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Abstract-The intracellular distribution of radioactivity in mammary tumors has been 
studied following administration of tritiated podophyllic acid ethyl hydrazide to tumor- 
bearing R III mice. Over 90 per cent of the label is found in the 100,080 g supernatant, 
two thirds of which is associated with two protein fractions clearly separable from one 
another by means of gel filtration through Sephadex G-100. 

THE METAPHASE arresting compound podophyllotoxin has been shown by a number 
of investigators to inhibit tumor growth in cell cultures as well as to cause tumor 
regression when administered to human patients with tumors. (See recent reviewi). 
The fact remains that very little is known about the molecular basis of either 
the metaphase arresting capabilities of this drug, or its tumor inhibiting effect. 
Furthermore it has not been established whether there is a correlation between this 
substance’s antitumor action and its effect on cell multiplication. No effects of 
podophyllotoxin on various enzyme systems could be established29 s while con- 
centrations of two podophyllotoxin derivatives that completely inhibited cell 
multiplication did not affect DNA synthesis as measured by tritiated thymidine 
incorporation into P-815 mastocytoma cells.4 Studies on the distribution of podo- 
phyllic acid ethyl hydrazide in a number of organs of experimental animals and men 
have been reported.5 In a human brain tumor radioactivity was localized mainly in 
the periphery of the tumor, following injection of tritiated podophyllic acid ethyl 
hydrazide into the patient 1 hr prior to tumor excisions 

In this communication the subcellular distribution of radioactivity in mouse 
mammary tumors and livers is reported, following intraperitoneal administration of 
tritiated podophyllic acid ethyl hydrazide to tumor-bearing mice. 

METHODS 

RIII/HeSy mice bearing spontaneous mammary tumors were used throughout 
this work. An ethanolic solution containing 60 PC of podophyllic acid ethyl hydrazide 
labeled with tritium at the 4’-methoxy group (specific radioactivity 175 &!/mg)*, was 

* The tritiated podophyllic acid ethyl hydrazide was a generous gift of SANDOZ Ltd ., Basle 
Switzerland. 
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administered i.p. to each animal in groups of 5 mice. Twenty four hr later an additional 
dose of 60 PC was similarly given to each mouse and 4 hr later the animals were 
sacrificed with ether. The tumors and livers were immediately excised and placed in 
chilled 0.25 M sucrose solution. The subcellular distribution of the administered 
radioactive podophyllotoxin derivative was studied by fractionating the pooled 
tissues in sucrose solutions according to the method of Hogeboom.6 The nuclear and 
mitochondrial fractions were further purified by three washings with 0.25 M sucrose. 
Tumor DNA was prepared according to the method of Kay et al.7 The final step of 
dissolving the DNA in salt solution and precipitating it by means of ethanol was 
repeated several times. Perchloric acid hydrolysis of DNA and paper chromatography 
of the bases were performed as described by Wyatt.8 The supernatant solution 
following the initial homogenization for obtaining the nucleoproteins was not 
discarded but was further centrifuged at 100,000 g for 60 min. The 100,000 g super- 
natant was filtered through a 3 x 60 cm column of Sephadex G-100 in 0.15 M NaCl. 
Radioactivity was determined in a SELO liquid scintillation counter after dissolving 
the samples in hyamin. Specific radioactivity of DNA is defined as cpm/mg of 
radioactive substance. 

RESULTS 

Table 1 shows the distribution of radioactivity in the subcellular fractions of mouse 
mammary tumors. Since the nuclear fraction possesses radioactivity, the possibility 
was investigated whether a portion of it resides in the DNA. Indeed following isolation 
of the tumor DNA it was found that the preparation was radioactive. However, 
upon repeated dissolutions of the DNA in salt solution and reprecipitations by means 
of ethanol the specific radioactivity of the preparation falls to very low levels (Table 2). 
Following perchloric acid hydrolysis of the DNA, the bases isolated were totally 
unlabeled. Fig. 1 shows the distribution of radioactivity in the 100,000 g supernatant 
of the tumors. The major portion of the radioactivity is specifically bound unto two 
proteins or groups of proteins that are clearly separable from one another, as well as 
from the major protein peak of the supernatant. A third non-protein bound radio- 
activity peak is also present. 

TABLE 1. DISTRIBUTION OF RADIOACTIVITY IN THE SUBCELLULAR 

FRACTIONS OF MOUSE MAMMARY TUMORS FOLLOWING 

ADMINISTRATION OF TRITIATED PODOPHYLLIC ACID ETHYL 
HYDRAZIDE INTO TUMOR-BEARING RIII MICE 

Subcellular 
fraction 

cpm/g of tissue ‘A Radioactivity 

tumor liver tumor liver 

Nuclear 48,800 20,180 7.3 Mitochondrial 4773 11,770 0.7 A:$ 

Microsomal 8368 42,580 9h.37 3.4 
Supematant 603,730 1,173,330 94.1 

DISCUSSION 
The major portion of the radioactivity of tritiated podophyllic acid ethyl hydrazide 

resides in the soluble fraction of the mouse mammary tumor. As expected, there is no 
base labeling of nuclear DNA, even though there is radioactivity associated with the 
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TABLE 2. SPECIFIC RADIOACTIVITY OF MOUSE MAMMARY 

TUMORDNAFOLLOWINGADMINISTRATIONOF 

TRITIATED PODOPHYLLIC ACID ETHYL HYDRAZIDE TO 

TUMOR-BEARING RIII MICE 

No. of precipitations 
of DNA from solution Specific radioactivity 

: 
2068 
3099 

: 
993 
331 

2 
298 

II 

DNA molecule that by chemical standards contains no more than 0.3% protein as 
impurity. Removal of the DNA-associated radioactivity can be accomplished only by 
repeated precipitations of the DNA preparation by means of ethanol and acetone. 
Whether this weak association of the DNA with the antimitotic compound is of any 
physiological significance, remains to be seen. 

TUBE NO 

FIG. 1. Gel filtration of 100,600 g supernatant of mammary tumor following administration of 
tritiated podophyllic acid ethyl hydrazide to tumor-bearing RI11 mice. Filtration medium 0.14 M 
NaCl Fraction size 10 ml -protein concentration, l ----• specific radioactivity, 0 -0 

radioactivity per tube. 

Approximately two thirds of the radioactivity in the soluble portion of the tumor 
homogenate is associated with proteins (Fig. 1). It is apparent that the radioactivity is 
not randomly distributed among all the proteins in the 100,000 g supernatant, since 
there are two distinct classes of proteins with high specific radioactivity, clearly 
separable from one another. It can not be said at the moment whether the unchanged 
podophyllic acid moiety is attached to the protein fractions, or else some metabolic 
product is associated with one, or both of these fractions. It would be interesting to 
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know whether these fractions show metaphase arresting and/or tumor inhibiting 
properties, particularly since protein-bound drugs are rarely biologically active, unless 
they are released from their protein complexes. 
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