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I T has been demonstrated that adminis- 
tration of aminopterin, 4-amino-pteroylglu- 
tamic acid (N-[4- ( [(2,4-diamino-6-pteridyl)- 
methyllamino ] benzoyl]glutamic acid), re- 
tarded the growth of transplanted sarcoma 
180 and produced marked alteration in the 
histology of the tumor.6 Aminopterin is a 
known folic acid (pteroylglutamic acid) an- 
tagonist. Seeger, et al.: and Oleson, et al.,s 
employing Streptococcus fmcalis as the test 
organism, obtained inhibition of growth by 
4-amino-pteroylglutamic acid and reversal 
of this inhibition by pteroylglutamic acid. 
Franklin, et a1.,2 obtained some indication of 
reversal of the aminopterin effect on the 
growth and survival of mice by administra- 
tion of folic acid in feeding experiments, when 
the dosage of 4-amino-pteroylglutamic acid 
was 0.3 part per million of diet. However, at 
aminopterin concentrations of 1 part per 
million of diet, the effect could not be re- 
versed by feeding high levels of pteroylglu- 
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tamic acid. In the rat and the chick,s very 
high levels of pteroylglutamic acid gave a 
partial reversal of growth inhibition. In view 
of the reported action of 4-amino-pteroylglu- 
tamic acid as an antagonist of pteroyl- 
glutamic acid, experiments were designed 
to obtain information with regard to the 
extent to which aminopterin-induced inhibi- 
tion of tumor growth is related to its anti- 
folic acid activity. 

METHODS 
The general procedures employed are 

reported elsewhere.6,8 The experiments were 
conducted with Canvorth Farm (CF1) male 
mice weighing 18 to 24 gm. that had received 
bilateral subcutaneous implants of sarcoma 
180. The mice were housed in wire cages, 
kept at a room temperature of 76" to 78" F., 
and received Friskies Dog Pellets and water 
ad libitum during the course of the experi- 
ments. The agents were freshly prepared prior 
to each injection period. The aminopterin 
was dissolved in 0.9 per cent saline, while the 
folic acid was dissolved in 2 per cent sodium 
bicarbonate solution. All mice were injected 
intravenously via the tail vein and received 
a total volume of each solution equivalent to 
1 per cent of the body weight. The mice were 
injected daily for a total of four to six days, 
treatment being initiated one day after im- 
plantation of the tumors. The experiments 
were terminated seven to ten days after 
implantation. In each experiment, the follow- 
ing groups of experimentals and controls were 
usually employed, each group containing fif- 
teen to twenty mice bearing bilateral tumors. 

I. Treated with aminopterin alone: 0.3 mg. 
per Kg. of drug was injected. This dose 
was chosen on the basis of previous experi- 
ment@ as the closest approximation of the 
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3. 

4. 

5. 
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maximum tolerated cumulative dose and 
as the dose producing the most consistent 
inhibition of tumor growth under these 
experimental conditions. 
Treated with aminopterin and folic acid: 
0.3 mg. per Kg. of aminopterin plus vary- 
ing amounts of folic acid. A number of such 
groups were employed in each experiment, 
each receiving a different concentration of 
folic acid. 
Treated with various amounts of folic acid 
corresponding to the dosage of folic acid 
employed in (2) above. 
A control group that received only 0.9 per 
cent saline. 
A control group that received only 2 per 
cent sodium bicarbonate solution. 
A control group that received aminopterin 
plus2 per cent sodium bicarbonate solution. 

All these groups of mice were treated on 
the same daily regimen. When the mice 
received injections of aminopterin and folic 
acid, the order of injection was alternated at 

each injection period, so that aminopterin 
was injected first on one day and folic acid 
was injected first on the second injection day. 
When mice received more than one solution 
per day, an interval of one-half to one hour 
elapsed prior to injection of the second solu- 
tion. The mice were weighed daily. At the 
termination of the experiment, the mice were 
sacrificed by cervical dislocation, and the 
tumors were dissected out and weighed. The 
data on experimental and control groups were 
compared, using the standard “t” test. The 
“p” values obtaineds, are indicative of the 
degree of significance of the differences ob- 
served.* All tumors were fixed in 10 per cent 
formalin, sectioned at 5 microns, and stained 
with Harris’s hematoxylin and eosin. 

RESULTS 

The data of two representative experiments 
are summarized in Table 1. The means of 

* The authors are indebted to Frieda Faiman for 
the statistical analyses. 

TABLE 1 

ANTAGONISTIC ACTION O F  VARYING CONCENTRATIONS O F  FOLIC ACID AGAINST 
AMINOPTERIN-INDUCED RETARDATION O F  T H E  GROWTH O F  SARCOMA 180. 

Aminopterin and Folic Acid Administered as Separate Solutions 

Aminop- % wt. 

mg.lKg. mg./Kg. mice Survivors takes mice mg.fl S. E. fit 
k i n  Folic acid NO. % No change Mean tumor wt. 

Experiment 1 * 
0.3 0 20 18 8.3 -2.7 69.8 f l O . l  0.0008 
0.3 4.0 20 20 5.0 -1.0 84.8f11.8 0.004 
0.3 7.5 20 19 7.9 -1.8 85.0f14.6 0.006 
0.3 15.0 20 19 7.9 -2.7 110.5f13.1 0.046 
0 ’ 4.0 20 20 0 +3.4 161.5 f19.2 0.85 
0 15.0 20 20 10.0 -3.4 135.7f20.2 0.31 
Control n-saline 20 19 13.2 -1.4 124.0f10.5 
Control 2% NaHC03 20 18 8.3 +3.8 166.9f23.6 

Expaimcnf 3t 
0.3 0 15 10 30.0 -11.3 41.3+12.8 0.011 .~ 

0.36 0 15 10 35.0 -10.4 37.1f11.3 0.0045 
0.3 15 15 10 10.0 +0.8 63.3f11.6 0.08 
0.3 25 15 13 11.5 -11.9 66.7 f17.3 0.20 
0.3 50 15 11 4.6 -8.3 57.9f12.3 0.046 
0 15 15 14 3.6 -1.2 110.9f15.2 0.86 
0 25 15 14 7.1 -0.7 113.9f18.3 0.89 
0 50 15 12 20.8 -10.7 79.2 f12.3 0.90 
Control n-saline 15 14 10.7 +18.0 96.6 f13.4 
Control 2% NaHCOa 15 15 6.7 +0.9 94.4f11.7 

*The mire received five daily intravenous injections starting one day after tumor implantation. The experi- 

t The sanie as Experiment 1, but the mice received a total of four injections. 
$The data for aminopterin-treated mice are compared with saline controls. The other experimental groups 

9 0.3 mg./Kg. aminopterin followed by an injection of 2 per cent sodium bicarbonate. 

ment was terminated on the eighth day after implantation of the tumors. 

are compared with sodium bicarbonate-treated controls. p = level of significance. 
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the n-saline controls and the sodium bicar- 
bonate treated controls were not significantly 
different in either experiment. The difference 
of 42.9 mg. between the means in the first 
experiment was the greatest difference ob- 
tained between the saline and the bicarbonate 
controls in any of the experiments. In both 
experiments, the mean tumor weight of the 
aminopterin-treated mice was significantly 
lower than the mean of either the saline or the 
bicarbonate controls. From both experiments, 
it can be seen that administration of folic 
acid at levels ranging from 4 mg. per Kg. to 
50 mg. per Kg. produced partial reversal of 
the inhibitory effect of aminopterin. Mice 
receiving only folk acid had tumors that were 
in the same weight range as those of the saline 
and bicarbonate controls. The only exception 
was the mean tumor weight of the group 
receiving 50 mg. per Kg. of folk acid, which 
was somewhat lower than that of the controls. 
From experiment 3 (Table l ) ,  it can be seen 
that mice treated with aminopterin plus 
sodium bicarbonate had tumors of the same 
weight as mice treated with aminopterin 
alone. This observation was quite constant 
and indicates that the reversal of the aminop- 
terin effect was not due to the bicarbonate. 

The percentage “no takes” of the tumors 
was, in general, higher in the aminopterin- 
treated mice than in any of the other groups. 
The average per cent of “no takes” for the 
aminopterin-treated mice of all of the experi- 
ments was 25 per cent as contrasted with 6 
per cent for the saline controls. This difference 
was significant, but unlike the decrease in 
tumor growth, it was not a constant finding. 
The percentage of “no takes” observed with 
saline and bicarbonate controls approximated 
that observed in groups treated with aminop- 
terin plus folic acid or with folic acid alone. 

There appeared to be no correlation be- 
tween animal weight loss and the degree of 
inhibition of tumor growth. However, weight 
loss tended to be higher in mice treated with 
aminopterin alone (0.2 to 18.1 per cent) and in 
mice receiving higher concentrations of folic 
acid. As indicated by Schoenbach et al., 
the range of weight loss induced by aminop- 
terin administration could account for only a 

portion of the retardation of tumor growth. 
The data from all of the experiments on 

tumor inhibition are graphically represented 
in Fig. 1. The mean tumor weight of treated 
mice is expressed as a percentage of the 
average tumor weight for the saline and 
bicarbonate controls. The number of indi- 
vidual experiments that were averaged to 
obtain each point is indicated by the figures 
in parentheses. In several instances, the data 
obtained with similar but not identical 
amounts of folic acid were grouped. The trend 
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t Injected with aminopterin and sodium bicarbonate. 

FIG. 1. The efect of folic acid on the aminopterin- 
induced inhibition of growth of sarcoma 180. The 
experimental tumor weights are expressed as a per- 
centage of the average of the saline and bicarbonate 
controls. The numbers in parenthses indicate the 
number of experiments from which the points were 
derived. 

is clear and unchanged but not so smooth 
when the individual experiments are similarly 
plotted. Six different groups of mice treated 
with aminopterin alone resulted in tumors 
whose weight averaged 35.0 per cent of the 
controls. In the sixteen groups of mice that 
received a combination of aminopterin plus 
folic acid, all of the mean tumor weights were 
higher, without exception, than the corre- 
sponding mean tumor weight of aminopterin- 
treated mice. As increasing concentrations of 
folic acid were administered, the decrease of 
tumor inhibition was evidently quite sharp, 
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until the average tumor weight equal to 65 
to 75 per cent of the control tumor weight was 
attained. This represents a partial reversal of 
the inhibitory effect of aminopterin. The data 
on the mean terminal tumor weights at the 
various folic acid concentrations are also sum- 
marized in Fig. 1. There was some indication 
that administration of folic acid alone at the 
higher dosage levels produced some inhibi- 
tion of tumor growth. This observation could 
partially account for the failure to obtain 
complete reversal of the aminopterin effect. 
In Fig. 2, the mean tumor weight of the mice 
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t Injected with aminopterin and sodium bicarbonate. 

FIG. 2. The @ct of folic acid on the aminopterin- 
induced inhibdion of growth of sarcoma 180. The 
ex@rimental tumor weights are expressed as per- 
centages of the tumor weights of mice treated with 
equal amoun&.r of jolic acid. The numbers in 
parentheses indicate the number of experiments from 
which the points were derived. 

treated with aminopterin plus folic acid is 
expressed as the percentage of the mean 
tumor weight of the corresponding folic acid- 
treated group. The mean tumor weight of 
mice treated with aminopterin is (as in Fig. 1) 
expressed as a percentage of the average tumor 
weight for the saline and bicarbonate con- 
trols. This method of comparison, in essence, 
corrects for any inhibition due to folic acid 
per se and, perhaps, gives a clearer picture of 
its antagonism of the aminopterin effect. 

In individual experiments conducted with 
folic acid at dosages of 75 mg. per Kg. and 

100 mg. per Kg., there was considerable 
retardation of tumor growth when the folic 
acid was administered alone or in combina- 
tion with aminopterin. The weight loss of the 
mice (15 to 25 per cent) at these higher 
concentrations may indicate that either folic 
acid or some toxic impurities in the sample 
are exerting some generalized systemic toxic 
action, which also affects tumor growth. This 
question is being investigated at present. 

The criteria employed for estimating the 
degree of effect of the agents on the histology 
of the tumors are essentially the same as those 
described earlier.8 They included the rate of 
mitosis, the incidence of abnormal mitotic 
figures, the degree of cellularity, the extent 
of necrosis, the size of the tumor cells, the 
vascularity, and the degree of invasiveness of 
the tumor. In evaluating drug action due 
regard must be given to the variation seen in 
the histology of the controls.8 Most of the con- 
trol tumors are highly cellular and show the 
characteristic sarcoma structure. However, 
occasional slower-growing tumors may be 
somewhat less cellular and have more stroma. 
The cells are irregularly polygonal, have large 
vesicular nuclei, but vary considerably in 
shape and size. Aberrant mitotic figures such 
as tripolar mitoses appear occasionally. The 
tumor is invasive, and fat cells and muscle 
fibers may appear at the periphery. Spon- 
taneous necrosis appears regularly and is 
variable in extent. A central area of necrosis 
representing the remains of the original im- 
plant is usually present. 

The histological alterations induced by 
aminopterin were essentially the same as those 
described by Schoenbach et al. In the tumors 
most markedly affected, there was a pro- 
nounced loss of cellularity and an increase in 
the proportion of fibrous elements. The num- 
ber of mitotic figures was diminished, and 
enlarged cells of bizarre shape were scattered 
irregularly throughout the treated tumors. 
Some “ghost” cells without semblance of 
structure occurred, apparently the result of 
degenerative changes. Those tumors in which 
the growth was most markedly retarded by 
aminopterin administration showed these 
histological changes in greatest degree. 



Tumors of mice treated with aminopterin 
plus 4 to 50 mg. per Kg. of folic acid, presented 
a histological pattern more closely resembling 
the tumors of saline- and bicarbonate-treated 
controls and in many instances could not be 
distinguished from the controls. The tumors 
were more cellular and correspondingly 
showed fewer fibrous elements. There was a 
higher incidence of mitotic figures, and a 
reduced number of enlarged cells or “ghost” 
cells. Mitotic counts of an experiment in 
which a marked histological effect appeared 
after aminopterin administration are sum- 
marized in Table 2. The counts were made 
on median sections of the tumors, one section 
being employed for the count for each tumor. 
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plus 25 mg. per Kg. folic acid and aminop- 
terin plus 50 mg. per Kg. folic acid resulted 
in mitotic counts of 0.78 and 0.98 respectively. 
Thus, there was a reversal of the aminopterin- 
induced inhibition of mitosis by folic acid 
administration. Tumors of mice treated with 
folic acid alone gave mitotic counts similar 
to those of the controls. 

DISCUSSION 

- - .  

The counts were made at magnification 
X 950 with the aid of an ocular reticule meas- 
uring an area of 5.5 X 10“ sq. mm. For 
each tumor, the number of mitotic figures in 
each of twenty reticule fields was counted, and 
the average mitotic count per field was cal- 
culated. A total of twenty tumors was 
counted and averaged in this way for each 
type of treatment. 

TABLE 2 

EFFECT OF AMINOFTERIN AND FOLIC ACID 
ON THE MITOTIC COUNT IN SARCOMA 180 

Aminop- Folk 
terin acid Mean tumor wt. Av. mitotic 

mg./Kg. mg./Kg. mg.fl S. E. count*flS. E. 

0.3 0 32.2f8.4 0.30 f 0 . 1 4  
0.3 25 88.8+17.3 0.783=0.08 
0.3 50 52.429.8 0.98f0.14 
0 50 77.6f11.1 1.23f0.08 

0.98 fO. 13 Control 2%NaHCOs 69.5f12.4 
Control nisdine 96.1 f 1 2 . 0  1.05f0.14 

The mice received five daily intravenous injections 
of the agents starting one day after tumor implanta- 
tion. The experiment was terminated on the seventh 
day after implantation. 

*Twenty random fields in non-necrotic areas 
were counted and averaged for each tumor. The 
figures represent over-all averages for the tumors in 
the various groups. The mitotic counts were made at 
magnification X 950 in a reticule field measuring 
5.5X10-s sq. mm. 

It can be seen from Table 2 that the 
aminopterin-treated tumors averaged 0.30 
metaphase figures per microscopic field as 
compared with 0.98 and 1.05 for the bicar- 
bonate-treated and saline-treated controls 
respectively. Administration of aminopterin 

Several folic acid antagonists have been 
demonstrated to affect neoplastic growth 
adversely.’. 3 . 4 -  6 In order to elucidate the 
mechanism of action of these antifolic acid 
derivatives on the growth of tumors, a pre- 
liminany question presents itself: Is the amin- 
opterin retardation of tumor growth medi- 
ated through processes involving folic acid 
metabolism or does the compound exert some 
other antineoplastic properties independent 
of the biological activity of folic acid? 

Since, in these experiments, a partial 
reversal of aminopterin tumor-growth inhibi- 
tion was obtained, the implication is that the 
aminopterin effect is associated with folic acid 
metabolism. That complete reversal of effect 
was not achieved, may be due partially to the 
inhibitory action of folic acid itself on tumor 
growth, particularly at high concentrations. 

To what extent the aminopterin effect is 
a direct effect on the tumors, and to what 
extent an induced folic acid deficiency in the 
mouse may secondarily affect the tumor 
growth, cannot be determined from these 
experiments. I t  is indicated that biochemical 
studies of normal and neoplastic cells may 
further elucidate this reciprocal action of 
aminopterin and folk acid. Such studies have 
been initiated in our laboratory. 

SUMMARY 

Administration of folic acid to aminopterin- 
treated mice produced partial reversal of the 
aminopterin-induced inhibition of the growth 
of sarcoma 180. The reversal is of the same 
order of magnitude at concentrations of 4 mg. 
per Kg. to 50 mg. per Kg. of folic acid. Failure 
to obtain complete reversal may be due par- 
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tially to a tumor-growth inhibitory effect of 
folic acid at higher concentrations. 

This reveisal of effect is reflected in the 
histological appearance of the tumors. 

aminopterin 0.3 mg- per Kg., was similarly 
administered, complete reversal of the inhibi- 
tion of sarcoma 180 was observed if the 
injections of folic acid were begun one day 
prior to the administration of the aminopterin. 
Under these circumstances only could com- 
plete reversal of aminopterin inhibition be 
observed. 

Addendum: When folic acid, 25 mg. per 
Kg., was administered intravenously daily and 
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