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L EUCHTENBERGER et al." reported 
that the folic-acid derivatives, "folic acid con- 
centrate," and crystalline L.-casei factor, in- 
hibited the growth of a transplanted tumor, 
sarcoma 180. Subsequently,12 they reported 
complete regression of spontaneous breast 
cancers in 43 per cent of similarly treated 
mice. The. crystalline L.-casei factors. l4 was 
identified as the triglutamic acid conjugate 
of folic acid ( pteroyl-y-glutamyl-y-glutamyl- 
glutamic acid,'P 7 1  22 teropterinf ) . Additional 
reports on the inhibition of transplanted 
tumors were presented by Laszlo13b and on 
the inhibition of spontaneous tumors by 
Le~chtenberger.'~" However, Sugiura, among 
others,6, l7, 24 could not confirm their results, 
using sarcoma 180 or a spontaneous breast 
cancer of mice. Preliminary reports on the 
use of this derivative in patients have ap- 
peared.2* *I lo 

Various folic-acid antagonists have been 
prepared,20 and some of them appear to 
affect neoplastic 15* ls A number of 
these antagonists, in addition to other folic- 
acid analogues, have been studied in the 
course of a cancer screening program. The 
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results with pteroyltriglutamic acid (terop- 
terin, Lederle Labs. No. 7-7515 B) and 4- 
aminopteroylglutamic acid (N-[4- { [ (2, 4- 
diamino-6-pteridyl) -methyl] amino } benzoyl] 
glutamic acid, aminopterin, Lederle Labs. 
No. 7-7843 A) are reported at this time. Our 
observations indicate that the former com- 
pound is essentially inactive, while the latter 
exerts a definite inhibitory effect on the de- 
velopment of sarcoma 180. The results ob- 
served have been of such nature that more 
extensive investigation of 4-amino-folic acid 
as a potential antineoplastic agent is war- 
ranted. 

METHODS 

Male albino mice, Carworth Farms CF1, 
weighing 18 to 25 gm. and 2 to 3 months 
of age, were used in these experiments. The 
animals were maintained on an ad-libitum 
diet (Friskies dog food cubes supplemented 
by fresh vegetables, milk, and horse meat) 
and kept at an environmental temperature 
of 76" to 80" F. prior to, and during, the 
experiment. The compounds were dissolved 
in 0.9 per cent saline, and solutions were 
freshly prepared at each injection period. 
The volume of each injection in cubic cen- 
timeters was 1 per cent of the body weight of 
the animals. 

In a preliminary test, pairs of mice were 
injected intraperitoneally at a series of 
widely spaced concentrations in order to de- 
termine the toxicity range of the compounds. 
To estimate the median lethal dose (LD5,,), 
groups of five mice were injected at more 
narrowly spaced dosage levels in the region 
of the median lethal dose as indicated by the 
preliminary toxicity test. All mice were ob- 
served for a period of ten days. The LD,, 
was estimated by plotting the percentage 
mortality at the various dosage levels on 
log-probability paper. 
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Mice bearing the transplantable tumor, 
sarcoma 180, received repeated injections of 
the drug at various fractions of the median 
lethal dose. An aseptic technique was em- 
ployed for all tumor transplantation. Neo- 
plastic tissue for transfer was taken from the 
periphery of ten-day-old tumors. Subcu- 
taneous implants were introduced bilaterally 
by trocar, midway between the axillary and 
inguinal regions. 

Treatment was instituted at various times 
after implantation. The mice were individu- 
ally weighed at  the beginning of the experi- 
ment and at  daily intervals during the injec- 
tion period. The drug was administered by 
either the subcutaneous, intraperitoneal, or 
intravenous routes. Subcutaneous adminis- 
tration was performed at  a distance from the 
tumor to minimize direct contact. Entry for 
intraperitoneal administration was in the in- 
guinal region, and the tail veins were utilized 
for intravenous injection. 

The mice were sacrificed at the termina- 
tion of the experiment. The tumors were 
weighed and compared with a group of 
tumor-bearing controls similarly injected 
with normal saline solution. The data were 
treated statistically* using the “t” test, and 
the “f’t value obtained was used to assess 
the significance of the differences ob- 
served.lD* 21 The tumors were fixed in 10 per 
cent formalin, sectioned at  5 microns, and 

* Statistical analyses were made by Miss Frieda 
Faiman, B.A. 

t “p” = Probability that the difference between 
the two means is such as could arise by chance in 
a universe where no difference is the mean occur- 
rence. 

stained with Harris’s hematoxylin and eosin. 
Hematological studies employing tail-vein 

blood were made on mice that had received 
a single injection of aminopterin at 25 mg. 
per Kg. These consisted of enumeration of 
red and white blood cells, hemoglobin de- 
termination, and examination of stained 
smears at twenty-four, forty-eight, and sev- 
enty-two hours. The above techniques have 
been employed in our laboratory for the past 
two years in a survey of potential antineo- 
plastic agents. 

RESULTS 
Aminopterin. A single intraperitoncal in- 

jection of aminopterin at dosage levels of 
150, 100, 50, 15, and 5 mg. per Kg. resulted 

TABLE 1 

DOSAGE-MORTALITY DATA AFTER A 
SINGLE INTRAPERITONEAL INJECTION 

OF AMINOPTERIN 

% wt.  gain 

mg. /Kg.  mice Dead/total survivors 
Dose* N o .  or loss of 

5.0 2 
2.22 10 
1.67 10 

- 
-8.6 

4/10 +2.3 
f .......................................... 

1.25 10 3/10 -8.6 
t .......................................... 
0.94 10 3/10 -1.6 
0.7 1 10 O/lO -4.3 
0.53 10 1/10 -3.9 
0.40 10 0/10 +3.3 

* All mice died when injected at 150, 100, 50, 

t Dotted lines indicate the region of the esti- 
25, and 15 mg. per Kg. 

mated median lethal dose. 

TABLE 2 

BLOOD COUNTS AT 24,48, AND 72 HOURS AFTER INTRAPERITONEAL 
.4DMINISTRATION OF .4MINOPTERIN* 25 MG./KG. 

Differential H b  RBC/cu. mm.  W B C / c u .  mm.  
gm./100 cc. x f 1 s.e. Poly.  Lymph. Mono. 

Exper. 12.7 ( 3 ) *  10.8 ( 3 )  8,680 2 1820 ( 3 )  22.0 (3 )  76.0 2.0 
24 hrs. 
Control 13.7 ( 3 )  10.5 ( 3 )  13,780 k 1530 ( 3 )  11.7 ( 3 )  86.7 1.6 
Exper. 14.1 ( 3 )  10.1 ( 3 )  6 , 2 2 0 2  759 ( 3 )  24.3 ( 3 )  74.3 1.4 
48 hrs. 

Exper. 14.1 ( 2 )  10.1 ( 3 )  7,610 f 1410 ( 6 )  58.3 ( 6 )  41.4 0.3 
72 hrs. 
Control 13.0 ( 4 )  9.2 ( 4 )  8 , 5 1 0 t  532 (4) 26.8 ( 4 )  72.7 0.5 

Control 16.1 ( 3 )  10.0 ( 3 )  11,630 2 1160 ( 3 )  15.3 ( 3 )  82.7 2.0 

The figures are average readings for the number of mice indicated in parenthesis. 
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in death of all mice. Throughout this range, 
no deaths were observed within the first 
twenty-four-hour period. At the lower dos- 
ages some mice survived as long as five days. 
Delayed death over this wide range of con- 
centration has been somewhat unusual in our 
experience. 

The median lethal dose for mice was ap- 
proximately 1.2 to 1.4 mg. per Kg. as esti- 
mated by plotting the percentage mortality 
on log-probability paper. Toxicity data are 
summarized in Table 1. 

The hematological data after a single in- 
traperitoneal injection of aminopterin at 25 
mg. per Kg. are summarized in Table 2. 
There was no appreciable effect on the hemo- 
globin concentration or on the red-blood-cell 
count of the peripheral blood. There was 
some indication that the total white-blood- 
cell count was reduced at twenty-four and 
forty-eight hours after the injection. Exam- 
ination of stained smears revealed that this 
reduction in the total number of leukocytes 
was associated with a reduction in the lym- 
phoid elements. The leukopenia after ami- 
nopterin was not so marked as the rapid and 
marked reduction elicited by various nitro- 
gen-mustard  compound^.^^ 

CHANGES IN TUMOR GROWTH. Aminop- 
terin inhibited the growth and altered the 
histology of sarcoma 180 when administered 

in the early period following implantation. 
These results are summarized in Table 3 and 
Fig. 1. The treated, transplantcd sarcoma 180 
grew at a significantly slower rate than in the 
controls, when the drug was administered by 
any one of the three routes. This effect ap- 
peared to be somewhat more marked when 
treatment was initiated one day, rather than 
at subsequent periods, after implantation. 
The effectiveness of aminopterin at various 
times after implantation is being studied fur- 
ther. Table 3 shows that the effective daily 
dose is about 0.2 to 0.3 mg. per Kg.; the up- 
per and lower effective limits have not as yet 
been clearly defined. Mice on a daily regi- 
men of 0.42 mg. per Kg. suffered high mor- 
tality, while at 0.75 mg. per Kg. all mice 
died after three injections. 

There is some indication of an increase in 
the percentage of “no takes” as a result of 
aminopterin, and weight loss of varying de- 
gree was observed after aminopterin therapy. 
To what extent the retardation of tumor 
growth may be attributed to this loss of 
weight is difficult to appraise. However, pre- 
liminary underfeeding experiments, in which 
weight loss of the same order of magnitude 
was induced, did not indicate that under- 
feeding alonc could produce the same degree 
and type of tumor inhibition. A 10 per cent 
weight loss was induced in the mice by re- 

ROUTE OF ADMINISTRATIOH OF DRUO 

INTRAVENOUS ImIUPERITOmL SUBCUTANEOUS 

DAYS AFTER IMPLARTATIOH UlIEH AMINOPTERIN ‘TREAlU8NT INSTITUTED 
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FIG. 1. Summary of results observed with 4-amino-folk acid. 
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TABLE 3 

EFFECT OF REPEATED INJECTIONS OF AMINOPTERIN O N  THE GROWTH 
OF SARCOMA 180 

- 

Exper. Dose Route of N o .  N o .  
no. mg.jKg. inject. TI+ doses T2f mice 

I 0.19 

I1 0.19 
0.05 

Control 

I11 0.28 
0.19 

Control 

IV 0.28 
0.19 

Control 

V 0.29 
0.19 

Control 

Control$ 

VIa 0.42 
0.28 

Control 

VIb 0.42 
0.28 

Control 

VIc 0.42 
0.28 

Control 

S.C. 
S.C. 

S.C. 
S.C. 
S.C. 

I.P. 
I.P. 
I.P. 

I.P. 
I.P. 
I.P. 

I.V. 
I.V. 
I.V. 

I.V. 
I.V. 
1 . v  

I.V. 
I.V. 
I.V. 

I.V. 
I.V. 
I.V. 

1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

3 
3 
3 

5 
5 
5 

7 
7 

7 
7 
7 

6 
6 
6 

7 
7 
7 

5 
5 
5 

5 
5 
5 

4 
4 
4 

4 
4 
4 

10 
10 

10 
10 
10 

8 
8 
8 

9 
9 
9 

7 
7 
7 

7 
7 
7 

7 
7 
7 

9 
9 
9 

25 
25 

10 
10 
15 

20 
20 
20 

15 
15 
15 

20 
19 
20 

15 
15 
15 

15 
15 
15 

15 
15 
15 

uors 

23 
23 

7 
8 
9 

12 
19 
20 

6 
14 
13 

17 
18 
19 

4 
11 
15 

10 
11 
13 

11  
14 
14 

- 

% % w t .  
Survi- “no change 

takes” of mice 
- 

8.7 
0 

28.6 
37.5 
27.8 

8.3 
13.2 

0 

33.3 
17.9 
3.9 

5.9 
2.6 
2.7 

25.0 
22.7 

0 

5.0 
13.6 
3.9 

0 
10.7 
3.8 

- 2.6 
+ 4.2 

- 2.6 + 4.0 + 11.6 

- 0.3 
+ 6.7 + 6.0 

- 5.1 
+ 3.1 + 2.4 

- 10.3 
- 5.9 
- 1.9 

- 20.1 
- 19.1 
- 0.7 

- 18.5 
- 10.6 + 0.7 

- 15.4 
- 7.3 + 4.3 

striction of the ad-libitum diet to approxi- 
mately 80 per cent. A 10 to 20 per cent re- 
duction in terminal tumor weight resulted. 
A 20 per cent weight loss in the mice at  ap- 
proximately 70 per cent of an ad-libitum diet 
resulted in a 30 to 40 per cent reduction in 
terminal tumor weights. At the dosage levels 
of aminopterin employed, weight loss ranged 
from 0.3 to 20 per cent. Tumor growth was 
inhibited, however, more than 50 per cent in 
most instances and on two occasions inhibi- 
tion was as high as 94 per cent of the control. 

HISTOLOGICAL CHANGES. The inhibition 
of tumor growth by aminopterin, as indi- 
cated by the comparative terminal tumor 
weights, was associated with marked histo- 

~. 

Mean 
tumor 

wt . in mg. 
f 1 s.e. “P” 

200 f 41 
372 f 32 

1 2 2 4  
102 f 44 
173 f 36 

31 f 7 
69 f 10 
72 f 7 

5 2 1  
42 f 7 
83 f 12 

67 f 10 
9 5 f  12 

177 & 17 

1 5 f 5  
1 9 2 5  
8 7 f  13 

43 f 7 
62 f 10 

157 f 22 

151 k 24 
130 k 21 
252 & 35 

0.002 

0.0016 
0.25 

0.0006 
0.85 

0.00046 
0.01 1 

0.0001 
0.0004 

0.0032 
0.00019 

0.0001 
0.001 

0.025 
0.006 

T1-Days after implantation when injections were started. 
f TrDays after implantation when experiment was terminated. 
3 Controls were injected with normal saline at 1% of body weight. 
S.C.-Subcutaneous. 
I.P. -1ntraperitoneal. 
1.V.-Intravenous. 

logical changes in the tumors” (Figs. 2-4). 
When the mice received four to seven daily 

injections of 0.19 mg. per Kg. or more, ex- 
amination of the excised tumors revealed a 
pronounced loss of cellularity with a marked 
increase in the proportion of fibrous elements. 
All parts of the tumor appeared to be equally 
affected. Mitoses were rarely observed; 
whercas in untreated tumors, mitoses were 
numerous. The difference in the number of 
mitotic figures was striking even on casual 
observation. In  addition, a characteristic find- 
ing was the presence of many very large cells 
scattered irregularly throughout the treated 

*The  authors wish to thank Dr. Stanley H. 
Durlacher for consultation in examination of the 
sections. 
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tumors. Although the only alteration in some 
of these cells was in their size, in others fibril- 
lation of a previously homogenous cytoplasm 
was visible, often in association with a dark- 
ened and distorted nucleus. In  some cells, 
cytolysis occurred leaving a “ghost” without 
semblance of structure. These cellular altera- 
tions are interpreted as representing various 
progressive stages of a degenerative process. 

Sarcoma 180 exhibits spontaneous infarc- 

tion of increasingly large areas, which ap- 
pears about the sixth to seventh day of its 
development. These infarcts tend to appear 
carlier and to be larger in the more rapidly 
growing tumors. Following treatment with 
aminopterin there is an appreciable decrease 
in the number and size of these necrotic 
areas. The retardation and cellular changes 
observed in sarcoma 180 after treatment with 
4-aminopteroylglutamic acid was not asso- 

FIG.  2. Sarcoma 180, untreated. Note mitosis and cellu- 
larity of tumor. ( H .  &? E .  X 363.) FIG. 3. Sarcoma 180 
treated with aminopterin. Note the relative acellularity and 
presence of giant cells. ( H .  &? E.  X 363.) 
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FIG. 4. Sarcoma 180. This  illustrates the extreme 
distortion of tumor cells that may be seen follow- 
ing treatment with aminopterin. ( H .  &? E.  x 281.) 

ciated with vascular damage or hemorrhage. 
Teropterin and Diopterin. Teropterin was 

essentially nontoxic. A single intraperitoneal 
injection of 2500 mg. per Kg. was not fatal 
to mice. When daily injections of 500 mg. 
per Kg. were given, either intraperitoneally 
or intravenously, to tumor-bearing mice, no 
effect was observed on the growth or histo- 
logical appearance of the tumors. These data 
are summarized in Table 4. The observations 
of Lewisohn et aI.l3,l4 were not duplicated 
in this study. Similar negative results were ob- 
tained with pteroyl-a-glutamylglutamic acid 
(diopterin) . 

DISCUSSION 
Derivatives of folic acid have been shown 

to influence the development of various types 
of neoplastic growth. The action of a potent 
folic-acid inhibitor, 4-amino-pteroylglutamic 
acid, on neoplastic growth was therefore in- 
vestigated. The results obtained even in these 
early trials reveal inhibition in growth and a 
marked change in the histological appearance 
of sarcoma 180 in mice. With the amount of 
drug used in these trials, changes of similar 
character were not noted in other tissues ex- 
amined. In these studies, the development of 
the neoplastic cell appears to be affected. The 

TABLE 4 
EFFECT OF INJECTION OF TEROPTERIN O N  THE GROWTH OF SARCOMA 180 

% wt.  gain Mean 
Exjer.  Dose Np . % “no OT l 0 S S  Of tumor 

no. mg . jKg .  mace Survivors takes” mice wt.  in mg. “P” 
10 7 14.3 + 3.1 289 f 79 - I* 500 

11* 500 10 8 0 + 4.0 147 27 0.027 

IIIt  500 

245 2 42 Control 15 13 23.1 - 2.8 

Control 15 13 0 + 3.4 238 f 25 

Control 10 7 7.1 + 4.71 209 2 33 

Seven intraperitoneal injections. Injections started one day after tumor implantation. Ex- 

t Seven intravenous injections. Injections started one day after tumor implantations. Experi- 

10 7 7.1 - 0.36 251 f 41 - 

periment terminated ten days after implantation of tumor. 

ment terminated ten days after implantation of tumor. 
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absence of necrosis and hemorrhage in the 
treated tumors tends to indicate that the ac- 
tion of the antifolic-acid compound is not 
due to vascular or nonspecific tissue damage. 
Experiments in which folic acid was admin- 
istered in various dosages concomitantly with 
aminopterin indicate that folic acid progres- 
sively neutralizes the inhibitory action of 
aminopterin on sarcoma 180. More than 250 
compounds including carbamates, fluorenes, 
nitrogen mustards, and quinones have been 
screened in this program. None of these com- 
pounds has shown as consistent and as 
marked an effect on sarcoma 180 as 4-amino- 
pteroylglutamic acid. 

The pteroyltriglutamic and -diglutamic- 

acid derivatives have not shown any appar- 
ent antineoplastic activity under the condi- 
tions of this screening procedure. 

Further studies to elucidate the metabolic 
action of 4-aminopteroylglutamic acid in 
normal and tumor-bearing animals are now 
in progress. 

SUMMARY 
Aminopterin retarded the growth of trans- 

planted sarcoma 180 and concomitantly al- 
tered the histology of the tumor, when ad- 
ministered by the intravenous, intraperito- 
neal, or subcutaneous routes. 

Teropterin and diopterin produced no ef- 
fect when administered intraperitoneally or 
intravenously. 
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