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abdominal approach is preferred. The cervi-
cal approach was generally accompanied by
respiratory distress after more than one hour
of lymph collection.

Table 1 also presents a comparison of
data obtained from studies made on paired
mice in which thoracic duct lymph was
collected from either the neck or abdomen
at same time of day. Mean values for
lymph flow, lymphocyte content, and to-
tal lymphocyte output did not differ. Al-
though mean values were similar for abdom-
inal and for cervical lymphocyte output for
paired animals, individual cell outputs col-
lected simultaneously in paired animals on
same day were closer to each other than in
collections made at similar times but on dif-
ferent days.

On the basis of the mean total thoracic duct
lymphocyte output of 1.5 cells/hr x 10° for
anesthetized or unanesthetized mice, it can
be calculated that at least 35 million cells en-
ter the blood from this duct in a 24-hour pe-
riod. This is 3.3 times the total calculated
number of circulating lymphocytes.

Summary. 1. The mouse is a suitable ani-
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mal for collection of thoracic duct lymph in
the partially-restrained unanesthetized state.
2. Initial values for lymph flow and Iympho-
cyte output did not vary significantly in the
unanesthetized as compared to the anesthe-
tized mouse. 3. A continuous decrease in
lymph flow and lymphocyte output from the
thoracic duct occurred over a 24-hour period
in the unanesthetized mouse. 4. Values for
thoracic duct lymph flow and lymphocyte out-
put did not vary significantly, whether col-
lected from the neck or abdomen.

1. Shrewsbury, M. M., Proc. Soc. Exe. B1or. ANp
Mekp., 1938, v99, 53.

2. Bollman, J. L, Cain, J. C., Grindlay, J. H,, J.
Lab. and Clin. Med., 1948, v33, 1349.

3. Reinhardt, W. O, Proc. Soc. Exp. BioL. anp
MEDb., 1943, v58, 123.

4. Mann, J. B, Higgins, G. M., Blood, 1950, V5,
177.

5. Shrewsbury, M. M., Reinhardt, W. O., 4m. J.
Physiol., 1952, v168, 366.

6. Gowans, J. L., Brit. J. Exp. Path., 1957, v38, 67

7. Hungerford, G. F., Reinhardt, W. O., 4m. J.
Physiol., 1950, v160, 9.

Received May 11, 1959. PS.EB.M. 1959, viol.

Cytopathology of Feline Viral Rhinotracheitis Virus in Tissue Cultures of

Feline Renal Cells.
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In the original report(1) on isolation of a
feline virus associated with intranuclear in-
clusion bodies the agent was designated as
C-27 virus. We now propose the name
“feline viral rhinotracheitis” for the disease
entity induced by this agent. The virus in
this and future communications will be re-
ferred to as feline viral rhinotracheitis (FVR)
virus. In this paper we describe the sequence
of morphological changes with formation of
multinucleated giant cells or syncytia in cell
cultures infected with FVR virus, and report
our results from the use of different methods
of fixation for demonstration of inclusions.

Materials and methods. The original FVR

virus obtained from the throat of a cat exhib-
iting clinical signs of upper respiratory infec-
tion was isolated in cultures of feline renal
cells. The virus used was from 5th and 6th
tissue culture passages. Primary cultures of
feline renal cells were prepared on 11 x 22 mm
coverslips in Leighton tubes. Tissue culture
methods employed were those of Madin ef al.
(2). The cells were grown in nutrient me-
dium consisting of 0.5% lactalbumin hydroly-
sate in modified Hank’s salt solution contain-
ing 0.01 M Tris (Hydroxymethyl aminometh-
ane), adjusted to pH of 7.4, and 10% lamb
serum. The maintenance fluid used at time
of inoculation was lactalbumin hydrolysate
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FIG. 1. Control.
of feline renal cells, H & E stain, X 500. AFIP-
MIS 59-1154.

Cell from uninoculated culture

FIG, 2. Cell soon after inoeulation with feline
virus, showing stippling of nuclear chromatin mate-
rial. H & E stain, X 500. AFIP-MIS 59-1157.

FIG. 3. Cell from same culture showing begin-
ning of chromatin margination. H & E stain,
X 500, AFIP-MIS 59-1161,

FIG. 4. Cell in later stage of infeetion, with
carly condensation of nuclear material. H & E
stain, X 500. AFIP-MIS 59-1158.

FIG. 5. Cell with a well-formed intranuelear in-
clusion body. Note shrunken but intact nuclear
membrane. H & E stain, X 500, AFIP-MIS 59-
1160.

FIG. 6. Cell from infected culture containing
aggregates of mnuclear material. H & E stain,
X 500. AFIP-MIS 59-1156.

FIG. 7. Cultures of feline remnal cells infeeted
with the virus, showing early formation of syncy-
tinm. H & E stain, X 35. AFIP-MIS 59-1150.

FIG, 8. Same culture as Fig. 7, with later stage
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with addition of 3% lamb serum. Streptomy-
cin (0.5 mg/ml), penicillin (500 u/ml), and
mycostatin (100 u/ml) were incorporated in
all media. Cultures were inoculated with 0.1
ml of tissue culture fluid containing a calcu-
lated 100 TCID;,. Following inoculation, all
cultures were incubated at 37°C and observed
with a light microscope at magnification of
100 for presence of cytopathogenic change.
The coverslips for studying sequence of in-
clusion formation were fixed in Bouin’s fluid
for 30 minutes, then kept in 70% alcohol until
stained with hematoxylin and eosin (H & E).
To determine best method of fixation for H &
E stained preparations, the following solutions
were used: Bouin’s, Zenker’s acetic, methanol,
acetone, and 10% neutral formalin.

Results. Cytopathology. In unstained
preparations the first detectable lesions were
seen at 40-48 hours. At this time small foci
involving 10 to 12 cells were present. These
foci consisted of cells which were either
rounded or elongated in shape and were joined
together by protoplasmic bands. The affected
cells were more refractile than normal cells.
Between 52 and 72 hours these foci increased
in size and number, and at 96 hours they were
present throughout entire monolayer. The
entire culture was involved at 120 hours, and
the cells were all released from the glass sur-
face at end of 144 hours.

Normal cells stained with H & E have an
acidophilic cytoplasm, basophilic nuclei with
distinct nucleolus, and fine, evenly distrib-
uted chromatin (Fig. 1). The sequence of
inclusion development, as suggested by stages
in cell variation from early nuclear alteration
to well-developed inclusions are as follows:

The earliest discernible changes are seen
primarily in nuclei of cells stained after 36
hours of incubation. At first there is enlarge-
ment of nuclei and stippling of basophilic
nuclear chromatin. Chromatin granules and

of syncytium development. H & E stain, X 35.
AFIP-MIS 59-1150.

FIG. 9. Early lesion seen in tissue culture of
feline renal cells infeeted with feline virus. Note
giant cells. H & E stain, X 35. AFIP-MIS 59-
1151.

FIG. 10. Well-developed giant cell in feline tis-
sue culture infected with the virus. H & E stain,
X 433. AFIP-MIS 59-1148.
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nucleoli fragment into fine particles dispersed
on light-staining background of nuclear sub-
strate (Fig. 2). These granules then mar-
ginate, leaving a central area of homogeneous
nuclear material (Fig. 3). Later this nuclear
material becomes acidophilic and contracts,
forming a well-developed inclusion sur-
rounded by clear halo (Figs. 4 and 5). Out-
side the halo the basophilic nuclear membrane
remains intact though often somewhat
shrunken. In a few cells which retain their
nucleoli, 2 or more acidophilic intranuclear
inclusions with small individual halos have
been observed (Fig. 6).

Characteristic cytoplasmic change is forma-
tion of multinucleated giant cells or syncytia.
Individual cell loses its distinct cellular mem-
brane and fuses with adjacent cells. In early
stages the cytoplasm of cells in the syncytia is
paler than in other cells (Fig. 7). These syn-
cytia contract and eventually break away
from the cellular mass to form separate multi-
nucleated giant cells (Fig. 8). In the final
stage of development, these giant cells are
round or club shaped and have a granular. in-
tense eosinophilic cytoplasm with nuclei about
the periphery (Figs. 9 and 10). In these nu-
clei are inclusions at various stages of devel-

opment. No specific cytoplasmic inclusions
were found.
Discussion.  Although intranuclear inclu-

sions were demonstrated at the time this virus
was first isolated, the significance of syncy-
tium formation was not initially recognized as
a feature of its cytopathogenicity. This be-
latedly recognized cytopathic change was sug-
gestive of a possible mutation of our original
isolate or the introduction of another agent.
Upon reexamination of H & E preparations of
our earlier passages, we observed occasional
small giant cells with 2 or more nucleoli. Only
one type of plaque was produced in cultures
by the method described by Dulbecco and
Vogt(3). All of these cytopathogenic changes,
now considered characteristic of FVR virus,
were inhibited by homologous immune rabbit
serum.

It appeared unlikely that the tendency to
formation of giant cells was a nonspecific al-
teration in the feline cultures, since primary
cultures had been used in all our studies. In
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addition, we used cultures of feline renal cells
for several years and never previously experi-
enced this type of cytopathogenic change in
uninfected cultures. Development of typical
intranuclear inclusions is observed in these
giant cells. In later tissue culture passages,
these multinucleated giant cells are larger and
occur with greater frequency. We observed
nuclear changes and well-developed inclusion
bodies in necropsy material from cats experi-
mentally infected with the virus. However,
giant cells similar to those found in tissue cul-
tures have not been observed in the disease.

In this work, metabolism of cultures was
measured by acid production in the media.
Comparison of hydrogen ion concentration of
fluids from noninfected and infected cultures
indicate that there is a slight metabolic inhibi-
tion in the infected cells. Reduction in pH
of fluids is less for infected cultures than for
normal. Although there is a pH differential
between fluids of infected and noninfected
cultures, it is not sufficient to apply the color
test for infectivity in the tissue culture system
studied. Robbins et al.(4) reported that
metabolic activity of cultures infected with
polio virus was less than that of normal con-
trol cultures. In tissue cultures infected with
adenovirus(5) and the virus of infectious bo-
vine rhinotracheitis(6), the reverse is seen.
With these latter viruses, infection results in
a decrease in pH of culture fluids. Recogni-
tion of these basic differences characteristic
of these viruses leads to a better understand-
ing of the virus-cell relationship.

Of fixatives studied, inclusion bodies were
demonstrated in H & E preparations which
were fixed in Bouin’s fluid, Zenker’s acetic,
methanol, and acetone. Bouin’s fixation con-
sistently gave the best results and is used
routinely in our laboratory. Formalin-fixed
tissue culture preparations were unsatisfac-
tory for studying the cytopathology, and in-
clusion bodies were not demonstrable when
such preparations were used.

The virus was propagated in primary cul-
tures of feline lung and testicle, resulting in
development of cytopathogenic changes and
inclusions similar to those occurring in cul-
tures of feline renal cells. Cytopathogenic
changes were not demonstrated in cultures of
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bovine kidney, Chang liver, human amnion,
monkey kidney, human conjunctiva, and “L”
cells.

Summary.  Cytological changes occur-
ring in cultures of feline renal cells infected
with virus of feline viral rhinotracheitis are
described. The features of cytopathogenicity
of this virus are (1) development of intra-
nuclear inclusion bodies; (2) formation of
giant cells; and (3) a slight reduction in meta-
bolic rate of infected cells.

497

1. Crandell, R. A., Maurer, F. D, Proc. Soc. Exe.
Bior. anp Mep., 1958, v97, 487.

2. Madin, S. H., Andriese, P. C., Darby, N. B,
Am. J. Vet. Res., 1957, v18, 932.

3. Dulbecco, R., Vogt, M., J. Exp. Med., 1954, v99,
167.

4. Robbins, F. C., Enders, J. F., Weller, T. H,,
Proc. Soc. Exp. Bror. axp Mkp., 1950, v75, 370.

5. Fisher, T. N., Ginsberg, H., ibid., 1957, v95, 47.

6. Cheatham, W. J., Crandell, R. A., ibid., 1957,
v96, 536.
Received May 13, 1959.

PSEBM., 1959, viOL.

Effect of Midbrain Lesions on Ovulation and Adrenal Response to Stress

in Female Rats.*
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As part of a continuing study attempting
to identify brain areas essential for normal
pituitary function effects of localized brain
lesions on stress-induced corticosterone re-
lease and adrenal ascorbic acid decrease have
been investigated. Earlier experiments re-
vealed a dichotomy between adrenal ascorbic
acid decrease and corticosterone release fol-
lowing surgical stress in rats with electrolytic
lesions placed in different parts of the hypo-
thalamus(1). In the present study adrenal
responsiveness has been measured in rats with
lesions in the diencephalon, midbrain and at
the level of rostral pons. In addition, since
lesions in the midbrain have been shown to
inhibit ovulation(2) changes in ovulatory cy-
cle were investigated in some animals.

Materials and methods. Coagulating brain
lesions were made in 28 adult female Sprague-
Dawley rats (225-300 g) from our breeding
colony. The coagulating current (2.7 milli-
cycles/sec.) was delivered for 5-10 sec. from
a Birtcher Blendtome surgical unit through

* Aided by contract between Office of Naval Re-
search, Dept, of Navy, and Univ. of California, and
USPHS.

t Present address: Dept. of Anatomy, Baylor Univ.
College of Medicine, Houston, Texas.

School of Medicine, University of California
Los Angeles

paired stainless steel insect pin electrodes 1
mm apart, insulated except for 1 mm at tip.
Midline lesions were made at various levels
between posterior border of mammillary body
and posterior end of the interpeduncular nu-
cleus 1 to 3 mm from base of brain. In con-
trol rats electrodes were inserted but no cur-
rent applied. Rats were maintained post-
operatively in individual cages on Purina lab
chow or force-fed 3-5 times daily with milk-
5% glucose solution. Constant room tem-
perature (37-38°C) and controlled light-
ing conditions were maintained(2). Four
days after lesioning, the left adrenal vein was
cannulated and blood collected for 30 min-
utes. Pre- and post-stress adrenal ascorbic
acid levels were determined immediately after
cannulation (“resting” levels) and at end of
collection(3), using the method of Roe and
Kuether(4). Corticosterone was analyzed as
noted earlier (5). When necessary, anesthesia
was induced by pentobarbital sodium (3 mg/
100 g, ip.). Nine rats were studied for
changes in ovulatory cycles by method de-
scribed by Critchlow(2). In these rats, uni-
lateral ovariectomy was performed on first or
second day post-lesioning. No rat was in-
cluded in the series if microscopic examination
of pituitary revealed damage from lesioning.



