCTION 

The caro t id sinus of various o�nlian spe c ies has been 

studied extensively since the dis c overy of the baroreceptor reflex 

function of the c arotid sinus by Herine in 1 924. .Although the s e  

studies have b e e n  conducted i n  a variety o f  vertebrates , very faw 

have been conducted in the sheep . Abrahao ( 1 958) studied the 

carotid s inus of sheep and various o ther vertebrates . However , he 

made no mention of the carotid s inus of the sheep in particular , 

except that he s tated that the fibres of the c arotid s inus nerve 

o f  the sheep are markedly thick and varicose and run parallel i n  the 

adventitia branching on reachine the media . Later, Abraham ( 1 969) 

mentioned the innervation of the c arotid sinus and the end plate 

system in the carotid sinus wall . 

The pre s ent study was undertaken in normal lambs and sheep in 

an attempt t o  study: 

( i) the structure and e lasti c tissue c omposition of the 

carot id sinus , 

( ii) the dis tribution of nerve fibres in the carotid s i nus 

wall , and 

( iii) the morphology of the t erminal nerve end system and 

its relation to the conne ctive tissue and smooth muscle 

fibres . • 

The c arotid s inuses of 9 lambs (N1 to N5 and G1 to G4) were 

als o  studied after chronic denervation ( se ctioning of the c arotid 

s inus nerve , cranial cervical ganglionectomy, or s ectio ning of the 
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external carotid nerve � the sympat he ti c  b ranch to the carotid 

t rifucation) . The follov7ing s tudies were conduc t ed ih the 

de nervated spe cimens ! 

( i ) to deteroine v1hether there were any resultant morphologic al 

changes in the carotid s inus struc ture ; 

( ii) to trace the degenerated nerves ( glo s aopharyheeal and 

synpatheti c fibres) using the modification te chnique s of 

Nauta and Gygax ( 1 951 , 1 954) as re conoended by Haolyn ( 1 957) 

and Guillery e t  al . ( 1 961 ) ,  and 

( iii) to define the nature of persi sti ng nerve fibre s ( glo s s o ­

pharyngeal or sympatheti c ) , the ir dis tribution and mode 

of te �ination in the carotid sinus wall using Rooanes '  

( 1 950) silver chloride method . 

LITERATURE REVThW 

In most animals the carotid sinus is a swe lling or dilatation 

of the int ernal carotid arte ry at its origin as in oan , horse , 

rabbit , opossum, hedgehog , and guine a-pig . Hering ( 1 924) di s covered 

the baroreceptor reflex function of the c arotid sinus , and later 

studies o f  He ring ( 1 927) , Heymans ( 1 929) and Koch ( 1 93 1 ) s howed 

that the carotid sinus and aorti c barorec eptors areas are of 

paramount importanc e  in the reflex control of circulation. 
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A .  COMP.AR.ATIVE ANATOMY OF THE C.L\.ROTID 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 ; Aunonier ,  1972). This 

swelling is generally referred to as the occipital sinus , "occipito­

oarotid ainus" or "occipita-internal carotid sinus" (Adams, 1958;  

Muratori, 1967). In the cat and dog, both the internal carotid sinus 

and the occipital sinus are present (Ada�s, 1958; Muratori , 1 967). 

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

the carotid sinus is a conplex 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 coonunication. 

Reviews on the carotid sinus that may be consulted are those of 

Kuntz (1953) , Mitchell (1953, 1956), Adans (1958) ,  and Heyoans and 

Neil (1958). The comparative morpholoeY and histology of the carotid 

sinus in the following vertebrate species have been studied: 

Mustelus , 

rat ,  

guinea-pig , 

(Boyd , 1936) 

(Murphy and Hughes, 1965 ; Rees, 1966, 1 967b) 

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

Kondo , 1 971 ) 



rabbit , 

cat , 

sheep , 

cattle , 

r:mle , 

horse , 

bird , 

( de Castro , 1 928 ; Addison , 1 945 ; Murphy and 

Hughes ,  1 965 ; Muratori , 1 967; Rees , 1 966 , 1 967b , 

1 968; Rees and Jepson ,  1 970; Auoonier, 1 972 ) 

( Gerard and Billingsley, 1 923 ; J�dison , 1 944; Green , 

1 953 , 1 954; Boss and Green, 1 954b ; Eyzaguirre and 

Uchizono , 1 961 ; Hughes , 1 965 ; Murphy and Hughes ,  

1 965 ; Muratori , 1 967; Rees ,  1 966 , 1 967b , 1 968 ; 

Rees and Je pson , 1 970 ; Auoonier , 1 972) 

(Gerard and Billingsley , 1 923 ; de Cas�o , 1 928 ; 

Code and Dingle , 1 935 ; Addison , 1 939 ;  Hughes , 1 965 ; 

Mu1�hy and Hughes ,  1 965 ; Murntori , 1 967 ; Ree s ,  1 966 , 

1 967b , 1 968 ; Abrahao , 1 958 , 1 969; Rees  and Jepson, 

1 970; Bagshaw and Fis eh er, 1 971 ; Auoonier, 1 972) . 

(Waites , 1 960; Abrahau, 1 958 , 1 969) 

(Muratori , 1 967 ; Abrahao, 1 958 , 1 969) 

(Abrahan , 1 958) 

(il.braha.o, 1 958) 

(Abraham, 1 958 , 1 969) 

( Chondhary 1 1 95 3 ;  Ab raha.m, 1 969) 

Nycticebus coucang, (AdaL1S , 1 957c) 

opossuo, (Adams , 1 955 ) 

hedgehog, (Adams , 1 957a) 

monotremes ,  (Dowd , 1 964,  1 966) 
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Varanus varius , (Adams , 1 952)  

Varanus monitor ,  ( Chowdhary, 1 950) 

Vipera berus , (Boyd , 1 942 ) 

monkey ,  

man ,  

( de Castro , 1 928;  Murphy and Hughe s ,  1 965) 

(Ge rard and Billingsley, 1 923 ; de C astro , 1 928; 

Rijnders , 1 933 ; Boyd ,  1 937b ; Tchibukmache r ,  1 938; 

Willis and Tange , 1 959b ; Riisager and Weddell , 

1 962 ; Murphy and Huehe s ,  1 965 ; Hilgcnberg , 1 958 ,  

1 967 ; rfuratori , 1 967 ; Ree s ,  1 966 , 1 967b , 1 968 ; 

Abraha.r:1 , 1 967 , 1 969)  • 

Spe c ialization of the Carotid Sinus Wall 

The structure of the c arotid sinus a c c ording to many ob serve rs 

is similar to thos e  of the vas cular tree elsewhere in the body , 

although there is sone specialization appropriate to it s function as 

a reflexogenic zo ne of the vns cular tree in the higher animals .  

The carot id s inus wall as re ported by many ob servers , in general 

has a thinner wall and thicker tunica media than adj oining vascular 

structures ( Green ,  1 954; Dowd , 1 966 ; Rees , 1 966, 1 967b ; Bagshaw 

and Fis che r , 1 971 ) .  Ac cording to Bagshaw and Fis cher ( 1 971 ) there 

is no modification of the who le wall of the c arotid s inus . Their 

measurement of the c arotid s inus geometry revealed that there was 

" significant modification of the tunica media , the adventitia and the 

ratio of the i nt ernal radius to b oth whole wall thi cknes s  or media 

intima thickne s s , compared to the internal carotid or common 

carotid arte rie s " .  Most obs ervers have found that the tunica 



oedia is e specially thin particularly in the ventro-medial aspect 

of the s inus ( de Castro , 1 928 ; .Adaos , 1 955 , 1 958; Dowd , 1 966 , 

Ree s ,  1 966 , 1 967b ; Muratori , 1 967) . Acc ording to then the tunica 

nedia is oore elasti c  in composition than the tunica nedia elsewhere 

in the carotid reeion. Lcc ordine to Ree s and Jepson ( 1 970) ,  the 

tunica media in the carotid sinus wall contains oore than twice as 

ouch elastic tissue per unit volune as the nedia in the carotid 

ve ssels adjoinine the sinus . 

1 05 . 

In the carotid t rifurcation , there exist three classical ve ssel 

type s ,  muscular , elastic and nixed (nusculo-elastic ) . Ree s  ( 1 966 , 1 968) 

de scribed the tunica nedia as predoninant ly muscular in the internal 

carotid artery, elastic in the carotid sinus , and nixed in the 

coanon carotid and external carotid arte rie s . Accordine to Rees 

( 1 966 , 1 967b) , the s pecialized tunica media ( thinner and nore elastic 

layer) in the rat , rabbit , guinea-pir,,  cat ,  doe and huoan foetus , 

exhibited clearly narked cranial and caudal llirits . He referred to 

it as  t he "elastic seeuent " .  He also added that the extent of the 

"elastic s eenent " varies in different specie s .  

Addison ( 1 939) and Rees ( 1 967b) stated that the transition in 

structure froo the carotid s inus to the adjoining structure s ,  the 

internal carot id , occipital and ascendi ng pharyngeal arteries , is 

abrupt whereas that bet�een t he junction of the coriDon carotid and 

external carotid arteries is eradual . Ac cording to Muratori ( 1 967) , 

the carotid bulb of the young human subject exhibited clearly three 

distineuishable part s ,  a caudal elastic structure , an interoediate 

hybrid o ne (oixed structure ) and a distal o ne with muscular structure . 

He also stated that "the carot id trifurcation is a transitional 

district of the arterial system betr�een the part with e lastic 
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structure (nan) or with Qixed structure (mao8al s) and the part with 

the muscular structure 11 • 

Bat 
-

Rees ( 1 966 , 1 967b ) stated that the conposition of the carotid 

sinus nedia in the rat is indistinguishable fron that of the coDQon 

carotid and the external c arotid 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 oriein of the internal carotid artery 

( Rees , 1 966 , 1 967b ; Muratori ,  1 967) . Muratori ( 1 967) described 

the elastic structure of the carotid sinus , fron i7hich the artery 

of the carotid body takes its oriein , as extendine to the co�nence-

ment of the external carotid artery. 

Guinea-pi[) 

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

( 1 967b) ,  occupies the origin of tbe occipital artery , and the e lastic 

tis sue segnent extends for a sho1� di stance into the origin of the 

ascending pharyngeal artery. The arterial wall of this specialized 

segQent has been described as having a thin , elastic type of tunica 

Qedia (Rees , 1 967b ; Kondo , 1 971 ) . 

Addison ( 1 944) reported that in the cat there is  a snall out-

pouching fron wbich both the internal carotid and the occipital 



arteries arise , and that t he sp ecial el astic structure of the vessel 

wall ia pre sent in the e ntire o utpo uchine and in the first part of 

the occipital artery as far as the fd.oous, caroticuo. A sioil ar 

stateDent was oade by Muratori in 1 967. Rees ( 1 966, 1 967b ) stated 

that t his secondary o utpo uching eave rise to both the occipital and 

ascendine p haryngeal arte ries. 

In the dog ,  a ccordine to Addison ( 1 939) , the ca rotid sinus is 

t he dilated be ginnine o f  the internal carotid artery at the bifurca­

tion of the comoon carotid artery into the inte rnal a nd external 

carotid arteri es. In 1 944 ,  he aea in stated that in addition to the 

well developed carotid sinus , there is at the beginnine of the 

occipital arte ry a soall dilatation with a special elastic tissue 

wall. Rees ( 1 966 , 1 967 b ) and Muratori ( 1 967 ) al so fo und that the 

extent of t he "el a stic se guent " reached the oriein of t he occipital 

arte�J. /£ter st udyine t he properties of t he carotid s inus Qechaniso 

in anaesthetized does , Peterson et al. ( 1 9 60) concl uded that t he 

carotid s inus wall is the nest distensible 1arterial seeDent known. 

Acco�ding to Murato ri ( 1 967) the coffiQon carotid artery in t he 

pig divides into the e xternal carotid a rtery , the external oaxillary 

artery and a diverticuluo "( the occipito-interml carotid sinus) " 

whose thin elastic tiss ue wall is richl y innervated. 
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Muratori ( 1 967) stated that in the calf the c ommon c arot id 

artery divides into the external c arotid and external maxillary 

arterie s ,  and that s ometime s it exhib its a slight evaginatio n  or a 

c o nic divert i culum . The evagination has an elastic structure and 

posse sse s a rich supply of barore c eptor fibre s . The c o nic 

d iverticulur.1 ( "occipita-internal c arotid s inus " ) , if pres ent , has a 

oixed s tructure , except in the are a ( supplied with ne rve endings ) 

fron which the artery of carotid body orieinat e s . 

Ree s  ( 1 967b) de s c ribed , in the six nonth-old human f oetus , 

a dilated " c lastic s ee;nent " e xt ending fron the internal carotid 

artery int o  the c ranial end of the coomon c arotid artery. Muratori 

(1 967)  described the st1�c tura l c omposition of the carotid s inus of 

the human fo etus in det ail . 

From the lite rature reviewe d ab ove , it i s  evident t hat , in all 

the animals studied , rat , guinea-pig , rabbit , cat ,  doe , c alf , pie , 

hors e  and man , the carotid sinus i s  a swelling , evagi nation or 

diverticulum . Barore c eptor nerve endings have been f ound either in 

one parti c ular area only of the carotid s inus wall where the 

structural comp o s it ion is usually purely e lastic i n  nature , or 

vvithin the entire carotid s inus wall .  It s eems that the fonw 

and extent of the c arotid sinus in the ruminant , e specially the 

calf , is variable . Muratori ( 1 967) concluded that " the carotid 

sinu s  and it s a s s o c iated arterial areas ( c onmenoement of the 

oc cipital artery, nutrient artery o f  the carotid body) in the 

portions supplied with barore c ep to r  ondings have always an 

e lastic structure " .  
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B .  INNERVATION OF THE CARetriD SINUS 

From the cooparative and 8ross anatooical studie s in various 

vertebrates it has been found that the carotid s inus , like the 

carotid body , re ceives its nerve supply froo four sources ,  the 

pharyngeal branch ( carotid sinus nerve ) of the glossopharyneeal 

nerve , the var,us , and the cranial cervical ganr,lion and the 

hypoglos sal nerve ( C ode and Dingle , 1 935 ; Tchibuknacher , 1 938;  

Mitchell , 1 953 , 1 956;  /�ans , 1 958; £brahao , 1 967 , 1 969) . The 

c ontribution from the hypogloss al nerve and its func t ional 

s ignificance , according to Adaos ( 1 958) , seeos to be unioportant , 

and its contribution in oany species has been reported to be 

variable or ab s ent . Frao various neurophysiological studies it 

is kn�;n that the oajor nerve cont ributi on is fron the glos s o-

pharyngeal nerve via the carotid sinus nerve ( the nerve of He ring) , 

which is the most inportant for barore ceptor reflex function of the 

carotid sinus , whereas the syopathetic and vagal contributions are 

reported to be of only r::rl.nor inportance (.Adans , 1 958) . ihlans ( 1 958) 

me ntioned that small twigs of the glos sopharyngeal nerve nay reach 

the carotid s i nus through the intercarotid plexus . It has been 

f ound that s or:1e aninals .,  such as the hedgehog , are exceptionally 

peculiar in having no s pecial carotid sinus nerve ( Ldnc1s , 1 957a) . 

Various naoe s given to the carotid s inus nerve have been 1�ent ioned 

fully by Adaos ( 1 958) . 
' 

Adams ( 1 958) mentioned that the intercarotid nerve oay arise by 

s everal rootlets f rom the glossopharyngeal nerve or even from the 

nerve to the stylo 3los sus . Ac cordine to Boyd ( 1 937) , 60% of f ibres 

go to the carotid sinus , and the intercarotid nerve is independent 

and is distinBUish:able fron the interc arotid plexus . 
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The intercarotid plexus , acc ording t o  Danielopolu and Manescu 

cited b y  Adaos ( 1 958) , is predominantly parasyupatheti c ,  but re ceive s 

fibres from both t he  var,us and glos sopharyngeal nerves . Adruos ( 1 958 )  

stated that "although undoubtedly this plexus has conne ctions with 

both carotid body and carotid sinus , it is largely co ntinued on the 

external carotid artery" . Furthert1ore , he mentioned that dire ct 

nerve b ranche s particularly fron the glos sopharyngea l  nerve could 

be traceu to the ca1�tid sinus wall . The carotid sinus nerve ugually 

divides , acc ording t o  oast investigators , into two or nore branches 

which supply the carotid body and the carotid sinus (Tchibukoacher ,  

1 938 ; Eyzaguirre and Uchizono , 1 961 ; Kondo , 1 971 ) .  

Although the carotid sinus re ceived synpathetic fibre s 

( p re suoably post ganglionic ) froo the cranial cervical ganglion , a s  

de scribed b y  Gerard and Billingsley ( 1 923 ) , J�k-Upoark ( 1 935 ) , 

Tahibukoaanor · ( 1 938) , Kuntz ( 1 953) , Mit chell ( 1 956) , Adaos ( 1 958) , 

Eyzaguirre and Uchizono ( 1 961 ) , Ree s  ( 1 966 , 1 967b , 1 968) , Biscoe 

and Sanpson ( 1 968) , Abraham ( 1 967 , 1 969) and Eyzaguirre and Lewin 

( 1 961 ) ,  Willis and Tange ( 1 959a) failed t o  demonstrate adrenergic 

fibre s in the carotid sinus by usual his tological techniques . In 

later studies using the phenolic ruoine-foroaldehyde condensation 

reaction and e l ectron nicroscopic exaoination , Ree s  ( 1 966 , 1 967a ,b) 

identified the adrenergic fibres in the sinus wall . Reis and Fuxe 

( 1 968) , using fluores cence histochemi c al methods , c onfirmed the 

pres ence of a noradrenaline containing t erminal network in the 

carotid sinus adventitia of the rabbit and cat . Species variation 

in the sympathetic contribution to the carotid s inus has been 

reported. Sone workers reported that no syopathetic f ibres could 

be traced to the carotid region in nonotremes ( Ornithorhynchus ) 
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(Dowd , 1 966) , or in the rat (Reis and Fuxe , 1 968) . Reis and Fuxe 

( 1 968) suggested that s�pathetic innervation may not be necessary for 

baroreceptor function in sooe tmt::u:Jals such as the rat . 

In the adventitia of the carotid s inus of the rabbit , Rees 

( 1 967a) found the ultionte terninations of adrenere;ic nerves upon 

the smooth muscle cells .  Similar findings were reported by Reis 

and Fuxe in 1 967. Rees ( 1 966 ,  1 967b , 1 968) 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 s�pathetic discharge effect might be 

direct in the adventitia or indirect in the media of rabbit and 

cat and , furtheroore , that the adrenergic innervated soooth muscle 

cells in these species seemed to have the sole responsibility of 

increasine; the sinus wall tension and baroreceptor discharge 

independent of the endosinus pressure . rJany investigators have 

claimed that the syopathetic innervation serv�e to set the 

sensitivity of the baroreceptor reflexes (Palms , 1 9�3 ; Floyd and 

Ne il , 1 952 ; Kezdi , 1 95�; Peterson ,  1 962 ; Moncada and Scher, 1 963 ; 

Koizumi and Sato , 1 969 ; Mills and Sampson,  1 969; Sampson and Mills , 

1 970) . It has been proposed that the structural relationship 

between smooth muscle cells and the elastic laminae seens to be 

one of the oajor factors in the sympathetic oodulation of the carotid 

sinus baroreceptor reflexes (Kezdi , 1 95�; Peterson, 1 962 ; Moncada 

and Scher , 1 963 ; Rees , 1 966 , 1 967b ,  1 968) . Peterson ( 1 962 ) also 

claitled that baroreceptors can be fired independently of the 

arterial blood pressure by the contraction of the smooth muscle 

elements lyine; within the sinus wall . 



TWo hypotheses about the sympathetic influence on baroreceptor 

activity are proposed by some observers (Kezdi , 1 954; Rees , 1 966 , 

1 967b , 1 968; Reis and Fuxe , 1 968 ; SaQpson and Mills , 1 970) . One 

is that the syopathetic fibres miBht act directly to modifY 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 . 
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The tunica adventitia is usually composed of fibrous connective 

tissue and is characterized by a Breat number of nerve fibres . Its 

:lj()undary is marked by the external elastic layer which is convention­

ally regarded as the outermost layer of the tunica media (Willis 

and Tange , 1 969a) . 

Willis and Tange ( 1 959a) described it as consistins mainly of  

collaeen fibres which appear as  separate lamellae �ith few elastic 

fibres in between.  Muratori ( 1 967) 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 



layer of connective tissue . 

Early investigators , de Castro ( 1 926 , 1 928 ) , and Sunder­

Plassmann ( 1 930 , 1 933 ) confined the baroreceptor nerve endings to 

the adventitia. Riisager and Weddell ( 1 962 ) and Abraham ( 1 967 ) 

stated that the end fibres terminate in the inner layer of the 

adventitia near its junction with the tunica media . However , 

Abraham ( 1 958 , 1 969 ) 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 

( 1 933 ) , Bos s  and Green ( 1 956 ) , vlillis and Tange ( 1 95 9a ) , Abraham 

( 1 958 , 1 969 ) , Rees ( 1 966 , 1 967b , 1 968 ) , Dropmann ( 1 967 ) and 

Aumonier ( 1 972 ) showed that most arborizations did penetrate the 

ext ernal elastic membrane of the tunica media . 

Tunica Media 

The out ermost layer of the tunica media of the human " carotid 

bulb" shows regularly arranged numerous layers of elastic fibres . 

Each layer , according to i'li llis and Tange ( 1 95 9a ) , has numerous 

interstices through which collagen fibres pas s . Muratori ( 1 967 ) 

stated that , at the elastic portion of the carotid sinus , a s eri es 

of elastic membranes are s eparat ed from one another by conn ective 

tissue and smooth muscle cells , and the latt er are ins erted by means 

of small elastic tendons on to the elastic membranes . He also 

mentioned that small groups of transvers e smooth muscle cells grow 

down from about the middle of the carotid s inus tc the elas tic 

portion , and that this elas tic portion of the carotid sinus is 

richly supplied with baroreceptor nerves . Thus Muratori ( 1 967 ) 

described the human carotid sinus as having three portions , the 



prox:inal elastic portion , a "hybrid" intemediate por-tion, and a 

distal nuscular portion . In electron microscopic e��aninntions by 

Dropmann ( 1 967) and Rees ( 1 967b , 1 968) , the tunica media was found 

to consist of four to f ive broad elastic laninae between which were 

three to four layers of smooth muscle cells . 

Tunica Intina 

Muratori ( 1 967) stated that the tunica intima of the human 

carotid sinus consists of endotheliun and sometir-;1es a thin layer of 

subendothelial connective tissue as in the con�on carotid artery. 

Most  observers found no nervous structures in the tunica intina . 

( i )  Characteristics of Nerve Fibres in t� Sinus N�� 

De Castro ( 1 951 ) stated that in the cat carotid sinus nerve 

there were about 700 nyelinatod fibres and their sizes and frequencies 

varied as follows : 3 .5% were laree fibres 6-8 � in dirumetor, 79.% 

were 3-5 � in diameter and 1 7 .5% were les s  than 3 � in dianeter. 

Thus the sinus nerve contains predoninantly laree nonnyelinn.ted 

fibres . Douelas and Ritchie ( 1 956) and Douglas and Schunann ( 1 956) 

also found that the s inus nerve contains both medullated ( A  fibres ) 

and nonmedullated depre ssor afferents ( C fibres ) . Fidone and Sato 

( 1 969 ) estimated A and C fibre populaticns in the carotid sinus 

nerve of the cat . Accordine to them, in the A fibre (myelinateti) 

population, approximately two-thirds of the fibres are chemoreceptor 

fibres and one-third are baroreceptor fibres , and among the C fibres 

(unmyelinated) two-thirds are barorecept or  and one-third chemo­

receptor fibres respectively. Some ob servers believe that this 

dominance of baroreceptor C fibres i.s responsible for the powGrful 
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depressor reflex elicited by intense stimulation of the carotid 

nerve (mediated by unoyelinated afferents)  (Douc,las and Ritchie , 

1 956;  Douglas and Schuoann, 1 956; Fidone and Sato , 1 969) . 

According to Eyzar,uirre and Uchizono ( 1 961 ) the carotid nerve of 

the cat consists of two types of nonoyelinated fibres , one caoes  

from the superior cervical ganglion a nd  the other is presumably of 

an intracranial source . They also found that the nonmyelinated 

axons ( 0 . 1 -0 .3 1-L )  outnumbered the myelinated fibres ( 1 .0-9 .0  IJ. ) .  

EyzaBUirre and Lewin ( 1 961 ) stated that nonmyelinated C fibres fell 

into two groups according to their conducting velocities .  One group 

conducts at 0 . 3-0.4 o/sec while the other conducts at 1 . 6-1 . 8  o/sec , 

in the cat . It is suggested by sooe workers that nonmyelinated C 

fibres are responsible for the c onduction of baroreceptor iopulses . 

( ii )  Distribution of Axons and their Characteri stiee in tge Carotid . 

Sinus of Man 

It is now well knovm that in all oaomalian species ,  the tunica 

adventitia of the carotid sinus is rich in nerve fibres . Fibres fron 

the glossopharyngeal nerve , the pharyneeal branch of the var,us and 

the cranial cervical ganglion foro a rich plexus in the sinus wall . 

In this plexus , Abraham ( 1 969) 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 ne rve branches with the vasa 

vasoruo in the adventitia of the carotid sinus in man. According to 

Rees  ( 1 967b) , Willis and Tange ( 1 959a) , Dropoann (1 967) , and Abrahao 

(1 967 , 1 969) the perineural sheaths o f  the nerve branches oay persist 
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until they reach the deeper adventitia and nyelin is practically absent 

when they reach the tunica media . 



It has bee n  variously reported that the diaQeter of axons in Qan 

ranges from 1 . 5-1 5 � (Willis and Tanee , 1 95 9a) , or 6 � to les s  than 

1 � in diameter in 1 8  out of 20 hunan sub jects ( Riisager and Weddell , 

1 962 ) . Distribution curve s of axon diane ter conpiled by Riis ager 

and Weddell ( 1 962) show a sharp peak for the axons in the bundles 
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at the 1 .5 � level ( 35%) and a uore rounded curve for the pre-ternrinal 

axons with 4CfJ> beinp, between 2 � and 2 . 5  � in diaL:leter. Riisaeer and 

Weddell ( 1 962) als o stated that s ometiQe s fibres froB the carotid 

sinus nerve acc onpany each other to reach the deeper layer o f  

adventitia and along their cours e they divide dichotonously. 

Abraham ( 1 969) de scribed the dendritic branches as as suming the 

typical form of "depre s s or" fibres - an alternate broadeninr; and 

narrcr•inr; . Ac cording t o  hiB, this depre s sor characteristic c ould 

be seen in many spec ies other than raan , such as birds , dog , pig , 

calf , but not in the she ep . The thick and thin fibre s in the carotid 

sinus adventitia , like those in the s inus nerve , are thought by some 

to be of glossopharynr;eal and vagal origin, and sympathetic origin 

respe ctively ( Muratori , 1 934; Nonidex , 1 935b ; Abrnharn , 1 969) . 

Ac c ording to Abraham ( 1 969) there is a COQplete absence of any 

anastoQoses b etween the nerve rami , the terminal branche s and the 

endplates . 

( iii) Nerve End SysteBS in the Carotid Sinus \!fall of Man and Animals 

Adams ( 1 958) reviewed the innervation of the carotid sinus of 

man and several vertebrate species . He mentions two neuronal 

c oncepts regarding the form and nature of nervous terminations in 

the wall of the carotid sinus . One , the "orthodox neuronal 

c oncept" proposed by de Castro , regards the nerve e ndings as 



distinct and di scret e , and cla s s ified then as type I and type II 

ac c ording to their shape and end branching sy stens . The other , 

the "terr:dnal reti cular concept" originally propo sed by Sunder­

Plassoa.nn and Jeij lin� , Daintains that the ulti.raate neshwork of 

the nervous element is conpos ed of a c ontinuous syncytiun of cells 

pe rme at ed by neurofibrillar reticulum. 

Th e " orthodox neuronal concept " has re ceived much support from 

later ob servers ( Murntori , 1933; Nonidex , 1936; Abrahao, 1953a ,b ,  

1958, 1967 , 1969; Hilgenbere , 1958, 1967 ; Willis and Tanee , 1959a ; 

Riis ager and Yfeddell , 1962; Dowd , 1966; Ree s , 1967b , 1968) .  Most 

authors deny the t erninal retic ular c oncept of innervation of the 

carotid sinus (Fillis and Tan�e , 1959a; Riis ae;er and -.:feddell ,  1962 ; 

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

It is now gene rally ac cepted that the ne rve endings are 

arborizations of stem fibre s forDed after the sheaths of the nxons 

cease to be apparent. These arborizations , acc ording t o  Willis and 

Tanee (1959a) , oc cur in circuosc ribed areas . They described these 

circuns cribed areas as uniaxonic and nultiaxonic re ceptor fie lds . 

Riisaeer and Weddell ( 1962) stated that even the sane parent axon 

shooed endines s inilar to de Castro ' s type I and type I I .  More 

comprehensive studie s of Abrahan (1958, 1967 , 1969) showed that 

there are variati ons in the appe arance of endplates in different 

spe cie s .  He reaffirned two forns of end systeos in the sinus wall 

of oan and maona ls , and denie d s yncytial arrangement of nerve 

fibre s . One type of end sys t elil is constituted by a few, sooot� ,  

thick and lone nyelinated fibre s with various sizes of thickenings 

along their c ours e  and bearing sDall end plate s .  The other foro 
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of nerve end system is made up of very thick mye linated fibre s with 

few varices a nd characterized by rich end arbori z ations bearing a 

greater nUBbe r  of laree e nd plat e s . 

Acc ording to s ome ob s ervers , the end plates are sharply 

de fined aeainst the sur1�undine c onnective tis sue e lement in man 

and some other animals . Acc ordi ng to Abraham ( 1 969) the end plates 

in man a nd  most animals are no stly of ivy leaf shape . The larp,e· 

end plates att ach flatly to the inner adventitial surface ( llliraham, 

1 969) . Ac co rding to Willis and Tange ( 1 959a) the end system lie s 

in close relation to the e lastic fibre s , and the branche s of t he  

arboriz ations run along with t h e  elastic f ibres . Riisager and 

Weddell ( 1 962) , however ,  found the ne rve te�inals to be clo se ly 

related to t he arteriolar vasa vas orum . Abrahaw ( 1 969) stated 

that the e nd p late sys t em is forme d after the nerve terminals in 

the connective tis sue layer of the sinus wall , and that the 

neurofibri ls i n  the e nd p lates foro a ne twork . He also added that 

in the teroi nal rami or in the free axons , the neurofibrillar 

arrangement is more or less paralle l t o  the long axi s .  

Abraham ( 1 969 ) stated that the end plat e s  of the carotid s inus 

of the dog appear in variable f orm ,  those of the pig can be c learly 

distinguished from those of the dog , and in the hors e there are no 

specific e nd f ormati ons . In the calf and sheep parti cular e nd 

system patterns and receptor apparatus characteristic of their own 

s pecies have been observed ( Abra� ,  1 968 , 1 969) . 
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RESULTS 

A .  HI STOLOGY OF THE NORMAL CARCYriD S INUS 

( a) Structure and Elasti.,.9 Composition of the C arotid Sinus 

The carotid sinus of the sheep was found t o  be near thE. origin 

of the occ ipital artery or the o cc ipitoascendi ng pharyngeal arterial 

t runk  (Fig . 35 ) .  The carotid sinus in s ome animals exhibited a 

s light bulge or diverticulum (Plate XIII , Figs . 1 ,3 ) . �he ext ent of 

the carotid sinus varied acc ording to the pos it ion of the carotid 

body. When the cc.rotid body was situated on the o ccipital artery , 

3 . 35 mm distal t o  the origin, the elastic t i s sue layers were s een 

1 -1 .3  mm b eyond the level of the c arotid b ody. When the carotid b ody 

was loc ated at the origin of the ascending pharyngeal artery , the 

elastic tissue layers were see n 1 -2 rm:J. beyond the level of the 

carotid b ody artery which , in these situation� , usually originated 

from the ascending pharyngeal art ery it self or from the angle between 

the origina of the ascendi1� pharyngeal and occ ipital art e ries . 

Three c l as s ical ve s sel type s 'l·mre found in the carotid 

trifurcation , mixed (musculo-elastic ) , elastic and muscular . 

The struc t ure of the occipital artery, 1 -1 .5 mm from its origin 

from the c ommon carotid artery , was of the mus culo-e lastic ( mixed) 

type while that portion of the artery , 1 -1 .3  mm beyond the level 

of the c arotid body (whe n th e c arotid body was s ituat ed on the 

occipital artery) , was of the mus cular type . The tunic a  media 

was predominantly e lastic in the carotid sinus ( Plate XIII , Fig . 3) , 

mixed in the ex ternal cnrotid and c ommon carotid arterie s ,  and 

muscular in the oc cipital arte17 ( Plate XIII , Fig . 2 ; Plate XV ,  
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Key to Fig. 35 • • 

The Elastic Tissue C oQposition of the Carotid Trifurcation . 

Abbreviations 

ap ascending pharyngeal artery 

cb carotid body supplied by carotid body 

artery of elastic type 

cc comoon carotid artery 

cl cranial laryngeal artery 

ec external carotid artery 

1 lingual artery 

m muscular branch 

o occipital artery 

opt occipitoascending pharyngeal arterial 

trunk 

The black areas i ndicate portions of the 

artery with elastic structure . 

the occ ipi tal and a s cend i ng pharyngeal arte r i e s  ar i s e  from a common 

trunk and when the carotid body i s  at the origin of the a scending 

1 utery . 
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Fig . 1 ) . The t ransition from musculo-elastic to elastic portions , 

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

The carotid sinus consisted of thre e layers - tunica adventitia , 

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

caret.i.d 8i. 

( i) Tunica Adventitia 

The tUnica adventitia of the carotid s inue was found to 

be slightly thicker at the origin of' the carotid sinus than at 

the level of the carotid b ody. The adventitia was rich in the 

blood ve s sels , lymphatics and nerve fibre s and c onsisted mainly 

of collagen fibre s .  · There were few elastic fibres in the 

deeper layer of the adventitia . Als o ,  at the origin of the 

carotid s inU3 there were elastic fibres in the superfic ial 

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 l�er 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 diame ters of the largest veins draining the 

carotid trifurcation we re up t o  2 .4 mm in diameter . 

( ii) Tunica Media 

The sinus had a c omparatively thinner wall and thicker 

tunica media than did the adj oining blood vessels in the 

carotid trifurc ation (Tables VIII , IX ,  X) . The greatest 

number of elastic membranes (more than 1 2) was observed in 

the wall of the carotid sinus . At the origin of the carotid 

sinus and at the junction between it �nd �� occipital 
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:t-Ie thod of Ob taining the Data for Tab les VII , IX and X 

The entire caro tid tr ifurcat ion f rom bo th s ide s o f  one lamb 

( approximate age ,  6-7 mon ths) was f ixed in 10% formal saline by 

immer sion . Seria l , transverse , paraf fin sec t ions of 5� were made 

from each caro tid t rifur c a t ion and were st ained with Mayer ' s  

haematoxylin and eosin, Poncea� and orcein . The ve s sel wall 

thickne s s  was measured at three s i te s :  

( a )  That lying opp o s ite to , and a t  the level o f , the o rigin 

o f  the caro t id s inus ; 

(b ) That lying caudal to the caro t id s inu s ;  

( c )  That near the o r i g in o f  the caro t id s inus . 

Variations in the arterial wall thicknes s  were noted as fur ther 

measurement s : for exampl e  in Table V II I ,  three measurement s  were 

taken of the common caro t id arterial wall at s ite (a) . Similar 

repeated measurement s were taken for Table IX . 

The animal iden t i f ied as animal 1 in Tab les VI I I ,  IX and X 

wa s the s ame anima l . 

1 2 l a . 
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TABLE VIII • 

.ARTERIAL WALL THICKNESS OF THE NORMAL CAROTID TRIFURCATIONS ( IN mm) 

Tunic!:! media 

No . of' Total Total 
internal No . of' Thickness thickness 

Blood Thickness elastic elastic of of' 
Animal vessel of intima membr:mes membranes Thickness adventitia vessel 

1 .  Right a .  Common 0 .01 2 7 0 .. 42 0 . 1 9 o. 62 
carotid 

11 11 0 . 01 2 8 0 .. 43 0 . 1 6  o . 6o 

11 11  • .02 2 6 O o41 0 . 1 2  0 .55 

11 b .  " 0.01 2 - 0 .40 0 . 21 0 .62 

11 11 0 .01 2 - 0 .44 0 . 1 8  0 . 63 

11 c .  " 0 .01 2 o . 62 0 .05 0 . 68 -

11 " 0 .01 2 - 0 .69 0 . 1 0 o .8o 

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 

c = arterial wall near the origin of the carotid sinus 
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Animal 

1 .  Right 

" 

" 

11 

" 

1 .  Left 

11 

11  

" 

" 

TABLE IX . 

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' 
vessel of intima membranes meobranes Thickness adventitia vessel 

a . Connon 0 .01 - 1 2  0 . 20 0 , 08 0 . 29 
carotid 

" 0.01 - 1 2  0 . 1 2 0 . 1 0 0 .. 23 

" 0 .01 - 1 2  0 .. 1 5  0 . 1 1 0 . 27 

n 0 .01 1 5 0 . 07 0 . 1 2  0 . 20 

11 0 .01 - 9 0 . 1 0 o .o6 0 .1 7  

" 0 .01 - 1 2  0 .28 0 . 1 0 O o39 

" 0 .01 - 1 2  0 .1 5  0 .07 0 . 22 

11 0 .01 - 1 0  0 .08 0 .05 0 .1 4  

" 0 .01 1 0  0 .09 0 . 05 0 . 1 5 -

" 0 .01 - 1 0  0 . 07 0 . 1 5  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 Thiclmess Thiclmess 

Blood Thickness  elastic elastic of of 
Animal vessel of intima membranes membranes Thickness adventitia vessel 

1 .  Left Carotid sinus 0 . 01 - 1 0  0 . 03 0 . 1 0 0 ,.1 4  
at the level 
of artery o f  
carotid body 

" Carotid sin us 0 . 01 - 1 2  0 . 1 0  0 . 1 4  0 ,25 
at its origin 

1 .  Right External 0 . 02 2 8 0 .50 0 . 1 3 0 . 65 
carotid 

1 .  Left " 0 .02 2 8 approx. 0 .33 0 .1 7  0 .52 

" " 0.02 2 8 approx. 0 .42 0 .1 3  0 .57 

1 .  Right Ascending 0 .01 - 5 . 8  0 .04 0 .04 0 . 09 
pharyngeal 



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 

th0 elastic membranes were disposed close to each other, 

2-25 1-L apart . In the occipital artery (L.1uscular type ) of the 

ewe the elastic membranes are much farther apart than those 

of the lamb (May, 1 965 ) . 

( iii ) Tunica Intima 

The tunica intima of the carotid sinus was thinner than 

that of the occipital artery (muscular type ) . It c onsisted 

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 ) i s  more defined in the ewe than in the lamb 

(May, 1 965 ) .  A single internal elastic membrane usually 

separated the intima from the media. 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 Type) 

The occipital artery beyond the level of the carotid body 

(when the carotid body was situated on the occipital artery) was 

of the muscular type . Similarly 1 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 o ccipital artery (muscular type ) 

up to 8 layers of elastic oembranes were observed (Plate XV, Fig . 1 ) .  

Few collagen fibres were seen among or external to these elastic 

membranes .  May ( 1 965 ) also studied the occipital artery (muscular 

type ) . 

In the present study the occipital artery of one lamb , from 

its origin to 1 0  mm distant , was sectioned serially to study the 

extent , arrangement and disposition of the elastic tis sue and 

collagen fibre s .  The tunica media ,  for 4 mm from the origin of the 

artery, was mainly of the elastic type , while the remaining 6 mm 

was mainly of the muscular type . In this specimen tho carotid 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 fron the intina . 

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

Myelinated and nonnyelinated nerve fibres were seen in the 

carotid sinus wall especially 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 � 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 medic-adventitial b order .  
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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 � in diameter , approached 

the media-adventitial border and ended in relation to the smooth 

mus cle fibres (Plate XVII,  Fig . 2) . In the deeper part of the 

adventitia , localised areas 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 comoon carotid artery 

comparatively more fine nerve fibres were seen in the superficial 

raedia . 

B .  D:Ef.."ERV.ATED C!ill.OTID SINUS (AFTER SECTIONING OF THE CAROTID 

SINUS NERVE) 

In one laub (N1 ) ,  the control and the denervated carotid 

trifurcations were treated according to the modification technique 

of Nauta and Gyg� ( 1 951 , 1 954) as recommended by Hamlyn ( 1 957) 

(vide denervated carotid body) . In both the control and denervated 
-

carotid sinuses the nervous structures were found to be unstained , 

whereas the reticulin and c ollagen fibres in the carotid sinus wall 

were stained deeply (Plate XIV, Fig . 1 ) .  

In the second lamb (N2) , the c ontrol and denervated carotid 

trifurcatio ns were again treated according to the modification 

technique of Nauta and Gygax ( 1 951 , 1 954) as recommended by 

Guillery et al . ( 1 961 ) (� denervated carotid body) . In the 

control carotid sinus , nerve fibres were observed in the 



adventitia and in the superficial tunica media (Plate XIV, Fig. 2) . 

Als o noted �rere the nerve fibres supplying the conmon carotid and 

external carotid arteries . However,  in the denervated carotid 

sinus no nerve fibres were seen in the carotid sinus wall , the 

common carotid or external carotid arteries .  

In the remaining three laobs (N3 ,  N4 and N5) the carotid 

trifurcations were serially sectioned and selected sections at the 

level of the carotid sinus were stained for nervous structures by 

Romanes '  ( 1 950) silver chloride method (vide denervated carotid body) • 
........... 

A few sections , 5-7 � 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 , 

there were no large diameter nerve fibres ( 2 .5-5 � )  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 � 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 medic-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 

medic-adventitial border of these arteries .  
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C .  STRUCTURE OF T'rlE CAROTID SINUS AFI'ER SECTIONJNG OF THE EXTERNAL 

CAROTID NERVE OR CRANIAL CERVI CAL GANGLIONECTOMY 

The structure of the carotid sinus did not exhibit any 

detectable morpholoeical changes after sectioning of the external 

carotid nerve or cranial cervical ganglionectomy (Plate XVI , Fig . 3 ) . 

The SQall veins drnining 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 spec iQens (Plate XVI , Fig . 3 ) .  The nerve fibres 

froo the intact ce,rotid sinus nerve were found in the adventitia , in 

the media-adventitial border of the denervated carotid sinus ( Plate 

XVI , Fig . 3 ;  Plate XVI I ,  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 ,  1 967b ; I{Ondo , 1 971 ) ,  

rabbit (Rees , 1 966,  1 967b ; Muratori ,  1 967) , cat (Addison, 1 944; 

Muratori , 1 967 ; Rees ,  1 966 , 1 967b) , dog ( Addison,  1 939 ,  1 944; 

Rees , 1 966 , 1 967b; Muratori , 1 967) and pig , calf and man (Muratori , 

1 967) .  The carotid trifurcation of sheep also  displayed three 

classical vessel types - mixed , elastic and �scular as in most 

species so far studied.  The "elastic segment" of Rees ( 1 966 , 1 967b) 

c ould be applied to the carotid sinus of sheep ; in addition it was 

found that the extent of the elastic tissue of the carotid sinus 
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could b e  variable ac c ording to the pos ition of the carotid body. 

The transition of vas cular walls from the common carotid and external 

carotid arteries to the occipital ( elastic ) artery, and from the 

elastic to the muscular portions of the oc cipital artery are also 

abrupt , as Rees ( 1 966 , 1 967b) reported in laboratory animals and 

man . 

The arterial supply and venous drainage of the carotid sinus , 

carotid body and associated nerve s ,  the carotid sinus nerve and 

external carotid nerve , are readily ob served in hist ologi c al 

sections . Although the carotid body is provided vrith profuse blood 

ve ssels the carotid sinus receives relatively few .  

The carotid sinus i s  not exc lusively supplied b y  nerves from 

the carotid sinus and external carotid nerve s ;  it occasionally 

receives nerve supply from the pharyngeal b ranches of the vagus , 

and from the hypogloss al nerve ( s ee gross anatomy, chapter III) . 

From the dene rvation experioent s  it is apparent that the only major 

source of nerve supply ,  as in mo st species , is from the carotid 

sinus and external carotid nerve s . The fib re s  of the carotid sinus 

nerve supply the carot id body and carotid s inus and some f ibres , 

after entering the c arotid body, even proceed to supply t he carotid 

sinus . Among the se fib re s  are the large myelinated nerve fibres 

which display regular thickening and expansions . 1�ese f ibres 

degenerate markedly one month after divis ion of the carotid sinus 

nerve . Their origin , formerly proposed by Abraham ( 1 968 , 1 969) to 

be from the g lossopharyngeal nerve , is clarified by the present 

study. 
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Degenerated nerve s taining techniques employed in the present 

study - modification te chniques of Nnuta and Gygax ( 1 951 , 1 954) 

modified by Guillery et al . ( 1 961 ) and that of Hmnlyn ( 1 957)  -

are not particularly suitable for selective staining of nerve fibres 

in a vas cular wall with abundant connective tis sue . It appeared to 

be that the t echnique of Guillery et al . differentiated nervous 

tis sue better than that of Haolyn . However ,  the former technique 

pre sented certain probleos in the removal of c learing agent 

( cedanvo od oil ) fron the tis sue during tis sue process ing lending to 

difficulties in subsequent tis sue s ectioning . 
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The predominan ce of myelinated nerve fibres over the nonmyelinated 

fibres in the carotid sinus of the she ep described in the pre sent 

study agrees with the findings of de Castro ( 1 951 ) and Eyzyguirre 

and Uchizono ( 1 961 ) . The �j ority of the fibres of the external 

carotid nerve are myelinated as has been de scribed in the cat 

(Eyzyguirre and Uchizono , 1 961 ) . Almo st all of t he small dianeter 

nonmyelinated nerve fibres in the carotid sinus wall degenerate 

after division of the external carotid nerve or cranial cervical 

ganglionectomy. 

In the carotid sinus wall of the sheep the nerve fibres are 

particularly localized in areas . These areas are probably comparable 

t o  the axonic fields of Riisager and Wedde ll ( 1 962) . It appeared 

that in the sheep there are no specific types of nerve endings 

c omparable to those of rabbit , guinea-pig , cat , dog ancl man. 

However , Abraham ( 1 958 ,  1 969) stated that in the sheep there are 

p articular e nd system patterns and recaptor apparatus characteristic 

of that specie s .  



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 nerv€ 

fibres which degenerated after syopathectomy could be traced to 

the deeper adventitia . The nerve fibres of the carotid sinus wall 

could be traced generally to the deeper adventitia . This is in 

accord with the reports of Rees  ( 1 966) , Abrahao ( 1 967 , 1 969) , and 

Aumonier ( 1 972) . Occasionally sone 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 laobs to study the location , structure and 

elastic tissue conposition of the carotid sinus , the 

distribution of nerve fibres and the morphology of the nerve 

terninals 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 ( 1 951 , 1 954) 

technique QOdified by Hamlyn ( 1 957)  and Guillery et al. ( 1 961 ) , 

and Romanes '  ( 1 950) silver chloride method. 

2 . The carotid sinus is a swelling , dilatation or diverticulum 

at the origin of the occ ipital artery or the occipitoascending 

pharyngeal arterial trunk. The extent of the elastic tissue 

of the carotid sinus varie s according to the position of the 

carotid body .  
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3 .  Three c las s i c al ves sel type s ,  mus culoe lastic , elas tic and 

mus cular , are pre sent in the carotid trifurcation . The 

ca.rotid sinus is predominantly of the e lastic type . 

4. The c arotid s i nu s  has a c omparatively thinner vral l and a 

thicker tuni c a  media than that of the adj oining b lood ve s sels . 

5 .  The tunic a adventitia of the c arotid sirrus wall i s  r i ch in 

mye linated and nonmyelinated fibres . These c ould be t rac ed t o  

the deeper adve nt itia , t o  the medioadventi tial border or even 

up to the superficial media . 

6. Terminal nerve fibres usually end a s  diffuse endings bearing 

no spe cific e nd format ions . 

7. The c arotid s inus wall did not exhibit any dete c t able 

morphological change s one month after the se cti oning of the 

carotid sinus nerve ; hov;ever , a marked dilatation of the 

ve ins of the adventitia was ob served after sect ioning of 

t he external carotid nerve or cranial cervical gangli one ctomy. 

8.  The large diameter myelinated nerve f ibres which degenerated 

a fter se ctio ning of the carotid sinu s  nerve are sugge sted t o  

b e  o f  glo s s opharyngeal origin; whereas , fine nonmye linated 

fibre s which c ould be trQc e d  to the medioadvent itia l  bo rder 

or superfic ial media �re sugge sted t o  be of sympathetic origin . 
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CHAPI'ER SIX 

FLUORESCENCE 1ITCROSCOPICAL STUDIES OF THE 

CAROTID BODY AND CAROI'ID SINUS 



INTRODUCTION 

According to various biochemical, histochemical and 

ultrastructural studies, the carotid body of several vertebrates 

contains catecholamines , dopamine and 5-hydroxytryptamine in 

variable quantities . The spe cies so far studied have been the bird, 

rat, � 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 catecholandnes 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 andnes in the carotid 

body of various vertebrate species: in the bird (Kobayashi, 1969b) , 

rat ( Battaglia , 1966 , 1968 ; Blumcke et al .,  1967a, 1967b) , � 

temporaria ( Banister et al. , 1967 ), Syrian hamster ( Chen and Yates , 

1968 , 1969 ; Chen et al., 1967 , 1968 , 1969 ), rabbit (Lever, and Boyd , 

1957 ;  Lever et al . ,  1959 ; Fillenz and Woods, 1966; Palkama , 1 965 ; 

1 34 .  

· BlUfficke, et al., 1967a; Rees , 1967a; Dearnaley et al. , 1968a, 1968b) , 

cat (Ross , 1959; Lever et al ., 1959; Hayashi , 1966; Chiocchio 

et al. , 1 966 , 1967 , 1971 ; Hess, 1 968; Morita et al . ,  1969 ; 

Zapata �. ,  1969a; Tramezzani et al. , 1971 ) , dog ( HBglund, 1967 ; 

Kobayashi, 1968 ) , horse (H8glund, 1967 ) , and man (Neimi and O jala, 

1 964; Hamberger et al .,  1966). 



Electron microscopical studies revealed the presence of osmio­

philic granules or electron-dense cored vesicles in all the specie s 

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 . ,  1 959 ;  

Ross ,  1 959 ;  Neimi and Ojala , 1 964;  Palkama , 1 965 ; Hamberger et al . ,  

1 966; Hayashi , 1 966 , 1 968 ; Battaglia, 1 966 , 1 968; Banister et al. , 

1 968 ; Chen et al . ,  1 967 ; Bltlocke et al . ,  1 967a,  b ;  Rees , 1 967a; 

Hess , 1 968;  Chen and Yates , 1 969 ; Kobayashi , 1 969b ; Morita et al. ,  

1 969 ; Zapata et al . ,  1 969a; Chiocchio et al . , 1 966 , 1 971 ) . Some 

observers ( Blftmcke et al . ,  1 967a , b ) were even tempted to onll them 

"catecholamine bodies" . The carotid body tissue of several species 

exhibits fluorescence which indicates the presence of one or more 

catecholamines . 

According to Bltlmcke et al . ( 1 967a ,  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 ( 1 968) 

and Chen et al . ( 1 969) found that , in Syrian hamsters , reserpine 

administration depleted catecholamines without disappearance of 

granules ( electron-dense cored vesicles ) and hypoxia did not affect 

cotcoholnoinc content , which is contrary to the findings of Blftmcke 

et al . ( 1 967b) . Lever et al . ( 1 959) 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 ( 1 968) . 

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 
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major c omponent of the stored catecholamine is noradrenaline in the 

dog (Kobayashi , 1 968) ' rabbit ( Palka.ma, 1 965 ) ' and cat ( Chiocchio 

et al . , 1 971 ; Hayashi , 1 966) j whereas in � temporaria it is 

adrenaline ( Banister et al . ,  1 967) . According to many reports the 

carotid body cells also contain indolamines ,  dopamine and 5-hydroxy­

tryptamine . 

A. Indolamines a Dopamine and 5-hydroxytryptamine 

Lever et al . ( 1 959) 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 , 1 969; Chen et al . ,  1 967) , dopamines (Fillenz and Woods , 

1 966 ; Banister et al . ,  1 967 ; Dearnaley et al . ,  1 968a , 1 968b ; 

Knoche et al . ,  1 969; Morita et al . ,  1 969 ; Chiocchio et al . ,  1 966 , 

1 967 ; 1 971 ) ,  and 5-hydroxytryptamine ( Hamberger et al . ,  1 966; 

Morita �. , 1 969 ; Chiocchio et al . ,  1 971 ) .  

It appears that the relative amounts of catecholamines , 

indolamines , dopamines and 5-hydroxytryptao:ine present in t he glomus 

cells vary in different specie s .  In the Syrian hamster , Chen and 

Yates ( 1 969) 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 ( Chioc chio et al. , 1 966; Morita et al ., 1 969) . According 

to Chiocchio et al . ( 1 966) dopamine constituted more than half of 
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the total catecholamine content of the carotid body ,  while noradrenaline 

represented 35% and adrenaline �. Chiocchio et al . ( 1 967) 

differentiated three cell types in the c arotid body of the cat 



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 1 5  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 . ( 1 969 )  found that the majority of cells ( ' dark cell type II ' )  

c ontained dopamine , and the remainder of the glomus cells contained 

either noradrenaline ( ' dark cell type I ' ) or adrenaline ( ' light cell 

type IV' ) .  This was confirned in a more recent report by 

Chiocchio et al . ( 1 971 ) who described the carotid body cells of the 

oat as exhibit ing an intense fluorescence after formaldehyde treat­

ment , but not all of these cells gave a fluorescence reaction with 

the trihydroxyindole histochemical method. They c oncluded "that 

most of the glomus cells contain norepinephrine or DOPA or a 

combination of these two compounds while some cells contain only 

dopamine . A few yellow fluorescence cells were also found after 

formaldehyde treatment which probably contain 5-hyd.roxytryptamine" .  

B .  Fluorescence Microscopical Studies 

Fluorescence microscopical studies have been done on the carotid 

body of the white rat ( Blfimcke et al. , 1 967b) , rat (Battaglia , 1 968) , 

rabbit ( Fillenz and Woods , 1 966; Rees ,  1 967a) , cat ( Chiocchio et al. , 

1 971 ) ,  man (Neimi and Ojala , 1 964) and the carotid labyrinth of 
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� teoporaria (Banistor , 1 968) . Fluore scence microsc opical studies 

on the carotid sinus have been made in the rabbit (Roes , 1 966 , 1 967a; 

Reis and Fuxe , 1 968) , the rat and cat (Reis and Fuxe , 1 968) . 

Blumckc et al . ( 1 967b) , usine fluorescence microscopy, found 

that the catocholaminc s vanished aloos t completely from the receptor 

cells after the rats wore subj 8cted to 20 min of hypoxia . bCcording 

to Neimi and O jala ( 1 964) the green fluorescence c ells in man were 

relative ly few in number but were evenly distributed among the 

alveoli of the lobule s and did not show any clear relationship to 

the c apillary spaces of the carotid bodies . They also stated that 

no fluorescence was seen in the nerve fibres and sugge sted that the 

carotid body probably lacked adrenergic parenchymatous innervation. 

Fillenz and Woods ( 1 966) found that yellow green fluores cence 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 

nerve s . They suggested that amines present in the c arotid body 

cells might be dopamine . 

Ree s  ( 1 966,  1 967a) studied the distribution of biogenic amines 

in the carotid bifurcation region of the rabbit . He stated that 

glomus cells c ontained phenolic amine s which persisted even up to 

21 days after sympathectomy. Acc ording t o  him , the carotid s inus 

of the rabbit contained adrenergic fibre s  derived from the superior 

cervical ganglion. 

There has been a controversy for many years on the nature of a 

pos s ible chemi cal transmitter substance in the carotid body cells . 

It has been the subject of various reviews and experiments 

( Liljestrand , 1 954; Lilje strand and Zotterman , 1 954; Daly, 1 954; 
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Heymans , 1 955 ; Heymans and Neil , 1 958 ;  Anichkov and Belen' kii , 1 962 ; 



Eyzaguirre et al . , 1 965 ; Heymans et al. , 1 968; Eyzaguirre and 

Zapata , 1 968 ; Torrance ,  1 968; Paintal , 1 969; Biscoe , 1 971 ; 

Ballard and Jones , 1 972 ) . Various substances which have been 

proposed as candidates for a chemical mediator are acids ( lactic 

acid , etc . ), amino acids ( glutamic acid and glutamic dehydrogenase , 

etc . ) , ATP and AMP ,  acetylcholine and catecholruoines ( Torrance ,  

1 968 ; Eyzaguirre and Zapata,  1 968) . Of the theories on cheQical 

mediation , the cholinergic hypothesis ( acetylcholine) and the 

adrenergic hjpothesi s ( catecholrunines )  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 mm 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 o ne  hour with forQaldehyde gas . Each glomus cell 

appeared as a discrete fluorescent unit having a dimeter of 6-9 � .  

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 sub j ected to huraidi ty 7afo , So%, 85% and 89% by storing 

over 34%, 2�, 25% and 21% sulphuric acid re spe ctively) at 80°C f or 

one hour . The diffus ion of biogeni c amines usually occurred duri ng  

thawing o f  the fro zen ti ssue secti ons o n  the f luores cence free glass 

micros cope slide s and during d�Jing in the desic cator co ntaining 

phosphorous pentoxide . The intensity of the fluorescence fadec. 

gradually and was appre ciably lost after 24 hr ,  while the e lastic 

fibres retai ned their autofluores cenc e . 

There �.re no signifi cant f luore s cent products in the inter­

lobular spaces or in the capsule of the carotid body. Even the 

largest nerve fib res ( the glossopharyneeal fibres ) produced very 

faint fluorescence or none at all .  However , a diffuse fluore s cent 

network w as seen along the artery of the carotid body in thinner 

frozen tis sue sections . 

( a) Normal Common Carotid and External Carotid Arteri es and 

Carotid Sinus 

In the c ommon carotid and e xternal carotid arteries beaded 

fluoresc ent fibres ,  presumed to b e  sympathetic nerve fib re s ,  we re 

seen in the adventitia and also at the. �di��dventitial bcrder 

(Plate XXI , Figs . 1 , 3) .  Especially at the media-adve ntitial border , 

there were non-spe cific fluore s c e nt elastio fibres , but these aut o­

fluores cent elastic fibre s could be eas ily distinguishe d  b y  the 

nature o f  the ir fluores cence ( Plate XXI , Fig . 3 ) . If diffUsion o f  

biogenic amines had oc curred ,  it was not p o s s ible to distinguish 

the strands of c onnective tis s ue fibres from the sympathetic 

nerve fibre s .  
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Fl�m the present study of frozen serial sections of the carotid 

sinus , it was found that the carotid sinus of the lamb contained a 

few beaded fluorescent fibres in the outermost layer of the adventitia 

(Plate XXI , Fig . 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 medic-adventitial border of the c ommon and 

external carotid arteries were virtually absent in the denervated 

arteries of the same individuals . Furthennore , 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 b odies , 

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 f luorescent 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 medic­

adventitial bor�er 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 14-dihydroisoquinoline and 2 ,.4-d� '--_yc, ':-o-norharncncs r;hich, when 

excited with ultraviolet light, fluoresce strongly at a wavelength 

of 480 no ( Cor.rodi and Hillarp , 1 963 , 1 964) , or 390 nm ( Falck, 1 962 ; 

Falck et al. >  1 962 ; Corrodi et al . ,  1 962) o 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 et al . ,  1 964) . Noradrenaline and dopamine give green 

or yellow-green fluorescence ( Spric;gs et al . ,  1 966) but , having 

identical activation and emis sion spectra ( Corrodi and Jonsson, 1 965 ) , 

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 . Angelakos and King ( 1 967) and Chiocchio et al . ( 1 971 ) used 

trihydroxyindole fluorescence products (blue to blue-green 

fluorescence , 500-520 nm ) to differentiate adrenaline frcm other 
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catecholamines in the nerve endings . 

In the p resent siu dy it was not possible t o  make a quantitative 

estimation of the different biogenic amines present in the carotid 

body of th e l8I.J.b . However , from the intense green to yellow-green 

fluorescence obtai ned with the formaldehyde gas condensat ion reaction , 

it is suggested that the carotid body cells of the lamb are rich in 

catecholamine s .  As 5-hydroxytryptamine give s a yellow fluores cence , 

and secondary nmines such as adrenaline give fluore scent products only 

after 3 or more hours treatment with formaldehyde gas ( Carl s s on et al . ,  

1 964) , th e intense fluorescence exhib ited by th e glomus cells in this 

study is likely to have been produced mainly by noradrenaline and 

dopamine . It was not possible to di fferentiate these two amines 

because of their identical activation and emis sion spectra , nor was 

it pos sible to detercine that the c arotid body c ells contained 

exclusively noradrenaline or dopamine .  The persistence of intense 

fluorescent c arotid body cells even up to 8 weeks after denervation 

suggested that sympatheti c denervation did not affect the cate chol­

amine s detectable by the formaldehyde condensation reaction and that 

the noradrenaline a ni  dopamine content remained the same after long­

term sympathetic denervation . 

Fluores cence other than that produced by catecholamines may 

result from formaldehyde gas reaction with other proteins and auto­

fluorescence of nerve itself . Als o , s ame tissues may not be 

influenc ed by formaldehyde ( Norberg and Hamberger, 1 964) . In the 

lambs , the non-specific fluores cence was ve� intense in the internal 

elastic membrane and the elastic fibres of the common and external 

carotid arteries , whereas in the collagen fib re s  in the adventitia 

of these arteri es the fluore sc ence was weak• Similar auto-
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fluorescence was seen near the intimal surface o f  the gingival artery 

from a seven• week-o ld infant, " non-specific intimal fluorescence or 

inner ring" , by Frewin et al. ( 1 971 ) ,  and in the cerebral artery of 

the rat (Iwayama et al. , 1 970) .  Neimi and Oj ala ( 1 964) reported the 

non-sp ecific fluorescence of connective tissue fibres in the human 

carotid body. They also repo rted that no fluo rescence �as seen in the 

nerve fibre s. Re es (1 967a) , likewise, fo und auto-fluoresc ent elastic 

fibres in the commo n and exte rnal carotid arteries of the rabbit. 

The present findings on the carotid bo dy in the lambs agree 

with tho se o f  F illenz a nd Woo ds (1 966) , and Rees (1 967a) in the 

rabbit, and Chiocchio et al. (1 971 ) in the cat. They also a gree 

with the finding by Neimi and Oj ala (1 964) in man ,  that the nerve 

fibres (po ssibly glo ssop haryngeal fibre s) exhibit no fluorescence. 

However, Neimi and Ojala made no mention o f  b eaded fluorescent 

fibres such as have been found a lo ng the caro tid body artery in the 

lamb. The p resent firdings a lso support the fact that the ca rotid 

bo dy cells con tain catecho lamines, e sp ecially noradrenaline or 

dopamine or bo th (Battaglia,  1 968 ; Chen an d  Yates, 1 969 ; Chen 

et al. , 1 967 ; Chio cchio et al. ,  1 966 , 1 971 ; Dearnaley et al. , 

1 968a , 1 968b; F illenz and Woods, 1 966; Hamberger et al. , 1 966; 

Hayashi, 1 966; Ho glund, 1 967 ; Ko bayashi, 1 968 , 1 969 ; Le ver and 

Bo yd, 1 957;  Lever et al. , 1 959 ; Morita et al. ,  1 969 ; Palkama, 

1 965 and Zapata et al. , 1 969a) . They also agre e with those o f  

Rees (1 966 , 1 967a) and Re is and Fuxe (1 968) o n  the carotid sinus, 

and the common a nd external ca ro tid arteries (Rees, 1 967a ) . The 

nature of the fluorescence o bserved by Rses ( 1 966, 1 967a) a nd 

Reis arrl Fuxe ( 1 968) in the rabbit ani cat was comparable to that 

o f  the lambs used in the present study. 
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SUMML\RY 

1 .  The distribution of catecholaoine s in the carotid body and 

carotid sinus was studied histochGmically by us ing a formal­

dehyde-cate cho lamine c ondensation reaction. studie s were �ade 

after cranial cervical eanglione ctomy or after secti oning the 

external carotid nerve . 

2 .  Both the normal and sympathetic ally dene rvated carotid b ody 

cells exhibit intense fluore s cence , and the intens ity of the 

fluore scence remains the same up to 8 weeks after sympathe ctomy. 

3 . It i s  suggested t hat the normal carotid body cells contain 

cate cholamines consis ting oainly of noradrenaline and dopamine , 

which are not affe cted by chronic sympathetic dene rvation . 

4. Fluore scent n erve fibres we re s e e n  o n  th e outer.oost layer of 

the adventitia o f  the noroal carotid sinus , along the carotid 

body artery, and in the adve ntitia and the medic-adventitial 

border of the coomon carotid and external carotid arte ri es .  

They were not pre sent in the denervated spec�ens . 

5 . It is c oncluded that the carotid sinus , carotid body arter.y and 

the common carotid and external carotid arterie s of the lamb 

re ceive sympathetic adrenergic innervat ion. 
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CHAPI'ER SEVEN 

ULTRASTRUCTURE OF THE Cl:.ROTID BODY AND Cii.ROTID SINUS 



INTRODUCTION 

Th e ultrastruc ture of the c arotid body and carotid sinus of 

various vertebrat e s  inc ludine man has been studied extensively , 

the most commonly used laboratory anL�als for electro n  micro s copical 

studie s b eine the cat and rabbit . However , there i s  no reference 

in the l iterature to the ultrastructure of e ither the carotid 

body or carotid s inus of the she e p ,  one of the conmonly used 

experimental animal s .  The followinG experiments were c arried out 

to study the ultrastructure of t he noroal and lone-term denervated 

carotid body and c arotid sinus in laobs . 

In the normal c arotid bodi e s , s tudies were nade f or :  

( i ) the type s of carotid b ody cells , 

( i i) the blo od ves sels and their relation to the 

glornic cells , and 

( i ii ) the teroinal axons , nerve endings and their 

relationships to the glooi c cells and the blood 

ves s els . 

In the denervated carotid b odie s  ( after se ctioning of the 

carotid sinus nerve , cranial c e rvical ganglione ctomy or se ctioning 

of the external carotid nerve ) the following studie s  we� 

c onduct e d :  

( i) the nature o f  morphological chanees in the glomic 

cells , a nd 

( ii) the change s in the t erminal axons and the nerve 

endines . 
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Studies were als o  made : 

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

couposition of the vascular wall , and 

( ii) in the denervated carotid sinus for structural 

ch�nees espec ia lly in the terminal nerve fibres and 

nerve endings . 

LITERATURE REVIEW 

The carotid body of a variety of vertebrates has been studied 

extensively by electron microscopy, including the "ar:1phibian" 

( Ishii and Oosaki , 1 969) , toad ( Ishii and Oosaki , 1 966) , bird 

(Kobayashi , 1 969a) , euinea-pig ( Engstron et al . ,  1 957;  Kondo , 

1 971 ) ,  rat (Hoffnan �nd Birrell , 1 958;  Battaglia , 1 966 , 1 968; 

Blumcke et al . , 1 967a ,b ) , mouse ( Duncan and Garner , 1 957;  Garner 

and Duncan , 1 958;  Kobaynshi and Uehara , 1 970) , rabbit ( Lever and 

Boyd , 1 957;  Lever et al . ,  1 959; Palkama, 1 965 ; Palkaua and 

Hopsu , 1 965 ; Biscoe and Stehbens , 1 966;  BlUBcke � . , 1 967a; 

Dearnaley et al . ,  1 968) , Syrian hansters ( Chen and Yates , 1 968 , 

1 969; Chen et al . ,  1 969) , cc.t (Ro ss ,  1 957a , 1 959; Duncan and 

Garner, 1 957 ; Garner and Duncan , 1 958;  Lever �. , 1 959 ;  

Eyzaguirre and Uchizono , 1 961 ; de Kock and Dunn , 1 964 ,  1 966 , 

1 968 ; Biscoe and Stehbens , 1 965 , 1 966 , 1 967 ; Biscoe et al . ,  

1 969 , 1 970 ; Molyneux and Scott , 1 966 ; Hayashi , 1 966 ; Duncan 

and Yates ,  1 967 ; Hess , 1 968; de Castro and Rubio , 1 968 ; 

Al-Lami and Murray, 1 967 , 1 968a ; Lall , 1 969; Morita et al . ,  

1 969 ; Zapata et al . ,  1 969a ,b; Abbott et al . ,  1 972 ; Ballard 

and Jone s , 1 972) , dog ( Hoelund , 1 967 ; Kobayashi , 1 968) , horse 
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( Hoglund , 1 967) , Weddell seal (Morita et .al . , 1 970) , man ( Feria­

Velas c o  and Zavala , 1 967 ; Kraus and Martinek , 1 967 , 1 968; 

Grimley and Glenner,  1 966a ,b , 1 967 , 1 968; Abraham , 1 968b) and 

monkey (Kraus and Martinek , 1 967 , 1 968; Al-Lami and Murray, 1 968b) . 

CELL TYPES 

The type I and type II cells of the carotid body as s een under 

light microscopy in various animals have been confirned by electron 

micro sc opical s tudie s in the mouse ( Garner and Duncan , 1 958) , 

guinea-pig (Kondo , 1 971 ) ,  Syrian hanster ( Chen and Yate s ,  1 969) , 

rabbit ( Lever et al . ,  1 968) , cat ( Garner and Duncan , 1 958; R.o ss , 

1 959;  Lever e t  al. , 1 959;  Eyzaeuirre and Uchizono , 1 961 ; Bis c oe 

and Stehbens , 1 965 , 1 966, 1 967 ; de Kock and Dunn , 1 964, 1 968; 

Duncan and Yates , 1 967; Al-Lami and Murray, 1 968a ,b ;  Hes s , 1 968 ; 

de Castro and Rub io ,  1 968; Morita et al . ,  1 969; Abbott et a l . , 

1 972 ) , horse and dog (Hor,lund , 1 967) and Weddell seal (Morita 

et al . ,  1 970) . Abbott and Howe ( 1 972 ) also found two type s of 

cells , type I and type I I ,  in the aort ic body tis sue of the c at . 

Sometimes the cell types are not menti oned, as in the guinea-pie 

(Engstrom et a l . , 1 957) , mouse and cat ( Duncan and Garner ,  1 957 ) . 

Studies have also revealed the pre senc e  of ganglion cells in the 

rat ( Hoffnan a nd  Birrell , 1 958) , cat ( Ros s ,  1 959;  Bisc oe and 

Stehbens , 1 966;  1�-Lami and Murray, 1 968a; He ss , 1 968) , dog 

(Kobayashi , 1 968) , rabbit ( Biscoe and Stehbens , 1 966) and Weddell 

seal (Morita et al . ,  1 970) , mast cells i n  the cat and rabbit 

( Lever et al . ,  1 959) , fibroblasts in the cat ( He ss , 1 968) and 

histiocytes in the c at ( de Castro and Rubio , 1 968) . Unidentified 

cells have b ee n  reported to be ass oc iated with c lumps of type I 

and type II cells in the cat and rabbit (Bis coe and Stehbens , 
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1 966) , and ono particular type of cell which is quite distinct from 

the type I and type II cell s ,  in the cat ( de Castro and Rubio , 

1 968) . 

A. CHIEF OR TYPE I CELLS 

The chief ( type I )  cells have been described in detail by 

many observers ( Garner and Duncan , 1 958;  Ross , 1 959; Lever et al . ,  

1 959; Biscoe and Stehbens , 1 966; do Castro and Rubio , 1 968; 

Hess , 1 968; Al-Lami and Murray, 1 968a ,b ;  Morita et al . , 1 969 , 

1 970; Kondo , 1 971 ) .  The majority of cells in the carotid body 

in various species  are the chief cells . Accordine to Al-Lami 

and Murray ( 1 968a) the type I and type II cell ratio is ten to 

one . Jul authors a5ree that most of the chief cells occur in 

Broups invested by type II cells . Accordine to de Castro and 

Rubio ( 1 968 ) the minimuo distance whic h separates the chief cell 

from the blood varies between 1 and 3 J..L , even thoUBh it is 

ensheathed by the sustentacular cell processes , and the ereatest 

distance between the blood and a chief cell can be as much as 

1 5-20 J..L . Kondo ( 1 971 ) reported that mitotic chief cells are 

rarely found, and that they are considerably enlareed and 

rounded and contain n�erous dense granular vesicles throuehout 

the cytoplasm. 

Types of Chief Cells 

The lieht and dark cells as seen under the light microscope 

have been confirmed by ultrastructural studies in the rabbit 

(Lever and Boyd , 1 957 ;  Lever et al . ,. 1 959 ;  Palkama and Hopsu, 

1 965) , c at (Hayashi , 1 966; de Castro and Rubio ,  1 968; Morita 
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et al . ,  1 969 ; Abbott � al. , 1 972 ) , doe and horse (Hoelund , 1 967 ) , 

Weddell s eal ( Morita et al . ,  1 970) , monkey (Kraus and Martinek , 

1 967 ) and man ( Feria-Volnsco et al . , 1 966 ; Grinley and Glenner,  

1 966b , 1 967; l{raus and Martinek , 1 967) . However, a nuL1ber of 

observers did not catceorize the type I cells into light or dark 

cells ( Duncan and Garner , 1 957 ; Garner and Duncan, 1 958;  

EngstroQ et al . ,  1 957 ;  Hoffman and Birrell , 1 958;  Ros s ,  1 959 ;  

de Kock and Dunn, 1 964, 1 968; Biscoe and Stehbens , 1 966 ; Duncan 

and Yates ,  1 967 ; Hess , 1 968; Al-Lani and Murray, 1 968a ; 

Dearnaley et al . ,  1 968; Kondo , 1 971 ) , but s ome of them indicated 

that there is a wide ranr,e of appearance of the noroal eloous 

cell (Lever and Boyd , 1 957 ; Lever et al . ,  1 959;  Duncan and 

Garner, 1 957;  Garner and Duncan , 1 958;  Ross ,  1 959) . Morita 

et al . ( 1 969 ) even distineuished four types of chief cell , 

"Type I " ,  "Type II" , 11Type III" , and "Type IV or li@lt cell" , on 

the basis of the ele ctron density of their cytoplasm as well as 

on the morphological features of the osmiophilic granules they 

contained. Kraus and ���tinek ( 1 967) stated that the light and 

dark cells were oorphologically different functional st[�ees of 

the chemoreceptor cells . Kobayashi ( 1 968) classified the gloous 

cells into chromaffin and nonchromaffin cells on the basis 0f 

their reaction to potassium dichromate .  He stated that chromaffin 

cells were less frequent and contained dense osmiophilic granules .  

However, Biscoe ( 1 971 ) stated that there was no entirely convincing 

morphological evidence to support the cla� that there are two 

varieties of type I cell , light and dark , one with many vesicles 

and the other with few or no electron-dense vesicles . 
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Light Cells 

The cytoplasm of the liGht or clear cell , accordine to 

Lever and Boyd ( 1 957 )  , Lever et al. ( 1 959 ), de Castro ( 1 968 ) ,  

and Abbott �· ( 1 972) , is les s  dense or clearer than that of the 

dark c ell . It has been reported that lieht cells contain cros sly 

vacuolated and distended oitochondria (Lover and Boyd, 1 957 ;  

Lever e t  al . ,  1 959) , or they contain many vesicles or vacuoles 

and fewer mitochondria ( or none at all) than the dark cells 

(de Castro and Rubio , 1 968) . They have been described as havine 

fewer osmiophilic e;ranules in the cytoplasm (Lever and Boyd , 

1 957; Lever et al . ,  1 959) . Ac cordine to Morita et al . ( 1 969) 

these cells , their "Type IV" , are difficult to find in th3 cat , 

and in their cytoplasm a snall number of eranules ,  1 20 nm + 3 in 

diameter, are unifo1�ly distribut ed .  They suee;ested that these 

cells mifpt be adrenaline-containine; cells or might be a functional 

state of their "Type II " cell . However, accordine; t o  Abbott 

et al . ( 1 972) "clear Type I cells " are more common than the 

"dense Type I cells" . According to Hayashi ( 1 966) , more 

mitochondria were found in the " pale" cells than in the "dark" 

cells . 

Dark Cells 

The "dark" cell contains a backe;round cytoplasm of noticeable 

electron density ( Lever and Boyd , 1 95 7; Lever et al . , 1 959; 

Grirnley and Glenner, 1 966b ; Morita et al . , 1 969) in which lie 

compact mitochondria with a content of internal cristae , 

filament s and numerous osmiophilic granules 0.05-0 . 1 5  � in 

diameter (Lever and Boyd , 1 957 ;  Lever et al . ,  1 959) . Morita 
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et al . ( 1 969) clas sifi ed the dark cells into three types : 

"Type I" , "Type II" , and "Type Ill" .  "Type I "  cells did not 

appear very o ften, "Type II" cells were oos t fre quent , and " Type 

III" cells were occasionally seen , and they had cytoplasmic Branules 

with diaQeters of 1 70-400 nm ,  1 30 . 1  nQ � 3 .5 end 93 rn � 2 .4 

respectively. Moreover they considered that "Type I" , "Type II" 

and "Type III" cells contain noradrenaline , d opanine and " specific 

a.mine s "  respectively. Abbott et a l .  ( 1 972 ) stated "tho.t s ome of' 

thes8 c e ll s  ( dense Type I cell s) he.ve very feyr granules and in 

some respect s  are similar in appearance to the Type II c ells , 

but may be d i&tinguished from the latte r  by their top ography and 

a different arraneenent of the endoplasmic reticulUIJ11
• 

The chief cell c yt oplasm in nos t  of the animals studied 

exhibits a finely granular cyt oplasm with a rounded and centrally 

placed nucleus . The cytoplasn has been reported to be rich in 

organelles and inclusions : uitochrondria ( Ros s , 1 957 , 1 959 ;  

Hoff'man and Birrell , 1 958; He s s , 1 968 ; 
' 

Eyzaeuirre and Uchiz ono , 

1 961 ; Bisc oe and Stehb ens , 1 966 ; Battaglia , 1 968 ; Al-Lani 

and Murray, 1 968a,b ;  Zapata et al . ,  1 969b ; Kondo , 1 971 ) ,  

endoplasmic reticulum (Ros s ,  1 957a , 1 959;  Garner and Duncan , 

1 958;  Hcffoan and Birrcll , 1 95 8 ;  Lever et al . ,  1 959;  Bis c oe 

and Stehbens , 1 966; Grimley and Glenner , 1 966b ;  Kraus and 

Martinek , 1 967 , 1 968;  Battac;lia , 1 968 ; Kondo , 1 971 ) , Golgi 

complex ( Ros s , 1 969 ; Garner and Duncan , 1 958;  Lever et al . ,  

1 959; Bisc oe and Stehbens , 1 966 ; Battaglia , 1 968; Kraus and 

Martinek, 1 968 ; Hes s ,  1 968 ; Grimley ann Glenner , 1 966b ;  

Zapata e t  al. , 1 969b ; Kondo , 1 971 ) ,  centriole or centrioles 

(Hes s ,  1 968; Bis c oe and Stehb ens , 1 966; Kondo , 1 971 ) ,  cilium 
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or cilia ( Biscoe and Stehbens , 1 966; Kraus and Martinek , 1 967 ; 

Hess , 1 968;  Battaclia, 1 968; Kondo , 1 971 ) ,  Nissl body ( Grimley 

and Glenner ,  1 966b ; Hess , 1 968; Zapata et al . ,  � 969b ) , riboscmes 

( Battaglia , 1 968; Kondo , 1 971 ) ,  microtubules ( Hess , 1 968; 

Biscoe and Stehbens , 1 966) , filaments ( Kondo , 1 971 ) ,  lysosomes 

( Biscoe and Stehbens , 1 966; Al-Lami and Murray, 1 968a ,b ; 

Kondo , 1 971 ) ,  vacuoles ( Hess , 1 968) , clear c orpuscles (de Castro 

and Rubio , 1 968) , lipid body (Ross , 1 959;  Lever et al . ,  1 95 9 ;  

Al-Lami and Murray, 1 968a; Hess , 1 968 ) , nultivesicular bodies 

(Kondo , 1 971 ) ,  unspecified intracellular inclusion bodie s  

(Ross , 1 959 ;  de Kock and Dunn , 1 964; Kondo , 1 971 ) and 

cytoplasmic ve sicles (Ross , 1 957) . 

The glomus cells have been claimed to have conplex cytoplasmic 

processes ( Garner and Duncan , 1 958;  Lever et al e , 1 959 ; de Kock 

and Dunn , 1 964 , 1 968 ; Biscoe and Stehbens , 1 966; Molyneux and 

Scott , 1 966;  Grinley and Glenner ,  1 966b; Duncan and Yatcs , 

1 967 ; de Castro and Rubio , 1 968 ; Hess , 1 968; Al-Lami and 

Murray, 1 968a; Zapeta �. , 1 969b ; Morita et al. , 1 970; 

Kondo , 1 971 ) .  Up to five cytoplasmic processes have been 

reported by de Kock and Dunn ( 1 964) . The nature of the 

cytoplasmic processes has been variously described as interlocking 

( Garner and Duncan , 1 958; Grimley and Glenner,  1 966b ) , dendritic 

( Hoffman and Birrell , 1 958) , dovetailing or inte1�igitated 

(Duncan and Garner, 1 957;  Lever � al . , 1 959) , and finger-like 

( de Kock and Dunn , 1 964; Biscoe and Stehbens , 1 966) . These 

cytoplasDic processes are said to be directed toward the cell 

bodies and extensions of other neighbouring chief cells 

(Lever et al. , 1 959) , and they are not oriented toward the 
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blood vessels or nerve fibres (de Kock and Dunn, 1 964) but may 

extend for a long distance around the blood sinusoids ( Hess , 1 968) . 

Therefore each cell-group or cell-nest is separated from the 

adjoining one by connective tissue and the type II cell cytoplasmic 

pro ces s or processes ( Hess , 1 968) , and from the blood sinusoids by 

the type II cell cytoplasQic process , interstitial space , basement 

membrane and the endothelial cells ( de Kock and Dunn , 1 964) . Non­

myelinated axons ensheathed by Schwann cells ( Ross , 1 959) and 

myelinated fibres ( Lever �. , 1 959)  may occupy these interstitial 

spaces . According to de Kock and Dunn ( 1 964) up to six layers of 

collage�ous bundle s can be found around the cell-groups . The 

cytoplasmic membrane of the chief cells is c ompletely enveloped by 

the type II cell sheaths ( de Kock and Dunn , 1 964, 1 968 ; Biscoe and 

Stehbens , 1 966) , or less completely enveloped ( Duncan and Yates ,  

1 967; Al-Lo.mi and Murray, 1 968a; Kondo ,  1 971 ) .  The unenveloped 

portion of the cytoplasmic membrane of the chief cell is in direct 

co ntact with the basement membrane or perisinusoidal space surrounding 

each glomus c luster (Ros s ,  1 959; Duncan and Yates , 1 967 ; Al-Lami 

and Murray, 1 968a; Kondo , 1 971 ) ,  or in contact with the plasma 

membrane s of terminal axons or of the nerve endings (Biscoe and 

Stehbens , 1 966; Al-Lnmi and Murray, 1 968a; Kondo, 1 971 ) e 

Mitochondria 

The mitochondria, according to Ro ss ( 1 959) , 3�ttaglin ( 1 968) , 

and Kondo ( 1 971 ) ar e  small , numerous , and round to oval or elongated 

in shape . They are stated by Ross ( 1 959) to be unifornly distributed 

in the cytoplasm , and small ( 200-400 nm) , and by Biscoe and Stehbens 

( 1 966) to be 1 .3 J.1. long and 0 .2-0 .35 JJ. wide . Kondo ( 1 971 ) reported 
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that th& chief cell cytoplasmic proces s e s  were eloneated in shap� , 

and were oriented parallel to the long axis of the pro ce sse s .  

Ac cording to Al-Lnmi and Murray ( 1 968a) they were exce ptionally 

dense after single fixation with glutaraldehyde and osmic acid . 

It has been stated that cristae were c los ely packed (Ros s ,  1 959) , 

uniform and paralle l t o  each other and embedded in the dense 

matrix ( Battaglia ,  1 966 , 1 968) . A few branchine forms have been 

reported by Ross ( 1 959) nnd Bis coe and Stehbens ( 1 966) . 

Endoplasmic Reticulum 

The endoplasmic reticulum of t he  chief cells hns been 

de s cribed as tubular ( Gnrner and Duncan , 1 958) , simple in foro 

( Lever � . , 1 95 9) consisting of small rough-walled s acs and 

tubule s ( Lever et al . ,  1 959)  or flattened elongated sacs (Bis coe 

and Stehbens , 1 966) . According to Ros s ( 1 959) they are usually 

located at the opposite pole of the nucleus and the width of their 

profiles varie s from 20-40 nm .  It has b een reported that they 

are in parallel arrangement s ( Ros s ,  1 959 ;  Bis coe and Stehbens , 

1 966;  Chen and Yate s ,  1 969) except " in the cells c o ntninine 

compact mitochondria and few o r  no osmiophile granule s sooe o f  the 

endoplasmic reti culum is arranged in b ila.I!linar sheet s 11 ( Lover 

et a l . , 1 959) . The size of the dense granules as s o c i ated with 

the membrane s o f  the endoplasmic retic ulum was measured as 1 0-1 5 nm 

by Ross ( 1 959) and 1 6-1 9 nm by Bis coe and Stehbens ( 1 966) . 

According t o  Garner and Duncan ( 1 958) they are usually sensitive 

t o  fixation and produce granule s of high ele ctron densit y in 

poorly fixed t is sues . 
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Golgi Complex 

The Golgi complex has been reported to be occasio nally observed 

in the juxtanuclear or perinuclear region (Ros s , 1 959 ; Chen and 

Yate s ,  1 969 ; Kondo , 1 971 ) or to be poorly developed (Hayashi , 1 966 ; 

Kondo , 1 971 ) .  Abbott et al. ( 1 972 ) stated that the Golgi c aoplex and 

endoplasmic reticulum arc a comoon feature of t ype I cell s .  It has 

been described as consisting of a c ompact collection of Golgi 

membranes ( Lever et al . ,  1 959) or as systems of narrow , flattened 

tubules and small ( 20-40 nm) vesic le s  in close assocation ( Ros s ,  

1 959) . Ele ctron-opaque cored ve sicle s  have been found to be fus ed 

with or budded from sacs of the Golgi apparatus (Biscoe and Stehbens , 

1 966) . Kraus and Martinek ( 1 968) stat ed that the typical primary 

granules aris ing from the vesicles of the Golgi complex are in 

direct c onnection with the ergastoplasmic tubule s . 

Centriole s ,  Cilia and Nissl Body 

Kondo ( 1 971 ) stated that centrioles are located near the 

nucleus and are gathered i n  a cytocentrum , and Biscoe and stehbens 

( 1 966) found them to be continuous with a cilium . Ac c ording t o  

Hes s  ( 1 968) each glomus c e ll has a sin3le cilium extending from it s 

interior in relation to a single centriole , but Biscoe and Stehbens 

( 1 966) found s everal cilia extending b eyond the "normal cell marein" 

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 , 1 971 ) , and having an overall diameter of 220 nm and 

containing c ircumferentially arranged fibrils each 250 nm wide 

( Bis c oe and Stehbens , 1 966) . He•e ( 1 968 )  stated that a Nis sl 

body consi sting of doub le membranes was located ne ar the periphery 

of e ach glomus cell . 
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Free Ribosomes, Microtubules, Filament s ,  Lysosomes and Lipids 

Kondo ( 1 971 ) reported that the chief cell eytoplasm contains 

free ribos ames , and that filaments and microtubules are oriented 

parallel to the long axis of the chief c ell cytoplasmic processes . 

Microtubules have also been reported to be present (He ss , 1 968 ) , 

and loc ated particularly in the c e ntros omal regions with a diameter 

of 1 7-25 nm ( Bis coe and Stehbens , 1 966) . Lys osome s have been 

reported in the glomus cell ( Biscoe and Stehbens , 1 966 ; Al-Lami 

and Murray, 1 968a ; Kondo , 1 971 ) . They have been de scribed as 

membrane bound bodie s having a diameter of 0 . 3-0 .7 � ( Biscoe and 

Stehbens , 1 966) or o . B-1 .5 � ( Al-Lami and Murray, 1 968a ) . Lipid 

bodies have been reported to be occasionally found ( Ros s , 1 959;  

Lever et al . ,  1 95 9 ;  1�-Laoi and Murray , 1 968a ; Hes s ,  1 968 ) . 

It has been stated that they are about the sane size as  lysosomes 

(Al-Lami and Murray, 1 968a) and that they are found more in the 

sustentacular cells than in the chief cells ( Ros s , 1 959 ) . 

Cytoplasmic Vesicles 

Cytoplasmic vesicles of various d imensions have b een reported 

in the chief cells by many obse rvers ( Ross , 1 957 , 1 959;  Engstrom 

et al. , 1 957 ; Duncan and Garner ,  1 95 7 ;  Garner and Dunean, 1 958;  

Lever and B oyd ,  1 957;  Lever et al . ,  1 95 9 ;  Eyzaguirre and Uchizono , 

1 961 ; Biscoe and Stehbens , 1 966 ; Molyneux and Scott , 1 966 ; 

B�cke et al . ,  1 967a , b ;  Kraus and Martinek , 1 967 , 1 968; Duncan 

and Yates ,  1 967 ; �glund , 1 967 ; Al-Lami and Murray, 1 968a ,b ; 

Dearnaley et al . ,  1 968; Kobayashi , 1 968 ; Zapata �. , 1 969b ; 

Chen and Yate s ,  1 969 ; Morita et al . ,  1 969 , 1 970; Kobayushi and 

Uehara , 1 970 ; Kondo , 1 971 ) . Many observers have b een tempted to 
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group them a c c ording t o  their si z e s  and staining re �tions . Morita 

et al . ( 1 969 ) even class ifie d t he ch:ie f c e ll s  into four types on 

the basis of the ir cytoplasnic dens ity as well as on the norphologi c al 

fe atures o f  their osoiophilic e;ranule s .  Feria-Velas c c  and Zavala 

( 1 967) desc ribed tv;o type s of granular c ells , differine: o nly in s i z e s  

o f  their granules ,  surrounding t yp e  I cells . The most charact eri stic 

feature of the chief cell , ac cordinr, t o  nany obs erve rs , is the 

presence o f  oembrane-bound granule s ( cored ve sic les ) or o sni ophilic 

granules in the species so far stud ied : rat , rabbit �inea-pig , 

Syrian hamsters , cat , do g ,  horse , Weddell seal , nonkey nnd man . 

The s i ze s  of the small and large ve sicles , dense granule s , and 

o smiophilic granule s or hieh ele c t ron density dark-cored ve sicle s  

in various animals have b een report ed a s  fe llows : 

Small ve s i cles 

mouse 

rat 

cat 

cat 

Large vesicles 

cat 

c at , rabbit 

cat 

30-40 no 

20-50 nm 

20-40 nm 

93.:!:,2 .4 nm 

60-1 20 nm 

40-1 20 nm 

1 70-400 nm 

(Kobayushi and Uehara , 1 970) 

(Hoffman and Birre ll , 1 958)  

(Ro s s , 1 959) 

( Morita �· , 1 969) 

( Ros s ,  1 959) 

(Bis c oe and Stehbens , 1 966) 

( Morita et al . ,  1 969) 
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Dense granules 

euinea.-pir, 

ca.t , rabbit 

4-5 nr:l 

1 6-1 9 nm 

( Engstroh et al . , 1 957) 

( Biscoe and Stehbens , 1 966) 

Osmiophilic Branules (dQrk-cored vesic les) 

Syrian hanster 

r,uinea-pie 

oouse 

rabbit 

cat , 

rabbit 

cat , rabbit 

cat 

cat 

cat 

cat 

cat 

man 

50-200 nm 

70-200 nm 

av . 1 00 run 

80-90 nm 

6o-200 nm 

50-1 00 nm 

35-1 90 nm 

6o-80 no 

50-1 50 nm 

40-1 30 nn 

50-1 50 no 

1 30.:!) .5 nm 

1 00-200 nm 

( Chen and Yates ,  1 969) 

(Kondo , 1 971 ) 

(Kobay�shi and Uehara ,  1 970) 

( Dearnaley et al . ,  1 968) 

( Lever nnu Boyd, 1 957 ; 

Lever et nl . , 1 959) 

( Biscoe and Stehbcns , 1 966) 

(Ross , 1 959) 

(Hess , 1 968) 

(Al-Lruoi and Murray, 1 968a) 

( Zapnta et al . ,  1 969b) 

( Morita � . ,  1 969 ) 

( Grimley and Glenner,  1 966b) 

Ross ( 1 959)  and Mori to. �· ( 1 969) .:md many others reported 

that most of the chief cells contain a sparse or s cattered population 

of high electron density dark-cored vesicles . .Acc ording t o  Lever and 

Boyd ( 1 957) and Lever et al . ( 1 959) , the population of osmiophilic 

granules is hi&her in the dark cells than in the lieht cells . 

Although many s tudies hnve indicated that the se granules are widely 

distributed in the chief cell cytoplasm , they are particularly dense 

beneath the cell membrane (Morita et al . ,  1 969; Kondo , 1 971 ) and 

are sometimes c rowded at one pole of the cell or even found ope ning 
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on to the chief cell surf�ce (Kondo , 1 971 ) . Kondo ( 1 971 ) also 

reported that these granule s are present in the chief cell pro cesses 

but are absent in the axons . 

Duncan and Yates ( 1 967) regarded the high electron density 

droplets as an effect of fixation on a highly labi le cytoplasm . 

I n  1 967 , they reported that granule s were faint after fixation vdth 

Dalton' s fluid ,  very dense but small after fixation with osmic acid ,  

devoid o f  a dense central core after 3% KMn04 fixation , and very 

dense after perfus ion with formalin and glutaraldehyde . However , 

Bi s c oe and Stehbens ( 1 966) and He ss ( 1 968) found that granules were 

depleted in o smiun fixed naterials . The dark-cored vesic le s ,  

acc ording to Duncan and Yates ( 1 967) , did not disappear but rather 

increased in number under anoxia . J .. cc ording to Molyneaux and Scott 

( 1 966) the granules becone dispersed and approximate the plasma 

membrane after hypoLta . 

Multivesicular Bodie s, Vacuole s ,  Inclusion Bodie s, C lear Corpuscles , 

and "Lamellate Bodies" 

Multive sicular bodies were reported in the chie f  cell cytoplasn 

by Kondo ( 1 971 ) .  Large vacuoles ,  0 . 2-0 .3 � in di�eter , containing 

small vesicles 20-30 nm in diameter have been reported by Hess ( 1 968) . 

The inclusion bodie s of Kondo ( 1 971 ) are about 0 .4 � in diameter , 

each having a c entral dense particle 0 .3 � in diameter , surrounded 

by 2-3 c oncentric lamellae . According to de Castro and Rubio ( 1 968) 

clear c orpuscle s , 0 .7-1 .2 � in  diameter , are more frequent in 

animals subjected to hypoxia or hyperc apnia . Abbott et al. ( 1 972) 

have been the f irst to describe "lamell.?.te bodie s "  measuri ng up to 

1 IJ. m  in length. They stated that these " lamellate bodi es" are 



" composed of a system of c losely aliene d ,  parallel canals or sacs , 

were oc casionally found . ---- Continuity betvveen lamellate bodie s 

and the endoplasmic reticulun was s ometiiJe s  observed" . 

Nucleus 

The chief c ells have b een described �s havinr, a centrally placed , 

oval or rounded nucleus with a s inele nucleolus (Hoffman and Birrell , 

1 958; Ro ss , 1 959;  1\1-Lami and Murray , 1 968a;  Kondo , 1 971 ) .  Ross 

( 1 959) described theiJ a� havine a dens e periphery and a fine granular 

karyoplasm . Nuc lear pores have been reported by Hoffman and Birrell 

( 1 958) , Hayashi ( 1 966) and Al-Lani and Murray ( 1 968a) , but Ross 

( 1 959 )  found none . The pores a re  about 80-1 00 nm vdde acc ording 

to 1�-LaiJi and Murray ( 1 968a) . Lever et al. ( 1 959) stated that 

the outer lamina of the nuc lear IJembrane is more sac culated t oward 

the cytoplasm in the cat than in the rabbit . 

Modific ations of t he  Chief C e ll Plasma Membrane 

Where two chief cells are opposed t o  each other, membrane 

thickenines ( Dea.rnnley et al . ,  1 968 ) ,  de smos omes ( Hes s ,  1 968) , 

tieht junctions as we ll as desmosomes (Al-Lami and Murray , 1 968b ) , 

junctional coiJplexes siiJilar to zonula adhaerens ( Biscoe and 

Stehbens , 1 966) and junctional specializ ations of the cell menbranes 

of the t ype called fascia adhaerens have been reported by Kondo 

( 1 971 ) .  On the other hand , many observers made no mention of such 

a modifi cation of chief cell plasma meiJbrane s ( Duncan and Garner ,  

1 957 ; Hoffman and Birrell , 1 958 ; Ros s ,  1 959 ; de Kock and Dunn , 

1 964) . 
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MOst observers did not report any specializ�tions in the p lasma 

oembrane s of chief cells c ont i(Ouous with or enc losed by the sustent acu­

lar or type II cell s ,  but Kondo ( 1 971 ) reported " oc casional junctional 

spe cializations of c e ll membranes with an ac cUIJulation of dense 

material in t he sub jacent cytoplasm on one or both s ides" . It has 

been reported that a gap o nly :1bout 1 5  run wide sepnrate s  ad,jaccnt 

chief cell plasma meoorane s (Kondo , 1 971 ) .  

At the s i te s  of c ontact between the axon terminals and the chie f 

cell there is no s pe cializ ati o n  of the adj oininr, surface s  nor is 

there any ac cumulation of synopt ic ve sic le s  or of mitochondria 

( Ro s s , 1 959 ; de Kock and Dunn , 1 964) . Lever et al . ( 1 959)  howeve r ,  

made n o  me nti on of loc al specializ ation o n  the type I c ell membrane 

although they de s c ribed spe cializ ation in the ax oplasm . This will 

be reviewed in detail in conne ction with the ne rve endings . 

( B) SUSTENTACUk\R OR TYPE II CELLS 

The cytoplaso of the sus tentacular or type II cell has been 

stated t o  be less dense (Ro s s , 1 959 ;  Lever et al . ,  1 959) or dens e r  

( de Castro and Rubio , 1 968) than that of the chi ef c ells , o r  the 

cytoplasmic density varie s even in the same cell (Kondo , 1 971 ) .  The 

cytoplasm has been de scribed by many ob servers as containing 

mito chondria, e ndoplasmic reticulum ,  Golgi c omplex , cilia , ribos ome s ,  

microtubules ,  f ilaments or fibri ls , lipid b odie s , vesic le s  and 

vacuoles . Ro s s  ( 1 959) reported that 3-4 c ytopla soic proc e s s e s  which 

may b e  wide ( 300-500 nm) or narrow ( 1 5-30 no) , arise from any o ne 

sustentacular cell . Ac cording t o  him , they may embrace a whole 

glomus c e ll , p arts of elomus c ells , other sustentacular c ell 

pro c e s s e s  or a c ombination of the s e . The cytoplasmic proc e s s e s  



have been described as posses sinr, vacuoles ( de Kock and Dunn , 1 964) , 

microtubules 1 5  nm in diameter and fine fibrils about 5-1 5  nm in 

diameter (Bisc oe and Stehbens , 1 966) and a small amount of Lutochondria 

and filaments in a very clear matrix (Kondo , 1 971 ) .  Those cytoplasmic 

processe s ,  acc ording to Kondo ( 1 971 ) are applied to the chief cells 

without any membrane specializations. 

Mitochondria, Endoplasmic Reticulum and Gol5i Complex 

The mitochondria , accordinr, to various reports , are snall and 

are about 200-300 nm (Ross ,  1 959) , and relatively few of theu have 

been observed in the sustentacular cell cytoplasm ( Lever et al. , 

1 959 ;  de Castro and Rubio, 1 968) . They have been described as 

having sparse cristae (Ross , 1 959) . 

Dearnaley et al . ( 1 968) stated that the sustentacular cells �-

are characte�ized by an abundance of rough endoplasoic reticulum 

but , according to some workers , the endoplasmic reticulum is 

inconspicuous ( Lever et al . ,  1 959) and i s  not well developed 

(Kondo , 1 971 ) .  The elongated or folded membrane profiles of Ross 

( 1 959) studded with suall dense granules ( 1 0-1 5 nw in size ) , are 

probably the �ough surfaced endoplasmic reticulum . 

The size of the vesicles of the Golgi complex have been reported 

to be as large as 0.8  � in diameter (Biscoe and Stehbens ,  1 966) 

and not well developed (Kondo , 1 971 ) .  
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Cilia, Ribosooos, Microtubule s ,  Fibrils and Filaments 

Cilia have been observed in the type II cell cytoplasm by 

Biscoe and Stehbens ( 1 966) and Hess ( 1 968) .  Acc ordine to Biscoe 

and Stehbens ( 1 966) tho cilia of the 9 + 0 fibril pattern projected 

from the endothelial aspect of the type II cell s .  

Ribosomes , according t o  Kondo ( 1 971 ) ,  were not so well 

developed .  Polyribosomes have been reported in the type II cell 

cytoplasm. 

Microtubulcs , filaQents and fibrils were reported to be 

conspicuous and rich in the type II cell cytoplasm by Al-Lami and 

Murray ( 1 968) and Kondo ( 1 971 ) .  

Lipid Bodies, Vacuoles and Vesicles 

Ros s  ( 1 959)  reported the presence of osniophilio lipid bodies 

in the sustentac ular cell cytoplasm . Small vacuoles have been 

observed by de Castro and Rubio ( 1 968) . Also reported have been 

a few dark-cored vesicles (Al-La.mi and Murray, 1 968a) and a few 

light-cored vesicle s (Ros s ,  1 959) . 

Nucleus 

The sustentacular cells have been described as havine an ovoid 

(Kondo , 1 971 ) Rnd flattened or e longated nucleus (Ros s ,  1 959; 

Lever et al. , 1 959 ) , with a finely granular karyoplasm (Ross , 1 959) . 

Most of the observers stated that the sustentacular cell nucleus has 

a denser periphery than that of chief cells . 



Cell Membrane Modifications 

Biscoe and Stehbens ( 1 966) found that dense zones up to 0 .1 Jl. 

long and 30 nm wide were present along the type II cell plasma 

membrane adjoining the basement membrane , and similar dense zones 

have been described by Al-Lami and Murray ( 1 968a ,b) . Junctional 

specializations of cell membranes between two adjacent type II 

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

( 1 971 ) .  

"Another  Type of Cell" in the Carotid Bod.Y 

According to de Castro and Rubio ( 1 968) "there is another type 

of cell in the carotid body • • • •  These cells are almost as large 
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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 v1i th large electron-dense granules , 

and cytoplasmic vacuoles . 

( C ) BWOD VESSELS OF THE CAROTID BODY 

De Castro and Rubio ( 1 968) 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 1 l  .. -28 j..L , and the 

narrower arrl. less numerous type II capillaries, vr.i th a diacater 

of 6-1 2 j..L , which bridge between the type I capillaries . Biscoe 

and Stehbens ( 1 965 ) stated that blood vessels were numerous and 

sinusoidal , and were always lined by at least three endotheli&l 

cells . Association of pericytes and smooth muscle fibres with 

the vessel walls has been reported (Hoffman and Birrell, 1 958 ;  



Lever et al . ,  1 959;  Bis coe and Stehbens , 1 965 , 1 966) . The 

e ndothelial c e l ls have been repcrted t o  be devoid of fenestrations 

(Garner and Dunc an , 1 958; de Kock and Dunn , 1 964) but lat er 

ob servers emphas i zed their pre sence (Bis coe and Stehbens , 1 965 , 1 966 ; 

Al-Lami and Murray, 1 968a ,b) . Fenestrations , acc ordine to Bis c oe 

and Stehbens ( 1 965 , 1 966) and Al-Lami and Murray ( 1 968a ,b)  are 

ab out 50-70 nm and 60 nr:J. vdde respe ctively ,  and are c overed b y  

diaphragms 1 0  nm thick (Al-La.mi and Murray , 1 968a) . Moreover 

Bi8 c oe and Stehbens ( 1 965 , 1 966) stated that dense-walled or c oated 

ve s icle s  and c aveolae are present in the endothelium . The e ndothelium 

was described as having nume rous endothe lial folds in the cat and 

mouse (Duncan and Garner ,  1 957) . 

Hoff.man and Birrcl l  ( 1 958) dete cted a s olit ary ganel ion cell 

lyine adjacent to the s inusoid and Engst�m et a l .  ( 1 957) even 

detected bud-shapeu nerve endi ngs b e neath the innermost layer of 

the endothelium of s mall capillarie s . In c ontrast to �1e s e  report s  

Lever et al . ( 1 959) stated that there are no ne rve terminals i n  

relation t o  the ve s sel wall . 

Accordil16 to Jillrahaw ( 1 968b ) , microvilli and c ilia , e sp e c ially 

of the endothe lial c e lls , may play a role in the reeulat ion of blood 

flow .  

( D) NERVE FIBRES, NERVE ENDINGS AND 'lliEIR RELATIONSHIP TO THE 

CHIEF CELLS 

Most nerve f ibres in the interst itial stroma ( interglomerular 

tissue ) are unmye linated but a few mye linated fibres have als o 

been reported (Ros s ,  1 959;  Eyzaguirre and Uchi z ono , 1 961 ; Bis coe 
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and Stehbens , 1 966; Kondo , 1 971 ; Abbott et �. , 1 972) . The axons , 

havine a wide ranGe of diameters , have been described by many workers 

as follows : 

Species Axon diameter 

cat 0 .2 1-L or larger (de Kock and Dunn, 1 968) 

( large axon) 

cat 0 .2  1-L or around ( de Kock and Dunn , 1 968) 

( small axon) 

cat 0 . 2-0 .4 �-t  (Ross ,  1 959) 

cat 

(nonmyelinated axon ) 0 .4-1 . 2  1-L 

0 .07-0 . 2  1-L 

(Dearnaley et al . ,  1 968) 

(Kondo , 1 971 ) guinea-pig 

Axons of the following diameter ranges have been reported to be 

expanded or dilated to form the biegest nerve endings or synaptic 

bags or bulbous s��ptic terminals in the carotid body: 

Species 

cat , rabbit 

cat 

cat 

cat 

cat 

cat 

cat 

cat 

guinea-pig 

Diameter of Axon 

0 . 2-o .5 1-L axon 

axon teminal 

axon tenninal 

axon terminal 

0 .5 1-L axon 

axon 

0.2  1-L and larger 
axon 

axons 

0 .5�-t axon 

Diaoeter of Endinss 

0 .5-2 .0 j..l. endings (Biscoe and 
Stehbens , 1 966) 

0 .4-0 .5 1-L endings (Ros s ,  1 959)  

3-6 1-L endings ( de Castro and Rubio , 
1 968) 

1 -2 1-L endings ( Zapata et al . ,  1 969b) 

1 -2 1-L endings (Hess , 1 968) 

1 -3 1-L endings (Dearnaley et al . ,  
1 968) 

synaptic bags (de Kock and Dunn , 
1 968) 

1 .5-6.0 j..l. endings "synaptic " 
terminals (Abbott et al . ,  1 972) 

2 j..l. endings (Kondo , 1 972) 



According to de Kock and Dunn ( 1 968) the small dianeter nerve 

fibres ( 0 .2 1-L and around) do not show any enlargement but contain 

well defineJ. microtubules around 20 nm in diameter . Kondo ( 1 971 ) 

stated that the smalles t  fibres having a diameter of 70-200 nm 

are found particularly near the venule s and possesses few neuro­

tubules i n  a relative ly dense Qatrix of axoplasm . According to 

de Kock and Dunn ( 1 968) the nerve fibres e nd in one of the following 

three ways : 

( i ) as small nerve e ndings within mes aX onic infoldines 

of type II cells , 

( i i) as large s ynaptic bags in c lose aopositi on t o  the 

type I cells , and 

( iii) as s�all nerve endings in the c omplex folded membrane 

system . 

The axcns of the c arotid body , acc ording to many observers 

c ontained mit ochondria (Dearnalcy � . ,  1 968) , neural filaments 

and fibres ( He s s ,  1 968) . 

All ultrastructural studie s of the carotid body indicate that 

the terminal axons or their expans i ons and the nerve endings are 

located on the surfac e  of the glomus cell , b e tween adj ac ent glomus 

cells , between the gl ocrus c ells and the blood vessels , or i n  

relation t o  the type II cell sheaths . None o f  the ultrastructural 

studies so far carried out on the c arotid body demonstrate s  that 

the terminal axons or the nerve endings are intracytoplasmic . 

Many observers have found the@ lying in contact or in the groove 

of the p lasma membrane of the chief cells (Engstrbh �. ,  1 957 ; 

Garner and Duncan , 1 958 ; Ros s ,  1 957a, 1 959;  Hoffman and Birrell , 
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1 958 ; de Kock and Dunn , 1 964; Bis coe and Stehbens , 1 965 , 1 966; 

Al-Lami and Murray , 1 967 , 1 968a , b ;  Mori t a  �. , 1 970;  Kondo , 

1 971 ) .  

Accoruine to Al-Lami and Murray ( 1 968a ,b) and Molyneux and 

Sc ott ( 1 966) there a.re two c las ses of nerve endi ngs , but Kondo 

( 1 971 ) describ ed three typ e s  o f  nerve endines and one type of 

terminal expansion or synaptic bar; . Kondo ( 1 971 ) des c ribed a rare 

nerve endine which lie s in the cytoplasm of the sustentacular cell 

and co ntains small cored ve sic le s  50 nm in diameter, and a le s s  

frequent form of nerve endine having a d ens e ac cumulation o f  mito­

chondria , few elycoeen particle s and v e s icles of varyine s i ze s . 

He proposed that the fomer type of e ndine is "adrenRrgic "  and 

the latter a "pre su.rnptive afferent ending" . He D.lso stated that 

none of them i s  in d irect contact with the chief cells . 

The nerve e ndines in the Schwann cells , according to Biscoe 

and Stehbens ( 1 966) contained mitochondria 0 . 1 -0 . 1 3  � in di�neter , 

electron opaque c ored vesic le s  65-1 00 nm in size , and microvesicles 

50 nm in diameter . The nerve end in� according to various reports 

contain mitochondria (Biscoe and Stehbens , 1 965 , 1 966; �oglund , 

1 967 ; Al-Lami and Murray, 1 965a ,b ; Kond o , 1 971 ; Abbott et al . ,  

1 972 ) , synaptic v esi c le s  (Bisc oe and Stehbens , 1 965 , 1 966; Grimley 

a nd  Glenner, 1 966b ; �o·glund , 1 967 ; Al-Lami and Murray, 1 968a , b ;  

Kondo , 1 971 ; Abbott et al . ,  1 972 ) , occasional vesicle s with central 

dense c ores ( Biscoe and Stehbens , 1 965 , 1 966; hbbott et al . ,  1 972 ) , 

dense particles ( Bis coe and Stehbens ,  1 965) , elycogen granule s  

( Bis c o e  and Stehbens , 1 966; Al-Lami and Murray, 1 968o. ; Kondo , 

1 971 ; Abbott et al . ,  1 972 ) , and fibrils and microtubule s (Biscoe 

and Stehbens , 1 966) . Acc ordine to Al-Lami and Murray ( 1 968a) 
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ribosomes are absent in the nerve endings . The dimensions of the 

constituents of the nerve endings given by various observers are 

as follows : 

mitochondria 1 00-1 80 nm in diameter ( Bisc oe  and Stehbens , 1 966) 

1 50-250 run 11 11 (Kondo , 1 971 ) 

vesicles 50 run 11 11 (Biscoe and Stehbens , 1 965) 

50-1 00 nm 11 11 ( " " " 1 966) ' 

50-70run " 1 1  ( Zapata �. , 1 969b) 

electron opaque 
cored vesicles 1 00 run 11 11 (Biscoe and Stehbens , 1 965 ) 

40-850 mn 11  " ( " 11 11 1 966) 

glyc ogen 
granules 1 0  nm 11 11 ( 11 11 " 1 966) 

fibrils 1 0  nm 11 11 ( 11 " " 1 966) , 

microtubules 25 nm 11 11 ( " " 11 1 966) 

The terminal axon expansions ( synaptic bags or synaptic 

terminals ) have been reported as c ontaining the following : 

mitochondria (Molyneux and Scott , 1 966; Dearnaley et al . ,  1 968; 
Hess , 1 968 ; de Kock and Dunn , 1 968; Kondo , 1 971 ; 
Abbott et al . ,  1 972) . 

clear 
vesicle s  50 nm in dionoter ( Dearnaley et al . ,  1 968) 

50-6o nm " " (Hess , 1 968) 

40-6o nm " 11 ( de Kock and Dunn , 1 968) 

60-1 50 nm " 11 ( " 11 11 1 968) 

1 5-30 nm 11 " ( de Castro and Rubio , 1 968) 

up to 50 nm 11 (Abbott et al . ,  1 972) 

osmium-dense 
cored vesicles  rare (de KOck and Dunn, 1 968) 

50-90 nm " 11 (Abbott et al . ,  1 972) 
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dense bodies 

glycogen 
granules 

1 50-250 nm in diameter (Kondo , 1 971 ) 

1 0-1 5 nm 11 11 (Abbott et al . ,  1 972 ) 

The distance between the plasma membranes of the axon or nerve 

ending or synaptic t erminal and that of the chief c ell at the 

region of synaptic c ontact have been stated to be  as follo-vrs : 

axon-chief 

axon- If 

axon- 11 

end,ings- 11 

endings- " 

cell 

11 

11  

11  

" 

axon t erminals-
chief c ell 

axon t erminals-
chief cell 

axon t erminals-
chi ef c el l  

axon t erminals-
chi ef c ell  

30 nm wide 

8-1 7 nm 11 

5-1 0 nm 11 

1 0-
20 nm " 

20 nm 11 

30 nm " 

8-1 0 nm 11 

30 nm 11 

30 nm " 

( some 1 5-20 nm ) 

(Lever et al . ,  1 959 ) 

(Biscoe and St ehbens , 

11 11 11 

" " 11 

(Kondo , 1 97 1 ) 

(Hess . 1 968 ) 

(de Castro and Rubio , 

(Zapata et al . , 1 969b ) 

(Abbott et al . , 1 972 ) 

Axons, Axon Terminals, Endings and their Ass ociation -vrith the 

Chief Cel ls 

1 965 ) 

1 966 ) 

1 966 ) 

1 968 ) 

According to s ome observers the junction between the axon and 

glomus cell has no specializetions whatsoever on either side (Ross , 

1 95 9 ;  Garner and Duncan , 1 958 ; de Kock and Dunn , 1 964 ) , but Lever 

et al . ( 1 959 ) found specialization within the axoplasm . Many 
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ob servers report ed that the structural modifications were e ither 

on the axon side or on both axon and elomus cell side s , (Biscoe 

and Stehbens , 1 965 , 1 966 ; Duncan and Yate s ,  1 967 ; iu-Larni and 

Murray, 1 968a , b ;  Hess ,  1 968 ; de Kock and Dunn , 1 968; de Castro 

and Rubio , 1 968 ; Dearnaley et al . ,  1 968 ; Kondo , 1 971 ; Abbott 

et al . , 1 972 ) . The structural modifications may be found ( i) on 

the plasma �embrane s of axon terminals , nerve endinr,s or elocus 

cells , ( ii) wi thin the axoplasm or in the glomus c e ll cytoplasm 

adjacent to the specialized structural c ontacts . 

The structural modifi cations on the plasma membranes at the 

synaptic contacts ( axon-glomus ce ll contact s ) were reported as 

ele ctron-dense zone s  0 .2-0 .5 !J. in leneth ( Bis coe and Stehbens , 

1 965 ) , 20 run wide (Al-Lami and Murray , 1 968a) , opaque z ones 

( Bis c oe and Stehbens , 1 966 ; Kondo , 1 971 ) , membrane thickenings 

( Hes s , 1 968 ; Abbott et al . ,  1 972 ) and desmosomes ( Hess , 1 968; 

Battaglia, 1 968; Kobayashi and Uehara , 1 970) .  The spe cializctions 

within the axoplasm or chief c e ll cytoplasm sub jacent to the 

synapti c contacts have been rep orted as being a dense accumulation 

of ve sicles \vith or without ele ctron dense zones (Molyneux and 

Scott , 1 966; Bis coe and Stehbens , 1 965 , 1 966; de C nstro and 

Rubio , 1 968 ; Koba.ynshi , 1 968 , 1 969a; Kobayashi and Uehara , 1 970; 

Kondo , 1 971 ; Abbott et al . ,  1 972 ) . The ele ctron dense zones 

according to Bisc o e  and Stehbens ( 1 965 , 1 966) ,  extended about 50 nm 

into the axoplasm from the synap tic contacts , and the related intra 

cytoplasmic dense z ones on the glomus c ell s ide were as much as 

80 nm wide ( Bis c oe  and Stehbens , 1 966) . 
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Synaptic complexes were apparently afferent in the mouse as 

reported by Koba�Lshi and Uehnrn ( 1 970) on the basis of the 

localization of small-cored vesicles . According to /u-Lami and 

Murray ( 1 968b) the nerve endings in the carotid body may be entirely 

efferent in function. Axo-axonic synapses were also described by 

Kobayashi ( 1 969b ) in the carotid body of the bird , where he found 

synaptic vesicles on both sides of these synapses . However , according 

to some researchers , p,lomus cells received efferent innervation in 

the dog (Kobayashi , 1 968) and in man (Abraham, 1 968b ) . The basket­

endings of the carotid body of the cat according to Al-Lami nnd 

Murray ( 1 968a) were both afferent and efferent endines . Kondo 

( 1 971 ) also described adrenergic and afferent endings in the 

carotid body of the guinea-pig . 

Nerve Endings as Chemoreceptors 

Biscoe and Taylor ( 1 963 ) proposed that the fine nerve endings 

in the carotid body of the cat were involved in chemoreception. 

In 1 971 , Biscoe postulated that the nerve endings themselves could 

be the transducer element and suggested that such nerv� endings 

could be under the endothelium or surrounded by type II cells . He 

concluded that " the evidence now sugge�ts that the type I cells are 

not receptors • • • •  The sensors are small nonmyelinated nerve 

terminals enclosed in the type II cells" . 
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-.E . NERVE SECTION EXPERIMENTS ON THE C..l\ROTID BODY IiliD CAROTID SINUS 

Reviews and l�ports of nerve s ection experiments on the carotid 

body have been written by de Cas tro ( 1 926 , 1 928) , Mei jling ( 1 938) , 

Lever et al . ( 1 959) , de Kock and Dunn ( 1 968) , de Castro and Rubio 

( 1 968) , He ss ( 1 968) , Biscoe and Stehbens ( 1 967) , Biscoe et al . 

( 1 969 , 1 970) , Bis coe ( 1 971 ) ,  and Abbott e t  al . ( 1 972 ) . Denervetion 

experiment s on the c arotid sinus were performed by Ree� ( 1 966, 

1 967 , 1 968) . 

( a) CarOtid Body f�te r  Sectionins o f  Carotid Sinus Nerve 

De Castro ( 1 926) s e ctioned the glossopharyngeal nerve b elow the 

ganglion and found degeneration of nerve endings which were related 

to the glomus cells , and therefore suggested that these were 

effectors . In 1 928 ho perfcrmed intracranial se ctioning of both 

glossopharyngeal and vagal nerve roots . He re ported that the nerve 

endings were sti ll intact even aft er 1 2  days post operation , and 

then claimed that the glomus cells were receptors . However ,  

ac cording t o  Mei jling ( 1 938) , the neurofibrillar reticulum within 

the glomus ce lls remains unchanged after the c arotid sinus nerve or 

all the nerves in the i ntercarotid triangle of the horse are 

se ctioned . 

He ss ( 1 968) sect ioned the glos s opharyngeal ne1�e of the cat . 

He found changes in the synapses as early as one day post ope ration , 

and virtually no synap s e s  were seen on the glomus cells at 3 days 

post operation , and at 7 days no nerve fibres or s ynapses around 

the glomus cells were seen . He also stated thet " at 3 days up to 

7 days from denervation no striking changes are s een in the chief 
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cells , • • • •  perhaps the lipid bodies are seen more frequently than 

in the normn.l glomus cells " .  He als o found changes i n  the cyt oplasm 

of the capsule c e ll and changes in the nature of the cytoplasmi c 

envelopment of the capsule cell around the glomus c e ll s . De Ko ck 

and Dunn ( 1 968) have described the folded membrane s ys tems of typ e 

II c el ls as undergoing signs of s evere membrane degenerati on within 

48 hours of c arotid s inus nerve s ection; however , they did not 

find the small nerve fibres enc losed by the se membrane systems to 

be affected . De Castro and Rubio ( 1 968) stated that , when the 

carotid sinus nerve was s ectioned in the cat , after 48 hours 

degene rative changes had deve loped only in the nerve terminals 

in contact with type I cells . However , when the vaeal and 

glo s s opharyngeal root s were sectioned intracranially, they were 

unable t o  dete ct any changes in the nerve endings even after 

30 days . 

Delayed degeneration of glo s s oplli�ryngeal fibres to the carotid 

body was sugge s ted by Bisc oe and stehbens ( 1 967) , Bis c oe et al. 

( 1 969 , 1 970) and B iscoe ( 1 971 ) .  It was reported that the 

degeneration was neither uniform nor c ompl ete even after three 

months p ost operation (Bis c oe and Stehbe ns ,  1 967; Bis coe et al . ,  

1 969) . They s tated that irregular spaces or vacuole s appe ared 

within the type II cells . Bis coe et al . ( 1 969 ,  1 970) des cribed 

the nerve endings on the glomus c ells as efferent and hen ce their 

cell bodie s were probably in the bra in  stem . Abbott et al . ( 1 972) 

•xamined the c arotid bodie s  of c ats 3 hours to 3 weeks after 

sectioning of t he carotid s i rrus nerve . They found that most o f  

the mye linated fibres and many o f  the nonmyelinated fib re s  underwent 

degene rative 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 division , and beyond 1 0  days after 

operation no normal synaptic terminals were seen. They also 

reported that the type I gloous cells appeared to hypertrophy and 

produced new branched processes which filled in the spaces left by 

the degenerated neural elements . 

(b)  Carotid Body After Sympathectom� 

One week after the unilateral excision of the cranial cervical 

ganglion and upper sympathetic chain of the rabbit , Lever et al . 

( 1 959) found no changes either in the glomus cells or in the nerve 

terminals associated with them. Hess ( 1 968) did not f ind any 

changes in the synaptic terminals one week after severance of the 

sympathetic fibres to the carotid body of the cat . However, 2-3 

weeks after the excision of the cranial cervical ganglion and 

sympathetic fibres to the carotid body of the cat , Biscoe and 

Stehbens ( 1 967) found deeeherative chanees in the nerve fibres 

within Schwann cells under the endothelium. They therefore suggested 

that these nerve endings were sympathetic in oriein. 

( c )  Ultrastructure of Normal Carotid Sinus 

Various ultrastructural studies on the carotid sinus have 

been undertaken in the rabbit ( Rees , 1 966 , 1 967a ,b , 1 968; 

Dropmann , 1 967) and man (Abraham, 1 967 , 1 969) . Ultrastructural 

studies on the carotid sinus of sheep or any other ruminants are 

not available in the literature . 
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Ree s  ( 1 967b ) de scribed the carotid s inus adventitia as having 

two type s of nerves "( category 1 and c c.tegory 2) " in the deeper 

laye r .  He ob served myelinated t ogethe r with "prenyelinated" axons 

of diameters 0 .6-8 .0 )1. ( thiclme s s  of myelin sheath not included) 

in the superficial adventitia . In the deeper layer he did not 

find a ny nye lin sheath and sugge sted that the nerve fibres are 

" premye linated" or nonmyelinate d .  He als o stated that the 

" category 1 "  nerves (0 . 1 -1 .1 1.J. in diame ter) are charact erized by 

havine nunerous vesicles ( 3C•50 run in diameter) and a small number 

of mito chondri a. Ac cording to him they are exclusive ly myelinated 

and are associated ·,:vith isolated adve ntitial smooth mus cle cells . 

He des c ribed the " category 2 "  nerves as having a dinmet er range 

of 0.2-4 . 5 )1. '  numerous mitoc hondria , concentric osmiophilic 

lamellae , membrane free granules , and inconspicuous ve s icle s  

50-250 nm in diame ter. He s tated that the y  may be e ither 

nonmye linated or "premyelinated" and are als o  a s socinted with the 

adventitial smoo th muscle cel l s . Rees ( lo c .  cit . ) ob s e rve d  no 

nerve s  in the tunic a media o r  in the intioa . 

Dropmann ( 1 967) observed elliptical shaped laoe llar bodie s  

raneing from 0 . 2-3 .0 )1. i n  diameter i n  the third or f ourth mus cle 

layer of the re dia in c lose connection with the elastic laminae . 

However , Ree s  ( 1 967b) reearded the s e  lamellar b odie s as simple 

whorl-shaped membranous neurit es in the deeper layer of the 

adventitia . 

(d) Ultrastructure of Denervated Carotid Sinus 

Ree s  ( 1 966 ,  1 967b) is probably the only one who performed 

denervation experiments on rabbi ts and studied the carotid sinus 
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microscopically and ultrastructu rally. He performed unilateral 

cranial cervical ganglionect omy and unilat eral carotid sinus nerve 

s e ction , or both . /�er s ectioninr, of the c arotid sinus nerve 

he obse1�ed no najor nerve bundle s of noroal appearance in the 

carotid sinus wall , and the nerve s c o ntaining dense-c ored 

ve si cles ( "category 1 nerve s " ) s till reLlained in the deeper part 

of the adventitia . l�ter sympathe ct omy he did not observe any 

"category 1 nerves" i n  tho c v.rotid sinus wall or any vis ible 

ch �e s in the compo sit ion of l arge sheathed ne rve bundles situated 

in the superfi cial adventitia . He concluded that the " category 1 

nerves "  were adrene rgic nerves which ultimat ely ended in relation 

to the adve ntitial muscle surface . The deep adventi tial neurites 

( " ea tegory 2 " )  were de1•i ved from the glos s ophnryngeal nerve nnd 

they most like ly represe nted the sensory (barorecept or) nerve 

conponent of the s inus wal l (Ree s ,  1 967b) . 

A .  FIXATION AND STAINING 
- � --- -__,., -

ID�SUL'rS 
�� 

C aro tid bodies c:..nd c a:.:otid sinuses removeJ f:com 

anae sthetized animal s prior t o  sub sequent liru�rs ion in the modified 

Karnov sky' s fixat ive at 4
°

C wer·e poorly f ixed . In the s e  spec imens , 

the organe lle s o f  the carotid b ody cells , e s pec ially the mitochon-

dria , were abnormally distended and t he glomus cytoplasm �1as 

exce s s ively vacuolated . Als o ,  the cytoplasm of f ibroblasts , axons 

and smooth musc le ce lls in the c ��rotid sinuses were vacuolated . 

Carotid bodie s and carotid 13 inuse s  from anaesthetized 

animals infus ed in s itu with e ither modifieri Ka)_'novsky' s fluid 
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or 5% glutaraldehyde , phosphate buffered , pH 7 . 2-7 .4,  were 

satis factorily fixed . Infusion of 5% glutaraldehyde only, phos phate 

buffered , pH 7 . 2-7 .h. , through both c ommon carotid arteries appe ared 

to be equally as effective in fixing the carotid body and the 

c arotid sinus as when c/o paraformaldehyde was incorporated . 

Brief washing of the tis sue blocks in distilled water before 

dehydration through an e thanol serie s ,  including 75% ethanol in 

which 1% uranyl nitrate vms inc orporated ,  gave better differentiation 

and contrast .  Subsequent s taining of the tis sue sections from 

these tis sue blocks with 1%  uranyl nitrate di d not further improve 

the contrast or the differentiation of the cellular component s . 

Seve n to ten minutes staining of thin s ection on the grid with 1%  

lead c i  trate alone was found to b e  sufficient for the carotid body 

and carotid s inus . 

B .  ULTRASTRUCTURE OF THE C/�OTID BODY � . 

1 • NORMAL CJ�OTID BODY 

The parenchyma of the carotid b ody of the lamb was found t o  

be composed of two maj or types of c e ll s , the chief ar type I and 

sustentacular or type II cells . The carotid body cells were f ound 

i n  groups among the blood ve s sels ( s i nusoids ) . Myelinated and non 

myelinated nerve fibres were numerous especially at the periphery 

of the carotid b ody tis s ue (Plate XXIV , Fig. 1 ) . Mast cells were 

o ccasionally f ound but they were fevrer in the carotid body than 

in the carotid sinus . Altho ugh ganglion cells were ob served 

fre quently i n  the c arotid b ody under light mic roscopy, they were 

rarely seen under electron micros copy. 
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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 . Thes e  

osmophilic , electron dense-cored vesicles w·ere present in all the 

carotid bodies examined by electron microscopy, the fjxatives 

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 vnth certainty in the lamb . It was 

also  not pos sible to clas sify the carotid body type I cells into 

several sub types as was done by Morita et al . ( 1 969) in the cat . 

The chief or type I cells v.,rere generally rounded to polygonal 

in shape , having oval to rounded nuclei . They measured 7-1 41-L in 

diameter . The type I cells or cell groups �ere partially enclosed 

by the cytoplasmic extensions of fibroblasts  and type II cells 

(Plate XXII,  Fig . 3) . The centrally placed nucleus usually 

exhibited a single and prominent nucleolus . The nucleus 

measured �- .8-71-L in diameter. 

The adjacent chief cells were generally approximately 0.31-L 

apart . On s ome occasions a distance of 1 . 1 91-L - 2j..!. was noted when 

the adjacent chief cells were separated by three or more layers 

of cytoplasmic proces ses of fibroblasts . The membrane thickenings 

and specializations such as desmosomes , zonula adhaerens or 

fascia adhaerens nere not observed on the opposed membranes of 

the chief or type I cells . 
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The chief cell cyt oplasm exhibited nume rous cyt oplasmic 

organe lle s and inclus ions . Mit o chondria were abundant throughout 

the cyt op lasm .  They were usually round t o  oval in shape and were 

720 nm long and 1 6o nm wide . Christae mit ochondriale s were 

generally of e qual si ze and paralle l in the ir orientation 

(Plate XXII , Fig . 1 ) .  In the c yt oplasmic proce s s es of the chie f 

cells they were oriented parallel to the long axes of the pro ce s s e s .  

Numerous fre e ribosomes 1 0-21 nm in diame ter , and granular 

endoplasmic retic ulum were obs erved in the cyt oplasm . The endoplasmic 

retic ulum was c omp os ed of cisternae of various s i zes , 21 to 63 nm i n  

diameter . Some of the se cisternae vrere 1 05 nm apart from e ach 

other . The granule s  on these t ubular systems were of the s ame si ze 

as thos e  found fre e  in the cytoplasm. Centri oles were located near 

the nuc leus . Als o dis tributed throughout the cytoplasm were the 

microtubvle s and filaments whic h  were als o present in the chief 

eel:!.. pro c e s se s . 

Golgi complexes were located oc cas ionally around the nucleus . 

Cytoplasmic ve s i c le s 1 7�45 nm in diameter were always pre s ent and 

s ome time s tubular s ys tems of the Golgi complexes rrere c lo s ely 

associated wi th them . Also note d  in the c yt oplasm were c lear 

ves i c le s  350-400 nm i n  length and 1 00-300 nm in rridth . 

The mo st charac t eri stic feature of the chief cell was the 

presence of the o smiophilic elec tron dens e -c ored ves i c l e s  which 

were bounded by distinct membrane s (Plate XX III , Fig . 1 ;  

Plate XXIV , Fig . 2) . They were dis tributed throughout the 

cytoplasm and thei r  d iamet ers ranged from 63-1 60 nm .  The ele ctron 

dens e c ores o f  the s e  ve sicle s were separated fran the outermost 

membrane s by a uniform dis tanc e 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 vrere 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 . Sometimes 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 be st observed at the periphery of the carotid body lobules• 

They were 4-6 � in diameter and pos sessed extens ive cytoplasmic 

processes which wrapped around the type I cell or cell groups 

(Plate XXII ,  Fig . 2 ) .  These cells pos sessed 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 s o ,  their cytoplasmic 

processes intervened between the type I cell or cells and the 

blood ves sels (Plate XXII ,  Figs . 1 ,  3 ) . Therefore in these 

situations the sinusoidal walls were separated by varying 
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numbers of cytoplasmic proces ses of type II cells � fibroblasts 

and collagen fibres from the type I cell or cells . 

( c )  Nerve Fibres 

The carotid body capsule contained numerous myelinated and 

nonmye linated fibres . The smalle st diameter myelinated fibres 

were 1 . 8p. in diameter vvhereas the largest one s were up to 3 . 5 !-J.  

in diameter . Bundle s of myeli:mtod fibres were ensheathed by 

cytoplasmic processes of fibroblasts . Usually collagen fibres 

were ensheathed by cytoplasmic proces ses of  fibroblasts . Usually 

collagen fibres intervened between the nerve fibres , between nerve 

bundles , and between them and the .::tdjacent glomic tissue (Plate 

XXII, Figs . 2 ,  3 ) . Numerous ,  small mitochondria , very few 

vesicles , and neural filaments .::tnd microtubule s were seen in the 

axoplasm of nerve fibres .  

( d) Nerve Endin� 

There were two types of nerve endings - loxge and small - in 

the carotid body o f  the lamb . The large nerve endings were 2 

thick and approximately 8!-J. long ( Plate XXIV , Fig . 3) . They contained 

small mitochondria , densely packed electron dense-cored vesicles 

1 1 0 nm in diameter , clear vesicles  up to 1!-J.  in diameter , and small , 

dense granule s of 36 nm in diameter . The axoplasm was very 

susceptible to fixation artifact s , especially when the tissues 

were fixed by imersion as compared to  those fixed in situ by 

infusion. 
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( e ) Blood Vessels 

Blo od vessels were numerous in the c arotid body tis sue and 

were lined by one t o  three endothelial cells (Plate XXII,  Fig . 1 ;  

Plate XXV , Fig. 3) . The endothelial cells pro j e cted cytoplasmic 

folds , 70-95 nrn i7ide and ),_60-720 nrn long , into the blood vascular 

lwnen. Occasionally, b ranched cytoplasmic folds were observed . 

The endothe lial cells were fenestrated and their fene strae ;;1ere 

40-80 nm wide . 

The distance between the chief coll ( type I) and blood 

ve ssel ( sinusoid) , in situa.tions where fibroblast or type I I  

cell pro c e s s es intervened , vms about O .Lij..l. . It was generally 

found that cytoplasmic extensions o f  fibroblasts either surrounded 

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

2 .  DENERVATED CAROTID BODY 

( a ) �arotid Body After Sectioning 2fJl�e Carotid Sinus Nerve 

From two weeks after se ctioning of the carotid sinus nerve 

the myelinated nerve fibres in the capsule and in the interlobular 

c onne ctive tissue of the carotid body exhibited marked degene rative 

change s . The degenerat ed nerve fibres were not identifiable with 

certainty in the cfl..rotid bodies after five ·weeks to eight weeks 

denervation . 

Neither the type I nor the type II cells sho.ved dete ctable 

cellular c hange s  either after sectioning of the carotid sinus 

nerve or af'ter sympathectomy. In this , the pres ent study agrees 

w2th those of Lever et al . ( 1 959) , de Kock and Dunn ( 1 968) and 

de Castro and Rubio ( 1 968) . 



Nerve endi ngs of the large type which were usually asso c iated 

with the type I c ells , as well as t he large diameter mye linated 

nerv e  fibre s of the carotid b ody degenerated after s e ct ioning o f  

the carotid s inus nerve ( Plate XXV ,  F i g .  2 ) . As the nonmyelinat e d  

nerve fibre s (Plate XXV ,  Fig .  1 )  st ill remained intac t the s e  

large nerve endings and large myelinated nerve f ibre s are suggested 

t o  b e  of the glo s s opharyngeal origin . 

(b ) Carotid B� After Sectioning of the Exte rnal C arotid 

Nerve or Cranial Cervic al Ganglione c tomy 

There were no det� ctab le morphologi c al change s in the type I 

and type II ce lls of the carotid body aft er sectioni ng o f  the 

external c aro tid nerve or cranial cervical ganglione c t omy. 

Howeve r ,  degeneration was s ee n  in the small nonmye linated nerve 

fibre terminal s (Plate XJ:V, Fig . 3 ) , ancl als o  in the small nerve 

e ndings espec ially those near to or in contact with the blood 

ve s s e ls of the c arotid body. As th e large diameter myelinated 

nerve fibre s and the large nerve endings still rema ined intact , 

the small nonmye linated nerve fibre terminals and th e small nerve 

endings whi ch are related to the blo od ve ssels are suggested to 

be of sympathe tic origin . 

C • ULTRASTRUCTURE OF THE CAR ariD S INUS 

1 • NORMAL C.ARariD SINUS 

The fine st ruc ture of the individual vascular wall components 

was f ound to be similar in the common c arotid art ery , c arotid 

s inus , and the occipital (mus cular porti on) and external carotid 

arterie s .  The c arotid sinus v�l l  i s  c ompos ed of e ndothelium , 



tunic a  media and tuni c a  adve nt itia. The individual component s  of 

the c ar otid sinus wall are e ndothe lium , smooth muscle c ells , 

fibrocyt e s , occasi onal mast ce lls , c o llagen and elastic fibre s .  

( a) Tuni ca Intima 

A s ingle layer o f  flatte ned endothelial cells lined the lume n 

of the carotid sinus . The int ima was norma l ly 1 .5-2 .5J.L thick and 

was s eparated from the internal elastic lamina by an i ll-defined 

layer 0 .3-1 .0J.L thi ck . The endothelial cell proce s se s  narrowed 

gradual ly be fore c oming in c o nt ac t with the ad j ac ent endothel ial 

cell proce s s e s . No interc ellular gaps or pores were obse rved . 

The e ndothelial c el ls posses s ed rich organe lle s and i nc lusions . 

The endothelial c e lls presented complex endothelial folds . 

( b ) Tuni ca Media 

The tunica media of the c arotid sinus wall c o ns i sted of 

elastic membranes (Plate XXVI , Fig . 1 )  alt ernated vnth one t o  

thre e layers o f  smooth mus cl e  ce lls ( Plate XXVII ,  Fig . 3 ) .  I n  

a few s ituations smooth mus cle c e lls 11ere ab sent between one or 

�vo elastic laminae . The numb e r  of e last i c  laminae in the media 

of the carotid s inus varied from 3 to 1 2 . The smooth mus c le cells , 

especially their cyt oplasmic p roc e s se s , were closely related to 

the elastic membrane s .  A dis tance of 0 . 1 6J.L to 0 .78J.L generally 

separated the smooth muscle cells and the elastic memb rane s .  

The slender smooth mus cle c e ll s  of the media were 3-4l-L wide 

ac ros s  their nuclei while their cytoplasmic proc e s ses were 

c ons iderably narrm•er. The proce s se s  formed cytopla smic c o ntac t s  

with ad j acent smooth mus c le ce ll s  (Plate XXVII ,  Fig . 3) . Ad jacent 

cell b odies als o exhibited c ytoplasmic contacts which were 
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0 .7-2 . 1 4f..!. long , whereas t he cytoplasmic c o ntacts between pro ce s ses 

or be'b:men the proces ses a.nd the membranes of the cell bodi e s  

c ould be as sm�ll a s  0.07-0 . 1f..!. i n  length.  

( c ) T��a Adventi� 

The tuni ca adventitia of the c cxotid sinus consisted of a fe\J 

isolated Gmooth mus cle c ells , fibrocytes and collagen fibre s .  

Fibrocytes shoiTed long oytoplasmi0 extens io ns ( Plate XXVI , Fig . 2 )  

similar to those found in t he c�rotid body. The present findings 

agree with tho s e  of Ree s  ( 1 968) . 

( d) Nerves of the Carot id Sinus 
� �  

In the ele ctron micrographs of the normal ca1�tid sinus of 

lambs , no nerve fibres r1ere dete cted ei thor i n  the media or in 

the tunicn. med ia. 'l'he tunica adventia v;as rich in nyolinated nnd 

nonmyelin�ted nerves ( Plate XXVI, Fig .3 ; Plat e XXVII, Fig. 2 ) . 

( i) �ve s  in the Su?<Jrficial Adventii;j...Q. 

In the superfi cial pm�t of the carotid sinus adventitia , 

both myelinated and nonmyelinc'1.ted axon bundle s  (Plate XXVIII , 

Fig. 1 )  ,·:ere observe d .  Almo s t  all of the ne rves o c c urred as 

bundles or trunks . The ne1�e terminals pos sessed very 

indistinct perineural sheaths and few e le ctron dense -cored 

ve sicles . 

( ii) Nerve s Near the Medioadventitial Border 

Necr the medioadventitial border of the carotid s inus wall , 

only s ingle nerve fibre s were observe d .  All the nerves at this 

level were nonmyelinated and posses sed distinct perineural 

sheaths . The ne 1�e terminal s c ontained dense-cored vesic les 

and mitochrondria (Plate XXVII , Fig . 1 ) .  



2 .  DENERVATED C.:'Jlffi'ID SlliUS 

( a) Carotid Sinus After Se<?j;ion.�.-� Carotid Sinus N� 

Tvw weeks after s e ctioning of the c nrotid sinus nerve marked 

degenerative changes were ob served in the large myelinated nerve 

fibres of the c nrotid sinus . These changes we re almost comple te 

five to eight weeks after secti oning of' the c arot id sinus ne rve . 

The nUQber of mye linated nerve fibres in the carotid sinus 

adventitia were marke dly reduced while some nonmyelinated nerve 

fibre s were occasionally seen. Tho se fine nonmyelinated ne rve 

fibre s (Plate XXVIII , Fig . 2) which per sisted c ould be c ompared t o  

those small nerve fibre s o f  de Kock and Dunn ( 1 968) and Biscoe 

and Stehbe ns ( 1 967) . These small fibre s could be either pers isting 

carotid sinus nerve fibres or the fibre s of the external cerotid 

nerve ( sympathetic ) . The nonmye li nat ed ne rve t erminal s poss ess ing 

dis tinct perineural sheaths ond p o s s es s ing dense- cored vesicles 

were usually found to be degenerated after s e ct ioning of the 

external carotid nerve . However , the nerve terminals po s s e s s ing 

indistinct perineural sheath�"> and few electron dense -cored vesicles 

degenerated after sectioning of the carotid sinus nerve . From 

the present study it is suggested that the se nerve terminals 

were derived from the glossophUl·yngeal nerve via the carotid s inus 

nerve . 

(b ) Carotid Sinus After Sectioning of the External Carotid 

Nerve or Cr�ial Cervical Ganglionectomy 

The nonmye linated sheathed nerve tenninals at the media­

adventitial b order of the carotid s inus were usually degenerated 

after s ectioni ng  of the external c nrotid nerve or after cranial 
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cervical ganglione ct omy . Hmve ver , the large mye linated nerve 

fibres (Plate XXVIII , Fig .  3 )  and , the ne1�e t erminals pos sessing 

indist inct pe rineural sheaths and few electron dense-cored 

vesic les still remained in the c arotid sinus edventitia . It is 

sugges ted that the dege ne rated nonmyo lin�ted sheathed nerve 

t erminals be longed to the sympathe tic sys tem . 

D .  OCCIPITliL l-ill.TERY ( MUSCUJ_._,',R PORTION) 

The e lastic memb r�nes in the media of the oc c ipital artery 

(mus cular portion) lle��e 0 . 2-3 .qJ. in diamete r . They were closaly 

related t o  the c ollagen fibl'e s and fibroblast s . 'rhe collagen 

fib re s  Here 6 .0  nm thick . In the adventitia , mye linated nerve 

fibre s 1 .4  t o  5 . 3!.1. in dio.n,eter and a number o f  nonmyelinat ed 

fibres we re see n . The myelin sheaths were o . �- to o .::tJ, thick . 

The axop lasm of the mye linated fib re s  c ontained mitochondria 

and vesicle s  of vari ous size s . 

E .  COiW:viON Cfill.OTID _.II.RTERY 

The elastic membrane s in the media of the c ommon c arotid 

artery were 2 .3-3 .8� in diaoet er . C ollagen f ib re s  usually 

intervened between the smooth mus cle cells and the e lastic 

membl�anes . A minimum distanc e of 2 . }.I.  was found between the 

smooth muscle cells and the e lastic nembranes . There were 2-3 

layers of smooth mus cle cells in each cell group interpo sed 

bettlccn the elastic membrane s .  The smooth mus c le ce lls measured 

2 . L;.-h . • 5� in diame ter and their nuc le i  o .  7-1 . 5j..L in diamet er . 

Adj acent smo oth muscle cells were 0 .1 -1 .0� apart from each 

othe r .  The rough surface endoplasmic reticulum VJas especially 
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prominent in the smooth musc le cells . Numerous myelinated and 

nonmye linnted nerve fibre s were seen in the adventitia . 

DISCUSSION 

The ultrast ructure of the c cu·otid bouy and carotid sinus o f  

the lamb can b e  compared to those of labm·at ory animals such as 

the rat , mouse , guinea-pig, rabbit and cat ( see L iterature Revi cr� , 

p .1 47 ) . 

The type I and type II cells of the carotid body as seen 

under light r:rl. cros copy in all lo.borato�cy ani.rnals Here als o  

demons trated b y  electron microscopy in the lambs . Although nast 

cells have been described by LevGr et al . ( 1 959) in the rabbit 
�-----=-

and c o.t , they vrere not seen in the lamb c arotid body under the 

ele ctron microscope . Ganglion cells hnve been de scribed in the 

rat (Hoffman and Birrcll , 1 958) , cat ( Ross , 1 959 ;  Bis c oe a nd  

Stchbens , 1 966 ; Al-Lrumi and Murray, 1 968 a ;  Hes s ,  1 968) , 

rabbit (Biscoe nnd Stehbens , 1 966) , a.og (Kobnyashi , 1 968) and 

· · ,  edde 11 seal ( Mori ta et al• , 1 970) • Honever , in the lamb ganglion 

cells were not seen under the electron micros c ope although they 

v1ere demonstrated histologically. 

According to de C astro and Rub io ( 1 968 ) the minimum 

di stance which separates the type I cell from the blood varie s  

between 1 and 3�L in the cat . In the pre sent study the distance 

between the typ e I cell and the blood ve ssel in s ome situctions 

was about 0.4/J.. 
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Many observers c las sified type I cells int o two or more 

cell type s .  Hov<ever , in the lamb it rms not possible to c lassify 

type I cells acc ording to the ir cytoplasmic dens ity, o r  the 

morphologi c al feature s of the osmiophilic granul es . It waD found 

that all of the type I c ells contRincd osmiophi lic ve s i cle s .  The 

present s t uiy supports the st ateeent ·:Jf Biscoe ( 1 CJ71 ) t hat t here 

is no entirely c onvinc ing morphological evide nce to support the 

claim th?.t there arc two v :..rieties o f  type I cell ,  light and dark , 

one with 1.1any ve sicl e s  and the other Hith few or no e le ctron-dens e  

ve sicle s . 

'rhe type I c c  lis of many lab o rat ory ::nimals and nan have b ee n  

reported t o  hQVe a c i li�� or c ilia (Bis coe �nd Stehbens , 1 966; 

Kra.us and ldart inek , 1 967; He s s , 1 968; Battagli a ,  1 968 ; 

Kondo , 1 971 ) and a Ni s s l b ody ( Gri�ey c,nd Glenner ,  1 966 b ;  

He ss , 1 968 ; Zapata. et al. , 1 969 b ) . They were not seen in the 

pre sent s tudy of the lP�bs . 

1� the glomus c ells ( type I )  are equipped 'i7ith munerous 

cytoplasmic organe ll e s , espec i al ly abundant mit ochondria , 

endoplasmic reticulum , well deve loped Golgi c omplexes and various 

type s of c ytoplasmi c  ve sicle s , they should be regarded as 

illetab olically very a ctive cells supplemented with abundant nerve 

terminals and ne rve endi ngs . The greate st i nt e re st lies in the 

nature and c ontent o f  the dark-c ored osmiophili c ve sicle s  of the 

type I ce lls . From the fluore s cent micro s c opical studies they 

are suggested to b e  rich in bi ogenic amines especially noradrenaline 

and dopamine which did not disappear after chronic sympathe tic 

denervation . The s ize of the osmiophilic dark-c ored vesicle s  of 

the lamb c arotid b o dy was found to be the s ame as those of the 

., 
·:.1 
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Syrian hams t e r  ( Chen and Yate s ,  1 969 ) , guinea-pig ( Ko ndo , 1 971 ) , 

mouse ( Kobayashi and Uehru�a , 1 970 ) , rabbit ( Dcarnaley gi �. , 1 968 ; 

Bi s c oe and Ste hbens , 1 966 ) ,  cat ( Lever nnd Boyd , 1 957 ; Biscoe and 

Stehbens , 1 966 ; Ro ss , 1 95 9 ;  Hes s ,  1 968 ; .rtl-Lami arrl Murray , 1 968 a ;  

Z.c.pata et Ei.l . ,  1 969 b ;  Mori tn ct�,_fl.l• , 1 969) a rrl  nan ( G-rlinJ ey and 

G-lenne r ,  1 9 66 b) . The se el ctron dens e- c ored ve s i c le s  were always 

s ee n  in the osmiULl fixed c e..rutid bodie s obtained from animals 

perfused by nodified K.::trnovsky' s fluic1. or 5% glutn ro.lde .hyd e  

( pho sph.._:.te buffered , pH 7 . 2-7 .L�) . Duncnn a nd  Ye..tes ( 1 967 ) 

reported t h.'lt granule s nore very dense but s:ctnll after fixati on 

with o smi c �.cid ;  hm·.,rever , Dis c oe ancl .�;tehbens ( 1 966) a nd He s s  

( 1 968) found th'lt the se vesicles ·;·18'.['e cle pleted in osmitl!;l fixed 

mate ri al s . 

Tho pre se:1t study agree s '.vith the s t2.t ene nt of de Koc k  and 

Dunn ( -1 968 ) thc. t the ne rve fibres end in one of thre e vmys -

( i) c..s smal l nerve end i ngs Hithi n ::1e s axonic infold ings of type II 

c e lls , ( ii )  as l�rgc synaptic bags in c loso appos ition t o  the 

type I c e ll s , and ( iii ) as suall ne1-vc endings in the c omplex 

folded nembrnne systen . The pre se nt s tud.y als o demons trated 

that the terminal axons and the ne rv e  cndir�s are located on the 

surface of the type I cc ll , bet·ween o.d j�.c eiTc type I cells , 

be�1ce n  the glomus cells �nd t he blo od vesse ls , or in rPlat ion t o  

the type I I  c e ll s he ath s  • 

.i'.J.though delayed dege re ration of the glo s s opharyngeal nerve 

fibre s t o  the carotid b ody was sugge s ted by Bis c oe and Stehbens 

( 1 967 ) ,  Bis c ce et al . ( 1 969 , 1 970) and Bis coe ( 1 971 ) ,  many 

ob se rvers des cribed nerve degener at ion from o.s e ru'ly as 3 hours 

( Abbott e t  o.l . ,  1 97 2) , 2 days ( de C�l.s tro an d  Rubio ,  1 968 ; 



de Kock and Dunn , 1 968) , and 3 days (He s s , 1 968) . Ac c ording t o  

He s s  ( lac . cit . ) no nerve fibres o r  synapses around the glomus 
-� 

cells .J.re seen at 7 days after sectio ning of the c arotid s inus 

nerve . Beyo nd t en days af'ter operation no normal synaptic t e rminals 

we re seen by Ab bo tt �· ( 1 972) . In the pre sent s tudy in lamb s ,  

degenerative nerve terminals and nerve endings were not identifiable 

with certainty in the c aroti d  bodies after 5 weeks to 8 weeks from 

nerve sec tioning . 

J...fter sectioning of the carotid s i nus nerve , He ss ( 1 968) 

found more lip id b odie s  than in the noroal glomus c ells , and 

c hange s in the c e:.p sule ce 11 cytopl.J.sm , Hhe reas Bi scoe arrl Stehbe ns 

( 1 967 ) and Bisc oe et _al . ( 1 969) stated that irregular s paces o r  

vacuoles app eared within the type I I  c ells . In contrast , in the 

l.J.rnb , neither the type I n or the type II cell s shoi.;ed det ectable 

c e llulcr change s eithe r aft m�· s e cti oning of the c arotid sinus 

n0rve or after sympathe ct omy. 

The carotid sinus ultrastructure in the lamb presented no 

marked norphological differe nces frc.!il thn.t of the labore.tory 

animals so far s tudied . It was founcl thnt the e ndothe lial c ells 

o f  the tunic a  int ima i n  the lamb had e laborate e nd othelial fo lds 

and oc casional ly were branched . 

The s c attered carotid b ody tis sue was s tudied by light 

micro sc opy and \vas found to c onsist o f  c ells s imilar to tho s e  

obs e rved i n  the c arotid b ody . I t s  nerve supply was found t o  be 

mainly from the c arotid s inus nerve (Plat e II , Fig. 3J . 

However ,  in the p re se nt s tudy the ultras truc ture of the s cattered 

caro t id b ody t i s sue 1 1as not examined . 
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SUM?:lfill.Y 

1 .  Ultras t ructural studie s were made on the normal and long-tem 

denervated c <n�otid bO<ly and cc:.roticl s inus in lamb s .  

2 .  The norGJ.al ce.rotid body of the lo.nb was cor.1posed o f  tvro on j or 

cell types , the chief or type I and sus t entacular or type II 

ce lis . The type I cells were cl12.ract8ri z ed by the pre s ence 

of numerous dnrk-c orecl o stri.o phi lic ve sicle s  npd mi tochondria. 

'l'he ty-po II c e lls ·.vere irregulc.r· shaped cells vri th few 

os miophilic vesic le s  or mit ochondria , and extensive 

cyt oplasmic pro c e s s es . 

3 .  '.l'rro type s of ne rve endings - the large and small - uere 

ob served in the norBal carotid b ody. The large nerve 

endings -v�ere s ee n  nss ocictecl ni th the type I cells v1hile the 

smal le r nerve e ndings Ylere :celc.t ed to the blo od v e s s e l s . 

4. The b lood ve ssels were n�Jcr ous in the carotid b ody and 

were line d by one t o  thre e e ndothelial c e lls . 

5 .  1£t e r  sectioni ng of the cexotid sinus nerve most of the large 

diame t er mye linat ed nerve fibres and the large nerve endi ngs 

dege nerated , and therefore it is sugge s ted that they are 

derived from the glos s opharyngeal nerve . .\fter syopathect omy , 

hm-TCver , the small nerve endings which were related t o  tho 

blood vessels dege nern.ted ,  and they are sugges ted to be 

derived fron the s ympathe ti c system. 
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6 .  Ultras tru cture o f  the individ ual vas cular wall c omponent s  

were s imil2r in the c ommon c arotid art ery , carotid sinus , 

and occipital ( muscular) and external carotid arterie s . 

7 .  The vas cular layers of the ovine carotid s inus appeared t o  

b e  c omparable t o  those of t h e  lab or::tt ory anii;Jal s . 

8 .  No ne rve fibre s we re de tec te d in either the tuni c a  media or 

tunica intima of the carot id s inus . 

9 .  The nerve te rminals in the superfi cial adventitia whi ch 

posses sed indistinct perineur2.l sheaths c.nd feH ele ctro n  

de nse -c ored ve s icles degenerD.ted aft er section:in g  of the 

c arotid s inus . It is suggested that they are derived from 

the glo s s oph.::tryngeal ne rve . .,:'..fter s ympathectony the nerve 

te rninals ne ar or at the ncdioadvc ntitial bor(ler were found 

t o  be degene rated . The se nerve terminals , which cont ained 

nur�erous de ns e-c ored ve sicle s and mit o chondria , are S L�gested 

to be sympathe ti c in origi� . 

1 0 .  The ultras tructure of the o c c ipi tal (mus c ular) art ery and 

the c omnon carot id artery is also brie fly de scribed. 
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CHAPI'illl EIGHT 

GENERAL CONCLUSIONS Al\ID COHMENTS 



In the pre s ent s tudy of the c arotid body and carotid s inus of 

lamb s  and adult sheep , -t;he re su lts obtained fror:l the gros s 

anat omical , hist ological , fluoresc ent microsc opical and 

ultrastructur�l studies have been d is cus s ed sep arately in the ir 

resp ective chapters of the th8s i s . From the se s tudie s it is 

evide nt that the car otid body and carotid s inus of lambs and 

adult sheep are s imilar to th ose of the laborat ory animals s o  

far desc ribed by others . The pre s e nt experiments have shown that 

both the c arotid body and car·ot id s inus in the ovine s pe c ie s  

receiv e s  glo ssopharyngeal and s ympathetic innervation . The 

result s obt ained from the normal c arotid body and carotid s inus 

were supported by the nerve degeneration re s ults from the nerve 

section exp eriment s . 

The times allowed for re rve degeneration were thought t o  b e  

sufficient in both the his tologi cal and ultrastructural nerve 

degenerat i on studie s ;  however , in the case of ultras tructural 

studie s it is sugge sted that th e post operat ive peri od should be 

as short a s  pos s ible in o rder t o  observe the e arly degenerative 

ch�nges in the terminal nerve fibres and nerve endings . In the 

present study, the de generative changes were almo st c omplete at 

2 weeks to 2 months after nerve trans e ct ion . 

For b oth histological and ultras tructural studie s  on the 

carotid body and c arotid sinus f ixation of the organs in situ 

is rec ommended . In situ fixation prevente d  th e cytoplasmic 

vacuolati o ns and mito chond ri al swel ling in the carotid body cells 

and carotid s inus smooth mus cle ce lls . Nerve endings i n  b oth 

the c aro t id b ody and the carotid sinus are highly su sceptible 

to fixati o n  artifact s . 
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The optimum c omp o s itions of the fj�ative fluids employed in 

the gros s anat omical d i s se ctions for better d ifferentiat ion · of 

the nervous tis sue fr8m the conne ct ive t i s s ue and surrounding 

structure s have been de s cribed . 

Various tis sue fixative s and nerve stai ning technique s were 

employed on the c ar ot id b ody and c arotid sinus of lnmb s and sheep . 

For hi sto lo£9-cal stud.ies on the cal�otid body fixation with l?egaud ' s 

fluid is rec omme nded a s  i t  invari ab ly pre served the glomic cell 

cytop lasm arr1 it s o rganelles . Tis s ue s  fixed in 1 o%  formal i n ,  

formal-ac etic alcohol or fornol-sucro se ammonium hydroxide are 

suitable for fro zen s e ct ions which are sub s equently t o  be s tained 

with Winke lmann ' s  ( 1 959)  nerve st ai n . For this stain, thorough 

washing o f  the tissue blo cks and sections is ne cessary t o  p revent 

the formation of pre c ipitate s in th e potas s iun c arbonate s olution . 

Tis sues fixed in the ab ove fixatives and in Bouin ' s fluid or 

Boui n ' s fluid as modifie d  by Davenp ort ( 1 96o)  are sui tabl e for 

most nerve stains , e spe cially Romanes '  silver chloride ( 1 950) 
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stain. Thin fro zen tis sue sections can also b e  stained satisfactori ly 

with Romane s ' s ilver chloride stain . Tis sue s fixed in Boui n ' s 

fluid or in Bouin ' s  f luid as modifie d  by Davenport ( 1 960) ne ed 

shorter silver reduct ion time in b o th the gold c hloride and 

oxalic ac id solutions . 
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Key to Plate I .  

Gross Innervation of the Carotid Trifurcation 

Fie. 1 .  

Fig. 2 .  

Two carotid sinus nerve filnoents join· togoth€r 
before reaching the carotid trifurcation. A 
conQunicating branch between the glossopharyngeal 

nerve and the dorsal branch of the pharyngeal raoi 

of the vagus is prominent . Left carotid trifurcation , 

lateral view . 

�fo carotid sinus nerve filaments as in Fig . 1 .  One 

of the filaments coomunicates with the vagus . A 

connunicatine branch between the glossopharyngeal 

nerve and the dorsal branch of the pharyngeal rami 
of the vagus is illustrated . Left carotid 

trifurcation, lateral view. 

Trvo carotid sinus nerve filaoents lie lateral to the 

pharyngeal raoi of the vagus while the cervical 

sympathetic trunk and e xternal carotid nerve lie 

medial to them. The external carotid nerve 

conmunicatos with one carotid sinus nerve filament . 

Right carotid trifurcation , lateral view . 

Key to Plate II . 

Position of the Carotid Body 

Fig. 1 • 

Fig1 2 .  

Fig. 3 .  

The c arotid body i s  situated o n  the occipit oascending 

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 oc cipitoascending 

pharyngeal arterial trunk. Divisions of the carotid 

sinus nerve are also to be seen.  Formol-saline , 

H & E ,  X50 . 
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Key to Plate III . 

Structure of the Normal Carotid B ody 

Fig, 1 .  Distinct lobulation of the carotid body i s  illustrated , 

Nerve trunks ( on the top and on the right hand side ) 

and b lood ves sels ( le ft hand s ide) are also to b e  

Fig, 2 ,  

Fig, 3. 

s ee n ,  Reeaud ' s  fluid , H & E ,  X74. 

Upp er portion of the carotid b ody from ( Fig. 1 . ) .  

Ganglion cells are seen in the nerve t runks which 

are located in the capsule , Regaud ' s  fluid , 

H & E ,  X1 90 . 

Carotid body showine less distinct inte rlobular 

c onnective tis sue , Regaud ' s fluid , Picro-ponceau , 

X1 90 . 

Key to Plate IV. 

Structure of t he  Noroal Caro tid Body Lobules 

Fig, 1 .  

Fig, 2 .  

Fig, 3. 

Carotid body tissue showing different cell type s .  

Small and large chief cells are to be noted ,  

Regaud ' s  fluid , Picro-ponc eau , X470 . 

Carotid body lobules exhibitinf, large and small 

chief cell s ,  A b lood vessel is s een en the right . 

Regaud ' s  fluid , H & E ,  X1 050,  

Caro t id b ody lobule and the interlobular c onne ctive 

tis sue and blood vessels , Laree and rounded chief 

cells ( type I) with foamy cytoplaso , and soall and 

irregular sustentacular (type II) cells are 

deoonstrated , Formol-saline , H & E ,  X1 050 . 
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• •  , PLATE IV . 

Fig . 1 .  

Fig . 2 .  



Key to Plate V .  

Innervation of th e Normal Carotid Body 

Fig. 1 .  

Fig. 2 .  

!.ig. 3. 

Most of the large diameter nerve fibres are 

demonstrated. Ent ry  of nerve fibre s t hroueh 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 c ap sule . Some nerve fibres are 

seen ass ociated with this emergent vein . X1 90. 

Nerve fibres of the carotid body .  Small and 

large ( regularly beaded) nerve fibres are s een at 

the periphery of the carotid b ody. Formol-saline , 

Romanes ' silver chloride , X1 90 . 

Key to Plate VI .  

Innervation of the Normal Carotid Body Lobule s 

FiR. 1 • 

Fig. 2 . 

Fig. 3 .  

Large diameter nerve fibre s are seen i n  the inter­

lobular tissue of the organ. Formalin , Holoes ' 

silver , Xh-70 . 

A large diameter nerve fibre is seen on the upper 

left hand s ide , and a small and long nerve fibre 

ends in relation to the glomic cell . Formol­

saline , Ronanes '  silver chloride , X470 . 

Innervation of acces sory glomic tis sue . Large 

dianeter nerve fibres supplying isolated glomic 

tissue . Formol-salino , Romanes ' silver chloride , 

X470 . 
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PLATE V .  

Fig . 1 . 

Fig . 2 .  
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PLATE V I I . 

Fig. 1 .  

Fig . 2 .  



Key to  Plate VII . 

Relationships of Nerve Fibres to the Carotid Body Cells 

Fig, 1 ,  

Fig, 2 .  

Fie, 3 .  

A large (regularly beaded) and small diameter nerve 

fibres passing from the carotid body to the carotid 

sinus . Formal-saline , Ungewitter' s urea-silver 

nitrate , X470 . 

Relationship of the large diameter (beaded) nerve 

fibres to the carotid body cells . A small blood 

vessel is seen on the right hand side . Bouin' � 

fluid , Rooanes ' silver chloride , X470 . 

Relationship of the small diameter nerve fibres to 

the glo.mic cells . Fibres. end very close to the 
chief cells . Formal-saline , Romanes 1  silver 

chloride , X1 050 , 

Key to  Plate VIII . 

Structure of the Carotid Body J�ery and Vein 

Fig, 1 .  

Fig, 2 .  

Fig. 3. 

Elastic tissue of the artery of the carotid body, 

The artery in the carotid body substance exhibits 

2-6 layers of elastic fibres ,  and a thin adventitia, 

Formal-saline , Orcein-ponceau , X470 . 

Innervation of the artery of the carotid body. A 

fine nerve fibre is s een in the arterial wall, 

Formal-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 1 

silver , X470 ,  
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PLATE VI . 

Fig. 1 . 

Fig . 2. 



PLATE VII I .  

F i g . 1 .  

Fig . 2 .  

Fig . 3 . 



Key to Plate IX. 

Structure of the Denervated Caroti d Body 

m. 1 .  

Fig. 2.  

Fig. 3 .  

Key to Plate X.  

Carotid body aft e r  sectioning o f  the carotid sinus 

nerve . No degenerated nerves are denonst rable . 

Haolyn ' s ( 1 957) me thod , X1 90. 

Carotid body ( on the right ) · and carotid s inus ( on the 

left ) aft er secti oning of th0 carotid sinus nerve . 

No detectable morphological changes are ob served , 

except proliferation of the c onnective tis sues of 

the carotid b ody. Formol-s aline , H & E ,  X1 90 . 

Carotid body after sectioning of the carotid s inus 

nerve . Proliferation of the interlobular conne ctive 

tis sues is proninent . Formo l-saline , H & E ,  X1 90 . 

Structure of the Denervated Carotid B ody 

Fig. 1 .  

Fig. 2 .  

FiB. 3. 

Carotid body after sectioning of t he carotid s inus 

nerve . Chief ( type I) c e lls are seen at the centre . 

Vacuolation of the cytoplasm is probably due t o  

formol-saline fixation. H & E ,  X1 050 . 

The carotid b ody (Fig.  1 )  is practically devoid of 

nerve fibres after divi sion of the carotid sinus 

nerve ; however ,  the norphology of the chief c ell 

nucle i  remains unchanged . Fornol-saline , Romane s '  

s ilver chloride , X1 050 . 

Carotid body after sectionine of the carotid sinus 

nerve . Except for a fine nerve fibre in the inter­

lobular connective ti s sue , which apparently supplie s 

the c arotid body blood ve s se l ,  there are virtually no 

nerve fibre s in the carotid body. Formol-saline , 

Romanes ' silver chlori de , X1 90 . 
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PLATE IX . 

Fig. 1 .  

Fig . 2 . 



PLATE X .  

Fig . 1 •  

Fig . 2 .  



Key to Plate XI . 

Structure of the Sympathectomized Carotid Body 

Fie. 2 .  

Carotid body after cranial cervical eanglionectomy. 

Dilated carotid body blood vessels are observed. 

Formal-saline , Picro-ponceau, X1 90 . 

Marked dilatations of the carotid body blood vessels 

and sinusoids after sectionine, of the external carotid 

nerve . Formal-saline , H & E ,  X470 . 

No detectable oorpholoeical changes are apparent in 

the carotid body chief cells . Prominent and distended 

sinusoids are demonstrated . Formal-saline , H & E ,  

X1 050 . 

Key to Plate XII . 

Innervation of the Sympathectomized Carotid Body 

Fig. 1 .  

Fig. 2 .  

Fig. 3. 

Intact unipolar canglion cells in the nerve trunks of 

the c arotid body after cranial cervical ganglionectomy. 

Formal-saline , Romanes '  silver chloride , X470.  

Intact nerve fibres of the carotid body after cranial 

cervical ganglionectomy. The predomilli�nce of 

glossopharyngeal fibres is demonstrated. Romancs ' 

silver chloride , X1 90 . 

Innervation of the carotid body chief ( type I )  cells 

after sectioning of the external carotid nerve. The 

nerve fibres usually tcroin�te in close relationship 

to the chief ( type I )  cells . Formal-saline , Rooane3 1 

silver chloride , X1 050 . 
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PLATE XI 

Fig . 1 .  

Fig . 2 .  



PLATE XI I .  

Fig . 1 .  

Fig . 2 .  
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Key t o  Plate XIII . 

Structure of the Normal Carotid Sinus 

Fit). 1 • 

Fig. 2 .  

Fig • ...l· 

Junction of the carotid sinus ( left hnnd side ) and the 

common carotid artery (right hand side ) . The transition 

is abrupt where the circular elastic fibres of the 

carotid sinus and the smooth muscle fibres of the 

common carotid artery are distinctly separated. 

However,  the lone;itudinal elastic fibres of the 

carotid sinus proceed into the c amoon carotid 

adventitia. Foroalin,  H & E ,  X50 . 

Junction bet�een the elastic portion ( carotid sinus ) 
and the muscular portion of the occ ipital artery. 

nt the bee;inning of the muscular portion of the 

occipital artery, the soooth muscle fibres appear 

between the elastic fibres . H & E ,  X1 90 . F0rma"li · ' 
. .  , 

Elastic tissue of the c arotid sinus . Nuoerous 

layers of elastic fibres of the carotid diverticulum 

are denonstrated . The carotid sinus is predoninantly 

of the elastic type . Verhoeff ' s e lastin stain, 

X74. •·Fo� ih 
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PLATE XIII . 

Fig . 1 . 

Fig . 2 .  



Key to Plate XIV. 

Structure of the Denervated Carotid Sinus and Occipital !�tery 

Fig, 1 .  

Fig. 2 ,  

Fig. 3. 

Carotid sinu.s after sectioning of the carotid sinus 

nerve . Degenerated nerves are stained by Hamlyn' s 

( 1 957 ) method . This method is not suitable for 

staining nerve fibres in the vascular wall . X74. 

Control carotid sin us s tained by the method o£ Guillery 

et al , ( 1 961 ) .  Normal nerve. fibres are seen on the 

bottom right hand side .  This illustrates that this 

method in the carotid s inus , stains normal nerve 

fibres and is 

degenerated nerve fibres .  

Nerves in the wall of the o ccipital artery (muscular 

type) after sectioning of the external carotid nerve . 

forool-saline , Romanes '  silver chloride . 

Key to Plate XV .  

Structure of the Occipital and Internal Carotid 1\rteries 

Fig. 1 .  

Fig. 2 .  

Fig. 3 .  

Occipital artery (muscular portion) . Thick tunica 

media vvi th few elastic fibres and a thinner tunica 

adventitia vrith elastin and collagen fibres . Formal­

saline , H & E ,  X74. 

Patent internal carotid artery. A very thick tunica 

adventitia and a thinner tunica media. Elastic fibres 

are seen in the nedioadventitial border. Bouin' s  

fluid , Orcein , X74. 

Nerve structures in the wall of the internal carotid 

artery. Formal-saline , Romanes ' silver chloride , 

X470 . 

205 . 



' 

PLATE X I V . 

Fig . 1 .  

Fig . 2 . 

Fig . 3 . 



PLATE XV . 

Fig . 1 .  

Fig . 2 .  



Key to Plat,a XVI ,  

Structure of the Denervated Carotid Sinus 

Fig, 1 ,  

Fig, 2 .  

Carotid sinus after sectioning of  the carotid sinus 

nerve . No detectable morphological changes are seen. 

Formal-saline , H & E ,  X1 90. 

Carotid sinus after division of the carotid sinus 

nerve . The sinus wall is apparently noroal . 

Forool-saline , G-omori ' s  aldehyde fuchsin , X1 90 , 

Carotid sinus after cranial cervical gane,lionectomy. 

Intact nerve fibres of glossopharyngeal origin are 

seen,  on the left hand side , approachine the 

adventitia, Dilated vessels in the adventitia are 

demonstrated . Forool-saline , Romanes '  silver 

chloride , X470 . 

and 2 are 

Key to Plate XVII. 

Structure of the Normal and Sympathectomized Carotid Sinus 

Fig. 1 ,  

Fig, 2 ,  

Fig. 3. 

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 

markedly degenerated one month after sectioning of 

the carotid sinus nerve , Rouanes '  silver chloride , 

X1 90 .  

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 , 

Carotid sinus one month after cranial cervical 

ganglionectomy, The intact nerve fibres of the 

carotid sinus nerve arc 

and deeper adventitia . 

seen in the superficial 

Dilater:l. blood vessels are 

observed in the adventitia . Romanes '  silver chloride , 

X470 . 
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PLATE XV I .  

!'i g . 1 .  

Fi g .  2 .  

Fig . 3 . 



PLATE XV I I . 

Fig .  1 .  

Fig . 2 .  

Fig . 3 .  



Key t o  Plate XVIII , 

Fluores cent 1ficro s c opy of the Carotid Body 

Fig, 1 , 

Fig, 2 ,  

Fig. 3. 

Noroal carotid body tis sue , Frozen s e ction , neutral 

f ormal-saline , H & E ,  X50, 

N ormal c arotid body tis sue ( Fig , 1 ) ,  Discrete 

fluore s cent units of the carotid body lobulos 

are deuonstratod , X50 .  

Diffuse carotid body tissue ( after s ympathe ctomy) , 

Fro zen se ction , neutral f ornol-salinc , H & E,  X50 . 

Key t o  Plate XIX. 

Fluorescent Microscopy of th e Sympathectonized Carotid Body 

Fig, 1 ,  

Fig, 2 ,  

Fig. 3. 

'
f"e rences ba 

Carotid body after synpathectooy ( fron Fig. 3 ,  

Plate XVIII ) . Fluoresc ent unit s are still seen 

one Iilonth after denervat ion. X50 , 

Carotid body a fter sectioning of the external carot id 

nerve . Fro zen section , neutral formal-saline , H & E ,  

X50 .  

Syopathe ctonized c arotid body ( froo Fig , 2) , 

Fluores cing c arotid body lobules are still 

observe d ,  X 50 

to previOUs fi&Ures that the 

same carot id body . 

207 . 



PLATE XVI I I .  

Fig . 1 .  

Fig . 2 .  

Fig . 3 . 



PLATE XIX . 

Fig . 1 .  

Fig . 2 .  

Fig.  3 .  



Key to Plate XX .  

Fluorescent Mi croscopy of  the Carotid Body 

Fie;. 1 .  

Fig. 2 .  

Fig. 3. 

Carotid body after syopathectony. Ccrotid body 

lobules fluoresce briBhtly 8 weeks after chronic 

denervation. X5D-

Normal carotid body. Diffusion of catecholumines 

leading to a diffuse fluorescing oass .  ' ··so 

Nornal cal�tid body ( at the centre ) . Ungassed 

( fornaldehyde ) control preparation of the carotid body 

is devoid of fluorescine units . I x· 5 0  

Key to Plate XXI . 

Fluorescent Microsc opy of the Carotid Sinus and Common Carotid l�ery 

Fig. 1 .  

Fig. 3 .  

Normal c arotid sinus . Usually, soall fluorescing 

nerve fibres are observed in the adventitia of the 

carotid sinus especially near the junction of the 

carotid sinus end the c ommon carotid artery. A slight 

diffusion of aoincs has taken place . The c arotid 

sinus diverticuluo is illustrated. K SO � 

Denervated carotid sinus . After syopathector:J.y no 

fluorescing fibres are s een either in the carotid 

s inus adventitia or in the common carotid artery. 

Bulging of the carotid sinus is noted . • �;_ 

Normal c ommon carotid artery. Autofluorescing 

internal and external elastic nembranes ,  and elastin 

in the media are denonstrated . Fluorescing nerve 

fibres are seen only in the adventitia. 
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PLATE XX . 

Fig . 1 .  

Fig . 2 .  

Fig . 3 . 



PLATE XXI .  

Fig . 1 .  

Fig .  2 .  

Fig . 3 .  



Key to Plate XXII . 

Ultrastructure o f  the Normal C arotid Body 

]Yig. 1 .  Carotid b ody cells and a blood ve s sel . Glomus c e lls 

of ts�e I and type II can be seen. Pericytes may 

209 . 

be observed . Glutaraldehyde fixation . X375 �·l;!teli��a���·,.;;·�T-·J &..Lo ........ ���IL.l�.J::.:.d 

Fig. 2 .  

Fig. 3 .  

A type I I  cell located between type I cells an d  a 

blood ve s se l .  The type II c e ll exhibit s a different 

nuc lear chromatin pattern and extensive cytoplasmic 

p ro c e s s  around t yp e  I c e lls . Glutaraldehyde fixation. 

X7000 . .  · 'Pecftij-

A type I cell enve loped by the cyt oplasmic proce s se s  

o f  a type II  cell and a fibroblast . Ele ctron dense­

cored ve sicle s are numerous . The cyt oplasm is 

vacuolated due to fixat ion of the tis sue by immersion 

in modified Karnovsky ' s fluid . X81 00 . 

Ultrastructure of the N ormal Carotid 3 ody 

:!fig. 1 • 

Fig. _g. 

Fig • . 3 . 

A type I glomus ce ll showing election dense-core d 

vesicle s , mito chondria , rough surfaced endoplasmic 

reticulum , and cytoplasmic granule s . Nuc lear po:es 

may also be seen. Glutaraldehyde fixation . 

X26400 . 

A type I glomus cell re la t ed t o  a fibroblast and a 

myelinated nerve fibre . Small terminal nerve f ibres 

can a ls o  be seen. Glutaraldehyde fixation. X666o . 

Large diameter nerve fibre s in t he ody. 

Note the neurotubule s , fib rils and mitochondria . 

Glutaraldehyde fixation . X1 0950 . 
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PLATE XXI I . 

Fig .  1 .  

Fig . 2 .  

Fig . 3 .  
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PLATE XXII I .  

Fig . 1 .  

Fig . 2 .  

Fig . 3 .  



Key t o  Plate XXIV . 
. .  

Ultrastructure of th e Noroal �o t 

Fig. 1 .  A nerve bundle of the nornal carotid body in 

Fig. 2.  

Fig. 3. 

a c o nne ctive tis sue sheath . I t  contains tvvo 

nyelinated nerve s and a snall nyelinated axon . 

A Schwann cell nuc leus is illus t rated . 

Modified Karnovsky' s fluid . X1 COSO . 

l;n exte nsive type II ce 11 she ath enve loping 

a type I cell aJ.uost c oople tely .  A fibroblast , 

a snall nerve endi n� nnd a nyelinated nerve 

fibre are als o  ob s erved . Glutaraldehyde 

fixat i on . X1 0200. 

A lnrge type of nerve ending o f  the car otid 

body . Nunerous e l ectron dens e -cored v e s i c le s , 

nito chondria and c lear ve s i c le s  nre v is ible . 

Modified Karnov sky ' s flui<l . X21 300 . 
h .  @ �fu�ed 

!<eY t o  Plo..te ill• 

UltrEl.s tructure of the Denervated Carotid Body 

Fig. 1 .  

Fig. 2 .  

Fig. 3. 

Persi sting nonQye linat ed nerve fibre bundles 

in the carotid b ody 8 weeks after sectio ning 

of the carotid sinus nerve . Glutaraldehyde 

f:i.xat i on . X81 90 . 

Type I glomus c e ll s  and the related large 

dianeter nerve fibres 3 weeks after 

s e c t io ning of the c arot id s inus nerve . The 

nerves fibre s are degenerated . Glutaraldehyde 

fixati o n .  xnoo . 

Marked degenerat ion of the nerve endings 

related to the blo od ve s s e ls 8 v;eeks after 

c ranial cervical ganglione ctony. Glutaraldehyde 

fixation . X784o. 

2 1 0 . 



PLATE XXIV . 

F i g .  1 .  

Fig . 2.  

Fig . 3 .  



PLATE XXV . 

Fig . 1 .  

Fig . 2 .  

Fig . 3 .  
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Key to Pl�te YJCVI . 

Ultrastructure of the N ormnl Carot id Sinus 

K_ig. 1 .  

Fig, 2 ,  

Fig, 3 .  

An elastic nenbrnno i n  the oe dia o f  the c arotid 

s i nus whi ch is related t o  c ol lagen fibres and 

fibroc J� e s . Glutaraldehyde f ixation . X1 31 70 , 

fill extei1sive c ytoplc:sni c proc e s s  o f  a fibroc yt e  

separating l.:J.yors of alt ernating c ollagen fibre s 

which arc cut longi tuclinnlly and t ransvers ely. 

Glut o.raldeh�1e fixation . X21 380, 

i\. large dia:weter rJ.ye linated nerve f ibre in the 

advent itia of the c o.rotid sinus , 

__ Glutaraldehyde f ixo.tion , X81 75 ; 

m �r,fus.ed 

Key to Pln:�. XXVII . 

Ultrastructure of the Nornal and Denervated C nroticl Sinus 

FifJ• 1 • 

Fig, 2 ,  

Fig, ...2_, 

No nrnyeli nated nerve fibres near the P.ledio­

adventi t ial b o rder of tho norr.1::tl c arotid 

sinus . Glutaro.ldehyde fix::tti o n ,  X7500 ,  

Pers i sting nonwyelinnt ed nerve fibre s i n  the 

adventitia of the cu.roticl sinus 8 rmeks aft e r  

trc.ns c ct ion o f  t h e  c o.rotid s i nus nerve . Note 

also the snall t erninal nerve fibre s . 

Glutara ldehyde fixati o n .  X8400 . 

Rows of snooth nus cle c ells between �vo 

elastic LleGbrane s of the caroticl s inus nedia 

8 weeks after trans e c ti o n  of the c ar otid s inus 

nerve , Ad jacent smooth musc le cel ls exhibit 

cytoplasoi c c ontact s , X765 0 .  

I '"  All .rfused ' 

.. . 
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PLATE XXVI . 

Fig. 1 . 

Fig . 2 .  

Fi g. 3 . 
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Key to Plate XXVIII . 

Ultras tructure of the Normal a rrl Denervated Carotid Sinus 

Fig. 1 •• 

Fig. 2 .  

Fig. 3. 

Nornal carotid s inus adven-Gi tia . Nonmyelinated 

nerve fibres and their relations to the 

fibroblast and conne ctive t i s sue f ibre s .  

Glutaraldehyde fixation. X961 O .  

Carotid sinus 8 weeks after sectioning o f  the 

carotid sinus nerve . Persis ting snall 

nonoyelinated nerve fibres are found to be 

re lated to the blood ve sse ls . Glutaraldehyde 

fixation. X8000 . 

Carotid sinus 5 weeks after cranial cervical 

ganglionectony. Persi sting nyelinated nerve 

fibres are observed . J\Iodified Karnovsky' s 

fluid . X9000 . 

dUll perfused 

\ 

2 1 2 .  



PLATE XXVI I I . 

Fig . 1 • 

Fig. 2 • 

Fig. 3 . 
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Fig . 1 • 

Fig . 2 . 

Fig . 3 . 
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