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IV. Chemotherapy of Tumors in Rats with Piperazine=l,4=bis 
(N,N'-diethylenephosphondiamide) .* (22956) 

11. L. CROSSLEY. J. €3. ALLISON, D. R .  SEEGER AND E. KUH 
Riweaii  oi Biological Restwrch, Riitgers [ - t i i w r s i t y ,  .\-ew Brunswick, N .  J . ,  and Calco Chemical 

Division, A m .  CFapiaiiiid C o . ,  Bound Brook, N .  J .  

This investigation is a continuation of the 
study of ethylenephosphoramides in the 
treatment of transplantable tumors in rats 

Materials und methods. Piperazine- 
1,4-bis (S.S' - diethylenephosphondiamide ) . 
(PDA) is a white crystalline compound: n1.p. 
185-186'C: very soluble in water and alco- 
hol but almost insoluble in acetone and ether. 
It is slightly hygroscopic. Its structural for- 
mula is: 
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I t  has been reported to be active against a 
granulocytic chloroleukemia of the rat.+ 
Adult, male Sprague-Dawley and Wistar rats, 
averaging about 150 g were used. In each 
experiment there were, as a rule, normal con- 
trol (SC), tumor control (TC). drug con- 
trol (DC), and tumor treated (TT) groups 

*This investigation was supported in part by an 
Institutional Grant from Am. Cancer Sw.  

t Sparks, S. et al. abstract published. 

consisting of 8-10 animals each. The number 
of groups varied with dose levels of the drug 
chosen for comparison in any one experiment. 
An isotonic saline solution of the drug pre- 
pared weekly and kept at about 5"C, was 
given in one daily dose by intraperitoneal in- 
jection, the volume being that required to 
provide the desired dose in mg/kg of body 
weight of each rat a t  time of treatment. The 
Flexner- Jobling carcinoma and the Walker 
256 carcinosarcoma were studied in Sprague- 
Dawley rats, the sarcoma R1 in Wistar rats. 
Methods of implantation and measurement 
of growth were essentially the same as those 
previously described ( 2 )  . The animals were 
weighed periodically, length and width of the 
tumors measured in millimeters and size ex- 
pressed as mm2. Therapeutic effectiveness 
was determined by comparing average size of 
tumors of treated groups with that of un- 
treated controls. When possible tumor 
weights were also compared. Regression was 
considered complete when the tumor was no 
longer palpable, no regrowth occurred in 
about 2 weeks, and gross examination a t  au- 
topsy showed no evidence of tumors. Treat- 
ment of rats with Flexner-Jobling and R1 tu- 
mors began 5 days after implantation and 
with Walker Carcinosarcoma 256 3 days. 
The rats were group pair-fed, using 18% 
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TABLE I. Effect of PDA on Sprague-Dawley Rats, with and without Flexner-Jobling .Tumor. 

Days g organs/100 g 
after g tnmor/ body wt  

Rat Dose, implan- Days %car- 100gcar- % re- % sur- f-\ 

group" mg/kg/D tation treated cass gain cass wt gressions viva1 Spleen Testes 

NC 
TC 
DC 
TT 
NC 
TC 
DC 
DC 
TT 
TT 
NC 
TC 
TT 
TT 
NC 
TC 
DC 
TT 

.2 

.2 

.5 
1.0 

.5 
1.0 

3.0 
3.0 

3.5 
3.5 

22 
26 

40 
58 
34 

58 
58 
58 
29 
29 
29 
43 
36 
36 
36 
36 

22 
35 

53 
53 
53 
53 

24 
38 

31 
31 

54 
48 
50 
72 

105 
66 

104 
105 
109 
107 

31 
39 
25 
5 6 
86 
50 
76 
61  

14.0 

12.5 

20.5 

3.0 
0.7 

12.0 
0.3 
0.2 

12.0 

1.0 

0 

30 

0 

30 
30 

0 
90 
90 

0 

85 

100 
90 

100 
100 
100 
90 

100 
80 
85 
90 

100 
80 

100 
90 

100 
70 
80 
70 

1.20 

.4@ 

.19 

.9 7 

.31 

.16 

.32 

.34 

.26 

.80 

.33 

.21 

.67 

.18 

.35 

1.32 
1.07 
1.37 

.77 

.95 
1.00 

.74 

.54 

.79 

.58 

.56 
1.23 
1.17 

.59 

* NC, normal controls ; TC, tumor controls ; 

casein diet (3). The duration of the experi- 
ments was usually from 4-6 weeks. Blood 
counts were taken for certain groups, particu- 
larly the normal and the drug controls, be- 
fore treatment began and again just before 
i t  ended. This and other indications of toxi- 
city, such as carcass weight change, develop- 
ment of anemia, and general well being of the 
animals were recorded. Organ weights were 
expressed in g/lOO g of gross body weight. 
Weight of tumor is given in g/100 g of car- 
cass weight. All the data are from group 
averages. 

Results. Sprague-Dawley rats given doses 
of 0.2 to 1.0 mg/kg/D showed no significant 
leukopenia or other toxic symptoms after 20- 
30 days of continuous treatment. After 53 
days treatment, there was a significant drop 
in testes weight of 30-40%. With doses of 
2.0-4.5 mg,/kg/D there was a drop in white 
blood cell counts after 30-40 days of about 
40% but it was no greater for the larger dose 
than for the smaller. 

Animals bearing the Flexner- Jobling car- 
cinoma were treated with doses of .2, .5, 1.0, 
3. and 3.5 mg/kg/D for periods of 24-53 
days. The tumor regressed completely in 
about 30% of the animals receiving the 0.2 
mg dose after about 6 weeks. At this time 
another 20% had very small tumors, aver- 
aging less than 0.5 g/lOO g carcass weight. 

DC, drug controls; TT, tumor treated. 

In the remaining SO%, tumor growth seemed 
to be unrestrained by the drug. The tumor 
averaged 25  g/100 g carcass weight after 35 
days of treatment (DT) or 40 days after im- 
plantation (DaI) . The tumors were affected 
in 100% of the animals treated with 0.5 and 
1.0 mg/kgjD for 53 days; 30% regressed 
completely; the remaining 70% regressed to 
a very small size averaging 3 g and 0.7 g/100 
g carcass weight respectively. Occasionally 
this tumor in the Sprague-Dawley rat will 
regress spontaneously in a limited number of 
cases. Under the conditions of this experi- 
ment there were no regressions among the 
tumor controls in 34 days when the tumors 
were large, averaging 21  gj100 g carcass 
weight. With a dose of 3 mg/kg/D the tu- 
mors regressed completely in about 90% of 
the animals, the remainder diminishing to 
very small size. There was little difference in 
the results when treatment was prolonged 
from 24-38 days. Similar results were ob- 
tained with 3.5 mg/kg/D for 31 days. This 
piperazine compound has a wide therapeutic 
range which makes i t  interesting for further 
investigation. 

The R1 sarcoma was retarded in growth by 
doses of 1.5 and 3.0 mg/kg/D but none of 
the tumors regressed. Treated animals lived 
longer and their carcass weight gain was 
greater than that of the tumor controls. In 
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2 weeks the results of treatment were: 

g tiinlor 
Dose, per 100 g % carcass 

Group nig/kg/I) carmss wt gain 

TC S (  I 3 
TT 1.5 14 1 5 
TT 3.0 9 27 

.4 dose of 0.5 mg kg D did not affect growth 
of the Walker carcinosarcoma and 1 mg.’ 
kg D caused only slight retardation in tumor 
growth. IYith a dose of 3 mg ’kg D.  tumor 
growth was considerably retarded and sur- 
vival time of the experimental animals length- 
ened. In 24 days of treatment, the tumor av- 
eraged 5 g 100 g carcass weight, in compari- 
son with 42 g for the TC group 15 days after 
implantation. Treatment with a dose of 4.5 
mg ’kg, D inhibited growth of tumors for a 
time, but after 2-3 weeks growth resumed 
and continued at  a rapid rate in spite of daily 
therapy. Lltimately tumors in treated rats 
grew to be as large as those in the controls. 
which. however. died in much shorter time. 
The tumor became resistant to the drug. Tn 
becoming resistant it seemed to have changed 
its character permanently and its growth was 
not thereafter inhibited by the same dose. 
even after 5 serial transplantations into new 
hosts. The tumor which had become resis- 
tant to the 4.5 mg kg,’D dose was taken for 
serial transplantation just after growth re- 
sumed and when it was still small. The treat- 
ment each time was with a daily dose of 4.5 
mg/kg. Treated animals were the donors of 
the tissue for the next transplant. Growth of  
the tumor in treated rats was retarded each 
time in comparison with that in untreated. 
but not inhibited. I t  has been previously 
reported that the Walker carcinosarcoma de- 
veloped resistance to TEPA and NIEPA(4). 

In these experiments the treatment had 
been continuous. i.e.. daily and with the same 
dose of drug throughout. I t  was desirable 
to know if this was necessary and if there was 
any difference in resistance to the drug when 
it was administered for a shorter time. Tt 
was also of interest to know if regression of 
growth was influenced by following the early 
treatment of a large dose, with a small main- 

TABLE 11. Tumor Size, mina (T-256).  

I h y s  
-__/ 

twltrd I I1 I11 I V  

3 142 182 107 193 

I 191 144 129 1180 
12 273 252 170 2853 

21 342 427 247 
24 354 469 331 
2 i  785 987 456 

5 187 148 110 ,551 

17 316 334 192 5368 

tenance dose of either the same drug or an- 
other of the same series. Forty Sprague- 
Dawley rats were implanted with the Walker 
tumor and divided into 4 groups of 10 rats 
each. Group T was treated with 4.5 mg/kg/D 
of FDA for 4 weeks. Group 11 received 
treatment for 2 weeks. Group IT1 was treated 
with the same dose for 2 weeks. then the 
drug was changed to TSPA, in doses of .4 
mg/kg/I) for 2 weeks. Group IIT was un- 
treated. The effect on growth of the tumor 
was as shown in Table 11. 

The period of growth inhibition was about 
the same in the 3 cases. The tumors became 
resistant in all 3 treated groups. It was pos- 
sible that the processes of resistance had al- 
ready set in during the 2 weeks treatment 
with the 4.5 mg/kg/D dose. Treatment with 
4.5 mg,’kg/:D for 1 week, followed by mainte- 
nance dose of 1 mg/kg/D for 3 weeks did not 
prove to be adequate for growth inhibition. 

With a dose large enough, growth of this 
tumor was inhibited when treatment was 
started 3 days after implantation. An im- 
portant question was the behavior of the 
tumor when treatment was delayed. With 
tumors permitted to grow to a size about 500 
n m 2 ,  before treatment began, a daily dose of 
4.5 mg,’kg,’D, inhibited growth for a few 
days but later resistance developed. 

Summary. 1. Piperazine-1 , 4-bis (Pu’,N’-die- 
t hylenephosphondiamide) (PDA) in doses 
up to 1 mg/kg/D for 4-6 weeks produced no 
significant toxic reaction in rats: a t  higher 
doses there was some leukopenia but i t  was 
not serious, even with doses of 3.0-4.5 mg/ 
k g ‘ D  administered for 4-6 weeks. 2. Flex- 
ner- Jobling carcinoma regressed completely 
in 30% of rats treated with .2 mg’kg/D of 
PDA and in about 90% of those with 3.5 mg/ 



PREWEANLING ADMINISTRATION OF SUCROSE AND CARIES 391 

kg/D. 
controls 34 days after implantation. 3. the biological experiments. 

There were no regressions among the ness to Frances S. Jencks for technical assistance with 

Growth of sarcoma R1 in Wistar rats was 
retarded about 50% by the product at 3 
mg/kg/D. 4. Walker 2 56 carcinosarcoma 
was retarded in growth by doses of 1-3 mg/ 
kg/D and inhibited for about 2-3 weeks with 
a dose of 4.5 mg/kg/D. 5. After initial pe- 
riod of growth inhibition the Walker tumor 
became resistant to the drug and then grew 
rapidly in spite of continued therapy. 

We acknowledge with deep gratitude our indebted- 
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Effect of Preweanling Administration of Sucrose on Subsequent Caries." 
(22!%7) 

RALPH R. STEINMAN AND MELVIN I. HALEY. (Tntroduced by U. D. Register) 
School of Dentistry and Department of Biochemistry, College of Medical Evangelists, 

Lorna Linda, Calif. 

Sognnaes( 1,2) indicated that ingestion of 
sucrose by dams of rats and monkeys during 
the calcification of teeth of the young may 
affect their subsequent caries experience. In 
another study (3)  ashed laboratory chow, fed 
to pregnant rats, decreased the amount of 
decay in the offspring. This observation 
might suggest that the increased caries, using 
the refined diet alone, was due to lack of 
some important constituent in the diet. The 
technic developed by the authorst in which 
various food components were given directly 
to the young during the suckling period was 
very useful in studying the systemic effect of 
diet in caries. When using this technic vari- 
ous carbohydrates given to the suckling young 
in doses of approximately 1 to 1000 by body 
weight produced a marked increase in decay 
of teeth undergoing calcification. Of the 
carbohydrates used from the 2nd day follow- 
ing birth to weaning, sucrose produced the 
most consistent increase in caries. The pres- 
ent study was designed to show the time dur- 

*This investigation was supported by a USPHS 

t Reported at Internat. Asn.  for Dental Research, 
grant. 

1956 meeting. 

ing suckling period that these changes take 
place. 

Method. Thirty-six new born caries-sus- 
ceptible rats from 6 litters were divided into 
4 equal groups. Twenty percent sucrose solu- 
tions were administered orally, using amounts 
not greater than 1 to 1000 of body weight. 
One-fourth of this group received drops 3 
times a day from the day following birth 
through the 6th day. One-fourth received 
drops from the 7th through the 13th day. 
The next group received drops 3 times a day 
from 14 through the 21st day. The last 4th 
received only maternal milk throughout the 
suckling period, All animals received moth- 
ers milk ad Zibitum during the suckling pe- 
riod. When weaned at 21 days of age all 
animals were placed on the cariogenic diet of 
the following composition : Casein 24, sucrose 
65,  salts U.S.P. XIV 4, corn oil 5 ,  dehydrated 
whole liver 4, vitamin mix(4) 2, choline 0.2 
parts. 

Animals were sacrificed at  the end of 13 
weeks and the molars examined by grinding 
successive planes parallel to the occlusal sur- 
face. Individual charts which showed the re- 
lationship of the enamel, dentin, and the pulp 


