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compound can be accepted as a vitamin, evi- 
dence for its existence in natural foods must 
be found. Before the growth-promoting ef- 
fect of L-lyxoflavin can be considered of prac- 
tical importance, studies must be made with 
this compound using diets of a more varied 
nature including a wider range of natural feed 
ingredients. Studies of this nature are at 
present in progress. 

Summary. In trials with turkey poults 
highly significant growth responses were ob- 
tained with male poults fed a corn-soybean 
diet supplemented with L-lyxoflavin. Chicks 
fed purified diets failed to show a growth re- 
sponse when the diet was supplemented with 
L-1 yxoflavin. 

We wish to thank Merck and Co., Inc. for the 
L-lyxoflavin and crystalline vitamins, Lederle Labora- 
tories for crystalline folic acid, and Professor T. H. 
Canfield for sexing the birds. 
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The ethylenimines have been shown to be 
effective in producing regressions of certain 
transplantable tumors in rats( 1-3). These 
compounds will inhibit growth and cause cel- 
lular destruction of the tumor tissue at  con- 
centrations which will not produce any de- 
monstrable changes in normal tissue. At  
higher concentrations, however, they will in- 
hibit the growth of the testes and white blood 
cells( 2,3). Still higher concentrations will 
cause general tissue damage. Studies have 
been started, therefore, to determine thz spe- 
cific effects of these compounds upon the 
various tissues together with their distribution 
throughout the body. A preliminary report is 

* Radioactive. 
t Supported in part by a grant-in-aid from the 

.4merican Cancer Society upon recommendation of 
the Committee on Growth of the Kational Research 
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American Cyanamid Co. 

presented here of the distribution in rats of 
P32 from N, N', N"-triethylenephosphoramide 
(TEPA*) . 

Materials and m e t h o d s. Fifty-eight 
Sprague-Dawley male rats (175-200 g) were 
divided into 3 groups, 2 of which were im- 
planted subcutaneously with the Flexner- 
Jobling carcinoma, the third group serving as 
a control. Ten days after transplantation, 
each of 24 rats in Group A bearing the tumors 
received one dose subcutaneously of TEPA*, 
5.0 mg/rat, (900 pg P/rat), (1.55 x lo4 
CPM/pg P). In  Group B the 16 control rats 
were treated with TEPA* at  the same dosage 
level as the rats in Group A. The 18 rats in 
Group C bearing the tumors were injected 
subcutaneously with Na2HP04*, 4.3 mg/rat, 
(400 pg P/rat) , (7.16 x lo3 CYM/pg P).  
At 1, 2, 15, and 3 0  hours following injection 
of the tagged compound, several animals from 
each group were autopsied. Samples of liver, 
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TABLE I. Distribution of Pm after Injection of TEPA" or NhHPO,* into Rats. Each average 
represents data from G animals in the tumor groups and four in the mntrol groups. 

Interval after injection 
1 hr 2 hr 15 hr 30 hr 

/ pg Pm per g of wet tissue \ 

Group Avg Max Min Avg Max Min Avg Max Min -4vg Max Mi11 

TEPA*-Control 
Liver 3.3 
Testis 3 26 
Kidney 4.8 
Spleen 2.4 
Bone 1.9 

Liver 3.6 
Testis 2.5 

Spleen 2.5 
Bone 2.5 
Tumor 2.7 

Liver 8.3 
Testis .4 
Kidney 10.0 
Spleen 4.3 
Bone 9.4 
Tumor 4.9 

TEPA*-Tumor 

Kidney 5.5 

Na,HPO,* -Tumor 

4.6 2.4 3.0 3.5 2.0 2.9 3.0 2.8 2.5 3.0 1.7 
4.6 1.9 4.0 4.7 3.7 1.4 1.7 1.2 1.0 1.2 0.7 
6.1 3.3 4.9 6.4 3.5 1.3 1.4 1.2 1.2 1.4 1.1 
3.3 1.8 2.7 2.9 2.5 4.8 6.1 4.1 7.0 8.3 5.8 
2.3 1.0 1.9 2.3 1.8 4.5 4.8 4.0 4.8 6.2 3.5 

4.8 2,.5 2.9 4.3 2.0 2.6 3.3 2.0 2.6 3.1 2.0 
4.9 0.5 3.1 5.1 0.6 1.1 1.5 0.6 0:9 1.1 0.7 
8.1 4.1 6.3 14.4 1.4 2.3 2.8 1.6 1.6 2.6 1.0 
4.3 0.4 2.8 3.9 0.8 2.8 3.4 2.1 2.9 4.7 1.9 
5.7 1.3 2.2 3.3 1.0 4.5 5.4 3.9 5.3 6.0 4.7 
4.0 0.5 2.4 4.1 1.2 2.1 2.4 1.8 3.3 4.8 2.1 

10.0 7.4 6.7 10.0 3.8 3.0 4.2 2.4 
.5 .3 .4 .7 .1 .1 .3 0 

11.1 6.0 4.4 5.5 3.7 1.8 2.0 1.6 
5.6 3.7 2.9 3.6 2.3 2.3 3.0 1.8 

11.0 5.1 13.9 18.7 9.7 13.2 15.5 12.1 
5.9 4.6 3.0 4.2 3.3 2.5 3.0 8.0 

Radioactive. 

kidney, testes, spleen, bone, and tumor were 
taken for assay. Weighed samples of each 
tissue were digested in a mixture of HN03 
and H2SO4, 1: 1, and 100 A aliquots of the di- 
gest were counted with an end window (1.4 
mg/cm2) GM counter. Urine and fecal sam- 
ples were collected from 6 rats of Group A 
and 4 rats of Group B for 24 hours following 
injection of the tracer. The samples were 
pooled within each group and prepared for 
counting as described above. Blood samples 
were obtained at  the 2-hour interval from 6 
rats in Group A and 4 rats in Group B and 
pooled within each group. Both plasma and 
serum were prepared and fractioned as follows. 
The globulins were precipitated by % satura- 
tion with (NH4)2S04. The remaining pro- 
teins were precipitated, first with sulfosalicylic 
acid and then phosphotungstic acid. P32 
activities were determined on these 3 resultant 
filtrates as well as on the original serum and 
plasma. Samples of the liver, testes, and 
tumor obtained from Groups A and B at  the 
2-hour interval were fractioned for cellular 
components according to Schneider and Hoge- 
bOOm(4). To do this, tissue was homo- 
genized with ice cold (0.25 M) sucrose solu- 

tion. The homogenate was centrifuged for 
10 minutes a t  700 x gravity, a procedure that 
separates nuclei from cellular components in 
liver tissue. Similarly, the mitochondria of 
liver cells were separated by centrifugation at  
5000 x gravity and the microsomes at  25,0100 
x gravity. Since cellular particles have not 
been studied in detail in the testis and tumor 
tissues, the particles separated by this pro- 
cedure will be characterized in terms of 
gravity. 

Results. Distribution in tissues. The distri- 
bution of P32 following injection of tagged 
TEPA* or Na2HP04* in various tissues of the 
rat is recorded in Table I. These data illus- 
trate the rather uniform distribution of P32 
activity from TEPA* throughout the body 
including the tumor. However, the P32 fol- 
lowing injection of TEPA* concentrated more 
rapidly in the testes and less rapidly in bone 
than following injection of inorganic phos- 
phate. There was a marked increase in ac- 
tivity in the spleen over a period of 29 hours 
(2.4 to 7.0 pg P32/g spleen) in normals receiv- 
ing TEPA". The average size of the spleen 
was 300 mg/lOO g body weight making an 
average of 2100 pg of P32 in the entire spleen 
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TABLE 11. Distribution of Pm following Injection 
of TEPA* in Cellular Fractions in of Total 
Activity. Particle size recorded in  terms of gravity 

used for centrifugation. 

700 3000 2 5 0 0  
X X X 

Aiiinial Tissue gravity gravity grarity Soluble 

Korinal Liver 20.0 4.8 6.7 68.5 
Tulllor- ” 18.3 .3.8 5.4 i O . l  

Sorii ial  Testis 22.2 3.2 4.2 70.5 
Tulllor- ” ’27.4 2..3 2.1 G8.0 

” Tumor 15.2 3.8 4.3 T6.5 

I) ea ring 

Ilearing 

- Radioactive. 

30 hours following injection of TEPA*. The 
pg of P3‘, g of spleen on the other hand, re- 
niained essentially constant in tumor-bearing 
animals. The size of the spleen, however, was 
increased in these animals to 900 mg/100 g 
body weight making the total activity a t  the 
end of 30 hours 2610 pg P13? , almost identi- 
cal with the normal spleens. Concentration of 
P:;: from TEPA* in the spleen may be asso- 
ciated with specific effects on the reticuloendo- 
thelial system. 

Distribution in the cells. One type of meas- 
urement of the distribution of P:12 from 
TEPA* in liver, testes, and tumor cells is 
illustrated in Table 11. These data indicate 
a combination of Ps2 with the nuclei and/or 
other relatively heavy cell components as 
separated by centrifugation at  700  x gravity. 
l-ery little activity was found in lighter par- 
ticles separated by 5000 or by 25,000 x grav- 
ity. Approximately 70% of the activity re- 
mained in the soluble fraction not thrown out 
by centrifugation. This soluble P3? remained 
in the filtrate after precipitating proteins with 
phosphotungstic acid. 

Two hours after 
injection of TEPA*, tagged with P3?, blood 
samples were taken from control and tumor- 
bearing rats. Approximately 60% of the P3? 
activity of either serum or plasma was pre- 
cipitated from solution with the globulin frac- 
tion. The remaining 40% was in solution 
even after precipitating the proteins and poly- 
peptides with sulfosalicylic acid and phospho- 
tunpstic acid. These results together with 
those presented previously suggest that 
TEP,I* can combine with certain proteins, 

Distribution in plasma. 

possibly thereby inhibiting some metabolic 
pathways . 

Excretion. The activity in the excreta col- 
lected over a period of 24 hours following the 
injection of TEPA* was identical in normal 
and tumor-bearing animals. In  both groups, 
62% of Ps2 was excreted in the urine and 5 %  
in the feces. It is possible that the small 
amount in the feces came from contamination 
with urine since an exact separation of these 
two products of excretion is difficult. These 
data demonstrate, however, that a large por- 
tion of the P32 has been excreted from the 
body 30 hours following a single injection of 
TEPA*. 

Summary. The distribution of P32 follow- 
ing the injection of tagged TEPA* resulted 
in a fairly uniform distribution of P32 activity 
throughout the tissues of the body, but there 
was a greater concentration in the testes and 
a smaller concentration in bone as compared 
with injection of inorganic phosphate. There 
was a gradual accumulation of P32 in the 
spleen over a period of 3 0  hours following 
injection of TEPA*, a result not observed 
with inorganic phosphate. Approximately 
60% of the P32 activity in serum or plasma 
was associated with the globulin fraction, the 
remainder being in solution after precipitation 
of all proteins. About 20% of P32 was asso- 
ciated with nuclei and/or relatively heavy 
cellular components from liver, testes, and 
tumor tissue, most of the remaining activity 
being found in the protein-free filtrate. Some 
65% of the activity was excreted over a 
period of 30 hours. 

We are indebted to Dr. C. M. Judson of the 
Stamford Laboratories, American Cyanamid ~CO., 
for assistance in the preparation of the tagged 
TEPA.* 
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