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this divergent behavior. In this context ob-
servations in abnormal infant lungs are of
interest. It has been suggested, and some
evidence presented(7) that in very small pre-
mature infants and in the respiratory dis-
tress syndrome the amount of surfactant in
the lungs is reduced. If quantity of surfac-
tant were the cause of the differences ob-
served here, then these particular lungs should
lose stability more readily than any others.
Yet this is not the case either in very small
infants (¥ig. 2a), or in those with the respira-
tory distress syndrome (Fig. 2b). This is
additional evidence that a qualitative difer-
ence exists between the newborn and the adult
which causes the alveolar lining layer of the
newborn to preserve its surface activity after
repeated cycling of the excised lung while
this is not so in the adult. The transition is
gradual since intermediate stages have been
observed (Fig. 1). The cause of this differ-
ence in behavior and presumably structure of
the surfactant is unknown. The amount of
phospholipid in lung tissue of the ewe is about
24 of that in her full term fetus for unit
dry weight(8), even though it may be as-
sumed that a greater potential surface area
is contained in the sample from the adult
per unit weight. It is known that the fatty
acid content of the pulmonary phospholipid
affects its surface activity. Therefore, it is
pertinent to note that differences in serum
cholesteryl ester fatty acids have been found
between newborn and adult rats(9). It re-
mains to be determined whether differences
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of this kind also exist in the surface active
pulmonary phospholipid.

Summary. Excised lungs of human infants
and 4 animal species were inflated and de-
flated at 2 to 8 cycles per minute. This re-
sulted in a loss of stability of expansion in
all adult and post-neonatal infant specimens
tested, but was not true in neonatal lungs. It
is suggested on the basis of available data that
a qualitative as well as a quantitative differ-
ence exists between newborn and adult lungs
in the surface active material of the alveolar
lining layer. Intermediate stages have been
observed in post-neonatal infant lungs of all
species. Recovery of stability of expansion
occurred at rest within a few minutes regard-
less of the state of expansion, or the use of
air or nitrogen.
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Rubella virus specific complement-fixing
(CF) antigen was recently prepared by Sever
et al(1) using the “packed cell” method with
continuous rabbit kidney (RK-13)* primary

African green monkey kidney (AGMK), as

well as other tissue culture systems. The data
* Originally obtained from Dr. J. A. Dudgeon,

Hospital for Sick Children, London, England.
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presented here extend the previous observa-
tions and compare the growth characteristics,
physical properties and stability of both the
infectious virus and the CF antigen.

Materials and methods. Virus and cell cul-
tures. The RV strain(2) of rubella virus
adapted to the continuous rabbit kidney
(RK-13) cell line was used in these studies.
This virus had 9 passages in African green
monkey kidney tissue culture, 8 passages in
RK-13 cells, and a titer of 5.4 logyo/0.1 ml.
The media for growth and maintenance of
RK-13 cells have been described previously
(1); however, the maintenance medium was
modified by addition of 2% inactivated fetal
calf serum. Primary tissue cultures of Afri-
can green monkeyt (Cercopithecus aethiops
tantalus) kidney from commercial sources
were used for virus titrations.

Virus titrations. Infectivity titrations of ru-
bella virus in primary African green monkey
kidney tissue cultures were determined by a
modification of the enterovirus interference
technique as described by Schiff et al(3).
Briefly, serial 10-fold dilutions of virus sam-
ples were made in Eagle’s basal medium and
0.1 ml of each dilution was inoculated into a
set of 3 tissue culture tubes. Ten days after
infection the overlay fluid from each infected
tube was removed and replaced with fresh
maintenance medium containing 100 TCIDj,
of Coxsackie A-9 virus. Cultures were exam-
ined microscopically after 96 hours for cyto-
pathic effects of Coxsackie virus. The ab-
sence of enterovirus cytopathic effect was in-
terpreted as indicating the interfering effect
of rubella virus. Fifty per cent interference
(infectivity) endpoints were calculated by the
method of Reed and Muench(4).

Complement-fixation (CF) test. The micro-
technique CF test as described by Sever ef al
(5) using spiral loops and disposable plastic
plates was used. Antigen titrations were car-
ried out in two-fold dilutions and with 0.025
ml volumes. Acute and convalescent human
sera from proven cases of rubella virus infec-
tion were used in the CF tests. Sera were in-
activated at 56°C for 30 minutes. The dilu-

t Purchased from Microbiological Associates, Inc.,
Bethesda, Md., and Flow Laboratories, Inc., Rock-
ville, Md.
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ent was veronal buffered saline as described
by Kabat and Mayer(6).

Extracellular, intracellular virus infectivity
and CF antigen during virus multiplication.
Confluent RK-13 tissue cultures between pas-
sages 141 and 155 were grown in 32 oz (sur-
face area 135 sq cm) bottles. The mainte-
nance medium was removed and the cultures
were inoculated with 8 ml of seed virus and
incubated at 34°C for 30 minutes, during
which time they were slightly agitated at in-
tervals. The fluid overlay from the cultures
was then removed and the cells washed 3
times with warm (34°C) maintenance medi-
um. Fresh maintenance medium (40 ml per
bottle) was replaced and the bottles reincu-
bated at 34°C. At intervals of 2, 6, 24, 72,
and 120 hours, infected and control cultures
were removed. The supernatant fluid from
each group was pooled and treated separately.
The cultures were washed with 10 ml of cold
(4°C) sterile veronal buffered saline. The
cells were scraped from the bottles with a
rubber spatula, resuspended in veronal buff-
ered saline (1 ml per bottle). These cell
preparations were centrifuged at 600 g for 10
minutes in a refrigerated (4°C) centrifuge.
Packed cells were resuspended in supernatant
veronal saline to give a 209 suspension. The
20% resuspended cells and the original pools
of infectious fluid overlays were frozen in ace-
tone-dry ice mixture and thawed 3 times. The
resuspended cell preparations constituted the
“packed cell” rubella CF antigen. The levels
of infectious virus in the packed cells (intra-
cellular virus), and the infectious overlay
fluids (extracellular virus) were determined.
All preparations were stored at —90°C until
tested.

Temperature stabilities of virus infectivity
and CF antigen. Infectious overlay fluids
with rubella virus were first centrifuged at
6000 g for 30 minutes at 4°C to remove de-
bris. Aliquots were subjected to various tem-
peratures for specified periods in order to de-
termine the stability of the infectious virus.
Temperature stability tests were held within
+ 2°C. The temperatures and maximum
times used were: 100°C for 10 minutes, 70°C
for 10 minutes, 56°C for 30 minutes, 37°C
and 4°C for 7 days each. Aliquots of virus
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samples were taken at various intervals, and
immediately placed at —90°C until tested.
Each virus preparation was inoculated into
African green monkey kidney tissue culture
cells and blind passed 3 times before being
declared negative.

CF antigen detected in the intracellular
preparation was tested for stability at 34°C
for 72 hours. At 24-hour intervals samples
were removed and frozen at —90°C until
tested for CF activity.

Effect of ultraviolet irradiation on infectiv-
ity and CF antigen. The method of ultra-
violet irradiation used has been described(7).
Briefly, clarified preparations of infected tis-
sue culture fluids or “packed cell” CF anti-
gens centrifuged at 1500 rpm for 15 minutes
and filtered through a millipore filter (0.88
) were placed in open petri dishes at a dis-
tance of 19 cm from the ultraviolet light.
Filtration did not affect the infectivity titers
or the CF property. Samples were slightly
agitated manually during the periods of UV
exposure. At intervals of 1, 3, 5, 10, 15, and
30 minutes, aliquots of CF antigen were re-
moved and kept frozen at —90°C until
tested. For determination of stability of in-
fectivity, aliquots were taken at intervals of
20 seconds, 40 seconds, one, 3, and 5 min-
utes and kept frozen at —90°C until tested.

Each experiment described was repeated 3
times. The results reported herein show rep-
resentative data obtained from these experi-
ments.

Results. The amount of virus detected in
the maintenance fluid overlay of RK-13 cells
30 minutes after infection was equivalent to
50% of the virus inoculated. This indicated
that only 509% of the virus input was ab-
sorbed and was responsible for initiating in-
fection of the rabbit kidney cells. Intracel-
lular and extracellular infectious virus de-
creased for 6 hours after infection (Fig. 1).
The titers then increased for 48 hours in the
intracellular material and for 72 hours extra-
cellularly. The highest titer was 6.8 logy/0.1
ml which occurred in the intracellular mate-
rial 48 hours after inoculation. The increases
in virus were followed by plateaus which
lasted until the experiment was terminated.
The increase in titer was more rapid and per-
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sisted longer in the intracellular material.
Typical rubella cytopathic degeneration in in-
fected RK-13 cells was noted at 120 hours
(8). All control uninfected cells did not con-
tain detectable levels of either intracellular
or extracellular infectivity.

Complement-fixing intracellular antigen
was first detectable 48 hours after infection
(Fig. 1). The peak titer of CF antigen was
attained at 72 hours followed by a decrease
at 120 hours. Since no detectable CF antigen
was present in the extracellular fluid(1), tests
on the supernatant fluids were not carried
out.

The results on thermal stability of rubella
virus infectivity show that at 4°C, rubella
virus was stable for at least 7 days. At 37°C
virus infectivity was inactivated to below de-
tectable levels by the end of 48 hours; at
56°C it was inactivated within 30 minutes;
this inactivation followed a first order reac-
tion. At temperatures of 70°C and 100°C,
inactivation of virus infectivity was accom-
plished within 4 and 2 minutes, respectively.

The stability of the CF antigen at 34°C
was tested to determine if the fall in CF titer
as noted in the growth curve (Fig. 1) after
72 hours’ incubation could be partially due to
temperature inactivation. The results of these
tests (Fig. 2) established that at 34°C, eight
units of complement-fixing antigen were de-
stroyed within 72 hours. The rate of inacti-
vation of the CF antigen also followed a first
order reaction.

The effects of ultraviolet irradiation on in-
fectivity and the CF antigen are shown in
Fig. 3. CF antigen was not affected by as
long as 10 minutes’ exposure to ultraviolet
rays, while extracellular virus infectivity was
reduced below detectable levels with 40 sec-
onds' exposure. Ultraviolet inactivation of
the virus infectivity followed a first order re-
action, as did thermal inactivation. Studies
of infectious intracellular virus in the “packed
cell” CF antigen materials showed that live
virus in these preparations was not complete-
ly inactivated after 30 minutes’ ultraviolet
irradiation. Infectivity titers in these sam-
ples fell from initial levels of 7.2 to 1.5
(logyg)/ml. The protective effect of extra
protein in the CF antigen containing infec-
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FIG. 1. Appearance and levels of intracellular, ex-
tracellular virus infectivities and cell associated CF
antigen during rubella virus multiplication in con-
tinuous rabbit kidney (RK-13) tissue culture cells.
Arrow marks levels of infectious virus 30 min post-
infection.

FIG. 2. Stability of rubella virus “packed cell” CF
antigen at 34°C. Antigen used had an initial CF
titer of 1:8. Results are expressed as fractions of
residual CF titer, where original titer has an arbitrary
value of one.

FIG. 3. Effect of ultraviolet irradiation on rubella
virus infectivity and CF “packed cell” antigen. N/N,
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— proportion of residual infectivity (No = initial
infectivity titer, N — infectivity titer after treat-
ment). See also note Fig. 2.

tious virus offers a reasonable explanation for
the residual infectivity in the “packed cell”
antigen.

Discussion. The results in the growth stud-
ies in RK-13 tissue cultures show that the
levels of intracellular infectious virus weré
consistently higher than those of the extra-
cellular virus. The higher level of intracel-
lular virus may be related to the accumula:
tion of virus within the cell; matured virus
ejected into the medium would naturally be
diluted. Similar findings were reported by
Parkman ez @/(9) when low but not high
multiplicities of infection were used in Afri-
can green monkey kidney tissue cultures;
however, the titers attained with this tissue
were lower than those in the RK-13 tissue.

Rubella virus CF antigen was first detected
24 hours following inoculation of the cultures
and thereafter increased in parallel with in-
fectious virus until 72 hours, at which time
CF antigen fell while infectivity levels re-
mained unchanged. The data on inactivation
of the CF antigen at 34°C indicate that the
loss of CF antigen in cultures after several
days can be accounted for by heat inactiva-
tion. Some of the CF antigen may also be
lost by release from the cells and dilution in
the culture fluid. Sufficient data, however, are
not yet available to determine whether the
CF antigen is a subunit of the infectious virus
or a non virion cell antigenic component syn-
thesized during infection.

The decrease in infectivity of rubella virus
with exposure to heat or ultraviolet irradi-
ation follows the curve of a first order reac-
tion. Both the CF antigen and the virus,
however, showed similar rates of inactivation
at 34°C and 37°C respectively.

Summary. The developments of infectious
virus (extracellular and intracellular) and the
specific CF antigen of rubella virus were stud-
ied in a continuous line of rabbit kidney tis-
sue culture cells. The thermal stability and
effect of ultraviolet irradiation on the virus
and the CF antigen were also examined. Dur-
ing initial virus synthesis, intracellular infec-
tivity titers were consistently higher than the
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extracellular titers, Intracellular infectivity
reached a peak titer of 6.8 logio/0.1 ml at 48
hours after infection, after which it fell slight-
ly and leveled off. Extracellular virus infec-
tivity did not reach its peak titer of 5.8
log10/0.1 ml until 72 hours after infection,
and remained stable until termination of the
experiment. Rubella CF antigen was first de-
tected 48 hours after infection and reached a
maximum titer at 72 hours, followed by a
sharp decrease. This decrease in titer was at-
tributed to a probable stop in synthesis of the
antigen by the infected cells, and thermal in-
activation. Thermal and UV inactivation of
virus infectivity followed the expression of a
first order reaction. The CF antigen was
thermo-labile at 34°C, and its inactivation
was also exponential; the antigen was, how-
ever, stable to ultraviolet irradiation up to 30
minutes exposure.

We are grateful to Dr. Robert Huebner, for advice
and encouragement, and Mrs. Florence Essers and
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other members of the Section on Infectious Diseases,
PRB, NINDB, for valuable aid.
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Segmental constriction of the dog’s renal
artery in response to pharmacological doses
of epinephrine has been described(1). This
constriction in the main renal artery appeared
predominantly in the zone of the first major
bifurcation, occasionally in the mid portion,
and less frequently in the proximal segment.
Repeat studies in the same animal had dem-
onstrated the reproducibility of this epineph-
rine induced constriction. Similarly, localized
segmental constriction in response to phar-
macological doses of epinephrine has been
observed in the common, internal carotid and
vertebral arteries. A narrowing of the post

* Supported by Grants from Nat. He;ztrt Inst., Nat.
Inst. Health, Bethesda, Md., and Duke Univ. Re-
search Council, Durham, N. C.

renal aortic segment has also been observed.

Histological studies of serial sections along
the renal artery have revealed no morphologi-
cal difference which could account for the ob-
served zonal constriction. Consequently,
studies of biochemical properties and func-
tions of zonal segments of the renal artery
have been initiated in an effort to see if any
variation in these properties along the renal
artery could be correlated with segmental re-
nal artery constriction.

The intensity and prolonged time of the
localized segmental constriction of the renal
artery in response to epinephrine led us to
hypothesize that such segments would require
higher energy stores (adenosine triphosphate
concentration—ATP) and/or higher ATP



