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later studies confirm our results, the WM-I11 
strain is the type 3 virus of choice for pro- 
duction of attenuated poliovirus vaccine. 

Swmmary. Development of a new type 3 
attenuated poliovirus (WM-111) is described. 
Starting with the W-Fox strain. passage and 
clone selection a t  23'C were employed to de- 
velop a strain with improved stability after 
human intestinal passage. The end result 
was a virus which had no capacity to grow 
at 40°C and was not virulent for monkeys in- 
jected intracerebrally. The results of tests 
of fecal virus strains isolated from infants 
fed the WM-I11 strain did not show the in- 
stability in relation to laboratory markers 
that has been reported with other attenuated 
type 3 viruses. 

We wish to thank the following individuals for 
help in obtaining infants for vaccination, and super- 
vising their care: Donald Cornely, M.D., Paul Gyor- 
gy, M.D., Jane Sitnek, R. S., Walter Omans, M.D., 
and Elizabeth navies, R. S., Philadelphia General 
Hospital ; and Agnes Flack, M.D., and Ruth Lorenzo, 
R. N., Clinton Farms. Toby Goldschneider and Su- 
zanne Richardson assisted with laboratory work. Dr. 
George Jervis performed histological examinations of 
the monkey central nervous system. 
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Studies of Inhibitory Effect of Ammonium Ions in Several Virus-Tissue 
Culture Systems. (26770) 

E. ill. JENSEN AND 0. C .  LIU 
Research and Development Division, Smith Klinp and French Laboratories, Philadelphia, Pa. 

It was observed(1) that ammonium ions 
in trace amounts caused a very marked sup- 
pression of influenza virus replication in a 
dog kidney tissue culture system. This sup- 
pression was accompanied by a complete pro- 
tectiun of the cells from the cytopathic ef- 

fects of the virus. Siniilar results have been 
observed independently by Eaton and Scda 
( 2 )  with both influenza and Newcastle dis- 
ease virus in Krebs 2 ascites tumor cells. 
Since this unique inhibition may have a sig- 
nificant effect on many types of virus-host 
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cell studied i t  was considered important to 
determine the range of viruses and cell sys- 
tems affected by this inhibitor. 

This report presents results obtained with 
ammonium ions in test systems which include 
10 virus species and 10 cell lines. Tn addi- 
tion, ammonia was tested for inhibition 
against influenza virus in suspended allantoic 
membranes, embryonated eggs and in mice. 

Materials and methods. The dog kidney 
cell culture has been described ( 1). Primary 
roller tube cultures of monkey, bovine, ham- 
ster and porcine kidney cells, and established 
cell lines, L-929, HeLa, Chang conjunctiva, 
human amnion (FL) and KB cells were ob- 
tained from a commercial laboratory." Sus- 
pended allantoic membrane cultures were 
prepared by cutting the membrane from 11- 
day-old chick embryos into one cm square 
sections; the sections were washed several 
times in Hanks' balanced salt solution, 
pooled and distributed at  random into T-30 
flasks. Each flask contained 8 sections in 10 
ml of BSS, and the membranes were main- 
tained in suspension during incubation by a 
gentle action on a reciprocating shaker. 

Viruses employed in this study were in- 
fluenza, strains PR8, A' and Az, herpes sim- 
plex strain HF, Adenovirus type 4, Enders 
strain of mumps, Edmonston strain of meas- 
les, ECHO type 9, Parainfluenza type 111, 
poliomyelitis type I1 (Lansing), vaccinia and 
Newcastle disease virus (NDV) Beaudette 
strain. All cultures were maintained in 
Eagle's minimum essential medium (3) from 
which glutamine was omitted and which was 
supplemented by 2.5% calf serum. Gluta- 
mine was omitted in order to eliminate, as 
much as possible, the presence of endogenous 
ammonia. Ammonia, in the form of NH4C1, 
was tested in each system by a tube dilution 
method. Two-fold dilutions of the compound 
in maintenance medium ranging from 1024 
to 4.0 pg/ml were added to each culture and 
held one hour a t  37°C. Virus was then added 
and the tubes were incubated at  37°C. The 
virus inoculum in each system was sufficient 
to give a 3-4+ cytopathic effect in 48 to 72 
hours. Tubes were observed at the time of 
maximum CPE production in control tubes 
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FIG. 1. Inhibition of influenza virus CPE by am- 
monia in four cell cultures. 

and, with influenza virus in allantoic mem- 
branes, hemagglutination (HA) titrations 
were conducted according to the method of 
Salk (4). 

The inhibitory effect of ammo- 
nium ions on influenza virus in the dog kid- 
ney cell systems has been described ( 1). Inhi- 
bition of PR8 virus in 4 other cell systems is 
shown in Fig. 1. The inhibition of viral CPE 
was essetially the same in each cell line ex- 
cept hamster kidney cells which required 
higher concentrations of NH4C1 for signifi- 
cant inhibition. The degree of protection af- 
forded by ammonium ions may be seen in 
Fig. 2-4. These phase contrast photomicro- 
graphs of strain L-929 mouse fibroblasts 
clearly show the inhibition of influenza virus 
CPE by 40 pg/ml af NHpCl. Although a 
slight viral effect is apparent in the treated 
cells, in the form of vacuolization in the 
Golgi region, the cells are generally pro- 
tected from the destructive effect of the virus. 

The protective effect of ammonia was also 
shown in monkey kidney cells infected with 
influenza virus. Fig. 5 shows the effect of 
virus inoculum size on the inhibitory effect of 
NH4C1. The results indicate that a 100-fold 
change in inoculum size had little effect upon 
the amount of ammonia required for protec- 
tion. From this experiment it can be con- 
cluded that inhibition is a result of the action 
of ammonia in the host cell and not upon the 
virus. This supports observations made in 

Results. 
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the previous study where no direct inactiva- 
tion of virus by NH4C'l was demonstrated 
(1). Two other strains of influenza virus, 
A' and A S ,  were also studied in the monkey 
kidney cell system and essentially similar re- 
sul ts were obtained. 

To determine the effect of amnionia on in- 

fluenza virus in more complex systems, tests 
were conducted in suspended chick allantoic 
membrane cultures, intact chick embryos and 
in mice. In the suspended membrane CUI- 
tiires virus production was measured by HA 
titrations and the effect of ammonia is shown 
in Fig. 6 .  Ammonium chloride appeared to 

FIG. 2. Normal culture of L-929 cells. (Phasc 
cwiitrast. magnif. 32OX.) 

FIG. 3. Culture of L-929 cells similar to Fig. 1 
48 hr after infection with 1000 TCID,'s of influ- 
enza virus, PRS. Majority of cells have been dc- 
stroyed as evidenced by the areas of cell debris. 
Remaining cells show severe viral CPE. (Phase 
contrast, magnif. 320 X .) 

k'l(;. 4. Culturo of L-929 cells infected as in Fig. 
rl liiit r i ~ l t u r o  inrdiuin contnined 40 pg/ml of NH,Cl. 
\-i IW (iff cvt is rcdueecl to inoderate cytoplasmic 
viicuolizatioii. 
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FIG. 5. Effect of virus inoculum size on inhibition 
by ammonia. Influenza virus PR8, in monkey kid- 

ney cell. 

be toxic at levels between 5 0 0  and loo0 pgJ 
ml, but significant virus inhibition was ob- 
served at kvels as low as 16 pg/ml. Virus 
inhibition appears to be directly proportional 
to the amount of compound used. 

In 10-day-old embryonated eggs a mar- 
ginal and sporadic protective effect was ob- 
served when the eggs were treated with high 
concentrations of NH4Cl. The compound is 
toxic at 40 mg/egg, but 4 to &fold reductions 
in HA titers a t  24 hours were observed at 
levels as low as 5 mgdegg. An increase of 
20 to 40% in survival rate was also observed. 
This phenomenon has been reported by Fau- 
connier(5) who attributes the effect to an 
acidification of the allantoic fluid. I t  is not 
known whether the inhibition observed in 
chick embryos is related to that observed in 
tissue culture. 

Survival studies conducted in mice infected 
with approximately 10 LD~O'S of influenza 
virus, PR8, and treated with ammonium 
chloride administered orally, intraperitone- 
ally or intranasally showed no protective ef- 
fect. 

Ammonium ions appeared to have no sig- 
nificant protective effects against the other 
viruses tested in this study. Only virus-cell 
line systems which produce an observable 
CPE werc employed. In the case of herpes 
simplex vi'hs indications of protection were 
observed in Chang conjunctiva, bovine and 
hamster kidney cells, but these effects were 
marginal and occurred only at near-toxic lev- 
els. Herpes simplex virus was not inhibited 
in dog kidney, HeLa or rabbit kidney cul- 
tures. Adenovirus type 4 was tested in dog 
kidney, HeLa, Chang conjunctiva and bovine 
kidney. Other systems studied include 
mumps in HeLa and Chang conjunctiva; 
measles in human amnion and KB; NDV 

in HeLa; ECHO-9, vaccinia and poliomye- 
litis in monkey kidney; and Parainfluenza 
type I11 in HeLa, Chang conjunctiva and bo- 
vine kidney cells. 

Discussion. Although only a small num- 
ber of viruses have been tested in this study, 
it appears that the inhibitory effect of am- 
monium ions is limited to influenza viruses. 
This is not in agreement with results reported 
by Eaton and Scala(2) on suppression of 
NDV in Krebs 2 cells. This discrepancy 
m y  be due to the difference in host cells or 
viruses used. We previously shuwed(1) that 
the effect cannot be explained in terms of di- 
rect virus inactivation or of interference 
with virus adsorption to the host cell. Thus, 
it was postulated that ammonia may inter- 
fere with some intracellular synthetic mech- 
anism. The present study shows that cell 
protection is independent of virus inoculum 
size, which reinforces the concept af a com- 
pound-host cell reaction. If a m n i a  is in- 
terfering with some step in the synthesis af 
influenza virus, it may be concluded that this 
step is specific for influenza, and possibly 
NDV, since other viruses in the same cell 
line are not affected. 

The marginal inhibition of influenza virus 
by NH4Cl sometimes observed in the intact 
chick embryo and the definite suppression ob- 
served in suspended allantoic membrane are 
of interest. Although rather high concentra- 
tions are required in the intact embryonated 
egg, and Fauconnier(5) has attributed this 
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FIG. 6. Inhibition of influenza virus replication in 
siispen(fe!d chorioallantoic membranes 48 hr after 

in f ec ti on. 
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effect to a change in pH. it is cmceivable that 
the tissue culture and the intact embryo re- 
sults are related. Further studies in both 
systems may yield new infrJrmation concern- 
ing the mechanism of action of the ammonia 
in hi bi ti on. 

The antiviral effect 0: ammo- 
nium ions. previousl). sho\vn in dog kidne). 
cells against influenza virus. has been reex- 
amined with 10 viruses in  10 tissue culture 
cell lines. Only influenza virus appeared to 
be affected by the inhibitor. which functione3 
in a number of cell systems. The effect was 
shown to be independent of virus inoculum 

Summary. 

size and therefore apparently on the host 
cell. The inhibition was demonstrated in 
suspended allantoic membrane cultures, and 
a marginal effect was also observed in intact 
chick embryos. 
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Growth Characteristics of Ascitic Tumor Cells in the Heparinized 
Peritoneal Cavity of the Mouse." (26771) 

HORACE GOLDIE, >IATTHECl' \VALKEN, B Y R O N  BISCOE, GLORIA J. POWELL AND 

Depart I17C;if.Y n! O n c o l o ; ~  and St(rgpr!, d leharry  Medical College, Nashville, Tenn. 
ROBERT J .  HOWE 

Six years ago, a t  a conference on ascites 
tumors( 1 ) ,  we mentioned the occurrence of 
fluctuations in the amount of serous fluid 
and in its cellular content in mice bearing as- 
cites tunior and given heparin intraperitone- 
ally. Recently, we attempted to study the 
mechanism of this phenomenon by varying 
the method of administration. specifically by 
injecting heparin to some groups of animals 
a t  various intervals before tumor inoculation 
and to other groups after inoculation. In 
each experiment, the amount of ascitic fluid, 
its concentration of tumor cells, frequency of 
mitoses in these cells and extent of their 
implantation into the peritoneum were esti- 
mated, a t  requisite intervals ( 3  or 7 days) 
after inoculation. The results are reported 
and tentatively interpreted below. 

Materials and methods. a)  &lome and 
tumor strains. Swiss Albino mice (Albino 
Farms, Red Bank, N. J.) of 24-27 g weight, 
mostly females, were used. As female mice 
with ascites tumors show a uniform and dis- 

* This work was supported by grants from Damon 
Runyon Memorial Fund, and Nat. Cancer Inst., 
N.I.H., and Div. Biol. and Med., AEC. 
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tinctive pattern of periuterine implant 
growth( l ) ,  they were preferred for our pur- 
poses. Krebs-2 ascites tumor was carried in 
our laboratory in serial intraperitoneal trans- 
fers. b )  Experitnental technics. Technics 
of tumor inoculation with requisite numbers 
o f  ascitic cells, of tumor cell counts, etc., have 
been described (2,3,4,5). Doses of approxi- 
mately loi tumor cells from ascitic fluid di- 
luted (with .85% solution of NaCl) to a vol- 
ume of .5 ml were injected intraperitoneally 
into lower left quadrant of the abdomen; the 
fluid subsequently accumulated in these mice 
was withdrawn by puncturing the right lower 
abdominal quadrant, thus avoiding trauma 
to granulating tissue and abundant bleeding 
( i n  heparinized animals) at sites of inocula- 
tion and of heparin injections (upper left 
quadrant). c )  Injections of heparin. A 
standardized and commercially available so- 
lution of heparin (Panheparine Abbott) was 
used in our investigation. This mlution, con- 
taining 1000 units (1 mg) per in1 was diluted 
1 : 20 with saline solution immediately before 
injections. Doses of .5 ml or 1.0 ml (25 to 
50 units) were given before inoculation, but 




