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by the group on the 0.10 mg/g diet. This is
reflected in the delay in maternal weight gain
in this group (Fig. 1). The nicotine intake
of the 0.05 mg/g group, 2.55 mg/kg/day,
thus is nearly the same as that in our earlier
report in which the rats received nicotine in
their drinking water in a concentration of 0.05
mg/ml. The nicotine intake of the 0.10 mg/g
group was much higher.

1137

The absence of effect on fetal weight and
length indicates that nicotine per se was not
responsible for the low newborn weight in
the earlier report. In view of the decrease
in water intake it is likely that food intake
was decreased as well. Chow and Lee showed
that the maternal weight gain might remain
normal in the face of food restriction in
pregnant rats(3).

It has been well established that decreased
birth weight is related to smoking during
pregnancy in the human(3,4,5). Our obser-
vations cannot be related to these at present
because of the species difference, the different
method of administering nicotine, and the
possibility that some other factor in tobacco
smoke than nicotine may influence fetal de-
velopment. One can suggest from our findings
that diet should be controlled in evaluating
the effect of smoking on fetal growth.

We thank Mrs., Melvina B. Reese for excellent
technical assistance.
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In studies on rubella virus and rubella
virus infections several serological methods
have been developed. Some of these methods
include the neutralization test by the direct
inhibition of CPE in tissue culture(1), the
inhibition of CPE from a challenge virus by
the interference technique(2-4), the fluores-

cent antibody test(5), and recently the com-
plement-fixation (CF) test(6-9). Each of
these tests has its inherent difficulties: not-
ably, the time required for the neutralization
test, the complexities of the FA test, and the
high costs and low sensitivity of the CF test.
Two CF antigen preparations have been
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made: the cell-associated antigen as described
by Sever et al(6) and Schell et al(8) and the
concentrated fluid overlay from infected cells
allowed to go to complete CPE as reported
by Schmidt and Lennette, and Veronelli and
Eckert(7,9). The latter preparation requires
chemical precipitation and/or concentration
followed by ether treatment. This antigen was
soluble and was not sedimentable by high
speed centrifugation. Fabiyi et a/(10) have
described certain characteristics of the anti-
gens found in packed cell preparations.

More recently, we prepared and concen-
trated rubella virus specific antigens found
in infected baby hamster kidney tissue cul-
tures (BHK-21) by a relatively simple proc-
ess. This paper describes the methods used.
Two types of rubella CF antigens were en-
countered, one sedimentable and the other
non-sedimentable.

Materials and methods. Virus and cell
cultures. The RV strain(6) of rubella virus
adapted to the continuous rabbit kidney
(RK-13) cell line was used. The virus had
6 passages in African green monkey kidney
tissue culture cells, and 10 passages in RK-13
cells. All tissue experiments were carried out
in a continuous line of baby hamster kidney
(BHK-21) which had been subcultured be-
tween 50-100 passages and which were ob-
tained from a commercial source.* Growth
and maintenance media for the BHK-21 cell
line consisted of 87% Eagle’s minimum essen-
tial medium in Hanks’ balanced salt solution,
10% fetal calf or agamma newborn calf se-
rum, 19% glutamine, 2% penicillin and strep-
tomycin mixture (100 units and 100 milli-
grams, respectively), and phenol red. Cells
were grown and maintained at 34°C.

Complement-fixation test. The microtech-
nique complement-fixation test was used(11).
Antigen titrations were carried out in twofold
dilutions, with 0.025 ml volumes. Sera used
were acute and convalescent sera from proven
cases of rubella virus infection. The sera
were inactivated at 56°C for 30 minutes and
diluted in veronal buffered saline containing
calcium and magnesium ions as described by
Kabat and Mayer(12).

Preparation of rubella virus complement-

*Microbiological Associates, Inc., Bethesda, Md.
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fixing antigen. Confluent BHK-21 tissue cul-
ture cells in 32-oz bottles or in 8-0z bottles
were used. Cells in maintenance medium were
infected with 2 ml (or 1 ml for 8-oz bottles)
of rubella virus with a TCID;, logie of 6
or greater. Uninfected bottles served as con-
trols. Infected cells were incubated at 34°C
until harvested. For this preparation of com-
plement-fixing antigen, infected cells were har-
vested after 4 days. The method of harvest-
ing has been described(6). Briefly, this in-
cluded removal of supernatant fluid, scraping
of the cells with a rubber policeman, and the
suspension of the cells in a small volume of
supernatant fluid, all of which were pooled.
and the suspended cells were centrifuged at
600 g for 10 minutes. A 10% suspension of
the packed cells was prepared in the super-
natant fluid. The cells were then frozen and
thawed 3 times; the resultant preparation
constituted the crude complement-fixing
antigen.

Ether treatment. Two volumes of antigen
were mixed with one volume of fresh anes-
thetic ether with the aid of a magnetic mixer
at 4°C. The preparation was placed at room
temperature until separation into phases oc-
curred. Treatment took approximately 30
minutes. The details of this method have
been described(13).

Results. Effect of ether treatment on ru-
bella CF antigen. Crude 109% suspension of
rubella virus CF antigen was treated with
ether for various time intervals. Treatments
were performed for 5, 10, 15, 20, 25, and 30
minutes. In addition, 2 serial 30-minute, 3
serial 30-minute, and 3 serial 2-hour treat-
ments were performed. Three phases of sepa-
ration were noted: a top clear ether layer, a
middle emulsion layer, and an opalescent
aqueous layer. Centrifugation of the ether-
antigen mixture at 1500 RPM at 4°C for
15 minutes in an International Refrigerated
Centrifuge as carried out by Schmidt and
Lennette(7), showed 3 similar layers except
that the emulsion layer occupied less space
(more constricted) and the bottom aqueous
phase was clearer and not opalescent. The
3 layers obtained after ether treatment were
removed into separate containers, and were
placed in a glass desiccator overnight at room
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FIG. 1. Effect of ether treatment on crude rubella
virus cell-associated CF antigen. Antigen was treated
with ether for 5, 10, 15, 20, 25 and 30 min. CF
titers are expressed as reciprocals of dilutions.

Arrow shows the original titer of the crude 10%
“packed-cell” suspension.
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temperature to remove residual ether. There
was no significant loss in CF antigen titers
in preparations left overnight at either 4°C
or room temperature. The emulsion layer
after resuspension in veronal buffered saline
to the original volume was subjected to sub-
sequent ether treatments. The aqueous layer
from the original treatment was again treated
with ether. Neither the aqueous layer antigen
nor the emulsion layer antigen was infectious
when tested in primary African green mon-
key kidney tissue cultures.

The results of treatment of CF antigen
with ether for various time intervals are
shown in Fig. 1 and Tables I and II. Results
of serial treatments for 30-minute periods
and three 2-hour periods are shown in Table
II. A low level of detectable CF activity
was noted in the aqueous phase with a low-
titered crude antigen, but when a crude anti-
gen with a titer greater than 1:8 was used,
higher CF activity was obtained in the aque-
ous phase. Serial treatments of the resus-
pended emulsion layer showed that most of
the CF activity remained in the emulsion
layer but some of the CF activity was re-
leased into the aqueous phase. Retreatment
of the aqueous layer, however, did not reveal

1139

CF activity in the emulsion layer, and all of
the CF activity originally present in the
aqueous layer remained unaffected.
“Solubility” of the antigen. In an attempt
to determine if rubella CF antigen was a
“soluble” antigen in the sense that this term
is used to describe the internal “S” compo-
nents of myxoviruses, the antigen prepara-
tions (crude, emulsion layer, aqueous layer,
and those preparations which were re-treated)
were subjected to high-speed centrifugations
for various time periods. Centrifugation was
at 120,000 X g in a Spinco Model L Ultra-

TABLE I. Effect of Etheér Extraction, Re-Extrae-
tion and High Speed Centrifugation.

CF titer CT titer after

before sedimentation®
sedimen- Super-
tation natant Sediment
Crude antigen 8 2 4

Ether extracted antigen

Emulsion layer 4 1(1hr) 4 (1lhr)
1(3hr) 4 (3hr)
Aqueous layer 2 2 <1

Re-extraction of the
emulsion layer

Emulsion layer 4 <1 4
Aqueous layer 2 2 <1
Re-extraction of the
aqueous phase
Emulsion layer <1 <1 <1
Aqueous layer 2 2 <1

* All centrifugations were carried out at 120,000
X g.

TABLE II. Results of Serial Ether Treatments.

CF titer*
Emul-
Crude sion Aqueous
Antigen preparations antigen layer layer
Crude antigen (Lot #1) 8
First 30 min extractiont 8 2
Second 30 " ” 4 2
Third 30 ” ” t 4 2
Fourth 3¢ ” ” t 2 2
Crude antigen (Lot #2) 64
First 2 hr extractiont 64 4
Second 2 ” ” t 8 8
Third 2 7 ” i 8 4

* Expressed as reciprocals of dilutions.

t Each new treatment was carried out on a pre-
vious emulsion phase antigen (in the same series)
resuspended to the volume obtained after the first
extraction of the crude antigen.
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FIG. 2. Effect of pH on ether treatment of rubella
CF antigen preparations. Crude antigen — Blank
bars, Emulsion layer antigen — Black bars, Aqueous
layer antigen — Striped bars.
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centrifuge with a 39 SW head, at 4°C with-
out brake. After centrifugation the upper
two-thirds of the supernatant fluid was re-
moved and the rest discarded. The pellet was
resuspended in veronal buffered saline to the
original volume.

The results of the various centrifugations
on the different preparations of rubella virus
CF antigen are shown in Table I. Crude anti-
gen showed a sedimentable fraction contain-
ing most of the antigen, while a non-sediment-
able fraction remained in the supernatant.
The emulsion layer of ether treated rubella
CF antigen contained sedimentable antigen,
while the aqueous layer antigen remained in
the supernatant, confirming that the aqueous
layer antigen was non-sedimentable when sub-
jected to high speed centrifugation for 1 to
3 hours.

Effect of pH on ether treatment of CF
antigen. The effect of pH on the ether treat-
ment of crude CF antigen before and during
the procedure was next investigated. This
study was designed to determine if alterations
in pH would enhance the CF titers obtained
after ether treatment of such preparations.
Adjustments of pH were accomplished with
10% acetic acid, 10% sodium bicarbonate
up to pH 8, and 1 N-sodium hydroxide for
pH’s beyond 8. Crude CF antigen with an
initial pH of 7.0 was adjusted to give aliquots
with pH’s of 6, 6.5, 7.5, 8, 8.5 and 9. Ether
treatment of each was carried out immedi-
ately as described after pH adjustments and
the emulsion and aqueous layers were dried
and resuspended to original volumes in vero-
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nal buffered saline. Control crude antigen
was similarly treated.

The results of ether treatment of rubella
CF antigen at various pH’s are shown in
Fig. 2. There was no effect of pH changes
on CF titers of the crude antigen from pH
6 through pH 7.5, however, alkaline pH’s
(8 to 9) lowered the titer of the crude anti-
gen. Treatment of crude CF antigen at pH
9 enhanced the CF titer by fourfold in the
aqueous layer. At this pH the CF titer of
the crude antigen and of the emulsion layer
antigen were depressed. In general these
results showed that emulsion layer antigen
could be obtained without loss in titer at
pH’s 6.5, 7.0, 7.5, 8.0 and 8.5.

Specificity of rubella CF antigen prepara-
tions. Specificity of the rubella CF antigen
preparations was determined using human
convalescent sera from confirmed cases of
Influenza A, Parainfluenza 2 and 3, mumps,
respiratory syncytial virus, and mycoplasma
hominis (PPLO). The results of the CF test
with these sera using rubella CF crude, emul-
sion-layer and aqueous-layer antigens are
shown in Table III. The rubella CF antigens
did not react with the convalescent respira-
tory virus antisera employed, but did fix com-
plement in the presence of convalescent ru-
bella serum.

Ether treatment of RNA and DN A viruses.
Rubella virus has been described as a myxo-
virus(14,15). For comparisons the CF anti-
gens of 2 myxoviruses (RNA viruses) and
of a DNA virus were treated with ether in
the same manner as described above. Viruses
used were Influenza A/305/Japan (1957),
mumps and herpes simplex. The influenza,
mumps, and herpes simplex viruses were
grown in chick-embryo. CF tests were car-
ried out with convalescent human sera. The
results of CF tests on these ether-treated anti-
gens are shown in Table IV. No detectable
CF activity was obtained in the emulsion
layer of the ether treated influenza antigen
while considerable CF activities were noted
in the emulsion layers of mumps and herpes
simplex ether treated CF antigens.

The experiments discussed herein were
each repeated at least 4 times with very
similar results.
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TABLE III. Reaction of Rubella CF Antigen Preparations with Antiserum to Respiratory

Agents.
CF titers*
Rubella antigens——————
Homologous Crude Emulsion Aqueous
Respiratory antisera antigen antigen layer layer
Influenza A 16 0 0 0
Parainfluenza 2 16 0 0 0
Parainfluenza 3 16 0 0 0
Mumps 8 0 0 0
Respiratory syneytial 16 0 0 0
Mycoplasma hominis 16 0 0 0
Rubella 8 8 4 2

* Ixpressed as reciprocals of dilutions.

Discussion. The infective moieties of ru-
bella virus as well as those of other myxo-
viruses have been shown to be sensitive to
ether treatment(2-4,16-18). Ether treatment
of purified influenza virus, for example, re-
sults in the inactivation of infectivity, and
the release of viral internal soluble (“S”) CF
antigen, strain specific CF or V antigen as
well as viral hemagglutinins(16-18).

In the present paper, the original material
is not purified virus but rather virus-infected
cells which fix complement in the presence of
rubella virus specific antiserum. Ether treat-
ment of this antigen has, however, resulted
in two preparations both of which can fix
complement in the presence of specific rubella
antiserum, but only one of which is not sedi-
mentable and may be compared to the “S”
antigen of the myxoviruses. It is significant
that soluble non-sedimentable rubella antigen
has also been prepared from concentrated
ether treated rubella virus in infected tissue
culture fluids(7,9). This soluble rubella CF
antigen is present in the aqueous layers of
both ether treated ‘“cell pack” CF antigen
(as reported here) and concentrated infected

TABLE IV. Ether Extraction of RNA and DNA

Viruses.
CF titer*
Crude  Emulsion Agqueous
Viral antigen antigen layer layer
Influenza A 8/512 0/0 2/64
Mumps 8/128 4/32 4/32
Herpes simplex 32/32 t 16/64 2/4

* CF titers expressed as reciprocals of dilutions.
t Numerator — Antigen titer.
Denominator — Serum titer.

0 — Antigen titer <1:1 (undiluted).

0 — Titer <{1:4.

virus fluid(7,9). However, only the ether
treated rubella “cell pack” CF antigen has in
addition a sedimentable complement-fixing
preparation which is present in the emulsion
layer of ether treated “cell pack” antigen.
The data presented here also show that
prolonged and repeated ether treatments of
the sedimentable emulsion layer antigen re-
sult in the release of more soluble CF antigen
into the aqueous layer. Furthermore, ether
treatment of crude cell pack antigen at pH
9.0 releases more soluble CF antigen into the
aqueous phase. This suggests that the sedi-
mentable antigen preparation is virus anti-
genic matter associated with or attached to
cellular component material, since the crude
CT antigen originates as a “cell pack” prepa-
ration. Whether or not this antigen comes
from whole virus within the infected cell or
from pools of viral protein unattached to virus
nucleic acid is yet to be determined.
Summary. Ether treatment of rubella virus
“cell pack” antigen resulted in the produc-
tion of specific sedimentable and non-sedi-
mentable (“soluble”) complement-fixing prep-
arations which were serologically indistin-
guishable when tested with convalescent hu-
man sera. The sedimentable antigen was
found in the emulsion phase, while the
“soluble” antigen was found in the aqueous
phase. None of these antigens was found to be
infectious in. tissue culture. Prolonged and
repeated ether treatments of the sedimentable
antigen resulted in the release of more
“soluble” antigen into the aqueous phase.
Maximum “soluble” antigen titers were pro-
duced when crude cell pack antigen was ether
treated at pH of 9. The rubella virus speci-
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ficity of the sedimentable and non-sedi-
mentable CF antigen preparations were es-
tablished. The non-sedimentable CF prepa-
ration was compared to myxovirus soluble
antigen in the sense that this term was used
to describe the internal CF antigen of the
latter. The sedimentable rubella CF antigen
was considered to be ‘“soluble” antigen at-
tached to or associated with cellular material.
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nical assistance.
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Mitosis-Stimulating Factor in Partially Hepatectomized Rats as Affected by
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The existence in plasma of partially hepa-
tectomized rats of a factor that stimulates
mitosis in the liver of normal rats was first
demonstrated by 3 groups: Christensen and
Jacobsen(1), Bucher et al(2), and Wenneker
and Sussman(3). Subsequent work confirmed
these findings(4-6) and also demonstrated
that after partial hepatectomy mitosis is stim-
ulated in other tissues as well as in the liver
(6); this finding suggested a possible rela-
tionship between this mitosis-stimulating fac-
tor and the mechanism of control of normal

*This work was supported in part by a grant
(CA-6473) of Nat. Inst. Health, US.P.H.S.

cell division and organ size(7). These studies
led to attempts to demonstrate and identify
in the plasma of hepatectomized rats such a
mitosis-stimulating factor or factors. The re-
sults reported in the literature are conflicting,
with findings indicating that the administra-
tion of serum obtained from partially hepa-
tectomized rats (a) stimulates mitosis in the
liver of normal rats(4,5) or (b) has no effect
at all(8).

The absence of important endocrine glands
such as the pituitary does not prevent the
appearnce of the mitosis-stimulating factor in
cortisone-treated, partially hepatectomized





