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Chemotherapy of Leukemia. V. Effects of 2,4,6-Triethylenimino-S- 
Triazine and Related Compounds on Transplanted Mouse Leukemia." 

(18022) 

JOSEPH H. BURCHENAL, S. F. JOHXSTON, 31. -4. CREMER, L. F.  WEBBER, 

F r o m  the Division of Experimental Cheinotherapy, Sloan-Kettering Institute for Cancer Research, 
AND C. CHESTER STOCK (Introduced by C. P. Rhoads) 

N c  W 

Certain ethyleniniine and triazine deriva- 
tives have been of interest to the textile in- 
dustry because of their chemical reactivity( 1 ) .  
The  structural relationship of the ethyleni- 
mine groups to transformation products of 
the hydrolysis of nitrogen mustards and of 
the triaziws to the pyrimidine moiety of 
pteroylglutamic acid suggested an evaluation 
of their chemotheraputic activity in experi- 
mental cancer. Early in the study of this 
group one compound, 2,4.6-triethylenimino- 
s-triaaine (SK 1133),  demonstrated marked 
activity in prolonging the survival time of 
leukemic mice( 2 ) .  Other investigators work- 
ing independently have reported a retardation 
of tumor growth in mice by this compound (3) .  
I t  has also been shown to inhibit various 
solid tumors in mice and rats(4.5) and to be 
active against mouse tumor explanted to the 
chorioallantoic membrane of the chick embryo 
( 6 ) .  Since the activity of this compound 
might be attributed to either its triazine or 
ethylenimine ring structure, compounds pos- 
sessing one or the other of these were tested 

.-______ -__ __ 
- This investigation u-as supported, i n  part, 

by a research grant froiii the National Cancer 
Insti tute of tlw Sation31 Insti tute of Health, 
United States PubIic Health Sen-ice, aiid, in part, 
by a r e s e a l ~ h  grant from the American Cancer 
Society. 
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Y o r k .  

in an attempt to demonstrate the active 
moiety of SK 1133. The  results -of these 
studies are herewith presented. 

Methods .  The technic for the evaluation 
of the chemotherapeutic activity of a given 
drug by means of its ability to prolong the 
survival time of mice with transmitted leu- 
kemia has been described previously (7,8). 

Leukemia -4k4(9) , a relatively acute strain, 
was used in these particular experiments. I n  
a typical experiment, 240 mice of the inbred 
-4km stock were injected intraperitoneally with 
0.1 cc of a saline suspension containing 
1,000,000 cells. Forty-eight hours after in- 
jection these mice were divided into c a n -  
parable groups of ten mice each (two sets of 
untreated controls, two sets of controls treated 
with a standard compound of known activity, 
4-amino-N10-methyl-pteroylglutamic acid, and 
twenty sets of mice treated with unknown 
compounds). Compounds were given intra- 
peritoneally in maximum tolerated doses 3 
times weekly for 10 doses. Water soluble 
compounds were dissolved in saline. Sub- 
stances insoluble in water were usually SLIS- 

pended in 5% gum arabic in saline. The  
results of treatment with an  unknown sub- 
stance were compared with those obtained 
with the standard compound, 4 -amin0-N~~-  
methyl-pteroylglutamic acid, which has pre- 
viously been shown to possess a high degree 
of chemotherapeutic activity against Ak4 
leukemia ( 8,lO). Maximum tolerated dosage 
was generally used throughout in an  attempt 
~ _ _ ~ _ _ _  - 
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TABLE I. 
Effect of SIC 1133 ( A )  on Transmitted Mouse Leukemia Ak 4. 

Untreated Treated 
Weight change 7 I--- - 

Dose, J7 Avg survival Avg survival 
mg/kg Untreated* Treated t No. mice time (days) No. mice time (days) % increase 

One gum arabic suspension used throughout entire course of injections. 
4 4.2 -0.2" 20 9.6 1 0  14.7 53 
4 2.3 -3.2 1 9  13.3 6 26.8 101  
4 0.8 2.4 20 11.7 9 25.2 115 
4 4.5 -1.6:+ 19 11.7 9 14.8 26 
4 1.8 -0.9 19  9.3 20 15.4 66 
4 1.6 -1.9 20 9.6 10  15.5 62 

2x1 -0.5 -1.4 20 11.4 9 26.1 129 
4x9 
2x1 1.7 -0.9 18 12.8 10 19.0 48 
4x9 

Gum arabic suspension prepared 24 hr before first inj. with same suspension used througliout 
entire course of inj. 

8 .7 -2.9 15  11.3 18 19.9 76 
4 .7 0.3" 15 11.3 18 16.3 44 
2 1.7 1.4" 18 11.9 10  12.9 8 

Gum arabic suspensions prepared before eaeli jnj. 
1.5 1.5 -0.2 19 13.5 9 22.5 67 

Saline suspension prepared before each inj. 
.75 4.7 -0.4" 18 10.2 1 0  17.0 67 
.60 1.1 -2.9 * 9 9.6 9 16.8 75 
.55 2.1 0.6" 18 9.8 8 13.0 33 

Filtered portion of saline suspension used throughout entire course of hj. 
1.0 1.9 -1.3 19 11.6 8 22.0 90 
0.5 1.9 2.0" 19  11.6 1 0  12.8 10  

* Wt change calculated as difference between initial wt and that one week later. 
t Wt  change calculated as difference between the initial wt and that 2 weeks later. 

to procure tbe maximum effect, but in some 
experiments lower doses were employed. The 
mice were observed for the development of 
leukemia and autopsied a t  death. If gross 
evidence of leukemia was not conclusive, 
microscopic sections were taken. 

Results. The results of the regular screen- 
ing experiments with SK 1133 are presented 
in Tlable I. The drug was initially suspended 
in 5% gum arabic in salin'e. Later the pos- 
sibility of a reaction between the gum arabic 
and SK 1133 was considered and tests were 
made of the activity of the compound sus- 
pended in saline. By this technic ,considerably 
higher toxicity was noted and smaller doses 
showed therapeutic effect. Later studies done 
by the Pharmacology Section ( 1 1 ) demon- 
strated that the insoluble fraction of thte drug 
was only 2% by weight and that a filtrate 

~~~ _ _  ~~~ 
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of SK 1133 in saline retained the full toxicity 
of the original suspension. A41mthough higher 
doses of the gum arabic suspensions had to 
be given, d,efinite activity was shown by gum 
arabic suspensions, saline suspensions, or sa- 
line s,olutions when the maximum tolerated 
dose was employed. At half this dosage level 
very little effect was notted from the agent 
in any vehicle, At no tolerated dose was it as 
effective as 4-amin0-N~~-methyl-PGA (Fig. 
1 ) .  

SURVIVAL TIME IN DAYS 

0 0 2D 30 0 

I I 

AK4 LEUKEMla . . ELTH D i  ON1 W U S T  

FIG. 1. 
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Table I1 lists the positive results obtained 
from experiments in which certain compounds 
containing a triazine or an ethylenimine com- 
ponenit or both were tested for chemothera- 
peutic activity. Unless otherwise noted, one 
gum farabic suspension was used throughout 
the enltire course of injections. On each 
compound tested the dosage was chosen on 
the basis of preliminary toxitilty studies con- 
ducted in the Department of Pharmacology 
at  Sloan-Klettering Institute under the di- 
rection of Dr. Frederick S. Philips. The 
letters listed beside each compouncd indicate 
the sources from which the materials were 
obtained for these experimental studies.+ 

The follolwing chemically related com- 
pounds were also tested and they showed no 
significant effect against {transmitted leukemia 
Ak4: Octadecylethyllenurea, 2,4-Diamino-6- 
hydroxy-s-triazine, (supplied by A) ; 2,4- 
Diamino- 6-n-propoxy-s- triazine, 2,4-Diamino- 
6 - (2’-~-hydroxy-ethoxy-5’-arsonoaniIino) -s- 
triazine, 2,4-Diamino-6- [ 4-6is ( carboxy-m4eth- 
ylenethio) arsenisoanilino] -3-triazine, 2,4-Di- 
amino - 6 - (5’-arson~-2’-hydrsxyani1ino) - s- 
triazine, 2-~~mino-4-m~orpho~ino-6-ch~oro-s-tri- 
azine, 2-Amino-4-cyclohexylamino-6-chloro-s- 
triazine, 2-l!mino-4-N-propylamino-6-ch~~ro-s 
-triazine, 2-Amino-4-methylamino-6-chloro-s- 
triazine, 2-Amino-4-~ethylamin~o-6-chloro-s-tri- 
azine, 2-Amino-4-diallylamino-6-chl~oro-s-tria- 
zine, 2-Amino-4- (P-hydroxyethyl-ethylamino) 
-6-chloro-s-triazine, 2-Amino-4- ( N-P-hydroxy- 
ethylanilino) -6-chloro-s- triazine, 2,4-Bis-me- 
thallylamino-6-chloro-s- triazine, 2,4-Bis (di- 
methallylamino) -6-chloro-s-triazine, 2,4-Bis ( p  
-hydroxypropylamino) -6- (4’-arsonoanilino) -s- 
triazine, 2,4-Diallylamino-6-chloro-s-triazine, 

t We wish t o  acknowledge a t  this time the 
generosity of the foIIowing groups in  supplying 
the compounds used in these studies: 

A-Calco Chemical Co. 
B-Parke, Davis and Co. 
C-Goodrich Chemical C.O. 
D-Abbott Laboratorie8. 
E-Monsanto Chemical Co. 
F-G. D. Searle and Co. 
G-Dr. Ernst. A. H. Friedheim. 
H-Chemical-Biological Coordination Center of 

I-Imperial Chemical Industries, Ltd. 
the National Research Council. 

2 - Methallylaminol - 4 - dimethallylamino - 6 - 
chloro - s - triazine, 2 - Dimethylamino - 4,6 - 
dichloro-s-triazine, 2-Ethylamino-4-diethylam- 
ino - 6 - chloro - s - triazine, 2,4 - Dipiperidino 
-6-chloro-s-tria~ine~ (supplied by B) ; Hexa- 
hydro- 1,3 ,57triacrylyl-s-triazine, (supplied by 
C) ; 2,4-Bis (hydroxymethylamino) -6- (a-hy- 
droxymethyl) -benzyl-s-triazine, (supplied by 
D) ; 2,4-Diamino-6-benzyl-s-triazine, 2-Am- 
in~-4,6diacetamido-s-triazine, (supplied by 
E) ; 2,4-Diamino-s4riazine, 2,4-Diamino-6 
(P-dimethylamino-ethoxy ) -s- triazine, (sup- 
plied by F) ; 2,4-Bis (aminomethylafnino) -6- 
bis (aminomethyl) amino-s-triazine; (stipplied 
by E and H) ; 2 ,4,6-Triamino-s-triaine7 (sup- 
plied by A and F)  ; 2,4,6-Trihydroxy-s-tria- 
zine, (supplied by B, C, and G) ; 2,4,6-Tri- 
methylolamino-s-triazine, (supplied by A and 
I) ; 2,4-Diamino-6-chloro-s-tria,zine, (supplied 
by F and G) ; 2 ,4-Diamino-6-rnercaptIo-s-tria- 
zine, (supplied by D,  E, and B) ; 2,4-Diamino- 
6- (4’arsonoanilin.o) -s-triazine, (supplied by B 
and G).  

The results of these experi- 
ments demonstrate that in this series the 
compounds showing the ability to prolong 
sjgnificantly the survival time of mice with 
transplanted leukemia Ak4 all possess a t  
least 2 ethylenimine rings. The possession of 
a triazine or melamine moiety by the active 
agenlt does not seem to be essential since one 
compound, hexamethylene diethylenurea, 
tested in this series could not ble classified as 
containing either of these groups but appeared 
to possess definite activity by virtue of the 
ethylenimine rings. In  these studies none of 
the compounds possessing a single ethyleni- 
mine ring prolonged significantly the survival 
time of leukemic mice. This is analogous 
to the results obtained against transmitted 
mouse leukemia wi’th the nitrogen mustards 
( 7 )  where no agent had chemotherapeutic 
effect against leukemia unless it posslessed 
at  least 2 beta halogenated alkyl groups. In 
studies on the effect of this type of com- 
pound on the leukocyte count of the lleukemic 
mouse( 1 2 ) ,  however, ethylenimine and 2,4- 
dime t hox y - 6 -ethyl enimino -s-t riazine, as well 

Discussion. 

12. Burchenal, J. H., Biedler, J. L., Meigs, G. 
M., and Nutting, J., unpublished data. 
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as the compounds mentioned htere as showing 
therapeutic activity, caused a definite fall 
in the leukemic leukocytes in the peripheral 
blood. Clinical trials with SK 1133 (triethyl- 
ene melamine) have shown it to possess chem- 
otherapeutic activity similar to that of methyl- 
bis (P-chloroethyl) amine against Hodgkin’s 
disease, lymphosarcoma, and the chronic leu- 
kemias (13). I t  would seem valid, ‘therefore, 
to attribute the activity as chemotherapeutic 
agents, of the particular series of compounds 
discussed in this report, to the nitrogen mus- 
tard-like ethylenimine ring rather than to 
the triazine or melamine structure. 

13. Karnofsky, D. 9., Burchenal, J. H., 
Southam, C. M., Bernstein, J. L., Armistead, G. C., 
Crai-er, L. C., and Rhoads, C. P., unpublished data. 

Summary. 1. 42 compounds, of which 39 
could be classed as triazines and 3 as ethyl- 
enimine ring compounds were screened for 
chemotherapeutic activity against Ak4 mouse 
leukemia. 2. 2,4,6-triethylenimino-s-triazine, 
2,  4 - diethylenimino - 6 - amino - s - triazine, 
and hexamethylene diethylenurea significantly 
prolonged the survival time of mice injected 
with transplanlted leuklemia Ak4. 3 ,  I t  would 
appear that the chemotherapeutic activity of 
the above compounds can be attributed to 
the ethylenimine structure. 4. Four other 
compounds containing either a triazine or an 
ethylenimine moiety showed a slight chemo- 
therapeutic effect. 

Received May 29, 1950. P.S.E.B.M., 1950, v74. 

Inactivation of Estradiol by the Hepatic Tissues of Mice.* 

(Introduced by W. U. Gardner) 

(18Q23) 

BENJAMIN RUSH, JR. 

From the Department of A m t o m y ,  

Because of the role that estrogens play in 
experimental carcinogenesis and in many 
clinical conditions, considerable significance 
is attached to any factor which would increase 
or decrease the titer of circulating estrogens. 
The liver destroys estrogen in a majority 
of laboratory animals ( 1-4). Marked damage 
to the liver in these animals caused a rise in 
titer of the circulating estrogen (5,6). Factors 
which will decrease the liver’s ability to in- 
activate estrogen include carbon tetrachloride 
toxicity( S ) ,  virus hepatitis ( 7 ) ,  partial hepa- 
tectomy (6), and nutritional deficiency( 8,s). 

* This investigation was aided by grants from 
the James Hudson Brown Memorial Fund of the 
Yale University School of Medicine, and the United 
States Public Health Serrice (administered by 
TV. U. Gardner). 
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An important aspect of this problem is: what 
is the effect af large quantities of estrogen in 
the blood upon the liver’s ability to inactivate 
estrogen? 

The effect of a prolonged castrate condition 
and of prolonged hyperestrogenemia upon the 
ability of the mouse’s liver to inactivate es- 
trogen was studied, 

Methods. Animals used were first genera- 
tion hybrid mice, designated CC1, CC2, kC1, 
AC2, AC3, and AC4. A few inbred mice of the 
C57, NHO and CHI strains were used. The 
mice were divided into 3 groups, one group 
was untreated, mice of the second group were 
castrated, anld ]mice of the third group were 
castrated and then 2 mg pellets of estrone 
were implanted subcutaneously. Six weeks, 8 

6. Pincus, G., and Martin, D. W., Endocrin- 

7. Zondek, B., and Black, R., J .  Clin. Endocrin- 
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