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Neoplasms arising from the ethmoid mucosa have been described 
in domestic animals from different parts of the World (Magnusson, 1916, 
Tech. 1971, Tukarina et al. 1972, Pospischil et al. 1979). Rajan et a/. 
(1970 described the incidence of this neoplasm from Kerala State and 
subsequently there have been reports from other parts of India also (Da-
modaran et a/. 1974; Nayak et a/. 1918). Even though the light microscopic 
features of this neoplasm have been investigated in detail (Sreekumaran, 
1980) theta are only a few reports on the ultrastructure (Yonimichi et al. 
1978; Pospischil et a/. 1978; Nair, 1980). Nair et a/. (1981) observed 
virus like particles electron microscopically in the carcinoma of ethmoid 
mucosa in cattle. 

The objective of the present investigation was to study the ultra -
structural features of this neoplasm and to find out whether any virus is 
associated with this. 

Materials and Methods 

Tissues from neoplastic growths from 2 cows and 2 pigs were fixed 
in 10°~ neutral formalin for light microscopy and 25% glutaraldehyde so-
lution buffered with cacodylate for electron microscopy. For light micro-
scopic examination tissues were processed in the routine manner and stai-
ned by the H Et E method. The glutaraldehde fixed tissues after embedding 
in Epon were cut in LKB ultratome. 1 /~ thick sections were stained with 
toluidine blue. For electronmicroscopy ultra thin sections were cut and 
picked upon uncoated copper grids. They were stained with uranyl 
acetate and lead citrate and examined in Philips EM 201 electronmicro-
scope at, 60 KV and varying magnifications. 
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Results 

The neoplasm when examined light microscopically revealed the 
histological features of carcinoma showing great variations in differen-
tiation and anaplasia within a tumour and among the tumours from the 
different animals. Adenocarcinomatous areas as well as cells with 
squamous characteristics were encountered (Fig 1, 2, 3). 

Electron microscopic examination revealed file epithelial nature of 
tl~e neoplastic cel ls but showed a great deal of cytological variation. Tl~e 
cel ls varied in size, shape and orientation (Fig. ~,5}. Generally, the 
ply;sma membranes were irregular Gnd ruffled and showed projections 
and protrusions (Fig. 6). Some of them possessed an interdigitated 
appearance. In well differentiated areas the cells are joined to each 
other by tight junctions at or near lumina) margin and by desmosomes 
remote ~irom the lumen. (Fig. 7). They appeared as widened or narro-
wed intercellular gap ti lled by dense material which showed a l ine or 
pattern of lines. The cytoplasmic dense plaques or densities whicl: could 
be accepted as plaques were present but fi laments converging upon the 
plaques were not detected. Attenuated or altered desmosomes were also 
sAen occasionally. There were a few surfa~:evesicles in some cells. In 
a few cel ls there v~ere filaments which ~~vere 6-8 nm t!~icl< and randomly 
oriented throughout the cytoplasm (Fig. 8). 

The number of mitochondria varied. They were round or oval or 
slightly elongated with prominent cristae or ring shaped. Transverse or 
ring shaped cristae were noticed in some mitochondria while ir•r others 
there vas complete disorganization and dissolution. Another feature 
that was seen in some cells was the bal looned cristae (Fig. 9). In these 
cases there was no separation between the inner and outer mitochondria) 
membranes. Expanded material chambers and disruption of the mito-
chondria! merr►branes were also seen. Altl~ou~~h, in general, mitochondria 
were randomnly distributed, occasional close association between 
rough surface endoplasmic reticulum and mitochondria was seen. Tf~is 
vas seen as instances of curved endoplasmic reticulum, partially or almost 

completely encircling mitochondria with a narrow zone of cytoplasm 
persisting between them (Fig. 9). 

In general Golgi complex was not prominent and well developed. 
A few of the neoplastic cells showed secretory granules (Fig. 10) which 
were either e!eciron dense or lucent or had reticulated floculent cont-
ents. The amount of rough surface endoplasmic reticulum showed 
great variation (Fig. 11) the more differentiated cells showing greater 
amounts. In highly anaplastic cells free ribosomes were plenty and they 
appeared in the form of polyribosomes. 
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The nuclei showed great irregularity in size and shape. The inner and 
outer membranes of the nuclear envelope were clearly discerned along 
with the presence of numerous nuclear pores. The outer membranes 
were very often studded with ribosomes and on many occasions they 
appeared to have continuity with the endoplasmic reticulum. The nu-
cleoplasm has a limpid appearance along with the presence of fi~amen-
tous and granular material in varying degrees. In general, euchromation 
was predominant and heterochromatin could be seen as small aggregates 
along the inner nuclear membrane (Fig. 12). No evidence of reduplication 
of the inner membrane vas noticed. Most of the cel ls had one or more 
prominent nucleoli, which occasionally were marginated along tine 
nuclear membranes. In a few cel ls, small dense masses comprising the 
filamentous components of the nucleolus were seen sequestrated from 
the main nucleolar mass containing numerous granules. Rarely nuclear 
bodies; were encountered within the nucleus (Fig. 13). These bodies 
wore composed of fibrillary and granular components. The granular 
components were found surrounded by a corona of fibrillary structures. 
Th© interchromatin and perichrcm~tin granules were very prominent 
and found in large numbers in most of the cells. 

a 

Of the four neoplastic tissue examined, one from a pig revealed 
particles similar in structure to viruses. Crescent-like projections cont-
aining electron dense spots were seen on the plasma membrane. These 
projections formed buds and get separated to form free particles of 
uniform morphology. Numerous such particles were seen adjacent to the 
plasma membrane. These particles varied in size from 90-150 nm in size. 
They had nucleocapsid-l ike structures and the well defined outer rini 
was covered with peplomer-l ike projections (Fig. 14, 15,16). 

The neoplasm revealed numerous plasma cells with well developed 
endoplasmic reticulum and lymphocytes along with neoplastic cells. 

Discussion 

The ultrastructural features of the neoplastic cel ls are "of epithelial 
cells, some of them showing a secretory characteristics. The accurate 
evaluation of cel l junctions is an important factor in deciding whether 
a tumour is a carcinoma when they appear highly anoplastic. Cell jun-
ctions such as dQsmosomes and tight junctions can be considered 
diagnostic of carcinomas even if the cells are highly undifferentiated. 
Modified terminal bars {comprising tight junctions or altered tight junct-
ions) followed by desmosomes or desmosome-like structures and also 
interdigitations of adjacent cell membranes, together comprise highly 
characteristic features of adenocarcinoma (Ghadially, 1982). However 
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since cellular locking by interdigitations are also seen in APUD omas 
and synovial sarcomas (Dische et al. 1978) this cannot be considered as 
diagnostic of adenocarcinomas. 

The changes in the nucleus are indicative of an active cell. Reddy 
and Svoboda (1968) reported that the consistent ultrastructuralehange 
in the neoplastic cells is an apparent increase in the interchromatin 
granules which has also been obssrved in this investigation. En~arge-
ment of the nucleolus is a well-known feature of tumour cells. Collective 
evidence supports the idea that the accumulation of perichromatin 
granules in the nucleus reflects a state of suppressed protein synthesis. 
So, it is possible that the presence of perichromatin granules in some of 
the neoplastic cells is an indicator of aberration of protein synthesis. 

Nuclear bodies are occasionally seen and despite numerous studies 
the nature and function of the bodies remain obscure. It is likely that 
they are derived from nucleolus (Vagner-eta/.1980) It has been report-
ed that when cells are stimulated to activity by a variety of means, an 
incraasa in the number, size and complexity of nuclear bodies is obser-
ved.. Weber et a/. (1964) found that under stimulation of ACTH in the 
zona fasciculata ce(Is of the calf adrenal the fibrillogranular nuclear 
body transformed into large multilobulated vesiculated structures. 

Nucleolar segregation probably reflects DNA binding and inhibi-
tion of DNA-dependent RNA synthesis because of the loss of template 
activity of DNA (Simard and Bernhard, ~ 9~6). Reddy and Svoboda 
(1968) postulated that many hepatocarcinogens and also some other 
agents which produce nucleolar segregation produce a decrease in the 
activity of RNA polymerase, an enzyme known to catalyze the synthesis 
of RNA. But it has been found that this is not apre-requisite for neo-
plastic transformation of a cell. 

Although in most of the cells, the mitochondria were randomly 
scattered in the cytoplasm, there were instances when there was a close 
association between mitochondria and rough surfaced endoplasmic reti-
culum. Ghadial ly (1982) reported that profiles of endoplasmic reticulum 
wrapping round mitochondria are not so rare, particularly in cells in 
active protein synthesis. Juxtapos;tion of the endoplasmic reticulur~i to 
a site of energy utilization may be necessary in a fast growing cell as the 
neoplastic cell. 

The significance of ring shaped mitochondria) morphology is 
obscure. Since cup shaped mitochondria have been seen in the liver 
after the administration of various toxic agents, this could be due ~ to 
degenerative changes. But Rosenbaum (1969) considered that such 
changes in mitochondria represent adaptive changes, which may be rever-
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Fig. 1 
Sheets of neoplastic cells under the mucosal surface. Thin sect-

ion. Light microscopy. Toluidine Blue x 1000. 

Fig. 2 
Groups of neoplastic cel ls with an adenocarcinomatous pattern. 

Thin section. Light microscopy. Toluidine Blue x 800. 

'~1~1. ~8, No. 1, June 1987 



94 Krishnan Nair, Rajan and Ramachandran 

Fig. 3 
Neoplastic cells with squamous differentiation. Thin section. 

Light microscopy. Toluidine Blue x 1000. 

Fig. 4 
Electron micrograph. Neoplastic:cellsshnwing cytological 

variation x 7200. 

Kerala J, vet. Sci. 



Electronmicroscopy of ethmoid carcinoma 95 

~. 

;: 

Fig. 5 
Electron micrograph, Neoplastic cel ls showing variation in 

organellar configuration x 7200. 

Fig. 6 
Electron micrograph. A neoplastic cel l showing irregular and 

ruffled plasma membrane x 18,000. 
Vol . ?8, No. 1, June 1987 
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Fig. 7 
Electron micrograph. Neoplastic ceils showing cell junctions x 

32,000. 

Fig. 8 
Electron micrograph—Part of a neoplastic cell showing cytoplas-
mic filaments (Arrow) N —Nucleus M. Mitochondria x 36,000. 
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Fig. 9 
Electron micrograph—Mitochondria (M) showing association 
with rough endoplasmic reticulum (RE). The mitochondria) 

cristae are swollen x 40,000. 

Fig. 10 
Electron micrograph---(Veoplastic cell showing well developed 
endoplasmic reticulum (RE) and secretory granules (G) x 10,000. 
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Fig. 11. Electron micrograph. Neoplastic cell showing few strands of 
rough endoplasmic reticulum (RE) x 18,000. 

Fig. 12 Electron micrograph—Neoplastic cel l showing nucleolus which 
is predominated by euchromatin (E). Heterochromatin ~H) is seen 

as small aggregates along tf•~e inner nuclear membrane. 
NI Nucleolus x 30,000. 
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Fig. 13 
Electron micrograph—Part of a neoplastic cell showing a nuclear 

body (NB) within the Nucleus x 60,000. 

Fig. 14 
Electron micrograph—Bud 1 ike projections of the plasma mem-

`~ brane with aggregation of electron dense spots. Uniformly sized 
free particles seen which show peplomer like structures x 1,00,000. 
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Fig. 15. Electron micrograph—Bud like projections of the plasma 
membrane with aggregation of electron dense spots. Uniformly sized 
free particles seen which show peplomer like structures x 1,00,000 

Fig. 16. Electron micrograph—Bud like projections of the plasma 
membrane with aggregation of electron dense spots. Uniformly sized 
free particles seen which show peplomer like structures. x 1,08,000 
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Fig. 17 
Electron micrograph—Part of a plasma cell showing well deve-
loped rough endoplasmic reticulum and a nucleus having hetero-

chromatin at the inner nuclear membrane in large aggregates. 
N —Nucleus. M—Mitochondria—RE—Rough endoplasmic reticulum x 

40,000. 

sible. The dense matrix of the mitochondria could be due to flooding of 
the intracristal space. The matrix chamber also gets flooded. It has been 
reported that mitochondria in tumours are defective functionally (Sordahl 
et al. 1969; Pedersen et a/. 1970). 

The activity of the Golgi complex may be looked upon as an 
expression of cellular differentiation and functional maturity of the 
cells. Since the accent in a neoplastic cell is on growth and multipli-
cation, there is a poorly developed Golgi complex. Undifferentiated 
cells had an abundance of polyribosomes in the cytoplasm. This presum-
ably reflects the active synthesis of endogenous proteins needed for cell 
growth and division. Bernhard (1969) and Ghadially (1980) found an 
intense relationship between the amount of endoplasmic reticulum pre-
sentand the growth rate and malignancy of the tumour. But it is also 
worth pointing out that none of the alteration seen in the endoplasmic 
reticulum of the neoplastic cells could be regarded as characteristic of the 
neoplastic state. 

Biochemical and immunological studies have cleared up many past 
doubts about the nature of intermediate filaments. Of the many types, 
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one is the intermediate filament containing prekeratin or pre-keratin like 
proteins called cytokeratins (Franke et al. (1978). These filaments have 
long been known as tonofilaments or prekeratin filaments. 

In the present investigation particles which had the morphology 
of an enveloped virus were seen budding out from the neoplastic cells 
from a pig. Earlier, Nair et a/. {1981) described similar observations in 
carcinoma of ethmoid in cattle. Yonemichi et a/. (1978) observed viral 
particles, which were morphologically similar to visna—maedi virus in 
similar neoplasms in sheep. The significance of the presence of the virus 
like structures in the present study needs further investigation. 

Summary 

Electron microscopical studies of carcinoma of ethmoid mucosa 
in cattle and pigs revealed varying ultrastructural characteristics. Some 
of the cells showed a highly differentiated organellar components even 
with secretory granules. Mitochondria revealed numerous structural 
aberrations. Nucleus was highly pleomorphic and predominantly euchro-
matinic. Occasionally nuclear bodies were encountered. The quantum of 
rough surface endoplasmic reticulum showed variation and depended 
on the anoplastic nature. In the neoplastic cel ls of pig, particles which 
had the morphology of an enveloped virus were seen budding out. The 
significance of this observation requires further investigation. 
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