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from the blood into the spinal fluid in very 
small amounts. 

sucrose occurs in the spinal fluid in very low 

concentration. Even when hemorrhages into 
the central nervous system occur, the concen- 

Summary. After intravenous injection tration does not approach that found in blood. 
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In  view of the extensive developments 
among the anti-metabolites it was a natural 
consequence that cancer chemotherapy stud- 
ies should be initiated with analogs of folic 
acid. Interest in the folic acid antagonists 
has been stimulated by reports of the effec- 
tiveness of Aminopterin in the treatment of 
leukemia (Farber) .' In  an intensive screen- 
ing program during the past year a large 
number of analogs of folic acid and various 
related simple compounds have been studied 
against mouse leukemia2 and various mouse 
and rat tumors with particular emphasis on 
the Crocker mouse Sarcoma 180. Thus far, 
one folk acid antagonist," 4-.4mino-N1"- 
methyl pteroylglutamic acid (A-Rletho- 
pterin) ,t has been outstanding in its ability 
to inhibit the growth of Sarcoma 180. The 
preliminary results of the study are presented. 

Materials and methods. The material was 

* We wish t o  acknowledge support of this study 
by funds frnm thr  .2mrriciiii C':tiic(sr Socivty. 
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t A-Methopterin is the naxtic giwn t o  the elm- 

pound by Lederlo Laboratories, to whom we are 
indebted f o r  supplies. The Calco llirision, Ameri- 
can Cyanamid Company also has p r o v i d 4  3 sup- 
ply of this compound. 

tested for ability to inhibit the growth of the 
Sarcoma 180 and also for its ability to damage 
a well established tumor. 

Carefully selected tumors were cut into 
2 mm cubes and implanted subcutaneously 
into the axillary region of groups of 5 weighed 
and marked white mice. In  the inhibition 
tests, intraperitoneal injections of 0.5 cc of 
different doses of A-Methopterin were begun 
24 hours later. In the therapeutic test, in- 
jections were begun after 3 to 7 days of tumor 
growth. In all instances, injections were 
given twice daily at  6-hour intervals for 7 
consecutive days. If the animals showed 
definite signs of a toxic effect of the drug, 
administration was omitted until recovery had 
taken place. At the higher dosage (2.5-2.0 
mg/kg/day) 3 or 4 omissions were often 
necessary. Below this level the drug was 
well tolerated. 

Following the period of injections the ani- 
mals were weighed and the size of their tumors 
determined by measurement in 2 diameters 
with calipers. The size of the tumors was then 
compared with those of the untreated controls 
and tumor growth was graded according to the 
following scheme: 1) Inconclusive, in groups 
of animals where 3 or more died, 2 )  No effect, 
when the largest diameter was % or more of 
the diameter of the control tumors, 3 )  Mod- 
erate effect, when the diameter was % to % 
of the diameter of the control tumors, 4)  
Marked inhibition when the diameter was % 
or less of that of the control tumors; actually, 
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TABLE I. 
Effect of Different Amounts of A-Methopterin on the Growth of the Sarcoma 180. 

Deaths during Effcct on tumor" 
No. of inj.pcriod \ 

Dosein groups of No. I-, Incon- Marked Xoderatc No 
mg/kg/day 5mice of mice No. "/o clusiw inhibition effect cffect 

30 14 46.6 2* 4 0 0 
14 18.6 2 9 4 0 

2.5 6 
2.0 15 i D  
1.5 31 155 11 7.1 0 1 6  11 4 
1.0 8 40 2 5.0 0 1 4 3 

-- 

._ . - _ _ _ . ~  ~ ~ 

* The tumor effects are expressed as the result obtained in each group of 5 mice. Thus, the 
numeral 2 indicates two groups of 5 mice each. 

the volume of such a tumor would be 1/64 
or less of the control if tumors may be con- 
sidered spherical, 

The animals were again weighed and their 
tumors measured a t  the end of the second 
week. 

Results. Groups of 5 mice implanted with 
the Sarcoma 180 one day previously were in- 
jected intraperitoneally with daily doses of 
A-Methopterin at the following levels: 2.5 
mg, 2.0 mg, 1.5 mg, and 1 mg/kg. Deaths 
due to the toxicity of the material were re- 
corded during the 7-day period of injection. 
Tumor measurements were made at  the end 
of the period and the effect of the substance 
on the tumor was evaluated. These data are 
summarized in Table I. 

I t  is clear that A-Methopterin has a definite 
inhibitory effect on the growth of Sarcoma 180 
at all the levels of drug above 1 mg/kg/day. 
The drug killed 46% and 18%, respectively, 
in the groups of mice receiving 2.5 and 2.0 
mg/kg,/day. At the lower dosages 7 %  and 
5% of the mice receiving 1.5 and 1.0 mg 
died during the treatment. Male mice ap- 
peared to tolerate the drug better than female 
mice. The best results were obtained a t  the 
1.5 mg dose where a definite effect was noted 
in almost all instances with little evidence of 
toxicity. The average weight loss of this 
group was 1.0 g as contrasted to a gain of 
0.5 g for the controls. Fig. 1 shows the 
typical inhibition effect on the tumor of the 
injection of A-Methopterin at  the level of 
1.5 mg/bg/day. 

The tumors have never been completely 
destroyed. When the injections are stopped, 
the small tumors grow normally. 

When the tumors were allowed to grow for 

3 to 7 days before the injections were begun, 
inhibition of growth was apparent in prac- 
tically all instances. Of the 15 groups of 
mice receiving 2 mg/kg/day, inhibition was 
marked in 3 groups, moderate in 11 groups 
and absent in one group. Of the 24 groups 
receiving 1.5 mg/kg/day, inhibition was 
marked in 7, moderate in 16, and absent in 
one. The death rates for the 2 dosages were 
12% and 16%, respectively. It is doubtful 
that these figures represent true toxicity 
deaths, because many of the tumors were so 
large at the time injections were initiated, 
that some of the mice probably died from the 
effects of tumor growth. The effect of 
A-Methopterin was definite although not as 
marked as in the groups of mice injected 24 
hours after implantation. 

In a few experiments a single injection of 
50 mg/kg was administered when the tumor 
had grown one day. An inhibitory effect was 
evident when the tumors were measured a 
week later. In one group implanted 24 hours 
previously which received one injection of 
50 mg/kg, small doses (0.5 mg/kg/day) were 
administered for 7 days. When the tumors 
were measured, they were very small but grew 
when the injections were stopped. The de- 
velopment of 7-day-old tumors was not af- 
fected by the injection of the single large dose. 

Discussion. A-Methopterin has been shown 
to have a definite and consistent inhibitory 
effect on the growth of the transplantable 
mouse Sarcoma 180. In  another report 
(Sugiura, Moore, Stock)4 the folic acid an- 
tagonist, Aminopterin, was shown to have a 

4 Sugiura, K., Moore, A., and St,ock, c. c., 
Cancer, in press. 
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similar effect ; however, marked inhibition 

could be demonstrated only when the drug 
was administered in amounts which killed a 
large per cent of the mice. A-Methopterin 
appears to exhibit a more favorable thera- 
peutic index. I t  has been outstanding in its 
effect among numerous compounds which 
might interfere with the utilization of folic 
acid or possibly with the synthesis of nucleic 
acid. In fact, it has been the most effective 
compound of over 700 miscellaneous com- 
pounds that have been screened. I t  is there- 
fore advanced as a compound worthy of fur- 
ther experimental study and for clinical trial 
in various types of cancer. 

Summary. The compound 4-Amin0-N~~- 
methyl pteroylglutamic acid, has shown the 
ability to inhibit the growth of the trans- 
plantable mouse Sarcoma 180 when adminis- 
tered intraperitoneally in concentrations of 
1.5 mgjkg each day for 7 days. At this 
dosage very few mice died from drug tox- 
icity. The inhibition is most apparent when 
the compound is administered early in the 
development of the tumor. 
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Available data indicate that desiccated 
whole liver will prolong survival and counter- 
act the growth retardation of immature rats 
fed massive doses of thyroactive materials.1-5 

* This paper reports research undertaken in P O  

operation with the Quartrrm:ister Food and ('on 
tainer Institute for the Armed Forws, :ind lias 
heen assignrd number 241 in tlir serirs of pqiws 
approved for publication. Thr riews or conclu- 
sions contained in this report arc thosr of tlie 
author. Thcy arc not to l w  cwnstrucd :IS i i rwb-  

sarily rcflecting the views or indorsrmtwt of thc 
Department of thc Army. Coniriiuiii~:ition S o .  204 
from the Department of Bioehcniistry and Nutri- 
tion, University of Southern California. 
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The protective factor is distinct from any of 
the known nutrients and is retained in the 
water-insoluble fraction of The 
present experiment was undertaken to deter- 
mine the effects of liver and liver fractions on 
growth and survival in the immature hyper- 
thyroid mouse. 
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