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Summary. The carotid bodies in experimental animals 
contain only one variety of  type I cells whilst in the 
human  organ three varieties of  this cell type have been 
described. We have examined the effects of  pos t -mor tem 
change on the structure of  the type I cell of  the rat 
carotid body. When the organ is examined immediately 
after death of  the animal all of  the type I cells exhibit 
similar morphology.  With increasing delay in fixation 
of  the tissue the type I cells undergo autolytic changes. 
Within 2 h of  death the nuclei become hyperchromatic  
and the cytoplasm exhibits an increasing eosinophilia. 
In carotid bodies fixed 4 h pos t -mor tem a further type 
I cell variant  is seen in which the nucleus lacks a chroma- 
tin pat tern and becomes pyknotic. We believe that  pre- 
vious descriptions of  three varieties of  type I cells in 
the human carotid body are based upon a description 
of  pos t -mor tem change. Furthermore,  in any study of  
this highly oxygen dependent tissue it is essential that 
due account  be taken of  the delay between death and 
fixation. 

Introduction 

The mammal ian  carotid body consists of  groups of  spe- 
cific cells set in a vascular connective tissue s t roma con- 
taining numerous nerve fibres. The parenchymal cells 
consists of  two varieties, the type I and type I I  cells. 
In all experimental animals studied to date a variable 
number  of  polygonal type I cells are surrounded by type 
II  cells, the latter being elongated cells with long fine, 
cytoplasmic processes (Biscoe 1971 ; Pallot 1987). In the 
human  carotid body a similar arrangement  has been de- 
scribed by Smith and his colleagues (Smith et al. 1982) 
except that  they are able to recognise three sub-popula- 
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tions of  type I cells on the basis of  nuclear morphology;  
these are termed the light, dark and pyknotic  cells. 

A number  of  workers have at tempted to identify type 
! cell sub-types in the rat, rabbit  and cat carotid body 
using a variety of  morphometr ic  techniques (McDonald  
and Mitchell 1975; Verna 1979; Pallot et al. 1986); to 
date no convincing evidence for sub-classes of  type I 
cells has been produced in these species (Pallot 1987). 
We were intrigued by this apparent  difference in the 
structure of  the human carotid body and that  o f  other 
mammal ian  species. As studies of  the human carotid 
body must  involve the examination of  pos t -mor tem ma-  
terial we examine here the effects of  pos t -mor tem 
changes on the structure of  the rat  carotid body. 

Materials and methods 

The experiments were performed using adult Wistar rats of approx- 
imately 4 months of age. The animals, obtained from the Unit 
of Biomedical Services, University of Leicester, were killed by an 
overdose of pentobarbitone sodium and treated as follows. 
1. The carotid bodies were removed at the time of death (0 h; 
these tissues acted as controls. 
2. Carotid bodies were removed at different times after death (2, 
4, 8, 16 and 24 h) from animals in which the carcass had been 
kept at room temperature for 2 h and thereafter at 4 ~ C. 
3. Carotid bodies were removed at 4 and 16 h post-mortem from 
animals in which the carcass had been kept at room temperature. 
A total of 24 animals were studied. 

The carotid bodies were fixed overnight in 4% neutral buffered 
formalin, processed by routine techniques for embedding in paraf- 
fin wax and stained either with Harris haematoxylin or by the 
periodic acid-Schiff (PAS) method. 

The number of type I cells with either light, dark or pyknotic 
nuclei was counted in random sections of carotid bodies with a 
40 x objective; averages of at least four such fields were counted 
for the quantitative studies. 

Results 

The control carotid bodies (0 h group) showed the typi- 
cal clustering of  polygonal type I cells surrounded by 
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Figs. 1, 2. Low and high power views of a carotid body removed from a rat immediately after the overdose of anaesthetic. Note 
how all of the type I cells (/) have a similar nuclear morphology and that their cytoplasm lacks eosinophilia 

elongated type II cells (Fig. 1). The type I cells were 
of similar size and shape and possessed a light eosino- 
philic cytoplasm and large round or ovoid nuclei 
(Fig. 2). Some type I cells possessed a slightly hyperchro- 
matic nucleus but lacked the eosinophilic cytoplasm at 
this time. The type II cells had less definite cell borders 
and the nuclei were elongated and hyperchromatic 
(Figs. 1, 2). Few congested capillaries and very few pyk- 
notic cells were seen. 

Changes in type I cell morphology were more fre- 
quent within 2 h of death and became prominent after 
4 h at 4 ~ C (Fig. 3). There was an increasing vacuolation 
of some type I cells and the appearance of more cells 
with hyperchromatic nuclei; some of these latter cells 
possessed smaller, eccentrically placed nuclei with a cap 
of intensely eosinophilic cytoplasm (Fig. 4); these cells 
are similar to the dark cells described in the normal 
human carotid body by Smith et al. (1982). A third vari- 
ant of type I cell became prominent by 4 h. This pyknotic 
variant was characterised by a small, compact, darkly 
stained nucleus with a narrow peripheral rim of cyto- 
plasm (Fig. 5). Similar periods of delay induced different 
pathological findings depending on whether the carcass 
had been kept at room temperature or at 4 ~ C. The de- 
gree of change from the normal structure was much 
greater at room temperature where even after 4 h nuclear 
vesiculation and loss of cell margins could be seen. 

In contrast to type I cells, the type II cells appeared 

resistant to autolytic change. However, by 16 h some 
type II cells had also developed pyknotic nuclei. 

Marked vascular dilatation and congestion was ob- 
served in all specimens studied at post-mortem periods 
greater than 2 h and the magnitude of the congestion 
seemed to increase with increasing post-mortem delay. 
No leucocytic infiltration was found in any of the carotid 
bodies examined. 

Figure 6 illustrates quantitative data on type I cell 
variants. The number of light cells decrease almost lin- 
early up to 4 h post-mortem and this decrease is paral- 
leled by an increase in the number of pyknotic and dark 
cells. Between 4 and 24 h fixation delay there is a further 
fall in the percentage of clear cells and rise in the number 
of pyknotic cells. It is also noteworthy that when large 
numbers of cells are examined, in sections from different 
levels of the carotid body, that there are a small number 
of pyknotic cells can be found at time zero. 

Discussion 

The present observations clearly indicate that three vari- 
ants of type I cells, the clear, dark and pyknotic cells, 
do not represent a stable population but rather that their 
numbers fluctuate in relation to the delay between death 
of the animal and fixation of the tissue. 

It is noteworthy that isolated autolytic changes were 
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Fig. 3, 4. Low and high power views of carotid body tissue fixed 4 h after death of the animal. Some type I cell nuclei have densely 
staining chromatin patterns (arrows) and that these cells show a markedly eosinophilic cytoplasm (arrows in Fig. 4). Other cells (arrowheads 
in Fig. 4) have a similar chromatin pattern to that seen in Figs. 1, 2 but increased vacuolisation of the cytoplasm 

Fig. 5. High power micrograph of carotid 
body tissue fixed 16 h after death. Some 
cells lack any visible chromatin pattern in 
their nuclei (arrows) whilst others have dark 
nuclei as in Figs. 3, 4 (arrowheads) 

noted in tissues were the fixation delay was of  the order 
of  15 min (the time taken to complete the dissection). 
This situation is not surprising as it is well known that  
other rat  organs, for example the liver, may undergo 
autolytic changes within minutes after death. The fact 

that previous morphological  studies of  rat, cat and rab- 
bit carotid bodies failed to demonstrate  dark or pyknotic 
cells may be explained by the fact that all of  these studies 
used vascular perfusion of  the fixative (McDonald  and 
Mitchell 1975; Verna 1979; Pallot et al. 1986). The de- 
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Fig. 6. Stacked bar histogram illustrating the percentage of clear, 
dark and pyknotic cells in the rat carotid body after various fixa- 
tion delays. ([] = clear; [] = dark; [] = pyknotic) 

sign of these experiments was adopted in an attempt 
to mimic the situation that might exist in routine autopsy 
protocols. Thus there was a delay of 2 h before refrigera- 
tion of the carcass and permeation of the fixative rather 
than perfusion. 

We have as yet no direct information on the precise 
events that lead to the appearance of dark and pyknotic 
cells within the carotid body. However, based upon what 
is known to occur elsewhere during the initiation of irre- 
versible anoxic cell injury (Rubin and Farber 1988) and 
on our histopathological findings let us assume that a 
similar sequence of events could take place in the carotid 
body. According to such an assumption the clear type 
I cells rapidly undergo hydropic degeneration, as indicat- 
ed by their vacuolated appearance, followed by an in- 
crease in the eosinophilic affinity of the cytoplasm and 
changes in the nuclear chromatin array. These transfor- 
mations represent an intermediate step in the process 
of autolysis, the dark cell variant. During the following 
hours after death (4-24 h) the cytolytic process will con- 
tinue and the nucleus becomes heavily hyperchromatic, 
representing the so-called pyknotic cell. 

The existence of a sequential and dynamic transfor- 
mation of the type I cell population as a function of 
the autolytic process is well illustrated in our data by 
the reciprocal interelationship between the decreasing 
number of clear cells and increasing number of pyknotic 
cells. 

There is considerable controversy in the carotid body 
literature regarding the origin and nature of the dark 
and pyknotic cells. The possibility that these cells in- 
creased in number with increasing post-mortem delay 
was suggested by a number of authors (Gosses 1938; 
de Castro 1951), whilst others presumed them to be nor- 
mal constituents of the carotid body (Smith 1924; White 
1935; Smith et al. 1982). Recently it has even been sug- 
gested that the pyknotic cells in the carotid bodies of 
children represent "precursors" of the dark and clear 
cell variants (Heath et al. 1990). The confusion is com- 
pounded by the fact that to date no clear function has 
been ascribed to the dark and pyknotic variants. 

Our studies have also revealed an apparent resistance 
of the type II, or sustentacular, cells to autolytic change 
as well as the absence of any intermediate variant be- 
tween the normal and pyknotic type II cell. The existence 
of different patterns in response to anoxic injury in the 
type I and type II cells might be explained by their differ- 
ing autogenetic origins and functions. 

The type I cells are known to originate from the neu- 
ral crest (Le Douarin et al. 1972) and show similar cell 
markers to neuronal cells such as neuron specific enolase 
and neurofilament protein (Abramovici and Pallot 1990) 
as well as acting as a storage site of various neuropep- 
tides (Wharton et al. 1980; Abramovici and Pallot 1990; 
Oomori et al. 1991) and catecholamines (Pallot 1987). 
Since type I cells undoubtedly respond to changes in 
oxygen tension it seems plausible that a sudden and dra- 
matic drop in oxygen supply, even for a few minutes, 
might result in irreversible changes in the cell. 

The exact origin and function of the type II cell is 
yet to be elucidated and it is difficult to distinguish then 
from the Schwann cells (McDonald 1981; Jago et al. 
1984). There is some immunohistochemical evidence 
(they store $100 and glial fibrillary acidic protein) sug- 
gesting that they are similar to Schwann cells and oligo- 
dendroglia (Abramovici and Pallot 1990). The possibility 
exists that their resistance to anoxia might be related 
to a lower oxygen requirement than the type I cells. 

The existence of vasodilatation and congestion in the 
longer post-mortem delay animals (4-24 h) are further 
post-mortem changes affecting carotid body morpholo- 
gy. The intensity of both the vasodilatation and the de- 
gree of congestion were related to the post-mortem delay 
and were further increased if the head of the animal 
was placed below the level of the heart suggesting that 
the phenomenon was entirely passive. 

The data reported here would council caution in the 
interpretation of carotid body type I cell differential 
counts as it may be that the existence of substantial 
numbers of dark and pyknotic cells is a post-mortem 
artefact. This suggestion is substantiated by our recent 
observations of human carotid bodies fixed at various 
times after death where there was a positive correlation 
between the post-mortem delay in fixation and the 
number of pyknotic cells and a negative correlation be- 
tween delay and the number of clear cells (Seker et al., 
unpublished). 
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