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sugars( 13). Yet, the marked increase in blood 
glucose of fasting (30 hrs) animals, signifi- 
cantly above the control changes (probably 
due to experimental stress) and maintained 
for a relatively long period of time, suggests 
that some mechanism for glucose release may 
be triggered by quinidine. Studies on the 
effect of quinidine on isolated perfused livers 
have been initiated. 

The differences observed between the fast- 
ing and non-fasting animals tend to indicate 
an inhibitory effect of quinidine on potassium 
transport a t  the gut levd. At present, this 
aspect needs further invstigation. 

The electrocardiographic evidenc? suggests 
the possibility that the action of quinidine 
upon the heart may bz mediatod via its effect 
on the K ion, since dogs rendered hypo- 
kalemic either by quinidine, vivodialysis or 
vomiting associated with intestinal obstruc- 
tion( 14) show a striking similarity in cardiac 
changes. 

Summary. Evidence is presented to demon- 
strate that quinidine, when administered as 
described here, produces a significant and 
progressive hypopotassemia; with a non-sig- 
nificant variation in the arteriovenous potas- 
sium concentration, denoting that the drug 
does not alter the normal efflux or influx of 
the potassium ion a t  the somatic muscle cell 
level. The drug also effects a marked hyper- 
glycemia and an apparent inhibition of K 
transport at the gut level. The electrocardio- 
graphic evidence suggests the possibility that 

the mechanism of action of quinidine may be 
directly related to the latter's effect on the 
potassium ion. 

Thanks are due to Dr. Roger M. Reinecke for valu- 
able advice. 
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Influence of 5-Fluorodeoxyuridine on Growth Characteristics of 
Rubella Virus.* (29595) 
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The action of 5-Fluorodeoxyuridine method for typing the nucleic acid moiety of 
(5-FUDR) On DNA synthesis by its inhibi- 
tory effect On thymidine 'Ynthetase has been 
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viruses. In the present paper, data will be 
presented to show that 5-FUDR does not 
alter the yield of infectious rubella virus in 
tissue culture. Hence, pending direct analysis 
of nucleic acids of purified preparations of 
rubella virus, it may be said that rubella virus 
appears to be of the ribonucleic acid (RNA) 
type. 

Materials and methods. Virus. The WM 
strain of rubella virus isolated in this labora- 
tory( 5 )  was used throughout our studies. 

Growth curve. The cells used were a con- 
tinuous line of rhesus monkey kidney (LLC- 
MK2) obtained from Dr. Robert Hull of Eli 
Lilly Research Laboratories (6).  They were 
grown and maintained in medium 199 with 
1% horse serum. To obtain monolayers, 3 ml 
of suspensions containing 7 5 ,OoO cells/ml 
were placed in 2-ounce prescription bottles. 
After 5 days, growth media were discarded 
and 1O-l.1~ 50% interfering dose ( Int.D.50) 
of virus in 2 ml was added. The virus was 
allowed to adsorb for 5 hours at  36°C. The 
inoculum was removed and 3 cc of media 
were added for maintenance. At selected in- 
tervals up to the 6th day after infection, 
duplicate cultures were used for infectivity 
titration. To measure total infectivity, cul- 
tures were sonicated for 5 minutes, the cellu- 
lar debris centrifuged and supernate was 
titrated for combined extra- and cell-associ- 
ated virus. As indicated in the text, in cer- 
tain experiments extracellular virus was 
measured in the supernate, while cell-associ- 
ated virus was measured in sonicated cells 
resuspended to the original volume. 

Infectivity titrations. Cell sheets were 
formed in 5 days in tissue culture tubes 
seeded with 75,000 cells. Sets of 4 tubes were 
each inoculated with 1 ml of serial 10-fold 
dilutions of virus in media and fed every 3 
days. A t  11 days 100 TCID50 of ECHO-11 
virus was added in 1 ml. Readings were 
taken when the ECHO-11 CPE was complete 
in control tubes. Titers were recorded as the 
reciprocal of log dilution showing 50% inter- 
f erence. 

Results. Growth characteristics of the virus. 
The growth curve of rubella virus was ob- 
tained using a 2 : l  input multiplicity. The 
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FIG. 1. Growth curve of rubella virus in LLC- 
MK, culture measure of total yield of infections with 
a 2 : l  input in multiplicity. 

FIG. 2 .  Growth curve of rubella virus in LLC- 
MK2 culture. 

results are presented in Fig. 1 .  There was 
little increase in titer in the first 24 hours 
after infection. The first marked increase in 
total virus occurred between 24 and 48 hours 
after infection; the increase continued for 
an additional 48 hours. By the fourth day 
the maximum infectious titer of rubella had 
been reached. The characteristics of rubella 
virus in both intracellular and extracellular 
phases are shown in Fig. 2. Intracellular 
virus increase is detectable as early as 24 
hours. This finding accounts for the increase 
in total virus found a t  that same interval 
(Fig. 1).  For the first 4 days, titers of intra- 
cellular virus clearly exceed those of extra- 
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TABLE I. Effect of 5-FUDR on Multiplication of LLC-MK, Cells. 

Colic in molari ty Days of sampling 
of 5-FUDR u 3 ci Yield a t  6 days 

None 2.5 x 105 5.0 x 105 8.0 x 1 0 5  3.3-fold increase 
1 0 - 4 ~  2.0 x lo6 .5 x 10" .1 x 106 20 " decrease 
lO+M 1.8 X lo" 1.5 X loG .5 x 106 3.6 " 

1 O"M 2.3 X lo5  2.0 X lo5 1.3 X 10' 1.9 )' 

10-TM 1.8 x 105 2.0 x 105 1.7 x 105 No change 

> >  

9 9  

cellular virus after an eclipse phase. Extra- 
cellular virus increase was detected at  48 
hours, and by the 5th day the levels found 
were almost equal to those measured in the 
cells. Veronelli( 7 ) ,  on using 100: 1 input 
multiplicity, found that in the extra-cellular 
phase rubella virus was released at the 19th 
hour and by 40-58 hours maximum infectious 
yield of 10-G-5 Int.D.50 was reached. 

Because the difference in virus titer found 
in cells and supernates is small, and because 
the curves of intra and extracellular virus 
concentration are so nearly parallel, it seems 
probable that, like influenza virus in chick 
kidney tissue culture (8) ,  rubella virus is 
promptly released after formation. The form 
of the growth curve indicates that for studies 
of inhibition of virus growth, the 3rd and 
the 6th day intervals were optimal. 

Toxicity of 5-FUDR. Table I shows the 
effect of FUDR on the multiplication of 
LLC-MK2 line using various concentrations 
of drug. 

In  a 6-day period, the control culture 
showed the usual increase in cell number. 
At lO-*M there was a marked decrease in 
the number of cells even after 3 days of 
treatment. In addition there was extreme 
toxicity as judged by visible morphological 
alterations. At 10-5M, which was the con- 
centration used throughout the present ex- 
periments, there was a slight decrease in 
number of cells a t  the 3rd day; at  the 6th 
day there was a 3.6-fold decrease and occa- 
sional cell rounding was seen throughout the 
sheet. Despite the slight toxicity of the drug, 
at the 6th day, no effect was seen on yield 
of virus. A t  10-6M cell decrease was less 
while at 10-7M no numerical or visible alter- 
ation of cells occurred. 

Egeci? of 5-FUDR on growth of rubella 

T A B L E  11. Inhibitory Effect of 10"M FUDR on 
Replicatioil of Selected Viruse.s in uitro. 

Day of sampling 
Virus 0 3 6 Summary 

Rubella FUDR 

Vaccinia FUDR 
No FUDR 

No FUDR 

No FUDR 

No FUDR 

ECHO-11 FUDR 

Polio-1 FUDR 

1.0 2.7 4.5 
1.0 3.0 4.3 
1.5" 1.3 2.5 
1.3 4.5 6.0 
1.3 6.5 6.7 
1.5 6.8 6.8 
1.5 7.8 7.5 
1.7  7.5 7.7 

No inhibition 

Inhibition 
No inhibition 
No inhibition 

I >  9 9  

I ,  9 9  

9 9  9 s  

Y 9  1 )  

* Expressed as negative log of infectious titer. 

and controE viruses. The yield of rubella 
virus in drug treated and control cultures is 
shown in Table 11. Drug was added at  zero 
time. I t  is quite evident that there is no 
delay or inhibition of growth of rubella virus 
a t  the 3rd and 6th day after infection. Simi- 
larly the growth of 2 known RNA viruses 
was not inhibited. In contrast, the growth 
of the DNA virus (vaccinia) was markedly 
impaired. 5-FUDR was not found to be 
directly harmful on rubella virus. 

Pretreatment of cells with 5-FUDR. Table 
111 illustrates the results obtained when cul- 
tures were pretreated with drug or drug plus 
thymidine for 12 hours prior to infection. At 
the 12th hour some of the cultures were 
infected with vaccinia virus and some with 

T A B L E  111. Effect of Various Treatments on 
Yield of Vaccinia and Rubella Viruses. 

0 h r  

Infectious 
yield of 

12th hr  6th day 

Cont, rol Vaccinia 6.3 
5 - FUD R 5-FUDR + vaccinia 2.3 
5-FUDR + thy- 5-FUDR + thymidine 6.0 

Coiitrol Rubella 4.5 
5-FUDR 5-FUDR + rubella 4.0 

midine* + vaccinia 

* Coiicentration 10-4M. 
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rubella virus. Untreated control cultures were therefore appears to belong to the RNA 
included in the experiment. viruses. 

I t  is apparent that FUDR did inhibit vac- 
cinia virus as expected, and that thymidine 
did reverse the inhibitory effect of the drug 
since by the 6th day the infectious yield was 
comparable to the untreated control. The 
yield of rubella was unaltered. 

Since completion of this work, Cusumano 
(9) independently found that 5-IUDR (Iodo- 
deoxyuridine) failed to inhibit the yield of 
rubella virus in tissue culture. The evidence 
reported that 5-FUDR does not inhibit the 
growth of rubella virus indicates that rubella 
virus is an RNA virus. Purification of rubella 
virus for direct chemical analysis will be the 
proof of the type of nucleic acid of the virus. 

Summary. Rubella virus grows to a maxi- 
mum titer of approximately 10-5-o Int.D.50 
in LLC-MK2 cell cultures, with 2 :  1 input in 
multiplicity. There is always cell-associated 
virus which accounts for a small portion of 
the infectious yield. 5-FUDR did not affect 
in any way the yield of rubella virus as com- 
pared to the untreated control. Rubella virus 

The authors are indebted to the Cancer Chemo- 
therapy Service Center for 5-FUDR. The technical 
assistance of Miss Patricia Gosnell is gratefully ac- 
knowledged. 
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Effect of an Alpha-2 Globulin Fraction on Antibody Formation 
in Rabbits and Mice.” (295%) 

HANS L. SPIEGELBERG~ AND WILLIAM 0. WEIGLE~ 
Scripps Clinic and Research Foundation, Division of Experimental Pathology, La  Jolla, Calif. 

I t  has recently been reported by Mowbray 
that an alpha-2 globulin fraction obtained 
by DEAE cellulose chromatography called 
“fraction C” has the ability to prolong homo- 
graft rejection in rats( 1 )  and to prevent anti- 
body formation in rabbits (2 ). Treatment 
with fraction C was effective when started 
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dation, La Jolla, Calif. This work was supported by 
USPHS grant and an Atomic Energy Commission 
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t Research Fellow in Division of Exp. Pathol., 
Scripps Clinic and Research Foundation, La Jolla, 
Calif. 

$This work was done during a tenure of a Re- 
search Career Award. 

either before or with, but not after, injection 
of antigen. I t  was therefore suggested that 
fraction C may interfere with the induction 
phase of antibody production ( 2 ) .  

Fraction C contains a number of alpha-2 
globulins and possesses RNAse as well as 
phosphatase activity( 2,3). It could be ex- 
tracted from the thymus, but not from other 
organs tested ( 3 ) .  Preparations obtained from 
both homologous and heterologous serum 
have been reported to be equally effective. 

The experiments reported here were under- 
taken to study further the effect of bovine 
fraction C on antibody formation in rabbits 
and mice. 

Materials and methods. Animals. Male 


