CyYTOPATHOGENICITY UNDER INCREASED OXYGEN PRESSURE

permeability detected by T-1824 blueing of
the skin, but in animals under barbiturate
anesthesia it resulted in cyanosis and death.
The reaction was prevented by epinephrine,
ether, and Phenergan, and was not evoked by
administration of other plasma volume ex-
panders.

An anaphylactoid reaction to dextran has
previously been encountered only in the rat.
The comparatively innocuous nature of the
reaction in the unanesthetized mouse un-
doubtedly accounts for its having gone gen-
erally unnoticed in this animal. We suggest
that the mouse is not the most suitable ex-
perimental animal for use in evaluating
LMWD as a therapeutic agent, as the ana-
phylactoid reaction may interfere with and
confuse the interpretation of any possible
therapeutic effects.
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The virus of hog cholera (HC) has been
propagated in tissue cultures(1-6), but with
one exception(7) it has not induced cyto-
pathic effects (CPE). Lack of cytopatho-
genicity in a virus so virulent for its animal
host as HC is a rather surprising finding
which, however, would be explained if the
environment in which cells are held in tissue
cultures were unfavorable to viral synthesis,
Whereas a highly efficient mechanism for
oxygen transport, the erythrocyte, is opera-
tive in the animal, no such mechanism is
available in cell cultures. It seemed possible,
therefore, that the quantity of oxygen avail-
able to cell cultures would not be sufficient
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for maximal viral synthesis. If this were the
case, increasing the oxygen concentration in
the medium bathing HC-infected tissue cul-
tures should result in increased viral syn-
thesis and, possibly, in CPE. '
Materials and methods. Trypsinized kid-
ney and testicle cells of swine and rabbit
origin were seeded in cotton-plugged, slanted
tubes and incubated at 37°C in a moist at-
mosphere of 95% air and 5% COs. The tis-
sue culture medium consisted of 79.5%
Hanks’ balanced salt solution, 0.5% lactalbu-
min hydrolysate, and 209 sheep serum, and
contained 100 units of penicillin and 100 pg
of streptomycin/ml. When a cell monolayer
had formed, cultures were inoculated with
materials derived from HC-infected swine.
The virulent materials were either heparin-
ized whole blood or 10% spleen extract in
Hanks’ balanced salt solution, and had been
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FIG. 1. Rabbit testicular cell culture 24 hr after
inoculation with hog cholera virus. The culture was
held under 10 p.s.i. pressure of a mixture of 95% O.
and 5% CO.. Note complete destruction of cell sheet.

FIG. 2. Uninoculated rabbit testicular cell culture
held for 24 hr under 10 p.s.i. pressure of a mixture
of 95% 0. and 5% CO-..

kept at —25°C for several weeks prior to
inoculation into tissue cultures. Following in-
oculation, the tissue cultures were placed into
an airtight metal container.!? Uninoculated
tissue cultures were included as controls. A
mixture of 95% O: and 5% CO, was intro-
duced into the container from a compressed
gas cylinder until a pressure of 10 b per
square inch was reached. The container was
then placed at 37°C.

Results. Examination of the cultures re-
vealed extensive CPE as early as 24 hours
after inoculation of HC virus-containing
materials (Fig. 1). The cells had lost their
cytoplasmic processes and appeared rounded
and dark. Many cells had become detached

t All-American Pressure Cooker, manufactured by
Wisconsin Aluminum Foundry Co., Inc., Manitowoc,
Wis. The control valve was replaced by a gas-type
cock. A tight seal was effected by lining the rim of
the cover with masking tape.
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from the glass of the tube. CPE was especial-
ly evident in swine and rabbit testicular cell
cultures, but it was also seen in the kidney
cell cultures. The uninoculated control cul-
tures appeared normal after 24 hours of in-
cubation under increased 0,-CO; tension
(Fig. 2). After 4 or 5 days of incubation,
granules were found in the cytoplasm of
many cells in the uninoculated cultures.
These changes were attributed to toxic ef-
fects of the increased oxygen concentration

=" and were readily differentiated from the
' changes attributed to HC virus. Among the

cultures used, rabbit testicular cell cultures
seemed to be least affected by the toxic
changes attributed to increased oxygen ten-
sion,

Inoculation of tissue cultures with the fluid
harvested from HC-infected cultures resulted
in the appearance of CPE. However, it was
not possible to carry out more than 4 serial
passages in tissue cultures, since CPE was not
seen in later passages. Infectivity titrations
were done on several HC virus-containing
spleen extracts, which were found to contain
from 10° to 10'° 50% tissue culture infec-
tious doses (TCIDjo) per milliliter. The
infectivity titer decreased on serial passage.
When HC antiserum! was incubated with
the virulent materials for 30 minutes prior
to inoculation of tissue cultures, CPE was not
observed. One-tenth of a milliliter of HC
antiserum neutralized 107 TCID; of HC
virus. Normal swine serum had no neutraliz-
ing effect.

Propagation of the virus of transmissible
gastroenteritis of swine (TGE) in tissue cul-
tures has not been reported. It was there-
fore decided to inoculate swine testicular cul-
tures with extracts of the intestinal mucosa
of baby pigs which had died of this condi-
tion. Some of the inoculated cultures were
stoppered with rubber stoppers and incu-
bated under normal atmospheric pressure.
Other cultures were incubated under 10 p.s.i.
of the 0;-CO, mixture. CPE was observed

1 HC antiserum was obtained from a specific-
pathogen-free pig which had been vaccinated with
attenuated HC virus followed by challenge with
virulent HC virus.
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24 hours later only in the cultures held under
increased gas pressure. Uninoculated control
cultures remained normal during a S5-day
period of observation.

Discussion. The adverse effect of lowering
oxygen tension on growth of viruses in tissue
cultures has been reported. Baron et al(8)
found that different viruses formed plaques
in tissue cultures at different depths of agar
overlay. Incubation of the cultures in an
atmosphere of pure oxygen rather than in
air increased the depth at which plaques were
formed. Conversely, addition of reducing
substances to the medium decreased the
depth of plaque formation. A correlation was
found between depth of plaque formation
and sensitivity to interferon: viruses with
high sensitivity to interferon had high oxygen
requirements(9). Reduction of available oxy-
gen resulted in increased production of inter-
feron by infected tissue cultures. Conversely,
incubation of the cultures in an atmosphere
of pure oxygen resulted in decreased produc-
tion of interferon(9). Mice exposed to influ-
enza virus and held in an atmosphere of
50% oxygen and 50% nitrogen died earlier
and in greater numbers than infected mice
held in air (20% oxygen) (10). Conversely,
mice adapted to high altitude were compara-
tively resistant to influenza virus(11).

Isaacs(12) postulated that interferon acts
by uncoupling oxidative phosphorylation
which would be needed for the energy metab-
olism of the cell during viral synthesis. The
results reported here are consistent with the
hypothesis that active aerobic energy metabo-
lism is required for viral synthesis by the
host cell. Research is now in progress to
determine whether the increased suscepti-
bility of tissue cultures to HC and TGE
viruses under conditions of increased oxygen
tension is mediated by a decrease in produc-
tion of interferon.
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The failure of obtaining CPE upon serial
passages of the virus in tissue cultures held
under increased oxygen pressure is not well
understood. Neutralization by HC antiserum
indicates that CPE was caused by the virus.
It is possible, however, that infectious virus
was not produced by the cells under the con-
ditions of the experiment.

Summary. The viruses of hog cholera and
of transmissible gastroenteritis of swine were
propagated in tissue cultures in an atmos-
phere of 95% oxygen and 5% carbon dioxide
at a pressure of 10 Ib per square inch. Under
these conditions, cytopathic effects were ob-
served in the tissue cultures 24 hours after
virus inoculation. Conventional tissue cul-
tures in rubber-stoppered tubes did not un-
dergo cytopathic changes following inocula-
tion with the 2 viruses. The cytopathic effects
were neutralized by antiviral serum but were
not affected by normal serum. Uninoculated
tissue cultures were not affected by increased
oxygen concentration.
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