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One of the particular problems of cellular determination [4] is the capacity of tissue cells to alter their sensi-
tivity to the action of viruses during culture in vitro. Embryonic cells, the determination of which changes with
development and, possibly, is therefore not the same in different organs, are especially suitable for such studies. In
addition, cells of embryonic origin are easily cultured, are subject to the action of viruses, and are widely accessible
for study. In this connection, a considerable part of the research devoted to experimental study of the cytopathic
effects of viruses, has been carried out on embryonic tissue cultures. However, rather frequently the cultivation of
viruses on the same embryonic culture under nearly the same conditions has led to different results. In this situation
the age of the embryo from which the culture was prepared has rarely been considered.

This paper presents the results of morphological study of cells in kidney, liver and lung tissue culture of chick
embryos prepared at relatively different stages of development (nine and 16 days of incubation) and subjected to the
action of Newcastle's disease virus,

METHODS

Gells were taken by the usual method from the kidney, liver and lung tissues of nine- and 16-day chickem-
bryos, Medium No. 199 containing 10% bovine serumn was used for cultivation of the liver and lung tissue.~ Kidney
tissue was cultivated on medium containing 0.5% lactalbumin hydrolysate in Hanks' solution, with the same amount
of serum. Penicillin, 100 units/ml was added to the nutrient medium. A cell inoculum, 2 X 10° (liver and lung) and
1.5x 10° (kidney), was placed in Carrel dishes eight cm in diameter in which a mica or glass disc had been put.
Monolayers were obtained in 3-4 days.

A vaccine strain of Newcastle's disease virus was used that was virulent for embryos. The virus titer in lung
tissue culture of 16-day chick embryo was 10°°~10% TCD/0.1 ml (tissue cytopathic dose).

In control tissue cultures non-infected allantoic fluid from 10-11 day chick embryo was addedto a heated
culture of the virus. A viral dose not exceeding 105 TCD;o/0.1 ml was used for infection. After thirty minutes
of exposure the virus was washed off and nutrient medium added. The cultuwres were fixed in Bouin's fluid and by
Shabadash's method and were stained with hematoxylin and eosin for cytological studies.

RESULTS

In connection with the significant differences in morphological characteristics between liver, lung and kidney
tissue in the organism and in culture we feel it is necessary first to describe the normal tissue culrures,

Tissue culture of liver (Fig. 1, a) consists of two types of cells: 1) resembling the cells of liver parenchyma,
epithelial, comparatively small, polygonal forms, with round nuclei, growing in clearly delimited islands and 2) sur-
rounding them, considerably larger cells, fibroblast-like, with oval large nuclei.

Tissue culture of lung in different experiments varied, depending on the predominance of fibroblast-like or
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Fig. 1. Culture of liver tissue from nine-day chick embryo, fourth day of cultivation.
a) Normal culture, magnification 500 X ; b) six hours after infection with virus, mag-
nification 300 x . Bouin's fixation. Hematoxylin-eosin.

epithelial-like cells. The latter with rather large, oval or round nuclei lie in groups and do not always have clearly
outlined borders. Attention should be paid to the very delicate structure of the cytoplasm. The principal experiments
were performed on cultures containing epithelial-like cells (Fig. 2, a).

Tissue culture of the kidney (Fig. 3, a) consists of fibroblast-like cells, creeping out from islands of growth,
In our opinion, the latter representaggregated cellsin the suspension which have settled and adhered to the mica discs.
In certain experiments a considerable portion of the culture consisted of epithelial-like: cells (Fig. 3, b). We found
no difference in the morphology of cultures grown from embryos of nine- and 16-days® incubation. Small eosinophilic,
round inclusions, probably of a metabolic nature, were found in cells of all cultures used.

The dynamics of the development of cytopathic changes will be examined on tissue from 16-day embryos.
The first, minor changes, connected with the action of the virus, appeared after 18 h post infection, Portions of the
cytoplasm lying near the nucleus became eosinophilic and the nucleolus was observed to hypertrophy. Subsequently,
at 24 h post infection, polymorphic, cytoplasmic eosinophilic inclusions appeared in the perinuclear zone, at first
smaller and multiple, rounded (which is especially characteristic of lung tissue), then fewer, larger and varied in
shape, At this time appeared the first small multinuclear cells, bearing up to ten nuclei. They appeared in all parts
of the cellular layer (Fig. 2, b). At 48 h post infection with the virus the cytopathic effect involved a large portion
of the cells, in many of which cytoplasmic vacuolization was pronounced, as had been observed also in cells which
preserved a normal morphology. The number of cells containing inclusions increased (Fig. 3, b). At the end of the
third day individual cells might be seen in the preparations, sometimes small islands of them and gigantic symplasts
consisting of several hundred nuclei and often occupying the entire microscopic field. The nuclei in the symplast
often stained poorly and looked "empty;"” they were very variable in size. In certain symplasts fragmentation of the
nuclei was observed; mitoses were not observed. In other multinuclear cells large cytoplasmic inclusions were visible.
By 96 h post infection almost all the cells usually had fallen from the glass, whereas in control cultures were seen
multilayered areas of morphologically unchanged cells.

Symplast formation was not noticed in cultures infected by small doses of the virus—100-1000 TCD;,/0.1 ml,
whereas cytoplasmic inclusions were also found there.

In cultures made from nine-day embryos, the nature of the disease and the dynamics of cytopathic effect
development were similar to those described, but were significantly advanced in time. The first cytoplasmic inclu-
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Fig. 2, Culture of lung tissue from 16-day chick embryo, fourth day of cultivation. a)
Normal culture; b) 24 h after infection with virus, magnification 500 x. Bouin’s fixation.
Hematoxylin-eosin,

sions were already observed four hours after inoculation with virus, and at six hours, giant symplasts were seen in all
the tissues, particularly well developed in kidney tissue (Fig. 1, b).

In liver and kidney tissue from the nine-day embryo there was an increase during the first six hours post infec-
tion in the mitotic acrivity, which continued in the kidney tissue for 18 h, at which time as later on, mitoses were
not detected in experimental cultures, On the contrary, in the control a decrease in the mitotic activity occurred
only after seven to eight days of cultivation.

The dynamics of virus multiplication were studied on tissue culture of the lung from 16-day embryos. Asa
result of the study it was noted that the virus in low titer (100 TCDj,/ml) is present in the culture fluid already at
18 h post-infection and its concentration reaches a maximum (about IOGTCDso /ml) at 72 h.

Study of the cytopathic effect of Newcastle's disease virus on three embryonic tissues of different ages sug-
gests the characteristic feature of the cellular reaction; the formation of eosinophilic cytoplasmic inclusions and of
symplasts,

The cytopathic changes produced by the virus in tissue culture of embryonic tissue nine- and 16-days old are
similar but they appear much earlier (by six hours) in the tissue from the nine-day embryo.

The capacity for Newcastle's disease virus to produce in cells of primary and established cultures eosinophilic,
cytoplasmic inclusions and multinuclear cells, as previously described by other authors {1, 6-10, 12, 13] suggests that
this virus acts with little specificity.

The symplast formation is another example of its poor specificity of action. It is characteristic of a whole
variety of viruses: Herpes, measles, parotitis, (mumps), vaccinia, etc. The mechanism of symplast formation is not
always the same [6, 11]. It may be by cytophagia, cytolosis or nuclear division without division of the cytoplasm.

In our experiments, together with the pictures of cell confluence we also noted nuclear fragmentation, sug-
gesting that symplasts form in this instance by two paths: merger of cells after destruction of the cellular membrane
and nuclear division without subsequent cytokinesis.

The phenomenon of increasing mitotic activity in cells one day post-infection has been observed before [2,8, 5],
and has been related by the authors to a defensive stimulation of cellular metabolism and to growth of the virus.
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Fig. 3. Culture of kidney tissue from 16-day chick embryo, fourth day of cultivation.
a) Normal culture; b) 48 h after infection with virus. Magnification 500x. Bouin's
fixation. Hematoxylin-eosin.

The data obtained in this work, attesting to the single type of cellular reaction of embryonic cultures indepen-
dent of tissue origin or age, indicates to a great degree the unification of cellular reaction to the effects of virus under
in vitro conditions. However, for definite conclusions about the marked changes in the nature of the cell response to
a given virus, further investigation of cytopathic changes in cells from different embryonic organs at different stages
of development in vivo and in vitro will be required.
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