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produced inhibitor may well have diffused 
through the agar medium and thus had ;i 

negligible effect. Hence, in  the immediate 
area of infection the ratio of infectious virus 
to virus inhibitor remained high and plaque 
formation could therefore continue. If, on 
the other hand, such an infected area was 
covered with fluid medium, then the inhibi- 
tor substance accumulated. and the ratio be- 
tween infectious virus and inhibitor substance 
was lowered. probably reaching an equili- 
brium. Tn this instance, the cells were pro- 
tected, at  least partially, from destruction 
during viral multiplication, and therefore no 
CPE appeared. 

S Z I P U I ) I C I ~ ~ .  Auto-inhibition of DA virus 
plaque formation was observed i n  tissue cul- 
tures during serial passages of this virus. An 
inhibitor (interferon-like) substance was 
found in the virus-free culture fluids. The 
presence of such an inhibitor substance 
seemed to be the determining factor for the 
2 unusual phenomena observed with the Il.4 
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virus: 1 )  plaque formation under agar over- 
lay without CPE in parallel fluid cultures, 
;tiid 2 )  L'prozo.ne') reaction in plaque forma- 
tion. 
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This study was undertaken to (a) estab- 
lish methods for testing of chemotherapeutic 
agents against the Friend virus-induced leu- 
kemia (FVL) of mice( 1 )  and (b)  investi- 
gate the effect of a number of "established" 
and newer drugs. 

Sugiura and Stock(2,3) have studied the 
effect of a variety of compounds on FVL 
using the spleen weight 3 weeks after virus 
inoculation as the criterion of evaluation. 
Effective compounds also were tested for 
their ability to increase survival time of in- 
fected animals. Mirand, Prentice, Hoffman 
and Grace(4) demonstrated that soon after 

~~ ~- - - 
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inoculation, Friend virus produces a marked 
increase in uptake of FeSg by the spleen. 
Moreover, this disease in HA/ICR Swiss 
mice is associated with malignant prolifera- 
tion of the splenic reticulum, stimulation of 
the erythroid and myeloid elements of the 
spleen and liver, incerased hematocrit, pres- 
ence of immature and mature erythrocytes in 
the blood, and leukocytosis ( 5 , 6 ) .  

Materials and methods. Adult mice (25- 
30 g ) ,  HA/ICR Swiss strain, were inoculated 
with the Friend virus+ from a virus p l ,  orb 
ginating from the ninth bi-weekly passage 
into Swiss mice in our laboratory, which was 

t Obtained from Dr. Charlotte Friend, Sloan-Ket- 
tering Inst. for Cancer Research, New York. 
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prepared from 10% spleen filtrates. The 
spleens from infected animals were harvested 
freshly, homogenized in a Ten Broeck 
grinder, and suspended to 10% by weight in 
cold Locke-Ringer solution. The suspension 
was clarified in a refrigerated centrifuge a t  
SO00 g -for 10 minutes, and the sulpernate fil- 
tered through a HA millipore filter. The fil- 
ter was checked far ability to retain bacteria 
by adding E .  coli to the suspension prior to 
filtration. Serial dilutions of infected and 
normal spleen filtrates prepared in a similar 
fashion were made with chilled physiologic 
saline. Mice were inoculated intraperitone- 
ally with 0.2 ml of these filtrates. Daily drug 
administration was started 24 hours after vi- 
rus inoculation and continued for 1 1  days. 
On the 12th day, part of the animals were 
injected intravenously with 1 pc of Fe59. 
Iron uptake in red b l d  cells, spleen and 
liver was measured 24 hours later in a Nancy 
W d  well-type scintillation counter as p r e  
viously described (4).  Hematocrit and spleen 
weight measurements were made on all mice. 
A group of animals was followed (far survival 
and median survival times (MST) estimated. 
Tests for in vitro antiviral effect were per- 
formed by incubating for 2 hours at 4°C di- 
lutions of the virus filtrate with equal vol- 
umes of various concentrations af the drug 
under study. The drug-virus mixtures were 
then injected intraperitoneally into mice. Ef- 
fect was evaluated as described above. 

The following drugs were used: “Estab- 
lished” cancer chemotherapeutic agents; 5- 
fluoro-2’-deoxyuridine ( 5-FUDR) ? 6-mercap- 
topurine (6-MP), and amethopterin (metho- 
trexate, MX) . The following newer mercap- 
touracil derivatives, synthesized by Bardos 
(8,7,11) were studied: 5-mercaptouracil 
(AB-050) (8-lo),  5 ,  5’ Diuracilyl disulfide 
( AB-05 1 ) , 5- ( Acetylmercaptol) uracil ( AB- 
053), 5- (Methy1mercapto)uracil (AB-054). 
These drugs were shown to be thymine an- 
tagonists in microbiologic studies. A new 
antagonist of both folinic acid (but not folic 
acid) and riboflavin was included; 2,4-dia- 
mino-7,8-dimethyl-2,4-deoxyalloxmine ( AB- 
200)  (9-10). A series af ethylenimidophm- 
phurocarbamates were also studied: Benzyl 
N- (bis- (ethylenimido) phosphoro) carbamate 

TABLE I. Relation of Spleen Weight and 24 Hour 
FgO Uptake to Dilution of Friend Virus Deter- 
mined 14 Days after Virus Inoculation in Swiss 

Mice. 

YO of inoc. 
Fe60 taken 

Inocula- Dilution Spleen up by spleen Hema- 
tion” of virus wt (g) t in 24 hrt tocrit 

10-1 1.83 k . 9  16.0 e_ 3.6 47 
Friend virus .35 k . 0 2  7.6 2.6 44 

infected 10“ .27 k.04 5.9 2 2.3 42 
spleenfil- lo-* .13 k.03 3.9 +- .3 43 
trate lod .16 2.03 2.7 & 1.0 42 

.14 2 . 0 2  2.6 .6 41  
Normalspleen 10-1 .14 k .03  2.7 2 .04 42 

None - .17 k .04  2.3 & .3 41  
filtrate 

* An avg of 10 mice/dilution. 
t & S.D. 

(AB-103), Ethyl N-(bis-(2,2-dimethylethyl- 
enimido)phosphoro)carbamate (AB-132) (12- 
1 5 )  , and Dimethyl N- (N’, N’-bis (2-chloro- 
ethyl(amidophosphoro) carbamate (AB-155) 
(1 1 ) .  Solvents used are indicated in Table 
JI. All drug solutions were prepared freshly 
before injection. 

Results and discussion. Table I shows the 
relationship between spleen weight and 24 
hour Fe59 uptake in the spleens of mice in- 
jected with various dilutions af FV filtrate. 
The splenic response closely follows the virus 
dilutions. Normal spleen filtrate resulted in 
a response similar to that of the non-injected 
control. Dilutions above did not appear 
to be infectious. 

Table IT summarizes the effect of the vari- 
ous chemotherapeutic agents on spleen size, 
splenic uptake of Fe59, and mortality. Fifteen 
mice were used in each group, 5 for Fe59 u p  
take and ten observed lfor mortality. AB-103, 
AB-132, 6-MP, and MX were the only drugs 
that caused significant decreases in spleen 
size and Fe59 uptake, compared to the control 
values. Only the former 3 prolonged sur- 
vival time significantly as seen by analysis 
of the mortality data by the ridit method 
(Fig. 1 )  (16). The average ridit and 95% 
confidence interval is plotted for each treat- 
ment. The relationship between Fg9  uptake 
(or spleen weight) and survival on the ridit 
scale can be seen in the scatter diagrams of 
Fig. 2 and 3. It appears that when drug 



3 62 c‘ HE MOTHERAPY ON FRIEND VIRUS LEUKEMIA 

FIG. 2 
0 AB 0 5 4  

OAB051 

A8053 
0 OSAUNE 

A9200 .A965 

OAB050B 
OFUDR 

MX. 05FU 
0 AB132 

6MPO .A6103 
o ! , , , , ,  i 

0 .lo .20 30 .40 50 .do .?O .DO .so 1.00 

AVERAGE RIDIT. SURVIVAL SCALE 

FIG. 3 

0 A0054 

0 A B I S  

2 *A 

A0132 
.A0103 

0 MX I 

, , , , , , , * 6 ? ,  

. I 0  20 do A0 s o  so 10 a0 *o 1.00 

AVERAGE R I M .  SURVIVAL SCALE 

treatment retains uptake (or spleen 
weight) in the normal range (AB-103, AB- 
132, and 6-MP), there is an increase in sur- 
vival time. MX appears to be an  exception 
by significantly decreasing F P  uptake and 
spleen weight without increasing survival. On 
the other hand when Fe5$ uptake (or spleen 
weight) becomes abnormal, there is little or 
no  relationship to survival. There appears 
to be good correlation between uptake 
and spleen weight. It is possible that these 
parameters are more sensitive indicators of 
drug effect than mortality, indicating differ- 
ences between various t reatmen,ts which cause 
no change in survival. 

Experiments were undertaken to determine 
the effect of drugs on FV in vitro. Drug-vi- 
rus mixtures were inoculated into mice and 
evaluated as in the previous treatment. At 
the maximal drug levels tolerated by the re- 
cipient mice, AR-103. ,4B-132, 6-MP and 5- 
FV decreased splenic FeS9 uptake and spleen 
weight. but only AB-103 and 6-MP increased 
survival time. 

Of the drugs tested both by us and by 
Sugiura and Stock(3), the latter authors re- 
ported the following results: 5-FUDR (40 
mg kg/’day )-negative; MX ( 1 .5  mg/kg,/ 
day )-“slightly inhibitory”; 5-FU (35 mg/ 
kg day )-“moderately inhibitory”, and 6-MP 
(30  mg :kg/day) - “markedly inhibitory”. 
They treated the animals for only 7 days and 
sacrificed 3 weeks after inoculation. 

Summary. 1. -4 variety of newer and “es- 
tablished” chemotherapeutic agents were 
tested against F\7L in mice. Criteria for ef- 
fectivity included spleen uptake of Fe“!’, 
spleen weight, and mortality. 2.  Agents dem- 
onstrating both in oivo and in vitro antiviral 
activity included AB-103, AB-132, and 6- 
111’. 3. Good correlation appears to exist 
hetween Fe5!’ u,ptake of the spleen and spleen 
weights. These 2 parameters correlate with 

F1G. 1 .  Mortality tlata (iiiialyzttd hy tlir rit l i t  
riiethocl) in HA/ICR Swiss mice infected with 
Frieiid Yiriis ( 10-l). 

FI(+. 2 .  Rr1;itionship hetweeii s l k e a  wt in g ; t i i t 1  
~ I I I T ~ V : I I  ( a i i a l p v l  tlie riclit niethorl ) in  HA / 
I(’R Swish niirc. inj. with Friend V i r w  ( l U - I ) .  

F’TG. 3. Relationship between 24 Iir Ye” riytaktb 
a i ~ l  siirvivsl (analyzed by the ridi t method) i i i  
JT.d/J(’R Swiss inice i n j .  with Friciid Virus (lo-‘). 
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TABLE 11. I n  Vivo Effect of Drugs on Survival Time, Spleen Weights and Splenic Uptake of 
FcFe in Friend Virus-Infected Mice (lo-‘). 

r- Spleen--, Solvent or 
suspending Dose Mean wt Mean Fe5e Mean ~urvivi11 

Drug medium (mg/kg) Route (g)  uptake (70) HCT time (days) 

5-FU 

6-MP 

AB-050B 
AB-051 
AB-053 
AB-054 
AB-200 
AB-103 
AR-132 
AB-155 

FTJDR 

Met,hotrexate 

Saliile 

25 S.C. .47 2 .24t 19.1 t 6.74t 39.2 
5 0 I.P. .64 2 .51 15.7 k12.04 36.0 
50 I.P. .14 .02 .90+ .41 30.5 

1.0 I.P. .42 & .12 3.9 t 2.76 31.0 
50 I.P. .77 & .2:3 22.8 t 7.0 38.5 
5G LP. 1.72 2 .65 32.3 & 8.1 41.2 
50 I.P. 1.39 2 .73 25.5 9.63 46.2 
50 T.P. 2.01 & .94 36.2 t 1 4 . 4  45.0 
25 I.P. 1.31 A .55 19.7 2 8.2 47.3 
30 S.C. .18 & .09 7.3 & 1.4 38.3 

100 I.P. .31 2 .25 7.4 & 2.3 43.5 
saline 50 S.C. 1.21 & .34 32.0 k 5.4 54.4 

r.p. 1-32 2 .47 24.9 k11.2 44 

27.0 
26.0 
40.5 
25.0 
23.0 
22.5 
23.0 
23.0 
17.0 
65.0 
42.0 
19.0 
26.0 

* Carbosymethylcellulose 0.5%. 

survival in cases where they remain in the 
normal range. Once they become abnormal, 
no quantitative relationship exists between 
survival on one hand, and spleen weights and 
Fe”j uptake on the other. 
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tance of Dr. I. Bross (in the statistical analysis), 
Mr. Gerald Goldstein (Summer Program Partici- 
pant), Miss Helen Fox, Mr. Edward Dywinski, Mr. 
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