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T HE competitive antagonism of 4-am- 
ino-pteroylglutaniic acid (aminopterin) to 
pteroylglutamic acid (folic acid) was initially 
established on the basis of the in vitro 
inhibition of pteroylglutamic acid as an 
essential metabolite for the growth of bac- 
teria.lO9 I 3  However, the inhibition index of 
aminopterin employing Streptococcus fae- 
calis R was found to vary widely over a 
range of metabolite concentrations.’” From 
observations on both bacterial and animal 
growth, Oleson et al. concluded that the 
inhibition of folk acid by aminopterin was 
not of a strictly competitive nature. (In- 
hibition index = Ratio of molar concentra- 
tion of antagonist to that of the metabolite 
necessary to demonstrate 50 per cent inhibi- 
tion of growth in a standard culture of S. 
faecalis R.) 

Partial reversal of the systemic toxicity of 
aminopterin by folic acid in mice and rats 
has been reported by a number of investi- 
gators.4~ 7,109 l1, In these studies, diverse 
quantitative and temporal relationships of 
metabolite and antagonist were employed 
as well as different routes of administra- 
tion. Thiersch and Philips concluded in a 
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review of the present status of antifolic 
compounds that aminopterin differed from 
an ideal antimetabolite in mice,4,11,12 
rats,7. lo and chicks,lO in that its toxicity 
was “not readily prevented or reversed by 
folic acid.” 

Complete reversal of the tumor-inhibit- 
ing action of aminopterin has been observed 
after repeated injections of folk acid in 
mice bearing transplantable sarcoma6 and 
transmissible leukemia.9 Partial reversal of 
the aminopterin-induced inhibition of a 
mammary carcinomas in mice has also been 
reported. In  patients with leukemia, how- 
ever, large doses of folic acid have been 
found to be incapable of reversing the toxic 
effects of aminopterin.l,3 

In  view of the lack of precise information 
with regard to the competitive relationships 
of aminopterin and folic acid in mammals, 
further studies of this metabolite antag- 
onism were believed warranted. These 
experiments were undertaken (1) to clarify 
the quantitative relationships in the metab- 
olite antagonism of aminopterin to folic 
acid, (2) to investigate the temporal condi- 
tions necessary for the prevention of 
aminopterin toxicity by folic acid, and (3) 
to determine whether the sex difference in 
the toxicity of aminopterin observed in our 
laboratoryo could be correlated with folic 
acid metabolism. 

METHODS 

CFW, C3H, dba, and A mice of the 
National Cancer Institute strains were em- 
ployed in these experiments. The  mice were 
housed in plastic cages and received Purina 



ACTION OF CHEMOTHERAPEUTIC AGENTS IN CANCER. 11 * Greenspan et al. [857 

100 

_I 8 0 -  

% w-  

$ -  

c -  
4 0 -  

. I -  

10 

I 1  I I I I I I 

- 

- 
0 -  

loot 
t 

5 40 

a 
w U. 

20 

0 AMINOPTERIN 

0 AMINOPTERIN PLUS 

X AMINOPTERIN PLUS 

I I I I I I 
0 2 4  6 0 10 12 

AM1 NOPTERIN MG./ KG. 

FIG. 1. Reversal of aminopterin toxicity 
by prior administration of folic acid. Mor- 
tality at ten days after injection. C F W  male 
mice; ten to twenty mice per group. Al l  
injections, subcutaneously. Aminopterin 
diJsolved in n-saline; folic acid dissolved 
in 2 per cent sodium bicarbonate solu- 
tion. "Eight injections of folic acid. T h e  
schedule in  days was -4, -3, -2, -1, 0, I ,  3, 
3. O n  zero day, the folic acid was admin- 
istered one hour prior to injection of 
aminopterin. **One injection of folic acid 
administered on  zero day, one hour prior to 
administration of aminopterin. Eight in- 
jections of sodium bicarbonate on the same 
dosage schedule as folic acid x8, plus a 
single injection of aminopterin, gave the 
same result as aminopterin alone. I n  other 
experiments (see Table  I ) ,  mortality was 
evzdent at 100 mg. per Kg. f o l k  acid. 

chow and water ad libitum. They were 
inaintained at 72" to 78" F. prior to and 
during the course of the experiments. Mice 
of each sex were selected for uniformity of 
age and weight in the individual experi- 
ments. Subcutaneous injections were ad- 
ministered into the axillary space. Contra- 
lateral axillae were selected to avoid direct 
mixing of the agents when more than one 
drug was employed. Intravenous injections 
were administered into a lateral tail vein. 
Fresh solutions of aminopterin in 0.9 per 
cent saline and folic acid in 2 per cent 
sodium bicarbonate solution were prepared 
immediately prior to each injection period. 
T h e  total volume of diluent for each injec- 
tion was maintained at 1 per cent of the 
body weight. Appropriate controls were 

employed for each experiment. The  mice 
were observed for mortality, and survivors 
were weighed daily during the course of an 
experiment. All experiments were termi- 
nated ten days subsequent to the adminis- 
tration of aminopterin. The  studies on the 
peripheral blood were conducted with blood 
obtained from the tail vein. Dosage sched- 
ules are indicated in the experiments cited. 

RESULTS 

Complete protection against a single 
supralethal subcutaneous dose of aminop- 
terin (10 mg. per Kg.) was observed in CFW 
mice of both sexes treated with a series of 
subcutaneous injections of folk acid (25 
mg. per Kg.), when the folic acid was ad- 
ministered on a daily schedule including 
treatment prior to and subsequent to the 
injections of aminopterin. The  results of 
an experiment employing male mice are 
summarized in Fig. 1. The  median lethal 
dose (LD,,) in adult CFW mice was re- 
ported previously6 to be approximately 4.2 
mg. per Kg. for males and 7.2 mg. per Kg. 
for females. Complete protection was pro- 
vided also by a single dose of folic acid 
when it was injected subcutaneously one 
hour prior to aminopterin (Figs. 1,2). How- 
ever, no protection was observed when the 
folic acid was given simultaneously with 

1 
I I 

FIG. 2. Temporal relationships in the 
reversal 01 aminopterin toxicity by folk  
acid. Szirriizial at ten days after injection of 
aminopterin. CFW male mice, ten mice 
per group. All  injections, subcutaneously. 
Aminopterin dissolved in n-saline; folic 
acid dissolved in 2 per cent sodium bicar- 
bonate solution. 



8581 CANCER September 1950 

the lethal dose of aminopterin (Fig. 2 ) .  
These observations suggest that the time 

relationships may be of considerable im- 
portance in the competition between the 
metabolite and antagonist. The  results of 
an experiment designed to test this rela- 
tionship are summarized in Fig. 2 .  Each 
animal group was treated with a single 
injection of folk acid (25 mg. per Kg.) at 
intervals ranging from twenty-four hours 
prior to twenty-four hours following the 
administration of the aminopterin (10 nig. 
per Kg.). It was found (Fig. 2 )  that no 
protection was afforded by this ratio (2.5:l) 
unless the folic acid was injected prior to 
the aminopterin. Maximal protection was 
obtained when the folic acid was admin- 
istered one hour prior to the aminopterin. 
Protection diminished progressively (Fig. 
2 )  when folic acid was given at earlier inter- 
vals than one hour (three, eight, and 
twenty-four hours prior to the administra- 
tion of aminopterin). Only 50 per cent 
protection was observed when the folic acid 
was administered twenty-four hours prior 
to the aminopterin. In  additional experi- 
ments, diminished protection was also 
evident when folic acid was administered 
at thirty, fifteen, or five minutes prior to 
the aminopterin. Higher doses of folic acid, 
administered subcutaneously, concomitantly 
with or following a subcutaneous injection 
of aminopterin, provided no protection 
against the toxicity of the antagonist. No 
protection was afforded upon simultaneous 
administration even when the ratio of folic 
acid to aminopterin was progressively in- 
creased from 35:l to 1O:l (100 mg. per Kg. 
folic acid:lO mg. per Kg. aminopterin). In  
none of these experiments was there any 
evidence that the sodium bicarbonate solu- 
tion (the vehicle for folic acid) contributed 
to the prevention of the aminopterin tox- 
icity. 

Experiments were performed to estimate 
more precisely the concentration of folic 
acid, administered as a single dose, required 
to inhibit the toxicity of a single dose of 
aminopterin. As a representative supra- 
lethal dose of aminopterin, 10 mg. per Kg. 
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FIG. 3. Progressiue rezrersal of aminop- 
terin toxicity by prior administration of 
folic acid. Suruiual at ten days after in- 
jection. CFW mice; all  injections, sub- 
cutaneously. Sixty mice of each sex em- 
ployed at the dose 5 mg./Kg. f o l k  acid 
plus ten mg./Kg. aminopterin. T e n  mice 
of each sex employed at each of the other 
dose levels. Aminopterin dissolved in 
n-saline; folic acid dissolzled in  2 per cent 
sodium bicarbonate solution. Controls re- 
ceiving folic acid (1 mg./Kg. to 50 mg./Kg.), 
saline, sodium bicarbonnte solution, and 
saline plus sodium bicarbonate, showed 100 
per cent srsmival. 

was selected. Folic acid was administered at 
a series of concentrations ranging up to 50 
mg. per Kg. Folic acid was administered 
one hour prior to aminopterin in all in- 
stances, since such a temporal relationship, 
as already indicated, appeared to offer 
optimal protection. Both aminopterin and 
folic acid were administered subcutane- 
ously. The  study was performed with each 
sex, since a differential sex toxicity to 
aminopterin has been repeatedly observed.0 
The  data are summarized in Fig. 3. Com- 
plete protection was obtained with doses 
ranging from 20 mg. per Kg. to 50 mg. per 
Kg. of folk acid. Below 20 mg. per Kg. 
of folic acid, a progressive decline in pro- 
tection was observed. Fifty per cent protec- 
tion (combined data for both sexes) was 
estimated to occur when 10 mg. per Kg. of 
aminopterin and 5 to 6 nig. per Kg. of folic 
acid were employed. Analysis of data by sex 
showed a higher requirement, in the LD,, 
range, for equivalent protection with folic 
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FIG. 4. Prevention of aniinopterin toxicity 
by the prior administration of constant 
rcitios of folzc acid. Suruival at ten days 
after injection. C F W  male mice; ten mice 
per group. All injections, subcutaneously. 
Aminopterin dissolved i n  n-saline; folic 
acid dissolved in 2 per cent sodium bicar- 
bonate solution. 

acid among males when compared to 
females (Fig. 3). 

As noted above, 25 mg. per Kg. of folic 
acid offered consistent protection against 10 
mg. per Kg. of aminopterin when the folic 
acid was administered one hour prior to 
injection of aminopterin. Employing this 
ratio of folic acid to aminopterin (2.5: I), 
an experiment was performed to determine 
to what extent the prevention of toxicity 
was maintained at stoichiometric propor- 
tions over an extended range of lethal con- 
centrations of aminopterin. The  results are 
In-esented in Fig. 4. With folic acid admin- 
istration one hour prior to the aminopterin, 
there was complete protection at doses of 
12.5 and 25 mg. per Kg. of folic acid with 
doses of 5 and 10 mg. per Kg. of aminop- 

TABLE 1 

TOXICITY O F  FOLIC ACID 

Folic acid ' Aminopterin 
mg . /Kg. Mortality 

-~ 
mg./Kg. ____ 

- 
$7 

225 
200 

200 10 4/10 

- 
100 - 1/18 

100 10 2/10 
25 10 0110 _- 

* Folic acid administered at minus one hour, 
subcutaneously. CFW male mice (20 to 25 gm. body 
weight). 

terin respectively. At 50 and 75 mg. per 
Kg. folic acid, with 20 and 30 mg. per Kg. 
of aminopterin respectively, considerable 
protection was retained. Only slight protec- 
tion occurred at 100 nig. per Kg. folk acid 
with 40 nig. per Kg. aminopterin. Toxicity 
from the metabolite itself (or impurities) 
began LO appear at levels of 75 to 100 mg. 
per Kg. of folic acid (Table 1). Further 
studies at the higher dose levels were thus 
not feasible with the available preparations. 
Within the dose range in which studies 
were unaffected by folic acid toxicity, pro- 
tection was maintained despite doses of 
antagonist that were approximately four 
times greater than the LD,,. 

TABLE 2 

EFFECT OF PRIOR ADMINISTRATION OF 
FOLIC ACID ON AMINOPTERIN TOXICITY 

IN FOUR STRAINS O F  MICE 

Mortality= D e a d l l o t a l  

Prior' Sitnultaneous t Aminopterin alone 
--__ 

CFW 0/10 l o l l 0  8/10 
dba 0/10 10/10 8/10 
C3H 0110 10/10 8/10 

- A 0/10 7/15 
~ ~ 

* Folic acid administered one hour prior to aminop- 
terin. 

t Folk acid and aminopterin administered con- 
comitantly. Mice received single subcutaneous injec- 
tions of each agent, Folic acid was administered at 
25 mg./Kg. and aminopterin at 10 mg./Kg. Male 
mice, (20 to 25 gm. body weight). 

The  complete protection by folic acid 
was found to be maintained by the follow- 
ing parenteral routes of administration 
when the folic acid was given one hour 
before aminopterin: (1) folic acid and 
aminopterin subcutaneously; (2) folic acid 
intravenously, arninopterin subcutaneously; 
(3) folic acid subcutaneously, aminopterin 
intravenously; and (4) folic acid and 
aminopterin intravenously, With none of 
these combinations of routes of adininistra- 
tion was there appreciable protection by 
simultaneous administration of metabolite 
and antagonist. Similarly, lack of protec- 
tion was evident on the immediate succes- 
sive administration of aminopterin and 
folk acid by I the intravenous route, regard- 
less of the order of administration. Solu- 



8601 CANCER September 1950 

tions of aminopterin and folic acid mixed 
prior to administration (Fig. 4) also offered 
no protection against aminopterin toxicity. 

The  protection by folic acid and the 
temporal relationship required for its 
demonstration were not limited to one 
strain of mice (Table 2). CFW, dba, C3H, 
and A mice all showed complete protection 
by the prior administration of folic acid at 
the ratio of 2.5:l.O and the optimal time 
interval. 

When the temporal requirement for pro- 
tection was met, the ratio of metabolite to 
antagonist (2.5: 1) provided protection 
(Table 3) for an indefinite period in mice 
treated at weekly intervals with supralethal 
doses of aminopterin. However, this ratio 
(2.5:l) was found to be inadequate for 
protection when doses of both the metabo- 
lite and antagonist were administered at 
twenty-four-hour intervals. When the folic 
acid was doubled (ratio 5:1), protection 
was maintained for two repeated injections 
(Table 3, Experiment 4) but not for three 
such injections at twenty-four-hour inter- 
vals. At forty-eight-hour intervals, the ratio 
of 2.5:l likewise did not result in protec- 
tion. 

The  progressive blocking of aminopterin 
toxicity by increasingly higher concentra- 
tions of folic acid was reflected in the 
general appearance and change in body 
weight of the animals. Male and female 
mice that were completely protected by 
folic acid showed no evidence of the usual 

TABLE 3 

TOXICITY OF MULTIPLE INJECTIONS OF 
AMINOPTERIN AND FOLIC ACID * 

Folic Aminop- 
Expm. acid twin No. Inlemal, 
no. mg./Kg. mg./Kg. inject. hrs. Mortality 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

25 
25 
25 
25 
25 
2s 
12.5 
12.5 
16.7 

8.3 

10 
10 
10 
5 
5 

10 
5 
5 
3.3 
3.3 

1 
4 
2 
2 
4 
6 
4 
2 
3 
3 

- 
24 

24 
24 

168 
24 
24 
24 
24 

48 

0/10 
10/10 
10/10 
0/10 
9/9 
0/10 

10/10 
4/10 
6/10 
5/10 

4 24 l O / l O  
- 10/10 

11 5 2 
12 - 5 1 

* At each injection period, 
hour prior to ' aminopterin. All 

folic acid was administered one 
injections given by subcutaneous 

route to male mice (20 to 25 gm. body weight). 

DAYS 

FIG. 5. Reversal of aminopterin-induced 
weight loss by the prior administration of 
folic acid. CFW male mice; ten mice per 
group. All injections, subcutaneously. Am- 
inopterin dissolved in n-saline; folic acid 
dissolved in 2 per cent sodium bicarbonate 
solution. 

aminopterin-induced syndrome consisting 
of diarrhea, anorexia, ruffled fur, and 
weight loss. The  full development of this 
syndrome in unprotected animals was 
characteristically delayed until the third 
day after aminopterin injection. The  early 
alterations in body weight are summarized 
in Fig. 5. The  parallelism of weight change 
to lethality (Figs. 2, 3) was evident. Mice 
receiving simultaneous doses of 10 mg. per 
Kg. aminopterin plus 25 mg. per Kg. folic 
acid lost approximately the same weight 
as mice treated with aminopterin alone. 
Mice treated with 25 mg. per Kg. of folic 
acid one hour prior to 10 mg. per' Kg. 
aminopterin maintained their weight in 
the same range as the folic acid-treated 
controls. Lethal concentrations of aminop- 
terin alone elicited peripheral-blood leu- 
kopenia (Table 4) and a diminution of 
erythrocyte polychromatophilia. The  pre- 
vention of toxicity and weight loss by folic 
acid administration was accompanied by the 
absence of leukopenia and the maintenance 
of erythrocyte polychromatophilia. 

DISCUSSION 

A wide range of ratios of inhibition has 
been reported in previous studies on the 
quantitative aspects of the competition be- 
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tween aminopterin and folic acid in ani- 
mals. Oleson et al. found that multiple 
daily feedings of 30 nig. of folic acid per 
kilogram of diet were necessary to provide 
partial reversal of the toxicity of 1 mg. of 
aminopterin per kilogram of diet when both 
agents were administered simultaneously 
to chicks or rats. A higher ratio of metab- 
olite : antimetabolite was required in the 
studies reported by Franklin et al. in mice. 
Partial protection was obtained only by 
feeding 100-mg. folic acid per kilogram of 
diet with 0.3 mg. of aminopterin per kilo- 
gram of diet. When aminopterin was in- 
creased to 1 mg. per Kg. of diet, no 
protection was observed. Higgins7 observed 
partial protection in rats receiving intra- 
peritoneal injections of aminopterin when 
amounts of folic acid 100 to 1000 times 
greater than that of the aminopterin were 
employed in the diet. When both agents 
were administered intraperitoneally, Philips 
and Thiersch found that doses of folic acid 
approximately four to thirty times greater 
than those of aminopterin were required to 
provide partial protection from the anti- 
folic toxicity. On the basis of animal and 
bacterial work, Oleson’s group concluded 
that aminopterin was not an “ideal” metab- 
olite antagonist since the relationships were 
not strictly competitive, although they ap- 
peared to be partially reversible. Philips 
and Thiersch also concluded that aminop- 
terin was not an “ideal” antagonist since its 
actions were not readily prevented or re- 
versed by folic acid. These investigations 
appear to be difficult to evaluate, since the 

influence of temporal relationships on the 
competition between folic acid and aminop- 
terin was not fully explored. 

In  the studies reported here, complete 
protection was observed against the toxic 
effects of single supralethal dosages of 
aminopterin in several strains of mice. The  
degree of protection afforded by folic acid 
in mice was intimately related to the time 
of its administration with respect to ami- 
nopterin. Complete protection was ob- 
tained only when the metabolite was ad- 
ministered within a relatively short period 
(one hour) prior to but not immediately 
before or subsequent to the single injec- 
tion of the antagonist. These temporal con- 
ditions were found to be required for pro- 
tection even when various parenteral routes 
of administration and several ratios of 
metabolite to antagonist were employed. 
Complete protection was observed when 
a ratio (folic acid : aminopterin) of 2.5: 1 
was maintained at progressively increasing 
doses, until toxicity of the folic acid itself 
became manifest. The  determination of an 
inhibition ratio (metabolite : antagonist) in 
the intact animal would thus appear to be 
of little significance, unless the temporal 
relationships of drug administration are 
specified. The  necessary interval may repre- 
sent that period during which the mouse 
converts or incorporates the folic acid into 
the protective metabolic product. Aminop- 
terin may prevent this conversion. 

On the basis of the optimal time rela- 
tionships and ratios (metabolite : antago- 
nist) for protection observed in our studies, 

TABLE 4 

BLOOD COUNTS AT SEVENTY-TWO HOURS AFTER SUBCUTANEOUS ADMINISTRATION 
OF AMINOFTERIN AND FOLIC ACID TO MALE CFW MICE 

Dlferential 
Aminopterin Folic acid Hb. R.B.C./cu.mm. W.B.C./cu.mm. 

mg. /Kg.  mg./Kg. gm./100 cc. x 10-6 * l  S.E. Poly. Lymph. Mono. 

20 0 17.3(2) * 11.5(2) 7460 * 1 680(5) 
20 50 15.8(4) 9.2(3) 13980 *2280(5) 
10 1 17.3 (2) 10.5(2) 8800== 660(4) 

10 50 15.8(4) 8.8(2) 11400+ 900(4) 

0 50 15.5(4) 9.1(2) 12340 *1720(4) 

10 25 15.9(4) 7.7(2) 12550*2090(4) 

0 25 14.9(4) 7.2(2) 11840 * 1800(4) 

_- - 
* Average value for the number of mice indicated in parentheses. 

- -  
63.4 (5) 36.4 

35.014) 65.0 
25.8 (5) 73.4 

24.5i4j 74.5 
27.5(4) 71 .O 
29.8(4) 67.8 
20.0 (4) 79.8 

__ 
0.2 
0.8 
0 
I .O 
1.5 
2.4 
0.2 
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indirect evidence is available with regard 
to the metabolism of folic acid in the 
mouse. When the folic acid (25 mg. per 
Kg.) was administered twenty-four hours 
prior to the aminopterin (10 mg. per Kg.), 
rather than at one hour prior to the aniin- 
opterin, a 50 per cent loss in protection 
was observed (Fig. 2 ) .  Since the ratio for 
50 per cent protection with folic acid ad- 
ministered one hour prior to aminopterin 
was 5 to 6 mg. per Kg. folic acid to 10 mg. 
per Kg. of aminopterin (Fig. 2) ,  it inay be 
inferred that approximately 80 per cent of 
the administered folic acid (25 mg. per Kg.) 
was metabolized or excreted in the mice 
during the twenty-four-hour period prior 
to the administration of aminopterin. Dur- 
ing the daily administration of folic acid, 
sufficient metabolite might be retained, 
regardless of exact temporal relationships, 
to provide partial or complete protection 
from the toxicity of repeated sublethal 
doses (0.1 to 0.5 mg. per Kg.) of aminopterin. 
Doses of this magnitude have been em- 
ployed by various observers,sv 7, 9,  who 
have reported a partial or complete “re- 
versal” of the aminopterin effect in tumor- 
bearing and nontunior-bearing rodents. 
These results could indicate that protection 
was afforded by cumulative doses of folic 
acid. No evidence was presented of reversal 
of established toxicity. 

The  absence of a true reversibility, i.e., 
a failure of successful competition between 
metabolite and antagonist when these were 
made simultaneously available to the or- 
ganism, was observed even when the ratio 
for protection by folic acid was increased 
above required limits. For example, the 
administration of massive amounts of folk 
acid (50 to 75 mg. per Kg.), and 10 mg. per 
Kg. of aminopterin failed to interfere with 
the toxicity of the latter when the two 
agents were simultaneously administered. 
Our data suggest that a true reversal of a 
lethal aminopterin effect may not be ob- 
tained by the administration of folic acid, 
despite the ability of folic acid to block 
completely or to prevent lethal toxicity of 
aminopterin. 

Mice injected at weekly intervals showed 
repeated protection from single supralethal 
doses of aminopterin when the usual ratio 
and time relationship for single-dose pro- 
tection was maintained. However, this 
protection was not obtained when such 
doses were given at twenty-four- or forty- 
eight-hour intervals. This observation 
might indicate that a subthreshold amount 
of aminopterin remained fixed in the tis- 
sues or was more slowly excreted as com- 
pared to folic acid. Recent reports suggest 
that aminopterin may also interfere in the 
metabolism of glycine and creatine.2 The  
first injection of aminopterin might, there- 
fore, produce an inapparent deficiency or 
alteration in metabolic factors, despite the 
protection from lethal toxicity by folk acid. 
Such an interference in related metabolic 
processes might be responsible for the fail- 
ure of folic acid to protect the animal 
against rapidly repeated supralethal doses 
of aminopterin. The  metabolic state ap- 
peared to return to normal within a week, 
as demonstrated by the protection with the 
usual dose of folic acid. 

The  experimental data reported here may 
be correlated with the clinical experience 
that folic acid fails to reverse the toxicity 
of aminopterin. In  the normal mouse, 
aminopteriii appears to be unique in the 
extreme speed with which it may produce 
an irreversible alteration in an essential 
metabolic process. 

SUMMARY 

The influence of folk acid on the toxicity 
of single supralethal doses of aminopterin 
was studied in a number of mouse strains. 
Metabolite : antagonist ratios of 2.5 : 1 or 
higher were found to provide complete 
protection against supralethal doses of 
aminopterin. An optimal time interval for 
the demonstration of protection by the 
administration of metabolite was estab- 
lished as one hour prior to the antagonist. 
Simultaneous or subsequent administration 
of metabolite failed to prevent toxicity 
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from the antagonist, despite the use of vari- 
ous parenteral routes of administration. 
Increased ratios of metabolite : antagonist 
failed to reverse toxicity, unless optimal 
temporal relationships were maintained. 
Stoichiometric proportions over a range of 
doses of metabolite : antagonist provided 
complete protection at doses of antagonist 
that were three to six times greater than the 
LI&. At very large doses, the inherent 

toxicity to the folic acid preparation itself 
became evident. 

Protection from supralethal doses of 
aminopterin was obtained repeatedly at 
weekly intervals, but no protection could 
be obtained by the daily administration of 
metabolite and antagonist in the proper 
dose and time relationships. Possible ex- 
planations for these observations are sug- 
ges ted. 
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