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Effect of 2,6=diaminopurine on Virus of 'Russian Spring Summer Ence- 
phalitis in Tissue Culture." (19004) 

CHARLOTTE FRIEND. (Introduced by C. P. Rhoads.) 
From the Sloan-Kettering Institute for Cancer Research of the Memorial Cancer Center, New York .  

The destructive effect of Russian Spring 
Summer Encephalitis (RSSE) virus infection 
on several transplantable tumors in mice has 
been reported( 1,2). The mice eventually 
succumb to systemic injury from the virus 
after their tumors have been destroyed. Hence 
one phase of our program includes a search 
for agents with viricidal activity, which might 
be employed therapeutically after the on- 
colytic action of the virus is complete. 

Compounds structurally related to the com- 
ponents of nucleic acid have been shown to 
interfere with the growth of micro-organisms 
(3-9). Since an infecting virus and its host 
cells are presumed to be in competition for 
nucleic acid metabolites such as purines and 
pyrimidines ( lo) ,  or the enzymes utilizing 
them, a rational approach to the treatment of 
virus infection is to employ potential anti- 
metabolites of nucleic acid. Thompson et  al. 
(11-12) reported that the growth of vaccinia 
virus in vitro is inhibited by 2,6-diamino- 
purine (D-4P) .t That compound accordingly 
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was employed in our study. The results in- 
dicate that DAP inhibits the multiplication of 
RSSE in tissue culture. Since no agent thera- 
peutically active against this virus has been 
hitherto reported, the results of the study are 
presented herewith. 

Methods, RSSE virus multiplies readily in 
a Maitland type tissue culture. This technic 
lends itself well to the assay of the effect of a 
compound on the proliferation of the virus as 
well as of the tissue, The cultures were set up 
in 50 cc Erlenmeyer flasks containing 0.5 cc 
of 10% horse serum, 4.5 cc Tyrode's solution, 
and about 100 mg of minced tissue. Two types 
of mouse tumors were used; the Crocker Sar- 
coma 180 and the Carcinoma 1025. Both 
minced mouse and chick normal embryonic 
tissues were employed. The tumor tissue was 
cut into 2 mm cubes and 10 pieces added to 
each flask. Tumor fragments from flasks in- 
oculated with virus were implanted into mice 
immunized against RSSE virus during the 
course of the experiment as a test of tissue 
viability (bioassay). Unless otherwise stated, 
0.1 cc of a 10% suspension of infected mouse 
,brain was the inoculum. It was added at  ap- 
proximately .the same time as the other tissue 
culture components, including the test com- 
pound. Penicillin and streptomycin were al- 
ways added to prevent bacterial contamina- 
tion. The contents of each flask were thor- 
oughly mixed and incubated at 37°C. Con- 
trol flasks containing no virus were run con- 
currently with each experiment. At 24, 48, 
and 72 hour intervals, designated flasks were 
removed from the incubator and the super- 
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TABLE I. Effect of Different Oomentrationa of 
DAP on Multiplication .of RSBE Virua, in Tumor 

Tissue Culture. 

Molar concentrations of 
Hr in tis- 2,6-diaminopurine 

sueculture NoDAP 1 W  10-3 104 10-5 10-7 

24 5.5" 3.5 3.5 3 5.5 7 
48 6.5 1.5 1 3 5.5 5.5 
7 2 3 NVt NV .5 4 3.5 

* Titers expressed as reciprocal of L i D ~ ~ .  
t NV designates no virus. 

TABLE 11. Effect of Adding DAP 24 Hr after 
the RSSE Inoculum. 

Hr after Virus 
iILocula;tion 

24hr 48hr 72hr 

8-180 + virus 6.5* 7 5.5 + DAP + virus - 3 .5 

*Titers expremed aa $he reciprocal of IDSO. 

natant fluids tested for virus content by intra- 
cerebral inoculation of 0.03 cc into 3-4 week 
old mice. Titers were calculated in terms of 
the 50% endpoint by the method of Reed and 
Muench( 13). 

Results. Each of the experiments reported 
is representative of 3 or more studies. 

Effect of di#erent concentrations of DAP. 
Initially, different concentrations of DAP 
were added to the culture flasks containing 
RSSE virus with Sarcoma 180 as the tissue 
source to determine whether the agent was 
viricidal. It was found that a 103 M con- 
centration inhjbited the multiplication of virus 
only, At  a 1C2 M concentration, both tumor 
growth and virus multiplication were stopped, 
whereas at a concentration of 1b6 M neither 
was affected. As a resu1.t of the data sum- 
marized in Table I, a concentration of 103 M 
of DAP was chosen for more detailed study 
of virus multiplication in vitro. 

Effect of adding DAP after virus. When 
DAP 3s added to the tissue culture 2 4  hours 
after the virus inoculation, at the time when 
the tissue is infected and the virus is actively 
multiplying, the inhibitory effect is marked. 
As shown in Table 11, the virus titered 10;6s6 
when the DAP was added. Twenty-four hours 

13. Reed, L. J., and Muench, H., Am. J .  R y g ,  1938, 
~27,493. 

later the titer had fallen, indicating that viral 
multiplication had halted. Only a small 
amount of virus could still be detected after 
48 hours. 

Recovery of virus from DAP-treated tissue 
cultures. Attempts were made to recover the 
virus after it had been in contact with DAP. 
When fresh tumor tissue was added to the 
treated cultures daily, or when the washed, 
previously infected tissue was placed in fresh 
Tyrode's solution with horse serum, no Virus 
could .be detected by intracerebd inoculation 
in mice. This was the case even though from 
66% to 100% of the tissue was viable on 
bioassay land virus was present up to 48 hours. 
Clearly, the effect of DAP on the vim5 was 
irreversible under the circumstances em- 
ployed. 

E#ect of adenine and guanine on the viri- 
~idd action of DAP. Inhibition of the growth 
of L. casei by DAP has been reported(6). 
The inhibition could be reversed by either 
adenine or guanine at low concentration of 
DAP. The effect was reversed by adenine 
but not by guanine at higher concentrations. 
The inhibition of vaccinia virus in vitro by 
DAP is prevented by adenine in equimolar 
concentration, but guanine is ineffective in 
this system( 12) .  A similar effect has been 
observed in the in vitro inhilbition of RSSE 
multiplication by DAP. When added to the 
tissue cultures simultaneously with DAP and 
RSSE, adenine, in equimolar concentrations, 
prevented the inhibitory action of the com- 
pound, but guanine failed to do so. The re- 
sults of a typical experiment are presented in 
Table 111. 

Twenty-four hours affer the virus had 
been exposed to DAP, equimolar concen- 
trations of adenine land of guanine were added 
to each of 2 sets of culture flasks. As shown 
in Table IV, within 48 hours after the addi- 
tion of adenine, the virus began to recover its 
ability to multiply. Guanine, however, 
proved to be ineffective in reversing the in- 
hibitory effect. 

Since DAP was 
active in inhibiting the multiplication of 
RSSE, t?le effects of some structurally related 
compounds were #ascertained. The results 

Effect of 8-azaguanine. 
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TABLE 111. Effect of Adenine and Guanine on +he Inhibitory ,4ct.ion of DAP in Tumor Tissue 
Uulture. 

H r  i n  tissue culture 
-24 hr---, f-48 hr-, -72 hr-, 
% growth Titer” growth Titer % growth Titer 

---- _-_ ____ - - ~- ._ _- 
5-180 + virus 

+ DAP + virus 
+ Aden. + Aden. + \+us 
+ Guan. + Guan. + Tirus 

3 00 
66 

1 00 
100 
100 

83 
100 

G i i  

- 100 - 
4.5 10 3.5 

1 12 NV 

5.2 83 3 

1. .e5 0 10-0 

- 0 

0 

33 

--. 

- -- 

- - 

- . . -. . _. - - ~ . - _ _ _ _ _  -- 
* Expressed as the reciprocal of LD5,). 
t XV indicates no virus detected. 
$ 1 of 3 mice inoculated with undiluted supernatalit died of cncephali’tis. 

TABLE, JV. Partial Eeversal vf the Action of 
Dill’ on Mulmtiplication of RS8E in Tuinor Tissue 

Culture by Adenine. 

Titers’ 
24hr 4811r 72 hr 

S-180 .t I-irus 6.5 7 5.5 + DAP + Tirus 2 ST: sv 
1.5 3.5 +- virus + adc1n.t - 

f gu:m.t - .o . I  3 
c- 

- - - -. - -. 
*- Expressed as the reciprocal of 1 ~ 1 ) ~ ~ .  
t Adenine aiid guanine added 24 Iir after 2,6- 

3 SV indicates 110 i5rus detected. 
di  miiiivpurine. 

obtained with 8-azaguaninet are typical and 
indicate that the compounds have no power 
to inhibit the multiplication of the virus. At 
the concentration used (10-3 M), 8-aza- 
guanine exerted little effect on the growth of 
the sarcoma. 

Tissue other than Sarcoma 180. I n  all the 
preceding experiments, Sarcoma 180 was the 
source of tissue. However, tumor from the 
culture flasks, both control and experimental, 
did not always give 100% growth on bio- 
assay. In  this system, one could not be cer- 
tain that D.2P itself had no effect on the 
viability of the ‘tumor tissue. It was therefore 
necessary to employ a tissue that would be less 
sensitive to D.4P than is the Sarcoma 180. 
It has been found that Carcinoma 1025 (14) 
in tissue culture is relatively resistant to the 
action of DAP. Accordingly the studies were 
repeated with this tumor. Minced mouse and 

$Obtained through the courtesy of the American 

14. Berger, R. E., personal communication. 
Cyanamid Co. 

chick embryonic tissues were also used. The 
results are presented in Table V, including 
those obtained employing D..W and RSSE in 
a tissue-free medium. It is evident that the 
DAP had no effect on the virus per se, but 
does interfere with its ability to propagate in 
any form of tissue culture employed. 

Discussion. The activity of 2,6-diamino- 
purine in the inhibition of Russian Spring 
Summer Encephalitis virus in cultures of 
normal and neoplastic tissues has been estab- 
lished. The mechanism of the action is still 
not clear. It is only when virus multiplies in 
the tissue that inhibition takes place. In  the 
rat DAP has been shown to be a precursor of 
nucleic acid guanine(l5), and to be highly 
toxic. Hence the viral inhibitory effect may 
be related to a block at some stage of nucleic 

TABLE V. Effect of DAP on Multiplication of 
RISSE in Different Tissues. 

Titersa 
24hr 48hr 72hr 

~ - __ ._ - - - - 
8-180 + virus 5.5 6.5 3 

1025 + virus 7 6 6  
+ DAP 3.5,  1.5 NVt 

+ D M  3 3.5 4.5 
Mouse e.inbryo $- virus 5.5 7 7 + DA4P 5.5 5 5 
Chick embryo + virus 7 6.5 5.5 

+ D A P  ij >6 3.5 
KO tissue + virus 2 .5 Nv + IIAP 2 .5 Nv 
_____ _. - __ - - __ 

* Expressed as the reciprocal of LDso. 
t S V  indicates no virus detected. 

15. Bendich, A., and Brown, G. B., J. BWZ. Chew., 
1948, v176, 1471. 
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acid metabolism. Since the virus in a tissue- 
free medium is not affected by DAP, the 
action is not a direct one. The data pre- 
sented suggest that DAP interferes with some 
metabolic process in tissue related to nucleic 
acid synthesis, and one that is necessary for 
virus mu1 tiplication. 

Biesele(l6) has reported that DAP, in the 
concentration used in these studies, preferen- 
tially injures Sarcoma 180, as compared to 
mouse embryonic skin, in a roller tube tissue 
culture. Hence, it is necessary to exclude the 
possibility that the results presented here were 
due to death of the tumor cells caused by DAP 
and consequent removal of any medium capa- 
ble of permitting viral multiplication. Four 
facts provide evidence against this possibility. 
(1) Although on bioassay ?most of the tumor 
is killed in the virus-infected control flasks 
without DAP, nevertheless the virus can be 

16. Biesele, J. J., Berger, R. E., Wilson, A. T., 
Hitchings, G. H., and Elion, G. B., Cancer, 1951, v4, 
186. 
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recovered in high .titer. Hence very slight 
tissue growth permits viral multiplication. 
Extensive tissue growth in the DAP-treated 
flasks yielded no virus. (2) Such virus as 
may survive 48 hours of c o n k t  with DAP 
has lost its capacity to multiply when put into 
fresh media containing actively growing tis- 
sue. (3) Although the Carcinoma 1025 is 
relatively resistant .to the action of DAP, in- 
hibition of viral multiplication also occurs in 
this tissue. (4) DAP ixnhibits RSSE in 
vivo (1 7). 

Summary and conclusions. (1) The multi- 
plication of the virus af Russian Spring Sum- 
mer Encephalitis in ,tissue culture is inhibited 
by 2,6-diaminopurine. ( 2 )  The action can be 
blocked as well as reversed by the addition of 
equimolar concentration of adenine. Guanine 
is not effective, . 
_______________ ~ 
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The compound 2,6diaminopurine (DAP) 
has been shownl(1) to be concerned in the 
synthesis of polynucledide guanine. It also 
has .been proved to have certain types of bio- 
logical activity. It prulungs survival time of 
mice with transplantable leukemia (2). I t  is 
seriously injurious to the cells of Sarcoma 180 
in tissue culture (3) in concentrations which 
have no effect on normal embryonic cells 
growing at the same ,rate although it exerts no 
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demonstrable effect on the same tumor in 
vivo(4). It has also !been shown to have an 
injurious action on the hematopietic system 
of dogs(5) and swine(6) and chick em- 
bryo(7). I t  is known to inhibit the multi- 
plication of vaccinia vims in vitro(8) while 
having no effect in vivo. The demonstration 
that it inhibits multiplicatiun of Russian 
Spring Summer Encephalitis virus (RSSE) in 
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