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ABSTRACT 

A comparison has teen made of the formate-C ^ 

incorporat ion into the nucle ic a c i d purines and thymine 

of regenerating rat l i v e r and Novikoff hepatoma i n v i v o . 

The effects of these t issues on one another, and on the 

host t i ssues has been studied. The u t i l i z a t i o n of for

mate by the nucle ic acids of Novikoff hepatoma and re 

generating rat l i v e r was not s i g n i f i c a n t l y a l t e r e d in 

animals containing both of these r ap id ly d i v i d i n g t i s 

sues. The re su l t s indicated that the demand for formate 

by one of the r a p i d l y growing t i ssues d i d not lower the 

uptake of formate by the nuc le ic acids of the other t i s 

sue. Furthermore i t was indicated that nuc le ic a c i d syn

thesis in regenerating l i v e r d i d not a l t e r the synthesis 

of nucle ic acids in other t i s sues . Regenerating l i v e r 

and Novikoff hepatoma had no effect on the nuc le ic a c i d 

metabolism of the host t issues of animals bearing one or 

both of these t i s sues . These r e su l t s are not completely 

in agreement with those reported in the l i t e r a t u r e . 

In a prel iminary experiment a rad ioac t ive sus

pension of Novikoff hepatoma was transplanted into r a t s . 

Twenty percent of the in jected r a d i o a c t i v i t y was recovered 

i n the urine during the f i r s t 24 hours of tumor growth. 

The spec i f i c ac t iv i t j * * of the nuc le ic a c i d bases of the 

tumor, obtained after 24 hours of growth, were n e g l i g i b l e . 



These f indings indicated that the nuc le ic acids 

of the donor tumor suspension were not u t i l i z e d 

in the synthesis of the nucle ic acids of the 

growing tumor. 
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INTRODUCTION 

In studying the nucle ic a c i d metabolism of tumor 

and non-tumor t i s sue , i t was f e l t that useful information 

could be obtained from a comparison of a neoplas t ic t i s sue 

and a r ap id ly growing non-neoplastic t i s sue . For purposes 

of such a study, Novikoff hepatoma and regenerating l i v e r 

were eminently sui table t i s sues , s ince the Novikoff hepatoma 

i s a neoplasm which had been induced in rat l i v e r and esta

b l i shed i n a transplantable form by Novikoff ( l ) . On the 

other hand regenerating rat l i v e r provided a r a p i d l y growing 

non-neoplastic t i s sue . A comparison of these t i s sues seemed 

reasonable in view of their common c e l l o r i g i n . Investigators 

in the past who have studied the nuc le ic a c i d metabolism of 

tumor and normal t i ssues have for the most part compared neo

p l a s t i c and normal t i ssues which were unrelated i n c e l l o r i g i n . 

Regenerating l i v e r has been extensively used as a source of 

r a p i d l y growing non-neoplastic t i s sue and compared to tumors, 

but again most of the data obtained from studies of the nuc le ic 

a c i d metabolism of th i s t i s sue have been r e l a t e d to tumor t i s sue 

which d i d not or ig inate from hepatic t i s sue . 

Therefore the present study was undertaken i n order 

to compare the nucle ic a c i d metabolism of Novikoff hepatoma 

and regenerating rat l i v e r . Furthermore the presence of these 

two t issues in v ivo provided an opportunity to study the effect 

of Novikoff hepatoma and regenerating l i v e r an the nuc le ic a c i d 

metabolism of other t issues of animals containing one or both 
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of the above r a p i d l y growing t i s sues , as well as the 

ef fect of the hepatoma and regenerating l i v e r on each 

other. 

I. Studies Comparing Tumor and Non-tumor Tissues . 

Studies on the u t i l i z a t i o n of several nuc le ic 

a c i d precursors by malignant and benign tumors as com

pared to non-tumor t i ssues have been c a r r i e d out by 

several inves t iga tor s . Brues, Tracy and Cohn (2) demon

strated that the rate of uptake of by the nuc le ic acids 

of a hepatoma was intermediate between that of r e s t i n g and 

regenerating l i v e r . On the other hand LePage and He ide l -

berger (3) found the incorporat ion of g l y c i n e - 2 - C ^ was 

small in the thymus of r a t s , greater in the normal l i v e r , 

and greatest in regenerating l i v e r and F lexner- Job l ing 

carcinoma. Subsequent experiments ( 4 - 7 ) have a l so demon-

strated a greater incorporat ion of g lyc ine -2 -C a n d P 

into tumor t issue as compared to non-tumor t i s sue . Recently 

Reddy and coworkers (8) have found a higher incorporat ion 

in v i t r o of P-^2 into the r ibonuc le i c a c i d (RNA) of several 

malignant human ovarian tumors as compared to benign human 

ovarian tumors. A higher incorporat ion of P-^2 into the 

deoxyribonucleic ac id (DNA) of most of the malignant tumors 

was a l so noted, but the di f ferences were of a smaller mag

ni tude . Wells and Winzler (9) have a l so observed a higher 

incorporat ion in v i t r o of formate-C 1 ^ into the ac id- so lub le 

nucleotides of human leukemic c e l l s as compared to normal 



- 3 -

leucocytes , the descending order of s p e c i f i c a c t i v i t y 

being acute leukemia, chronic granulocyt ic leukemia, 

chronic lymphocytic leukemia and normal leucocytes . 

S imi lar f indings had been reported by Tut t l e and associates 

(10) who found that leukemic i n f i l t r a t i o n into the l i v e r , 

spleen and lymph nodes of mice, was accompanied by an 

increase in the uptake and re tent ion of rad ioac t ive phos

phorus by the nueleoproteins and ac id- so luble f rac t ions 

of these t i s sues . 

Investigations of the incorporat ion of preformed 

precursors into the nuc le ic acids of tumor t i s sues have 

a l so been c a r r i e d out. Weed and Wilson (11,12) have found 

a higher incorporat ion of orot ic a c i d - 2 - C * ^ into thymidy l i c , 

u r i d y l i c and c y t i d y l i c acids of tumor s l i c e s as compared to 

l i v e r s l i c e s . In contrast Hurlbert and Potter (13) have 

obtained a r e l a t i v e l y small amount of incorporat ion in v ivo 

of orot ic acid-6-C*^ into subcutaneous tumor transplants 

as compared to l i v e r . The di f ference i n the incorporat ion 

was a t t r ibu ted to the greater a b i l i t y of the l i v e r to absorb 

and u t i l i z e the orot ic a c i d . Using u r a c i l - 2 - C 1 ^ as a pre

cursor , Rutman and coworkers (14) observed a higher incor

porat ion into the nuc le ic acids of rat hepatoma as compared 

to those of normal l i v e r . Comparable r e s u l t s were obtained 

by Heidelberger et a l (15) who found that the s p e c i f i c 

a c t i v i t y of the nuc le ic acids and ac id- so luble nucleot ides 

was higher in a subcutaneous tumor than in normal ra t l i v e r 



fo l lowing the adminis t ra t ion of u r a c i l - 2 - C . The 

l a t t e r authors note that the increased incorporat ion 

i s not spec i f i c to tumor since they found a comparable 

conversion of u r a c i l into the nuc le ic a c i d pyrimidines 

of i n t e s t i n a l mucosa of normal r a t s . Other authors 

(16) had previously reported that there was no d i f f e r 

ence in the rate of incorporat ion of adenine into the 

nuc le ic acids of normal and tumor t i s sues . 

I I . The Effects of Tumor on Host T i s sues . 

The effect of tumors on the nuc le ic a c i d 

metabolism of several t i ssues of the host has been de

monstrated for several tumors. Cerecedo et a l (17-21) 

have shown an increase in concentration of nuc le ic ac ids 

in the l i v e r , lungs, kidney, thymus, and lymph nodes of 

sarcoma-bearing mice; and in the l i v e r , kidneys , and 

lungs of 12 to 20 day gestat ional mice (22). This ef fect 

was not observed in ra t s containing regenerating l i v e r 

(23) ; and rats containing Walker carcinoma showed a drop 

in nuc le ic a c i d concentrat ion of the thymus and the RNA 

of the lymph nodes, with an increase in the nuc le ic a c i d 

concentration of the spleen and the RNA of bone marrow 

(24) . 

K e l l y and associates (25-27) have shown an 

increased rate of incorporat ion of p 3 2 into the DNA of 

l i v e r s and spleens of mice and rats bearing several trans

planted tumors and in pregnant mice and r a t s . S imi l a r 



increases i n the incorporat ion of glyeine-a-C and 

formate-C 1 ^ into the DNA of host t i s sues of tumor-

bearing mice have been reported (28), although LePage 

and Heidelberger (3) obtained no s i g n i f i c a n t d i f ference 

between the incorporat ion of g l y c i n e - 2 - C 1 ^ into the DNA 

and RNA of the l i v e r of ra t s bearing F lexner- Job l ing 

carcinoma as compared to normal l i v e r s . In contras t , 

i t has been demonstrated (5) that the l i v e r s of ra t s 

bearing F lexner- Jobl ing carcinoma have a higher uptake 

of P^ 2 into the DNA nucleotides as compared to normal 

l i v e r s . Others (29»30) have observed a s imi la r ef fect 

in tumor-bearing mice, i n which there was a s t imula t ion 

of the incorporat ion of adenine-S-C^"^ into the nuc le i c 

acids of the host t i s sues . Prel iminary studies (36) 

using in v i t r o techniques, indicated a s t imula t ion , by 

tumor t i s sue , of the incorporat ion of adenine into the 

DNA of normal organs. In a d d i t i o n , B a l i s and coworkers 

(31»32) reported an increased incorporat ion of guanine 

and hypo~xanthine into the KNA of ce r t a in host t i s sues 

of rats bearing transplanted human tumor. Further to 

these observations on the effect of tumor on the incor

porat ion of nucle ic a c i d precursors into host t i s sues , 

Annau and coworkers (33) and Malmgren (34) have reported 

an increased mitot ic rate in the l i v e r s of tumor-bearing 

mice and r a t s . 
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III . Studies of Regenerating L i v e r * 

The ear ly l i t e r a t u r e per ta in ing to regenerating 

l i v e r has been reviewed by Fishback (35). Higgins and 

Anderson (36) made a careful study of the r e s t o r a t i o n 

of the l i v e r in the white rat and observed that a f ter the 

removal of approximately 70% of the l i v e r , the remnant 

more than doubles in s ize in the course of the fo l lowing 

72 hours. These studies were extended by Brues et a l (37) 

who found that the remnant of l i v e r increased in s ize toe-

tween 50 and 60% during the f i r s t 24 hours pos toperat ive ly , 

but observed no increase in the number of hepatic c e l l s 

during this per iod . Thi s phenomenon was a t t r i b u t e d to an 

increase in s ize of the hepatic c e l l s and was followed on 

the second day by a marked increase in c e l l d i v i s i o n which 

diminished from then on (37). 

By using the ear ly stages of l i v e r regeneration 

i n rat s and other animals subjected to p a r t i a l hepatectomy 

i t was possible to invest igate c e r t a i n processes that 

occurred in a r ap id ly growing t i s sue . In p a r t i c u l a r , re

generating l i v e r has been widely used in studying nuc le ic 

a c i d metabolism. Since the i n i t i a l study toy Brues et a l 

(38), numerous invest igat ions have been reported on the 

incorporat ion of precursors into the nuc le ic acids of r e 

generating l i v e r (39-53). Johnson and Alber t (41) observed 

a rap id uptake of P-^ into the RNA and DNA of regenerating 

rat l i v e r during the f i r s t 24 hours after operat ion, followed 

toy a subsequent dec l ine which was accompanied by a marked 



increase in mi tos i s . This was in general agreement 

with the re su l t s of Pr ice and L a i r d (54) who found 

that on a per c e l l ba s i s , the amounts of nuc le ic a c i d , 

with the exception of nuclear RNA, reached their maxi

mum value before an increase in the number of d i v i d i n g 

c e l l s could be detected. Others have reported maximum 

rates of DNA synthesis in regenerating rat l i v e r at 24 

(44) and 24 to 30 (47) hours after hepatectomy, but 

after the onset of ac t ive mitosis the rate of DNA syn

thesis tends to f a l l to a lower l eve l ( 4 4 ) • S imi la r ob

servations have been obtained using p a r t i a l l y hepatec

tomized mice (45»52)» and mice on which l i v e r regener

a t ion was induced by the adminis t ra t ion of carbon t e t r a 

chlor ide ( 5 0 ) . 

1 ^ 
Using glycine-N J as the i sotopic precursor , 

E l i a s son et a l (40) found maximum incorporat ion into the 

purines of the nuc le ic acids of regenerating rat l i v e r 

at about 30 hours after p a r t i a l hepatectomy, but i n con

trast to the aforementioned r e s u l t s , E l i a s son et a l ob

served that the maximum rate of polynucleotide synthesis 

coincided in time with the maximum of mitos i s frequency. 

In more recent papers ( 55 -57 ) the l a t t e r inves t iga tors 

found an i n i t i a l peak of g lycine incorporat ion into the 

RNA purines at 14 hours after operat ion. However t h i s 

i n i t i a l high peak d i d not coincide with the maximum rate 

of synthesis of RNA, and apparently represented some 

turnover process d i s t i n c t from net synthesis of new mole-
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cu le s . A smaller broader peak of g lycine uptake into 

RNA occurred around 26 to 56 hours pos toperat ive ly , 

and was found to corre la te with the maximum rate of 

RNA synthesis . The major peak of incorporat ion into 

DNA occurred at 26 - 32 hours and coincided with the 

peak of mitosis , frequency and to a large extent with 

the time of maximum DNA synthesis . 

IV. Metabolic Interre la t ions of Regenerating  

L iver and Tumor Tissues . 

A number of workers have reported re su l t s of 

experiments in which the nuc le ic a c i d metabolism of 

tumor was studied in animals containing regenerating 

l i v e r . At the same time the effect of tumor on regenera

t i n g l i v e r has been noted, as well as the effect of the 

combination of these two t i ssues on other host t i s sues . 

Experiments of th i s type have been reported by 

LePage and Heidelberger (3) us ing p a r t i a l l y hepatectomized 

ra t s bearing subcutaneous implants of F lexner- Job l ing 

carcinoma. Their r e su l t s indicated that the presence of 

tumor and regenerating l i v e r in one animal had no ef fect 

on the incorporat ion of g l y c i n e - 2 - C ^ into regenerating 

l i v e r or tumor as compared to animals containing e i ther 

regenerating l i v e r or tumor. They provided no data for 

other t issues of the animal. Paschkis et a l (58) obser

ved that in the presence of regenerating l i v e r , the growth 

of two tumors of e p i t h e l i a l o r i g i n was acce lera ted , but no 

acce lera t ion was noted in two sarcomatous tumors under 



s imi la r condi t ions . L iver regeneration was enhanced in 

the presence of a growing tumor regardless of whether 

the growth of the l a t t e r was influenced by the l i v e r 

regenerat ion. The l a t t e r authors postulated the re lease 

of a "growth promoting agent" from the regenerating l i v e r 

into the c i r c u l a t i o n which was s e l ec t ive in i t s ef fect on 

" target" tumors. In agreement with th i s hypothesis was 

the work of Bucher and coworkers (59) and Wennecker and 

vSussman (60) who have reported that p a r t i a l hepatectomy 

of one member of a parabiot ic pair causes increased weight 

and mi tot ic a c t i v i t y of the l i v e r of the other intact para

b iont . The nature of the "growth promoting agent" i s un

known as i s the mechanism underlying the enhancement of 

l i v e r regeneration in the presence of a growing tumor ( 5 8 ) . 

In add i t ion Ba l i s and associates ( 6 l ) have observed a 

great ly increased uptake of adenine, 2 , 6 diaminopurine, 

hypoxanthine, and g lyc ine into the purines of t i ssues of 

hamsters containing regenerating l i v e r , as compared to con

t r o l s . The same authors have a l so reported ( 6 l ) that a 

human sarcoma transplanted into hamsters was a f fected by 

the presence of regenerating l i v e r in the sarcoma-bearing 

animals. Using 2 , 6 diaminopurine, guanine or hypoxanthine 

as precursor, there was no appreciable change in the uptake 

by the tumor of the administered purine, but when adenine 

was given, there was a three f o l d increase i n the uptake 

of th i s precursor by the tumor. The u t i l i z a t i o n of g lycine 

by the tumor, on the other hand, was reduced. There were 
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no s t r i k i n g changes noted in the incorporat ion of the 

precursors into the hos t ' s t i ssues of the p a r t i a l l y 

hepatectomized-tumor-bearing hamsters. 

V . . The Present Invest igat ion. 

The experiments to be described were undertaken 

i n order to compare the metabolism of the nuc le ic acids 

in Novikoff hepatoma and regenerating rat l i v e r and to 

determine any poss ible ef fects of one or both of these 

t i s sues on the nucle ic ac id metabolism of the t i ssues of 

the host. 

The maximum mitot ic a c t i v i t y was used as an i n 

dex of the maximum rate of growth of the hepatoma and re

generating l i v e r . Therefore rats containing about 40 hour 

postoperative regenerating rat l i v e r were used since th i s 

approximated the period of maximum mitot ic frequency ( 36 , 

3 7 , 4 0 , 4 1 , 5 4 , 5 5 ) . The mi tot ic index of the Novikoff hepa

toma was determined on successive days after transplan

t a t ion and found to be maximal during the fourth day of 

intraper i tonea l growth. In most cases ra t s containing 40 

hour regenerating l i v e r and fourth day tumor were used to 

compare the incorporat ion of sodium formate-C*^ into the 

nuc le ic ac id purines and pyrimidines of these t i s sues . 

Formate was used as a measure of the de novo biosynthes is 

of nucle ic ac id since i t i s incorporated into pos i t ions 2 

and 8 of the purine r i n g v i a the formate donor N ^ - f o r m y l 

tetrahydro f o l i c ac id ( 6 2 , 6 3 ) , a n d into the methyl group 

of thymine. In vivo experiments were performed throughout 

and i n order to increase the s ign i f i cance of the f ind ings , 



- 11 -

groups of 2 to 4 rats were used in each experiment and 

the t issues pooled. 

The resu l t s to toe described in t h i s thes is 

demonstrated a greater incorporat ion of formate-C*^ into 

the nucle ic ac id of regenerating l i v e r as compared to 

normal l i v e r . As w e l l , a higher formate incorporat ion 

into the nucle ic ac id of the hepatoma was observed, as 

compared to regenerating l i v e r . In contrast to the r e 

su l t s of others , in which p a r t i a l l y hepatectomized-tumor-

bearing animals were s tudied, the re su l t s described here in 

indicated that the presence of regenerating l i v e r and 

Novikoff hepatoma in the same rat had no s i g n i f i c a n t ef fect 

on the incorporat ion of formate into the nuc le ic a c i d bases 

of i n t e s t i n a l mucosa, spleen, regenerating l i v e r or tumor, 

as compared to the appropriate c o n t r o l . These r e su l t s were 

interpreted as an i n d i c a t i o n of the autonomy of tumor and 

regenerating l i v e r , s ince the presence of these two r a p i d l y 

growing t issues in one animal, d i d not af fect the i r a b i l i t y 

to incorporate formate into their nucle ic ac ids . These 

f indings were even more s t r i k i n g in view of the r e su l t s 

which showed that the ava i l ab le rad ioact ive formate was 

r a p i d l y depleted soon after adminis trat ion as a r e s u l t of 

the rap id and ej&tensive excret ion of radio a c t i v i t y i n the 

expired C0 9 and u r i n e . 
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Therefore i t was of interes t to deter

mine the incorporat ion of formate into the re

generating l i v e r of tumor-bearing animals which 

had been in jected with formate-C 1^" pr ior to the 

p a r t i a l hepatectomy. The re su l t s of th i s exper i 

ment indicated that there was l i t t l e d i f ference i n 

the formate incorporat ion into the nuc le ic acids 

of the regenerating l i v e r s of these animals than 

into the nuc le ic acids of the l i v e r s of the tumor-

bearing control animals. Furthermore the extent of 

formate uptake into the tumor and host t i s sues was 

s imi la r in the two sets of animals. 

A prel iminary experiment was performed 

to determine the d i s t r i b u t i o n of r a d i o a c t i v i t y in 

animals which had been in jected with a rad ioac t ive 

suspension of Novikoff hepatoma. It was hoped that 

such an experiment would also provide an opportunity 

to study the nucle ic a c i d metabolism of the growing 

Novikoff hepatoma. Although many of the r e su l t s of 

th i s experiment were not s i g n i f i c a n t , i t was e v i 

dent that approximately 20 per cent, of the r a d i o 

a c t i v i t y administered in the tumor suspension, was 

excreted in the urine during the f i r s t 24 hours of 

tumor growth. 

The re su l t s of the experiments which have 
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been described are not completely in accord with 

the f indings of others . The s ign i f i cance of these 

apparent di f ferences has been discussed* 
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EXPERIMENTAL 

A. METHODS 

I. Mate r i a l s . 

Male Sprague-Dawley rats (180-200 grams) from 

the colony at the Univers i ty of B r i t i s h Columbia, were 

used in a l l experiments. The animals were fed Bucker f i e ld * s 
1 

Vita-Gras Pe l l e t s ad l i b i t u m . 

The Novikoff hepatoma has been maintained, in 

the Department of Biochemistry, Univer s i ty of B r i t i s h Colum

b i a , by weekly intraper i tonea l transplant ion of 0.3 or 0 . 4 

ml. of a 1 in 5 d i l u t i o n of a minced tumor c e l l suspension 

i n phys io log ica l s a l i n e . For the experiments descr ibed 

here in , 0.5 ml* of the tumor c e l l suspension was trans

planted into each rat i n order to obtain a larger mass of 

tumor. 

Sodium formate-C*4 w a s obtained from Atomic Energy 

of Canada and from Merck and Company L imi ted . For i n j e c t i o n 

i t was d i s so lved in 5 ml . of s l i g h t l y a l k a l i n e water. 

II . P a r t i a l Hepatectomies. 

The p a r t i a l hepatectomies were performed under ether 

anesthesia , using e s s e n t i a l l y the same method as described by 

Higgins and Anderson (36). No precautions were taken to 

Manufactured by Bucker f i e ld 1 s L imi ted , Vancouver, B r i t i s h 

Columbia. 



obtain a s t e r i l e technique, although c leanl ines s was 

observed during the procedure. The l e f t l a t e r a l lobe 

was l i g a t e d at the pedic le using 00 black s i l k suture 

and excised. The middle lobe was then excised in a 

s imi lar manner. The abdomen was closed in one layer 

using 000 or 00 black s i l k continuous sutures . The 

animals were maintained on their usual d i e t before and 

after operation. A low postoperative morta l i ty was ob

ta ined. 

Removal of the l e f t l a t e r a l and median lobes 

of the rat l i v e r represents a loss of approximately 70% 

(36) of the intact l i v e r . The normal l i v e r s , of the 

animals used, had a wet weight of 6.5 to 8.5 grams. There

fore the remnant remaining after p a r t i a l hepatectomy was 

ca lcu la ted to weigh 2.0 to 2.5 grams. After 40 hours of 

regeneration the l i v e r remnant weighed 3.0 to 4 .5 grams, 

ind ica t ing an increment in l i v e r weight of 1 to 2 grams 

during th i s period of r e s t o r a t i o n . The wet weight of fourth 

day tumor was approximately 1 .5 to 2.5 grams. There was no 

s i g n i f i c a n t d i f fe rence , from these values , in the weight 

of regenerating l i v e r or tumor in the p a r t i a l l y hepatecto-

mized-tumor bearing animals. 

I II . M i t o t i c Counts. 

In comparing the incorporat ion of f o rmate -C^ 

into the nucle ic acids of Novikoff hepatoma; and regenerating 

rat l i v e r , i t was f e l t that the determination of formate i n 

corporat ion into each t i ssue should be made at the time of 
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maximal rate of growth of each t i s s u e . In th i s way the 

nuc le ic a c i d metabolism of each t i s sue could be s tudied 

under comparable condit ions of growth. The period of 

maximum mitot ic frequency was used as an index of the 

maximum rate of growth of each t i s sue . 

As previous ly s tated, information obtained from 

the l i t e r a t u r e indicated that the period of maximum mi to t i c 

frequency of regenerating l i v e r occurred approximately 40 

hours after the p a r t i a l hepatectomy. In order to deter

mine the period of maximum mitosis of the Novikoff hepa

toma, mitot ic indices of the tumor were determined at d a i l y 

in terva l s after t ransplantat ion . After h i s t o l o g i c a l pre

parat ion, the nuc le i of ind iv idua l f i e l d s were counted under 

the microscope, and the percentage of nuc le i undergoing 

mitos is was determined. Prel iminary mi tot ic counts were 

d i f f i c u l t and inaccurate, because of d i f f i c u l t y i n i d e n t i f y i n g 

the various stages of mi tos i s . Th i s problem was overcome by 

i n j e c t i n g c o l c h i c i n e pr ior to removing the tumor t i s sue , as 

described by Leblond and tfalker (64). Each tumor-bear ing 

rat was in jected subcutaneously with c o l c h i c i n e (0.1 m i l l i 

gram per 100 grams body weight) 6 hours pr ior to k i l l i n g the 

animals. In this way, c e l l nuc le i undergoing mitosis were 

stopped at the metaphase stage. This phase of mitos i s was 

r e a d i l y i d e n t i f i e d , and made for a faster and more accurate 

determination of the mi to t i c a c t i v i t y . 

Portions of the s o l i d hepatoma, from the periphery 

of the tumor mass, were obtained at d a i l y in terva l s af ter 
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t ransplantat ion from separate tumor-bearing r a t s . The 

t i s sues were prepared for mitot ic counts using two 

techniques. 

1. "Standard" Technique. The fresh tumor t i s sue was 

f ixed in formal in , s ta ined with hematoxylin and eos in , and 

sectioned using a microtome. S ta in ing and sec t ioning of 

the t issue was performed by members of the Department of 

Pathology, Univer s i ty of B r i t i s h Columbia. Di f ferent f i e l d s 

were counted under o i l immersion u n t i l a to ta l of $ 0 0 nuc le i 

had been counted for each tumor. 

2. "Squash" Technique. A small port ion of the fresh 

tumor was squashed on a microscope s l i d e to disperse the 

t issue into a layer one c e l l in thickness . The "squash" was 

then stained with aceto-carmine. Aceto-carmine i s a dye which 

p r e f e r e n t i a l l y s ta ins chromosomes, and therefore i s advan

tageous in the determination of mi tot ic counts. Di f ferent 

f i e l d s were counted under o i l immersion u n t i l a to ta l of 

1,000 nuc le i had been counted for each tumor. 

IV. C o l l e c t i o n of Expired C O p . 

In those experiments i n which the radio a c t i v i t y 

of the expired COg was determined, the procedure as described 

by Zbarsky and Wright (65) was used. The animals were placed 

in a sealed metabolism cage through which carbon d iox ide- f ree 

a i r was passed. The expired COg was 'bubbled' through c a r « 

bonate-free 5, 10 or 15$ NaOH, depending on the per iod of 

time during which the C 0 2 was c o l l e c t e d . The a l k a l i n e so lu t ion 

containing the expired C0 p was q u a n t i t a t i v e l y c o l l e c t e d , and 
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made to volume with C0 2 - f ree water. Appropriate a l iquot s 

were removed ( i f necessary non-isotopic Na 2C0^ was added 

as c a r r i e r ) , and the carbonate prec ip i t a ted as BaCO^. 

V. C o l l e c t i o n of Ur ine . 

Urine specimens were c o l l e c t e d in a l l experiments 

in which formate-C 1 ^ was administered. In those experiments 

in which the expired CO^ was c o l l e c t e d , the ur ine was c o l l e c 

ted at 3, 6, 12, 24, 3&» 48 e tc . hours after the i n j e c t i o n of 

the rad ioact ive formate. In a l l other experiments the ur ine 

was c o l l e c t e d at 12 hour i n t e r v a l s . Toluene or mercuric 

chlor ide was added as preservat ive . 

V I . I so la t ion of Purines and Pryimidines . 

The animals were k i l l e d by exsanguination under 

the anesthesia and the t issues qu ick ly removed and frozen. 

The various t issues from the group of animals were pooled, 

and the l i p i d s extracted by homogenizing in 95$ e thanol , 

ethanol-ether (3:1) and ether. The fa t- free t i s sues were 

d r i e d and the sodium nucleates extracted by continual s t i r r i n g 

in 10% NaCl (20 ml. per 0.6 gram dry weight) at 85°C for 6 

hours. The sodium nucleates were p rec ip i t a t ed by the add i t ion 

of 3 volumes of 95% ethanol and c h i l l e d overnight . The pre

c i p i t a t e d sodium nucleates were extracted with 10 volumes of 

5% NaCl by s t i r r i n g at 85°C for 15 minutes, and r e p r e c i p i t a t e d 

with 3 volumes of 95% ethanol and c h i l l e d for 2 to 3 hours. 

The sodium nucleates were c o l l e c t e d by cent r i fuga t ion , washed 

with ethanol , and ether, and d r i e d . For t i s sues with a wet 
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weight of less than 1 gram, the nuc le ic acids were ex

tracted according to the method of Hecht and Potter (47 )• 

RNA and DNA were separated by the procedure of Tyner , 

Heidelberger and LePage ( 5 ) . The DNA and r ibonucleot ides 

were then hydrolysed with perch lor i c a c i d as described by 

Marshak and Vogel ( 6 6 ) . The hydrolysate was neut ra l i zed 

toy the addi t ion of $0% potassium hydroxide, c h i l l e d , and 

the p rec ip i t a t ed potassium perchlorate removed by centr i fuga

t i o n . The purines and pyrimidines , contained in the super

natant, were separated by ion exchange chromatography on 

columns of Dowex-50 (200 - 400 mesh ), H form. In most i n 

stances columns measuring 1 x 15 cm. were used, however for 

smaller quant i t i e s , the columns were reduced to 1 x 8 cm. 

D i s t i l l e d water was used as eluent for the f i r s t 20 to 30 m l . , 

followed by 1 . 5 N H C 1 . The eluate was c o l l e c t e d in f rac t ions 

of 2 to 3 ml- using a Technicon Timeflow Frac t ion C o l l e c t o r . 

V I I . U l t r a v i o l e t Spectrophotometry. 

The opt ica l d e n s i t i e s , at 260 m i l l i m i c r o n s , of the 

f rac t ions from the ion exchange columns were determined using 

a Beckman DU spectrophotometer. The f rac t ions conta ining the 

ind iv idua l pyrimidines and purines were pooled, evaporated to 

dryness, d i s so lved in 0 . 1 N H Cl and made up to volume. The 

absorption spectrum of each base was determined using a Beck

man DK-2 r a t i o recording spectrophotometer, and the concen

tra t ions determined from the fo l lowing molar e x t i n c t i o n co

e f f i c i e n t s 2 : 

Determined for th i s instrument by A. H o r i . 
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3 
u r a c i l - 7.56 x 10 at 257.5 m i l l i m i c r o n s , 

thymine - 7.91 x 10-̂  at 263.5 m i l l i m i c r o n s , 

cytos ine- 10.36 x 10^ at 274*5 m i l l i m i c r o n s , 

guanine - 11.42 x 10^ at 248 m i l l i m i c r o n s , 

adenine - I3.5O x 10-̂  at 261.5 m i l l i m i c r o n s . 

VI I I . Radioactive Counting Procedures. 

A l l r ad ioact ive counting was done in a window-

less gas flow counter. Suitable a l iquots of the purine 

and pyrimidine solut ions were counted on aluminum planchets 

covered with lens paper. Spec i f i c a c t i v i t i e s of the purines 

and pyrimidines were expressed as counts per minute per 

micromole (c .p.m. /uM) and the r e su l t s for each experiment 

compared in terms of r e l a t i v e s p e c i f i c a c t i v i t y (R .S .A . ) 

equal t o : 

spec i f i c a c t i v i t y of purine or pyrimidine (c.p.m./uM) x 10-* 
spec i f i c a c t i v i t y of in jected formate (c.p.m./jiM) 

Barium carbonate samples were counted as " i n f i n i t e l y 

th ick" samples. The minimum weight of barium carbonate re

quired to produce an " i n f i n i t e l y th ick" sample was found to 

be 120.0 mg. for the par t i cu la r assembly used (67). In order 

to correct to th in samples the counts were m u l t i p l i e d by a 

factor of 4«33* This factor was determined by ox id i z ing a 

su i table a l iquot of formate-C l 4 to C 1 ^ 0 2 , which was prec ip i t a ted 

as BaC The l a t t e r was counted and the amount of s e l f 

absorption determined by reference to a t h i n sample count of 

the formate-C l 4 (67). 
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In order to prevent the loss of v o l a t i l e r ad io

ac t ive a c i d i c mater i a l , each urine c o l l e c t i o n was made 

a l k a l i n e . The sample was made up to volume with a l k a l i n e 

water and the r a d i o a c t i v i t y determined by drying a l iquot s 

on aluminum planchets. No correc t ion was made for s e l f 

absorpt ion. 
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Bu RESULTS. 

I . Mi to t i c Counts. 

On examining the s l ides prepared by the "squash" 

technique i t was found that the tumor nuc le i could be 

e a s i l y detected and counted, since there was adequate 

d i sper s ion of the tumor c e l l s . Furthermore the f i e l d s d i d 

not contain tumor c e l l s in which the nuc le i were absent. On 

the other hand, s l ides prepared by the "standard" technique, 

were d i f f i c u l t to examine because most f i e l d s were more than 

one c e l l in thickness , the c e l l s were crowded together, and 

many c e l l s were cut by the microtome so as to exclude the i r 

n u c l e i . Therefore i t was decided that the "squash" method 

gave more accurate mi tot ic counts than the "standard" tech

nique. 

An estimation of the mitot ic a c t i v i t y of tumor 

growing during the 1st and 2nd days after t ransp lanta t ion 

was not poss ible because i n s u f f i c i e n t tumor t i s sue was ob

tainable at these times. The mi to t i c index of 7th day tumor 

was a lso not determined because by t h i s time many of the 

animals have died as a r e su l t of the tumor; and moreover the 

tumor obtained from those animals which do survive i s too 

necrot ic and hemorrhagic to permit the determination of the 

mi tot ic index. 

From the re su l t s of the mi tot ic counts (Table I ) 

i t i s evident that Novikoff hepatoma is most ac t ive m i t o t i -

c a l l y during the 4th day of in t raper i tonea l growth. During 

the fol lowing two days of growth, the mitot ic frequency de-
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creases, and on the 6 t h day only about \% of the n u c l e i 

are in mi tos i s . 

TABLE I 

M i t o t i c indices of Novikoff Hepatoma, as percent 
of to ta l nuc le i in metaphase. 

Day after 
trans

plantat ion 

Percent of to ta l Nucl e i in Metaphase Day after 
trans

plantat ion 
-'Squash' technique 

(1000 n u c l e i counted) 
"Standard" Technique 
(500 n u c l e i counted) 

3 r d 10 16 
4 t h 10 23 
5 th 6 8 

6 t h 1 •* 

Although the mitot ic index of 3 r d day tumor was 

s imi lar to that obtained for 4 t h day tumor using the 

"squash" technique, 4 t h day tumor was preferred because 

of the larger mass of tumor on that day and a l so because 

of the p o s s i b i l i t y that the mi tot ic index might be higher 

than 3 r d day tumor in view of the re su l t s obtained from 

the "standard" technique counts. Therefore animals with 

4 t h day tumor were used in subsequent experiments to com

pare the incorporat ion of formate-C*^ into regenerating 

rat l i v e r and Novikoff hepatoma. 

II . Formate Incorporation into the Nucleic Acids 
of Tissues of P a r t i a l l y Hepatectomized and 
Tumor-bearing Eats . 

In a l l experiments the so lu t ion of sodium formate-C 
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was in jec ted subcataneously into the dorsum of each 

r a t . The quant i t ie s of formate-C 1 ^ in jected into each 

animal, in the experiments to be descr ibed, are shown in 

Table II . This table also summarizes the time r e l a t i o n -

14 
ship of l i v e r regeneration, tumor growth, and formate-C 

i n j e c t i o n , as well as showing the number of animals used 

as a group for each experiment. Data for the 6th day 

tumor-bearing rats were obtained by Ztoarsky et a l (68). 

The data shown for these animals represent the average 

of re su l t s obtained from two or three s ingle animal ex

per iments. 

The spec i f i c a c t i v i t i e s for u r a c i l and cytosine 

were determined in a l l experiments, and in most cases were 

found to be n e g l i g i b l e . In some instances the incorpora

t i o n of formate-C 1 ^ into u r a c i l and cytosine was s i g n i f i 

cant, but was always considerably less than the incorpora

t i o n into adenine and guanine, and general ly less than thy

mine. Therefore only the data for thymine, adenine and 

guanine are presented. The s p e c i f i c a c t i v i t y of DNA ade

nine and guanine was higher than thymine in a l l t i s sues . 

However the di f ference in s p e c i f i c a c t i v i t y between the DNA 

purines and thymine was not constant and var ied from one 

t i ssue to another. It was a l so noted in dupl ica te exper i 

ments, that th i s d i f ference was not constant for a s ingle 

t i ssue. 

Figures 1-4 i l l u s t r a t e the r e l a t i v e s p e c i f i c 

a c t i v i t i e s of adenine and guanine obtained from the DNA 

and ENA of l i v e r , tumor, spleen and i n t e s t i n a l mucosa of 



TABLE II 
Time r e l a t i o n s h i p of l i v e r r e g e n e r a t i o n , tumor growth, and 
formate-C A 4 i n c o r p o r a t i o n a t time r a t s were s a c r i f i c e d . 
Number of r a t s i n each group. Q u a n t i t i e s of formate and C 

in ,jec ted • 
D e s c r i p t i o n of 

an ima l s 

Hours 
of 

1 i v e r 
i n Sec
t i o n 

Day of 
tumor 

gr ow th 

Number 
of 

r a t s 
i n 

gr oup 

C . p.m. of 
C i 4 i n j e c -
ted i n t o 

each 
r a t 

Mg o f 
formate 
i n j e c t e d 

i n t o 
each r a t 

Per i od 
of f o r 
ma t e - C 1 4 
i n c o r 
p o r a t i o n 
i n hours 

1 . P a r t i a i l y 
hepa tec-
toinized 

40 - 3 3 .72 x 1 0 7 O . 85 24 

2 . Tumor-
bear i n g 

4 t h 3 3 . 3 3 x 1 0 7 1.02 24 2 . Tumor-
bear i n g 6 t h 2 -3 

( s i n g l e ) 
7.5O x 1 0 7 1.03 24 

3 . P a r t i a l l y 
hepatec-
toroized-
tumor -
bear ing 

40 4 th 3 3 .33 x 1 0 7 1.02 24 
3 . P a r t i a l l y 

hepatec-
toroized-
tumor -
bear ing 

40 4 t h 2 4 . 0 2 x 1 0 7 1.02 24 

4. Tumor-
bear ing 
d e l a y e d 
hepatec-
tomy 

40 6 th 4 3.96 x 1 0 7 1.02 72 

5. Tumor-
bear ing 
con t i o l 
for 4. 

6 t h 4 3.96 x 1 0 7 1.02 72 
5. Tumor-

bear ing 
con t i o l 
for 4. 6 th 3.96 x I 0 7 1.02 72 

b . Normal - — 2 -3 
( s i n g l e ) 

7 .50 x 1077 1.03 24 

* Data of Z'barsky ex a l ( 6 8 ) . 



To race rage o« 

R N A 
A P E N I N E 

>-

> 
O 
<l 

o 

o 
UJ 
CL 
CO 

LU 
> 
I— 
< 
_ J 
LU 
or 

3 0 0 -

200-

100-

G U A N I N E 
D N A 

A D E N I N E G U A N I N E 

P a r t i a l l y h e p a t e c t o m i z e d 

F o u r t h day t u m o r - b e a r i n g . 

P a r t i a l i y h e p a t e c t o m i z e d - t u m o r - b e a r i n g . 

Normal 

F i g u r e 1. R e l a t i v e s p e c i f i c a c t i v i t i e s of n u c l e i c a c i d 
p u r i n e s of 1 i v e r from p a r t i a l l y h e p a t e c t o m i z e d , 
t u m o r - b e a r i n g , p a r t i a l l y h epatectomized-tumor-
bear i n g , and normal r a t s ; 24 hours a f t e r the 
i n j e c t i o n of f o r m a t e -



p a r t i a l l y hepatectomized, tumor-bearing, p a r t i a l l y 

hepatectomized-tumor-bearing, and normal r a t s . The 

r e l a t i v e spec i f i c a c t i v i t i e s of the DNA thymine from 

these tissues are i l l u s t r a t e d in Figure 5» 

( i ) P a r t i a l l y hepatectomized r a t s . In order to 

determine the incorporat ion of formate-C^^ into the 

nucle ic acids of regenerating rat l i v e r , each of three 

rats was p a r t i a l l y hepatectomized (36K and in jected 

with formate-C*4 16 hours after the operat ion. Twenty-

four hours after the formate i n j e c t i o n the animals were 

s a c r i f i c e d . The nucle ic ac id purines and pyrimidines 

from the regenerating l i v e r , spleen, and i n t e s t i n a l mucosa 

were analysed for radio a c t i v i t y as descr ibed. The r e su l t s 

obtained for the purines and thymine of 40 hour regenera

t ing l i v e r alte shown in Figures 1 and 5 r e spec t ive ly . On 

comparing the r e l a t i v e s p e c i f i c a c t i v i t i e s of the nuc le ic 

ac id adenine, guanine and thymine of the regenerating l i v e r 

with the corresponding nuc le ic a c i d f ract ions of normal 

l i v e r , i t i s evident that the nuc le ic acids of the former 

t i ssue incorporate formate-C*^ to a much greater degree 

than those of normal l i v e r . The di f ference i s most apparent 

on comparing the purine data . 

Examination of the data obtained for spleen and 

i n t e s t i n a l mucosa (Figures 3 - 5 ) indicates that the 

presence of 40 hour regenerating rat l i v e r has no effect on 

the incorporat ion of formate-C^ into the nuc le ic a c i d 



To f a c e Page 2b, 

R N A 

A D E N I N E 

>-
^ 3 0 0 

o 
< 

CJ 

^ 2 0 0 -
LLI 
CL 
CO 

L U 
> 

IOO-

L U 

or 

G U A N I N E 

D N A 

A D E N I N E G U A N I N E 

F o u r t h day tu m o r - b e a r i n g . 

P a r t i a l l y h e p a t e c t o m i z e d - t u m o r - b e a r i 

S i x t h day t u m o r - b e a r i n g . 

ng. 
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purines and thymine of e i ther spleen or i n t e s t i n a l 

mucosa. 

( i i ) Tumor-bearing r a t s . As previous ly s tated, 

animals bearing 4th day Novikoff hepatoma were selected 

for these experiments because of the high mitot ic a c t i 

v i t y observed during the 4th day of intraper i toneal 

growth. Three ra t s were in jected in t raper i tonea l ly with 

0.5 ml . of a tumor suspension. At a time during the 

period 48 to 72 hours after t ransp lanta t ion , each animal 

was in jected subcutaneously with formate-C*4, and s a c r i 

f i ced 24 hours after the formate i n j e c t i o n . Therefore 

each rat contained 4th day tumor at the time i t wassacri-

f i c ed. 

The re su l t s obtained for the r e l a t i v e s p e c i f i c 

a c t i v i t i e s of the nucle ic ac id bases of l i v e r , tumor, 

spleen and i n t e s t i n a l mucosa are represented in Figures 

1 to 5. The data shown for the 4th day tumor (Figures 2 

and 5) indicated a high degree of incorporat ion of fo r -

mate-C*4 into the nucle ic ac id purines and thymine. The 

extent of incorporat ion into the tumor i s greater than 

that obtained for regenerating l i v e r and normal spleen, 

but approximately of the same order as that shown for i n 

t e s t i n a l mucosa. 

It may be noted also that the presence of 4th 

day Novikoff hepatoma has l i t t l e or no influence on the 

de novo synthesis of the nucle ic acids of the host l i v e r , 
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spleen and i n t e s t i n a l mucosa. In most instances i t i s 

seen that the degree of incorporation of formate into 

the nucleic acid purines and thymine of the host tissues 

of the tumor-hearing animals is similar to the formate 

incorporation into the corresponding f r a c t i o n of the 

tissues of normal r a t s . The one exception, as shown in 

Figure 3 , is the two-thirds decrease in r e l a t i v e s p e c i f i c 

a c t i v i t y of ENA adenine obtained from the spleens of the 

4 t h day tumor-bearing animals, compared to the ENA adenine 

of normal spleen. 

The data obtained by Zbarsky et a l (68) for 

6 t h day Novikoff hepatoma are presented in Figures 2 and 

5. In contrast to the r e s u l t s obtained from mitotic 

counts of 4 t h and 6 t h day tumor, which indicated a n e g l i 

gible mitotic a c t i v i t y during the 6 t h day of i n t r a p e r i 

toneal growth; the data shown indicate no s i g n i f i c a n t 

difference in the degree of incorporation of formate into 

the nucleic acids of 4 t h and 6 t h day tumor. 

( i i i ) P a r t i a l l y hepatectomized-tumor-bearing r a t s . 

Since neither regenerating l i v e r or 4 t h day Novikoff hepa

toma had an effect on the incorporation of formate into 

the nucleic acids of the host tissues of animals containing 

either one of the above rapidly growing tissues, i t was of 

interest to determine whether the two tissues present in 

one animal would a f f e c t the formate incorporation into the 

host tissues. At the same time an opportunity would be 

provided to study the effect of Novikoff'hepatoma and re-
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F i g u r e 5. R e l a t i v e s p e c i f i c a c t i v i t i e s of DNA thymine of 
l i v e r , N o v i k o f f hepatoma, s p l e e n and i n t e s t i n a l 
mucosa, from p a r t i a l l y h e p a t e c t o m i z e d , tumor-
b e a r i n g , p a r t i a l l y h e p a t e c t o m i z e d - t u m o r - b e a r i n g , 
and normal r a t s ; 24 hours a f t e r the i n j e c t i o n of 
t ormate-CA '+. 
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g e n e r a t i n g l i v e r on each other. 

With these aims i n mind, r a t s c o n t a i n i n g both 

r e g e n e r a t i n g l i v e r and N o v i k o f f hepatoma were prepared. 

P a r t i a l hepatectomies were performed on three tumor-

b e a r i n g r a t s . The animals were s a c r i f i c e d 40 hours l a t e r , 

a t which time they c o n t a i n e d 40 hour r e g e n e r a t i n g l i v e r 

as w e l l as 4th day N o v i k o f f hepatoma. S i m i l a r procedures 
14 

were c a r r i e d out on a second group of 2 r a t s . Formate-C 

was a d m i n i s t e r e d to both groups 24 hours before they Were 

s a c r i f i c e d . The r e l a t i v e s p e c i f i c a c t i v i t i e s of the 

n u c l e i c a c i d bases of the r e g e n e r a t i n g l i v e r s , tumors, 

spleens and i n t e s t i n a l mucosa of each group were d e t e r 

mined. 

The d a t a presented f o r these experiments i n 

F i g u r e s 1 to 5 r e p r e s e n t an average of the r e s u l t s ob

t a i n e d from the two groups. From the r e s u l t s shown fox 

p a r t i a l l y hepatectomized-tumor-bearing animals i t i s 

apparent that the simultaneous presence of the two r a p i d l y 

growing t i s s u e s ( r e g e n e r a t i n g l i v e r and N o v i k o f f hepatoma), 

i n one animal, has no e f f e c t on the i n c o r p o r a t i o n of 

formate-C 1^ i n t o the n u c l e i c a c i d s of the host s p l e e n and 

i n t e s t i n a l mucosa, as compared to the r e s u l t s shown f o r 

normal spleen and mucosa. Furthermore there i s no evidence 

to suggest any e f f e c t of r e g e n e r a t i n g l i v e r on N o v i k o f f 

hepatoma, or the converse, s i n c e there i s no s i g n i f i c a n t 

d i f f e r e n c e i n the formate uptake i n t o the n u c l e i c a c i d s of 

r e g e n e r a t i n g l i v e r or N o v i k o f f hepatoma i n animals con-
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t a i n i n g t h e s e t i s s u e s s i n g l y o r t o g e t h e r . I t i s s e e n 

t h a t t h e r e i s a r e m a r k a b l e s i m i l a r i t y i n t h e d e g r e e o f 

i n c o r p o r a t i o n o f f o r m a t e i n t o t h e n u c l e i c a c i d b a s e s o f 

r e g e n e r a t i n g l i v e r o r N o v i k o f f h e p a t o m a i n a n i m a l s c o n 

t a i n i n g o n e o f t h e s e t i s s u e s a s c o m p a r e d t o t h e c o r r e s 

p o n d i n g f u n c t i o n s o b t a i n e d f r o m a n i m a l s c o n t a i n i n g b o t h 

t i s s u e s . T h e s e r e s u l t s w e r e e v e n m o r e s t r i k i n g i n v i e w 

o f t h e d a t a o b t a i n e d f o r t h e e x p i r e d C 0 2 a n d u r i n e . T h i s 

d a t a i n d i c a t e d t h a t t h e a v a i l a b l e f o r m a t e - C ^ ^ w a s r a p i d l y 

d e p l e t e d a s a r e s u l t o f t h e e x t e n s i v e e x c r e t i o n o f r a d i o 

a c t i v i t y i n t h e CO2 a n d u r i n e , d u r i n g t h e 24 h o u r s i m 

m e d i a t e l y f o l l o w i n g t h e i n j e c t i o n o f f o r m a t e - C 1 4 i n t o t h e 

p a r t i a l l y h e p a t e c t o m i z e d t u m o r - b e a r i n g a n i m a l s . 

( i v ) U E x - c r e t i o n o f R a d i o = a c t i v i t y i n t h e E x p i r e d 

COp a n d U r i n e . T h e e x p i r e d C 0 2 w a s c o l l e c t e d f r o m t h o s e 

a n i m a l s c o n t a i n i n g 40 h o u r r e g e n e r a t i n g l i v e r o r 4th d a y 

t u m o r , a s w e l l a s f r o m b o t h g r o u p s o f t h e p a r t i a l l y h e p a 

t e c t o m i z e d - t u m o r - b e a r i n g r a t s . C o l l e c t i o n s w e r e m a d e a t 

h o u r l y i n t e r v a l s f o r t h e f i r s t t h r e e h o u r s f o l l o w i n g t h e 

a d m i n i s t r a t i o n o f t h e f o r m a t e a n d a t l o n g e r i n t e r v a l s 

t h e r e a f t e r . 

A s s t a t e d , t h e C 0 2 c o n t a i n e d i n a n a l i q u o t o f 

e a c h e x p i r e d C 0 2 c o l l e c t i o n w a s c o n v e r t e d t o B a C O - j , a n d 

t h e r a d i o a c t i v i t y o f t h e l a t t e r d e t e r m i n e d . I h e c o u n t s 

w e r e c o r r e c t e d f o r s e l f a b s o r p t i o n a n d m u l t i p l i e d b y 4*33 

( s e e M e t h o d s ) i n o r d e r t o c o n v e r t t o t h i r i s a m p l e c o u n t s . 
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TABLE III 

Bad io a c t i v i t y e x c r e t e d i n e x p i r e d CO^ 
d u r i n g 24 hours immedia te ly f o l l o w i n g 
subcutaneous i n j e c t i o n of f o r m a t e - C ^ . 

Descr i p t i o n 
of 

An imals 

P e r c e n t o f t o t a l B a d i o a c t i v i t y i n j e c t e d Descr i p t i o n 
of 

An imals 
Hours a f t e r F o r m a t e - C ^ ^ i n l e c t i o n 

24 hour 
t o t a l 

Descr i p t i o n 
of 

An imals 
0-1 1-2 2-3 3-6 6-12 12-24 

24 hour 
t o t a l 

P a r t i a l l y 
h e p a t e c 
tomized 29.4 10.1 3.3 3-3 2.0 1.9 50.0 

l umor -
bear i n g 29.4 8.9 2.0 1.9 1.5 1.5 45.3 

P a r t i a l l y 
h e p a t e c 
tomized 
tumor-
bear i n g 

16.8 12.0 2.8 3.1 2.1 1.8 38.6 
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In t his way the total radio a c t i v i t y in each c o l l e c t i o n 

of expired COg was related to the tota l radio a c t i v i t y 

administered as formate-C^* 

The radio a c t i v i t y determinations for the ex

pired COg are shown in Table I I I . The data represent the 

radio a c t i v i t y contained in the expired CO2 expressed as 

the percent of to t a l radio a c t i v i t y injected. Figures 

given for the p a r t i a l l y hepatectomized tumor-bearing a n i 

mals represent an average of the res u l t s obtained from the 

two groups of animals. 

It i s evident that a considerable f r a c t i o n of the 

administered formate i s oxidized to CjOg during the f i r s t 

hour, after which the radio a c t i v i t y of the expired CO2 

decreases. During the 3 r d hour the radio a c t i v i t y in the 

expired COg has decreased to about one-tenth of the i n i t i a l 

l e v e l , and slowly decreases thereafter. 

On t o t a l l i n g the res u l t s for the 24 hours of each 

experiment i t i s seen that about 40 to 50% of the injected 

formate-C 1 4
 w a s excreted or expired COg. The difference be

tween the excreted by the p a r t i a l l y hepatectomized a n i 

mals, and the 38.6% excreted by the p a r t i a l l y hepatectomized-

tumor-bearing animals, i s probably not s i g n i f i c a n t i n view 

of the small number of experiments performed. Furthermore 

these figures are within the range of 40 to 60% reported by 

others for normal animals (68). 

Urine samples were co l l e c t e d from each group of 

animals at periodic intervals following the i n j e c t i o n of the 
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formate-C 1^. I n i t i a l l y the urine was made to volume 

with d i s t i l l e d water and suitable aliquots plated and 

dried on aluminum planchets. On counting these samples 

i t was found that there was not sa t i s f a c t o r y agreement 

between the count of duplicate samples. Since the a l i 

quots of urine had been dried under an infr a - r e d lamp, 

i t was suggested that the discrepancy in the counts might 

be the r e s u l t of the evolution of v o l a t i l e radio active 

material. Therefore a sample of urine was plated and 

counted. The same sample was then heated at 100° C for 

about 1/2 hour, and the radio a c t i v i t y again determined. 

It was found that the counts obtained following heating 

of the sample was considerably lower than the o r i g i n a l 

count. The pH of the urine sample was determined and 

found to be about 5 to 6 . Therefore i t was thought that 

the drop in radio a c t i v i t y after heating of the urine 

was due to the evolution of v o l a t i l e radio active a c i d i c 

material. This was a possible explanation for the lack 

of agreement in counts of duplicate urine samples. With 

thi s in mind, each urine sample was adjusted to about pH 

9 by the addition of sodium carbonate. Aliquots of the 

alk a l i n e urine were plated, and where necessary, a l k a l i n e 

water was used to evenly d i s t r i b u t e the sample on the 

planchet. In this way sa t i s f a c t o r y agreement was obtained 

on counting duplicate samples. In a l l future experiments 

the urine samples were made a l k a l i n e by the addition of 

Na2C03 and/then d i l u t e d to volume using a l k a l i n e water. 
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TABLE IV 
Bad i o a c t i v i t y e x c r e t e d i n u r i n e d u r i n g 
24 hours i m m e d i a t e l y f o l l o w i n g subcutaneous 
i n j e c t i o n ? of f o r m a t e - C H . 

D e s c r i p t i o n 
of a n i m a l s 

Percent o f t o t a l r a d i o a c t i v i t y i n j e c t e d D e s c r i p t i o n 
of a n i m a l s Hours a f t e r f o r m a t e - C i 4 i n j e c t i o n 24 hour 

t o t a l 

D e s c r i p t i o n 
of a n i m a l s 

0 -3 3-6 6-12 12 - 24 
24 hour 
t o t a l 

P a r t i a l l y 
h e p a t e c 
t o m i z e d 

3-7 3 . 3 1.1 1.6 9 . 7 

Tumor-
b e a r i n g 0 .9 0 . 8 1.0 1.1 3 . 8 

P a r t i a l l y 
h e p a t e c -
t o m i z e d -
tumor* 
bearing 

2 . 8 1.2 1.5 1,2 6 . 7 

TABLE V 

T o t a l r a d i o a c t i v i t y e x c r e t e d i n e x p i r e d CO 
and u r i n e i n 24 hours i m m e d i a t e l y f o l l o w i n g 
subcutaneous i n j e c t i o n of formate-C 1^-. 

Descr i p t i o n 
of a n i m a l s 

P e r c e n t o f t o t a l r a d i o a c t i v i t y i n j e c t e d Descr i p t i o n 
of a n i m a l s 

0 - 24 hours a f t e r f o r i n a t e - C * 4 i n j e c t i o n 
Descr i p t i o n 
of a n i m a l s 

co 2 U r i n e C 0 2 + U r i n e 
P a r t i a l l y 
h e p a t e c 
tomized. 

5 0 . 0 9 . 7 59 .7 

Tumor-
b e a r i n g 4 5 - 3 3 . 8 49 .1 

P a r t i a l l y 
h e p a t e c -
t o m i z e d -
tumor-
b e a r i n g 

38 .6 6 . 7 4 5 . 3 
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The nature of the v o l a t i l e radio active a c i d i c 

material was not determined. 

The urine counts were not corrected for s e l f 

absorption and therefore the r e s u l t s shown in Table IV 

are approximations of the radio a c t i v i t y of each urine 

sample. The data in Table IV represent the radio a c t i 

v i t y excreted in the urine, expressed as percentages of 

the total injected radio a c i t i v i t y . Considerably less 

of the injected radio a c t i v i t y i s excreted i n the urine 

as compared to that excreted in the expired C 0 2 . There 

i s a suggestion that the excretion of radio a c t i v i t y in 

the urine i s greatest during the i n i t i a l few hours after 

the formate i n j e c t i o n , however th i s is not as evident as 

the data already presented for the expired CO2. There 

is also some v a r i a t i o n , between the several types of a n i 

mals, in the percent of radio a c t i v i t y excreted in the 

urine during the total 24 hour period. Again these 

variati o n s are not s i g n i f i c a n t because of the l i m i t e d num

ber of experiments performed. As well they do not coin

cide with the data given for the expired C 0 2 , in which 

the excretion of radio a c t i v i t y was lowest i n the p a r t i a l l y 

hepatec tomi zed-tumor-bear ing animals. 

On t o t a l l i n g the r e s u l t s for the expired C 0 2 

and urine (Table V), i t w i l l be noted that about 4 5 to 60% 

of the injected radio active formate can be accounted for 

in the C0 2 and urine excreted during the 24 hours immedi

ately following the i n j e c t i o n of formate-C* 4. 



(v) Tumor-bearing fiats Injected with Formate-C ^  

followed by P a r t i a l Hepatectomy, The uptake of formate 

into the nucleic acids of regenerating l i v e r and Novi

koff hepatoma i n p a r t i a l l y hepatectomized-tumor-bearing 

animals indicated an autonomy i n the nucleic a c i d meta

bolism of both regenerating rat l i v e r and Novikoff hepa

toma. Each of these tissues together in one animal was 

able to incorporate formate into their nucleic acids to 

the same degree as regenerating l i v e r or hepatoma i n 

separate animals. Furthermore the formate incorporation 

occurred in spite of the rapid excretion of precursor in 

the expired CO2 and urine. With these r e s u l t s i n mind, 

an experiment was planned to determine the degree of i n 

corporation of radio a c t i v i t y into regenerating l i v e r in 

tumor-bearing animals which had been injected with formate-

C*^ prior to the p a r t i a l hepatectomy. 

Each of 4» 3*d day tumor-bearing rats was i n 

jected subcutaneously with formate-C^^. The rats were 

placed in open metabolism cages and the following day 

p a r t i a l hepatectomies were performed on the animals. The 

rats were k i l l e d 40 hours later and the l i v e r , tumor, 

spleen and i n t e s t i n a l mucosa analysed. Therefore at the 

time the animals were s a c r i f i c e d they contained 6th day 

hepatoma, 40 hour regenerating l i v e r and had been injected 

with formate-C 1 4 72 hours beforehand. As control animals 

for this experiment, 2 groups of 3 and 4 r a t s , containing 

3 r d day tumor were injected with formate-C* 4 and s a c r i 

f i c e d 72 hours l a t e r . 



Figure 6. Relative s p e c i f i c a c t i v i t i e s of nucleic acid purines and DNA thymine of l i v e r , Novikoff hepatoma, spleen, 
and i n t e s t i n a l mucosa from p a r t i a l l y hepatectomized-tumor-bearing, and tumor-bearing control r a t s ; 72 hours a f t e r 
i n j e c t i o n of forraate-C 1^. 
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The results of these experiments are i l l u s 

trated in Figure 6. The r e l a t i v e s p e c i f i c a c t i v i t i e s 

shown for the tumor-bearing control animals represent 

an average of the values obtained from the two groups. 

It w i l l be noted that there are no s i g n i f i c a n t d i f f e r e n 

ces in the incorporation of formate into the nucleic 

a c i d purines and thymine of the regenerating l i v e r s 

as compared to the corresponding f r a c t i o n s of the l i v e r s 

from the tumor-bearing animals. As well data obtained 

for the Novikoff hepatoma and i n t e s t i n a l mucosa indicate 

no difference in the formate incorporation into the 

corresponding nucleic a c i d bases of these tissues i n the 

two types of animals. However a difference i s noted in 

the ENA guanine of spleen. It i s observed that the re

l a t i v e s p e c i f i c a c t i v i t y of the RNA guanine of the spleens 

of the tumor-bearing animals is s l i g h t l y greater than that 

found for the corresponding f r a c t i o n of the tumor-bearing 

delayed-hepatectomized animals. It i s not possible to 

compare the RNA adenine fract i o n s of spleen, since in one 

of the experiments t h i s f r a c t i o n was l o s t , although i t i s 

seen that the RSA of RNA adenine of the tumor-bearing 

spleen i s r e l a t i v e l y high. However there are no s i g n i f i 

cant differences in the formate incorporation into corres

ponding DNA l>ases from the spleens of the two sets of a n i 

mals. 

It w i l l be noted that the r e l a t i v e s p e c i f i c 

a c t i v i t i e s obtained for the purines and thymine in these 
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exper iment s , i n which the f o r m a t e - C ^ was i n j e c t e d 

72 hours before the an ima l s were k i l l e d , a r e c o n 

s i d e r a b l y lower than those of c o r r e s p o n d i n g n u c l e i c 

a c i d f r a c t i o n s , o b t a i n e d from an ima l s which were 

k i l l e d 24 hours a f t e r the i n j e c t i o n o f the fo rmate . 

A f u r t h e r o b s e r v a t i o n t h a t can be made r e g a r d i n g the 

d a t a i s t h a t , w i t h one e x c e p t i o n , the i n c o r p o r a t i o n 

of formate i n t o the n u c l e i c a c i d p u r i n e s of i n t e s t i 

n a l mucosa i s g e n e r a l l y h i g h e r than i n t o the c o r r e s 

ponding p u r i n e s of the other t i s s u e s s t u d i e d . The 

e x c e p t i o n , as a l r e a d y n o t e d , i s the r e l a t i v e l y h i g h 

i n c o r p o r a t i o n o f formate i n t o the RNA p u r i n e s of tumor-

b e a r i n g s p l e e n . 

I I I . T r a n s p l a n t e d Radio a c t i v e N o v i k o f f hepa
toma. 

As p r e v i o u s l y s t a t e d , t h i s exper iment was p e r 

formed i n order to s tudy the d i s t r i b u t i o n of r a d i o 

a c t i v i t y i n an imal s which had been t r a n s p l a n t e d w i t h a 

r a d i o a c t i v e s u s p e n s i o n of the N o v i k o f f hepatoma. F u r 

thermore an experiment of t h i s na ture would p r o v i d e an 

o p p o r t u n i t y to s tudy the n u c l e i c a c i d metabo l i sm of the 

N o v i k o f f hepatoma as i t grew w i t h i n the p e r i t o n e a l 

c a v i t y of the r a t . 

The experiment was c a r r i e d out i n the f o l l o w i n g 

manner: Each o f two 6 t h d a y - t u m o r - b e a r i n g r a t s were i n 

j e c t e d on two o c c a s i o n s , a t an i n t e r v a l o f one h o u r , w i t h 

5 .3 x 10? c . p . m . of C 1 ^ i n I . 3 6 m i l l i g r a m s of fo rmate . 
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N i n e t y minutes a f t e r the second i n j e c t i o n , the r a t s 

were s a c r i f i c e d , and a tumor c e l l s u s p e n s i o n f o r 

t r a n s p l a n t a t i o n p r e p a r e d i n the u s u a l manner. E i g h t 

r a t s were i n j e c t e d i n t r a p e r i t o n e a l l y w i t h 0.5 ml • of 

the s u s p e n s i o n and d i v i d e d i n t o 4 groups of two e a c h . 

One group was s a c r i f i c e d each day f o r the f o l l o w i n g 4 

days and the n u c l e i c a c i d p u r i n e s and p y r i m i d i n e s o f 

the tumors a n a l y s e d . In some c a s e s the e x p i r e d CO2 

was c o l l e c t e d . The u r i n e was c o l l e c t e d from each g r o u p . 

P a r t of the donor tumor s u s p e n s i o n was r e 

s e r v e d and a n a l y s e d . D u p l i c a t e 0.1 m l . p o r t i o n s of the 

donor s u s p e n s i o n were made a l k a l i n e , p l a t e d and c o u n t e d . 

No c o r r e c t i o n was made f o r s e l f a b s o r p t i o n . From these 

counts i t was c a l c u l a t e d that 0.5 m l . of tumor s u s p e n 

s i o n c o n t a i n e d 55.O5O c . p . m . of C 1 ^ . T h e r e f o r e each 

group of 2 r a t s r e c e i v e d a t o t a l dose of 110,100 c . p . m . 

D u p l i c a t e 0.1 ml ••. - p o r t i o n s of the same donor s u s p e n s i o n 

were made a c i d , p l a t e d , and c o u n t e d . No d e c r e a s e i n 

r a d i o a c t i v i t y was n o t e d as compared to the a l k a l i n e 

samples . T h e r e f o r e i t was i n d i c a t e d tha t a n e g l i g i b l e 

amount of the r a d i o a c t i v i t y , d e t e c t e d i n the donor s u s 

p e n s i o n , was p r e s e n t as f o r m a t e . The n u c l e i c a c i d s were 

e x t r a c t e d from the r e m a i n i n g donor tumor s u s p e n s i o n and 

the s p e c i f i c a c t i v i t i e s of the p u r i n e s and p y r i m i d i n e s 

d e t e r m i n e d . 

One group of r a t s was s a c r i f i c e d on s u c c e e d i n g 

days a f t e r the t r a n s p l a n t a t i o n , and the tumor t i s s u e 
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p o o l e d and a n a l y s e d . T h e r e f o r e specimens o f tumor 

were o b t a i n e d which had been growing i n t r a p e r i 

t o n e a l ^ f o r 2 4 , 4 8 , 72 and 96 h o u r s . The r e s u l t s 

of t h i s exper iment a r e shown i n T a b l e V I . 

A r e l a t i v e l y h i g h s p e c i f i c a c t i v i t y was o b 

t a i n e d f o r each of the n u c l e i c a c i d p u r i n e s and t h y 

mine of the donor tumor s u s p e n s i o n . However a f t e r 24 

hours of i n t r a p e r i t o n e a l growth, the s p e c i f i c a c t i 

v i t i e s of the tumor had d e c r e a s e d to n e g l i g i b l e amounts , 

and remained so d u r i n g the 4 days of tumor growth . In 

most c a s e s the count o b t a i n e d f o r the p u r i n e s and p y r i -

m i d i n e s of the growing tamers were not s i g n i f i c a n t . 

As p r e v i o u s l y s t a t e d , the amount o f tumor p r e s e n t 24 

and 48 hours a f t e r t r a n s p l a n t a t i o n i s n e g l i g i b l e , and 

i t i s t h e r e f o r e d i f f i c u l t to d e t e c t the growing tumor 

at these t i m e s . It was observed that the tumor mass 

p r e s e n t 3 days a f t e r t r a n s p l a n t a t i o n was a t t a c h e d to 

the g r e a t e r omentum. T h e r e f o r e the l a t t e r t i s s u e was 

e x c i s e d from the one and two day t u m o r - b e a r i n g r a t s , 

and examined. In some of these c a s e s , i s o l a t e d masses 

of tumor t i s s u e s were d e t e c t e d on the g r e a t e r omentum. 

These were removed and a n a l y s e d . In those c a s e s i n wh ich 

no tumor c o u l d be d e t e c t e d , the e n t i r e g r e a t e r omentum 

was a n a l y s e d . 

In order to de termine whether the a d m i n i s t e r e d 

r a d i o a c t i v i t y was e x c r e t e d , the u r i n e and e x p i r e d C0 2 
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TABLE VI 
S p e c i f i c A c t i v i t i e s (c.p.m. /fill", of nucleic a c i d 
thymine, guanine and. adenine isolated from Novi
koff hepatoma, at d a i l y i n t e r v a l s of growth, 
110,100 c.p.m. of C A 4 injected in donor tumor 

suspension. 

Hours of 
Tumor 

Growth 
Sp e c i f i c A c t i v i t y c.p.m./uM Hours of 

Tumor 
Growth DNA RNA 
Hours of 
Tumor 

Growth 
thymine guanine adenine guanine adenine 

0 (Donor 
suspen
sion) 

24 
48 
72 
96 

$ , 2 8 0 12 ,400 7 .080 

NS* NS 249 
. NS NS NS 
NS NS NS 
NS NS NS 

15 ,660 12 ,020 

175 NS 
306 NS 
NS NS 
NS 221 

* NS - counts not s i g n i f i c a n t 

TABLE V I I 
Radio a c t i v i t y excreted in urine during i n t r a p e r i 
toneal growth of radio active Novikoff hepatoma, 
110,100 c.p.m. of C*4 injected in donor tumor 

suspens ion. 

Period of 
Tumor Growth 

(hours) 

Number of 
Groups 

Averaged 

C.p.m. 
excreted 
in urine 

% Total 
c.p.m. 

injected 

0 - 1 2 
12 - 24 
24 - 36 
36 - 48 
48 - 72 
72 - 96 

J 
3 
2 
1 

I'542 
Trace 
Trace 
Trace 

2 2 . 2 
2 . 2 
1 .4 
M 

Total' 2 5 . 8 
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were analysed. The expired CO2 was c o l l e c t e d from 

some of the groups. In a l l cases i n s i g n i f i c a n t 

amounts of radio a c t i v i t y were found in the COg 

expired during the 4 days of tumor growth. This i s 

in agreement with the aforementioned r e s u l t s which 

indicated that the donor suspension contained l i t t l e 

or no formate-C l 4. However considerable radio a c t i 

v i t y was found in the urine samples (Table VII), par

t i c u l a r l y i n those excreted during the f i r s t 12 hours 

of tumor growth. It w i l l be noted that approximately 

25$ of the administered 0 * ^ has been excreted during 

the 36 hours immediately following the i n j e c t i o n of 

the radio active tumor suspension. 

In view of the lack of s i g n i f i c a n t counts 

obtained for the nucleic acid fractions of the growing 

tumor, as well as those obtained from the expired CO2, 

i t i s planned to repeat t h i s experiment using a donor 

tumor suspension with a considerably higher radio 

a c t i v i t y . 
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DISCUSSION 
The e x p e r i m e n t s d e s c r i b e d i n t h i s t h e s i s 

were u n d e r t a k e n i n o r d e r to s t u d y , i n v i v o , t h e 

n u c l e i c a c i d m e t abolism o f n e o p l a s t i c and non

n e o p l a s t i c t i s s u e s . N o v i k o f f hepatoma, which can be 

m a i n t a i n e d i n a t r a n s p l a n t a b l e form, was the neoplasm 

s t u d i e d . The i n c o r p o r a t i o n of f o r m a t e - C * 4 i n t o t h e 

n u c l e i c a c i d s o f t h i s neoplasm were compared w i t h 

the i n c o r p o r a t i o n o f f ormate~C*^ i n t o the n u c l e i c 

a c i d s of r e g e n e r a t i n g r a t l i v e r , normal t i s s u e s , and 

c e r t a i n h o s t t i s s u e s of r a t b e a r i n g N o v i k o f f hepa

toma, r e g e n e r a t i n g l i v e r or b o t h of these t i s s u e s . 

C o n s i d e r i n g the common c e l l o r i g i n and r a p i d r a t e s 

of growth of N o v i k o f f hepatoma and r e g e n e r a t i n g r a t 

l i v e r , i t was o f i n t e r e s t t o compare the n u c l e i c a c i d 

m e t a b o l i s m i n these t i s s u e s . 

S e v e r a l i n v e s t i g a t i o n s (2 - 1 2 , 1 4 , 15) 

have demonstrated a h i g h e r i n c o r p o r a t i o n o f phosphorous, 

f o r m a t e , g l y c i n e , o i r o t i c a c i d and u r a c i l i n t o the 

n u c l e i c a c i d f r a c t i o n s o f tumor t i s s u e than i n t o n o r 

mal t i s s u e . The r e s u l t s r e p o r t e d h e r e i n a r e f o r t h e most 

p a r t i n agreement w i t h the f i n d i n g s of the above i n v e s 

t i g a t i o n s , f o r i t i s e v i d e n t from these r e s u l t s t h a t 

formate i s more e x t e n s i v e l y u t i l i z e d f o r n u c l e i c a c i d 

b i o s y n t h e s i s i n 4 t h and 6 t h day N o v i k o f f hepatoma t h a n 

i t i s i n normal s p l e e n and l i v e r . However the h i g h f o r -
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mate incorporation into the hepatoma is not speci

f i c to tumor since normal i n t e s t i n a l mucosa ex

hibits a similar degree of formate intake. This 

i s in accord with the findings of Heidelberger et 

a l (15) who observed that the degree of conversion 

of u r a c i l into the nucleic a c i d pyrimidines of i n 

t e s t i n a l mucosa in vivo was similar to that of 

Flexner-Jobling carcinoma. Therefore a high rate 

of nucleic acid synthesis or turnover i s not unique 

to neoplastic tissue. It i s believed that the d i f 

ferences in the extent of formate incorporation into 

the nucleic acids of the tissues studied are related 

to d i f f e r e n t degrees of growth or c e l l renewal i n 

these tissues. Since the c e l l s of the i n t e s t i n a l 

mucosa are continuously being sloughed o f f , and re

placed by new c e l l s (69), one would anticipate finding 

a r e l a t i v e l y high level of nucleic acid biosynthesis 

in t h i s tissue. Furthermore the higher formate i n 

corporation into the nucleic acids of regenerating 

l i v e r than into normal resting l i v e r i s understandable 

in view of the greater c e l l m u l t i p l i c a t i o n i n the f o r 

mer tissue. 

It would also appear from these r e s u l t s that 

4th and 6th day Novikoff hepatoma are more rapidly d i 

viding tissues than 40 hour regenerating rat l i v e r . 

However Hecht and Potter (47) found that the incor-
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p o r a t i o n of o r r o t i c a c i d - 6 - C 4 i n t o the DNA of 

24-30 hour r e g e n e r a t i n g x a t 1ivex was a p p r o x i m a t e l y 

t w i c e t h a t of 40 hour r e g e n e r a t i n g l i v e r . S i m i l a r 

r e s u l t s were o b t a i n e d by C a t e r , Holmes and Mee (44) 

on measuring the uptake o f P^ 2 i n t o the DNA o f r e 

g e n e r a t i n g r a t l i v e r . Others have r e p o r t e d ( 4 0 , 41») 

55^51) maximal r a t e s o f n u c l e i c a c i d s y n t h e s i s i n r e 

g e n e r a t i n g r a t l i v e r a t e a r l i e r s t a g e s i n the r e 

g e n e r a t i o n than 40 h o u r s . T h e r e f o r e i t i s p o s s i b l e 

t h a t the formate i n c o r p o r a t i o n i n t o the n u c l e i c a c i d s 

of 24 - 30 hour r e g e n e r a t i n g r a t l i v e r c o u l d a p p r o x i 

mate the uptake of formate by the n u c l e i c a c i d s o f 

4 t h and 6 t h day N o v i k o f f hepatoma. In c o n t r a s t t o 

the a f o r e m e n t i o n e d r e s u l t s , B r u e s , T r a c y and Cohn (2) 

found a h i g h e r i n c o r p o r a t i o n o f P^ 2 i n t o the n u c l e i c 

a c i d s of 96 hour r e g e n e r a t i n g r a t l i v e r as compared t o 

a t r a n s p l a n t e d hepatoma. F u r t h e r m o r e LePage and 

H e i d e l b e r g e r (3) o b s e r v e d a h i g h e r uptake o f g l y c i n e -

2-C 1^ by 63 hour r e g e n e r a t i n g r a t l i v e r as compared t o 

8 d a y - o l d F l e x n e r - J o b l i n g c a r c i n o m a t r a n s p l a n t s . I n 

v i e w of the low r a t e s of n u c l e i c a c i d s y n t h e s i s ob

t a i n e d by o t h e r s a t a p p r o x i m a t e l y the 63 or 96 hour 

st a g e of r a t l i v e r r e g e n e r a t i o n , the r e s u l t s r e p o r t e d 

h e r e i n i n d i c a t e t h a t 4"th and 6 t h day N o v i k o f f hepatoma 

a r e more r a p i d l y d i v i d i n g t i s s u e s than the t r a n s p l a n t e d 
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hepatoma of Brues and coworkers, and 8 day-old 

Flexner-Jobling carcinoma-transplants. 

Although the mitotic counts of Novikoff 

hepatoma indicated that 4 t h day tumor i s a more 

rapidly d i v i d i n g tissue than 6 t h day hepatoma, the 

formate incorporation studies do not corroborate 

t h i s finding. It is evident that there i s l i t t l e 

difference in the uptake of f orniate-C* 4 by the nucleic 

acids of 4 t h day hepatoma, as compared to 6 t h day 

hepatoma. This apparent discrepancy could be ex

plained on the basis of a turnover process between 

formate and the nucleic acids of 6 t h day Novikoff 

hepatoma. In such a process formate incorporation 

into the nucleic acids would occur unassociated with 

c e l l d i v i s i o n . Such an explanation i s not j u s t i f i e d 

at this time i n view of the small number of mitotic 

counts and experiments performed. However Aqvist 

and Anderson (57) observed such a turnover process 

between glycine and the RNA of 9 - 14 hour regenera

tin g l i v e r , at which time they found no net synthesis 

of RNA. 

It i s evident, from the r e s u l t s obtained 

from 4 t h day tumor-bearing animals, that Novikoff 

hepatoma has no influence on the incorporation of 

formate into the nucleic acids of l i v e r and i n t e s t i 

nal mucosa of the host. No e f f e c t of tumor on the 
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incorporation of formate into the nucleic a c i d 

guanine, DNA adenine, and thymine of spleen was 

observed. However the r e l a t i v e s p e c i f i c a c t i v i t y 

of RNA adenine of spleen was decreased in the tumor-

bearing animals. The significance of t h i s finding 

is not understood. Pertinent to this r e s u l t i t i s 

of interest to note that others (24) have observed 

a drop in nucleic acid concentration of host tissues 

of rats bearing Walker carcinoma. However i t appears 

that the presence of Novikoff hepatoma has no i n 

fluence on the de novo biosynthesis of the nucleic 

acids of the host tissues of the r a t . In agreement 

with this i s the finding of LePage and Heidelberger 

(3) who found no difference in glycine incorporation 

into the nucleic acids of normal l i v e r as compared to 

l i v e r s of rats bearing Flexner-Jobling carcinoma. On 

the other hand Tyner and coworkers (5) found that the 

presence of Flexner-Jobling carcinoma d i d stimulate 

the uptake of P ^ into the DNA nucleotides of rat l i v e r . 

K e l l y and associates (25 - 28) have observed an i n 

creased uptake of P-^2, glycine - 2-C 1^ and formate-C 1^ 

into the DNA of host tissues of tumor«bearing rats and 

mice. Others have reported (29 - 32) that several pre

formed purine precursors were u t i l i z e d to a greater de

gree by the nucleic acids of host tissues of tumor-
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b e a r i n g a n i m a l s than the n u c l e i c a c i d s of t i s s u e s 

of normal a n i m a l s . In view o f the r e s u l t s of o t h e r s 

o b t a i n e d w i t h s e v e r a l tumors , i t i s s i g n i f i c a n t tha t 

N o v i k o f f hepatoma has l i t t l e or no e f f e c t on the 

n u c l e i c a c i d metabo l ism of o ther t i s s u e s of the h o s t . 

However u n t i l f u r t h e r s t u d i e s , u s i n g a v a r i e t y o f 

p r e c u r s o r s , a r e p e r f o r m e d , i t i s not p o s s i b l e to c o n 

s i d e r N o v i k o f f hepatoma as a un ique tumor i n t h i s r e 

g a r d . 

No e v i d e n c e was o b t a i n e d to suppor t the c o n 

cept of the r e l e a s e of a "growth promot ing" agent 

from the r e g e n e r a t i n g l i v e r o f r a t s as proposed by 

o t h e r s (58)' The de novo b i o s y n t h e s i s of n u c l e i c a c i d s 

by s p l e e n and i n t e s t i n a l mucosa was not a l t e r e d by the 

presence of r e g e n e r a t i n g l i v e r i n the a n i m a l . F u r t h e r 

more n e i t h e r N o v i k o f f hepatoma nor r e g e n e r a t i n g l i v e r 

had an e f f e c t on the uptake of formate i n t o the n u c l e i c 

a c i d s of one another i n p a r t i a l l y h e p a t e c t o m i z e d - t u m o r -

b e a r i n g r a t s . S i m i l a r r e s u l t s had. been o b t a i n e d w i t h 

g l y c i n e by LePage and H e i d e l b e r g e r (3) u s i n g p a r t i a l l y 

hepa tec tomized r a t s b e a r i n g subcutaneous t r a n s p l a n t s of 

F l e x n e r - J o b l i n g c a r c i n o m a . However these f i n d i n g do not 

agree w i t h the growth exper iments of P a s c h k i s et a l (58) 

or w i t h the o b s e r v a t i o n s of B a l i s and a s s o c i a t e s (61). 

The l a t t e r i n v e s t i g a t o r s found a s t i m u l a t i o n i n the u p 

take of s e v e r a l preformed p r e c u r s o r s i n t o the p u r i n e s 
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o f t i s s u e s of p a r t i a l l y h e p a t e c t o m i z e d hamsters. 

Furthermore they o b s e r v e d an i n c r e a s e d i n c o r 

p o r a t i o n of a d e n i n e i n t o the tumor of p a r t i a l l y 

h e p a t e c t o m i z e d hamsters b e a r i n g a human tumor. 

On the oth e r hand the u t i l i z a t i o n o f g l y c i n e by 

the human tumor i n t h e p a r t i a l l y h e p a t e c t o m i z e d 

hamster was reduced. These r e s u l t s would suggest 

t h a t the presence o f r e g e n e r a t i n g 1 i v e r , s t i m u l a t e s 

the preformed pathway of n u c l e i c a c i d b i o s y n t h e s i s 

i n tumor, but d e p r e s s e s the de novo pathway. How

ever the r e s u l t s o b t a i n e d from t h i s s t u d y u s i n g 

p a r t i a l l y h e p a t e c t o m i z e d r a t s b e a r i n g N o v i k o f f hepa

toma i n d i c a t e no e f f e c t o f r e g e n e r a t i n g l i v e r on the 

de novo b i o s y n t h e s i s of the n u c l e i c a c i d s o f t h e 

hepatoma. 

A l t h o u g h t h e r e i s a s l i g h t d e c r e a s e i n the 

r e l a t i v e s p e c i f i c a c t i v i t y o f most o f the n u c l e i c 

a c i d p u r i n e s and thymine of the t i s s u e s i n , t h e p a r 

t i a l l y h e p a t e c t o m i z e d - t u m o r - b e a r i n g r a t s , the s i g n i 

f i c a n c e of these f i n d i n g s i s d o u b t f u l i n view o f the 

l i m i t e d number of e x p e r i m e n t s performed. I t would 

seem t h a t the c o m b i n a t i o n of r e g e n e r a t i n g l i v e r and 

N o v i k o f f hepatoma i n one r a t does not a l t e r t he 

n u c l e i c a c i d m e t a b o l i s m of the h o s t ' s s p l e e n or i n 

t e s t i n a l mucosa. S i m i l a r r e s u l t s were o b t a i n e d by 

B a l i s and coworkers ( 6 l ) i n p a r t i a l l y h e p a t e c t o m i z e d -

t u m o r - b e a r i n g hamsters. The r e s u l t s of the l a t t e r 
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i n v e s t i g a t o r s a l s o i n d i c a t e d t h a t tumor has no 

e f f e c t on the n u c l e i c a c i d m e t a b o l i s m of r e g e n e r a 

t i n g l i v e r , i n the combined h e p a t e c t o m i z e d - t u m o r -

bear i n g hamsters. The r e s u l t s o f t h i s s t u d y a r e 

i n agreement, f o r i t i s o b s e r v e d t h a t N o v i k o f f hepa

toma does not a l t e r the i n c o r p o r a t i o n o f formate i n 

t o the n u c l e i c a c i d s o f r e g e n e r a t i n g l i v e r i n p a r 

t i a l l y h e p a t e c t o m i z e d - t u m o r - b e a r i n g r a t s . 

As s t a t e d , the f i n d i n g t h a t r e g e n e r a t i n g 

r a t l i v e r does not a f f e c t the n u c l e i c a c i d meta

b o l i s m o f N o v i k o f f hepatoma, i s i n c o n t r a s t t o the 

r e s u l t s o b t a i n e d by B a l i s and coworkers ( 6 1). T h i s 

d i f f e r e n c e c o u l d be a t t r i b u t e d t o d i f f e r e n c e s i n the 

m e t a b o l i s m . o f the human tumor used by B a l i s and a s s o 

c i a t e s and the N o v i k o f f hepatoma used i n these s t u d i e s . 

Furthermore th e d i f f e r e n t r e s u l t s c o u l d occur because 

of the s p e c i e s d i f f e r e n c e between hamsters and r a t s . 

I t i s of i n t e r e s t , t h e r e f o r e , to note the o b s e r v a t i o n 

o f B a l i s and a s s o c i a t e s ( 6 l ) , t h a t p r e l iminary. d a t a 

from s i m i l a r e x p e r i m e n t s w i t h o t h e r tumors and a n i 

mals i n d i c a t e d t h a t the e f f e c t s o f r e g e n e r a t i n g l i v e r 

on tumor were not always found. 

On c o n s i d e r i n g the r a p i d e x c r e t i o n of r a d i o 

a c t i v i t y i n the e x p i r e d C0 2 o f the r a t s b e a r i n g e i t h e r 

r e g e n e r a t i n g l i v e r or N o v i k o f f hepatoma or both of 

these t i s s u e s , i t i s e v i d e n t t h a t the a v a i l a b l e f o r -
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mate-C *4 i n the t i s s u e s o f these a n i m a l s i s r a p i d l y 

d e p l e t e d d u r i n g the 24 hours i m m e d i a t e l y f o l l o w i n g 

the f o r m a t e - C 1 ^ i n j e c t i o n . S i m i l a r l o s s e s of 40 -

60% of the a d m i n i s t e r e d r a d i o a c t i v i t y have been ob

t a i n e d by o t h e r s (68, 70) u s i n g normal a n i m a l s . 

T h e r e f o r e i t appears t h a t the e x c r e t i o n o f formate 

i s not s i g n i f i c a n t l y a l t e r e d by the p r e s e n c e of one 

or two a d d i t i o n a l r a p i d l y growing t i s s u e s , w h i c h 

p l a c e a f u r t h e r demand on the " p o o l " o f a v a i l a b l e 

f o r m a t e . The s i g n i f i c a n c e of these f i n d i n g s i s not 

u n d e r s t o o d , a l t h o u g h i t i s p o s s i b l e t h a t the formate 

" p o o l " of the r a t s i s l a r g e enough t h a t a d d i t i o n a l de

mands on the s u p p l y o f formate would n o t be m a n i f e s t e d 

i n s i g n i f i c a n t a l t e r a t i o n s i n the e x c r e t i o n o f C02* 

A l t h o u g h u r i n a r y formate d e t e r m i n a t i o n s were not p e r 

formed the r e s u l t s i n d i c a t e t h a t formate-C^^" was ex

c r e t e d i n the u r i n e because of the d i f f e r e n c e o b s e r v e d 

i n the r a d i o a c t i v i t y of a l k a l i n e and a c i d i c u r i n e . 

N e v e r t h e l e s s a s i g n i f i c a n t amount of the a d m i n i s t e r e d 

r a d i o a c t i v i t y was r e c o v e r e d i n the u r i n e . T h i s f i n d i n g 

i s i n a c c o r d w i t h the e s s e n t i a l p o s i t i o n o f formate i n 

many m e t a b o l i c pathways. U r e a , a l l a n t o i n and c i r e a t i n i n e 

are but a few of the u r i n a r y c o n s t i t u e n t s w h i c h c o u l d 

a c c o u n t f o r r a d i o a c t i v i t y i n the u r i n e - o f r a t s , f o l l o 

w i ng the a d m i n i s t r a t i o n o f C ^ . 

The o b s e r v a t i o n t h a t the i n c o r p o r a t i o n of 

formate i n t o the n u c l e i c a c i d s of r e g e n e r a t i n g l i v e r and 
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Novikoff hepatoma was not altered, in p a r t i a l l y 

hepatectomized-tumor-bearing rats was considered 

as an indication of autonomy in the nucleic a c i d 

metabolism of these tissues. The autonomous growth 

of malignancies is frequently observed. Therefore 

i t was of interest to determine the incorporation 

of radio a c t i v i t y into regenerating l i v e r in tumor-

bearing animals which had been injected with formate-

C 1^ prior to the p a r t i a l hepatectomy. It is evident 

that the nucleic acids of the regenerating l i v e r s 

in these animals incorporated approximately the same 

amount of radio a c t i v i t y as the non-regenerating 

l i v e r s of the tumor-bearing controls. However the 

l i v e r s of the control animals were able to incorporate 

radio a c t i v i t y during the period immediately following 

the formate-C 1^ i n j e c t i o n , at which time the concen

t r a t i o n of available formate-C 1^ was r e l a t i v e l y high. 

On the other hand the regenerating l i v e r was f i r s t able 

to incorporate radio a c t i v i t y 24 hours a f t e r the formate-

C A 4 was injected at which time approximately 50$ of the 

radio a c t i v i t y had been excreted. Therefore the radio 

a c t i v i t y detected in the nucleic acids of the regenera

ting l i v e r could be derived from the formate already i n 

corporated into the remnant at the time of the hepatec

tomy, as well as the formate incorporated by the regenera

ting l i v e r . In view of the low r e l a t i v e s p e c i f i c a c t i -
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v i t i e s o b t a i n e d f o r the n u c l e i c a c i d p u r i n e s and 

thymine of the r e g e n e r a t i n g l i v e r , i t would appear 

t h a t t h e r e i s l i t t l e a v a i l a b l e f o r m a t e - C 1 ^ p r e s e n t 

i n the r a t d u r i n g the p e r i o d 24 t o 72 hours a f t e r 

the subcutaneous i n j e c t i o n of f o r m a t e - C 1 4 . The d a t a 

a l s o i n d i c a t e t h a t the n u c l e i c a c i d s of r e g e n e r a t i n g 

l i v e r do not i n c o r p o r a t e r a d i o a c t i v i t y from i n d i r e c t 

s o u r c e s of r a d i o a c t i v i t y i n f o r mate-C' 1 4-in j e c t e d a n i 

mals. T h i s i s i n d i c a t e d by the r e s u l t s o b t a i n e d f o r 

tumor, s p l e e n and i n t e s t i n a l mucosa w h i c h demonstrate 

t h a t r e g e n e r a t i n g l i v e r has n o t withdrawn r a d i o a c t i v i t y 

from the n u c l e i c a c i d s o f t h e s e t i s s u e s . L i t t l e or no 

d i f f e r e n c e i s n o t e d i n the r e l a t i v e s p e c i f i c a c t i v i t i e s 

of the n u c l e i c a c i d p u r i n e s and thymine o f tumor and 

i n t e s t i n a l mucosa, of the t u m o r - b e a r i n g a n i m a l s w i t h 

d e l a y e d h e p a t e c t o m i e s , as compared t o the c o r r e s p o n d i n g 

f r a c t i o n s of the t u m o r - b e a r i n g c o n t r o l a n i m a l s . There 

i s a l s o n o d i f f e r e n c e i n the r e l a t i v e s p e c i f i c a c t i v i t i e s 

of c o r r e s p o n d i n g DNA bases of s p l e e n of the h e p a t e c 

t o m i z e d - tumor-bear i n g a n i m a l s as compared t o the c o n t r o l 

a n i m a l s . However t h e r e i s a d e c r e a s e i n the r e l a t i v e 

s p e c i f i c a c t i v i t y o f the RNA guanine o f s p l e e n o f the 

h e p a t e c t o m i z e d group as compared to the c o n t r o l group. 

I t i s not p o s s i b l e to compare th e c o r r e s p o n d i n g adenine 

f r a c t i o n s , but i t i s n o t e d t h a t the RNA a d e n i n e of t h e 
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of the c o n t r o l group i s r e l a t i v e l y " h i g h . The s i g n i 

f i c a n c e o f these f i n d i n g s i s not u n d e r s t o o d . However 

on the o a s i s o f these r e s u l t s i t would appear t h a t r e 

g e n e r a t i n g l i v e r does not grow a t the expense of o t h e r 

t i s s u e s . 

The r e s u l t s of the e xperiment c a r r i e d out t o 

d e t e r m i n e the d i s t r i b u t i o n o f r a d i o a c t i v i t y f o l l o w i n g 

the t r a n s p l a n t a t i o n o f r a d i o a c t i v e N o v i k o f f hepatoma 

a r e d i f f i c u l t t o a s s e s s , because many of the d e t e r m i n a 

t i o n s d i d not y i e l d s i g n i f i c a n t d a t a . However i t i s 

e v i d e n t t h a t a p p r o x i m a t e l y 20% o f the a d m i n i s t e r e d r a d i o 

a c t i v i t y i s e x c r e t e d i n the u r i n e d u r i n g the f i r s t 12 

hours of tumor growth. The r e s u l t s a l s o i n d i c a t e t h a t 

t h e r e was l i t t l e f r e e f o r m a t e - C * ^ i n the donor tumor 

s u s p e n s i o n . I t i s assumed t h a t the r a d i o a c t i v i t y p r e 

sent i n the u r i n e i s the r e s u l t of the c a t a b o l i s m o f com

pounds w h i c h had i n c o r p o r a t e d f o r m a t e , and not the r e 

s u l t of formate e x c r e t i o n . T h e r e f o r e u r i n a r y c o n s t i 

t u e n t s such as a l l a n t o i n , B u r e i d o i s o b u t y r a t e , B amino-

i s o b u t y r a t e , a r e a t q m i n e , a r e a t i n e , m e t h i o n i n e and s e r i n e 

c o u l d become r a d i o a c t i v e f o l l o w i n g the i n t r a p e r i t o n e a l 

i n j e c t i o n o f a tumor s u s p e n s i o n l a b e l l e d w i t h C*^. 

In agreement w i t h the r a p i d appearance of 

r a d i o a c t i v i t y i n the u r i n e , i s the f i n d i n g of n e g l i g i b l e 

or i n s i g n i f i c a n t s p e c i f i c a c t i v i t i e s i n the n u c l e i c a c i d s 

of the tumor o b t a i n e d a f t e r 24 hours of i n t r a p e r i t o n e a l 



- 51 -

growth. T h i s would i n d i c a t e a r a p i d t u r n o v e r of 

b o t h RNA and DNA of the i n j e c t e d N o v i k o f f hepatoma 

d u r i n g the f i r s t 24 hours of growth. However the 

n u c l e i c a c i d _ o f the donor tumor s u s p e n s i o n con

t a i n e d o n l y about 2% of the t o t a l r a d i o a c t i v i t y i n 

the s u s p e n s i o n . T h e r e f o r e i t i s d i f f i c u l t t o a s s e s s 

the degree of t u r n o v e r from t h e s e r e s u l t s because of 

the l a c k of s i g n i f i c a n t d a t a . F u rthermore i t i s 

d i f f i c u l t t o o b t a i n adequate amounts of tumor, s e p a r a t e 

from g r e a t e r omentum, 24 and 48 hours a f t e r t r a n s p l a n 

t a t i o n , and t h e r e f o r e the d a t a shown f o r tumor ob

t a i n e d a t these t i m e s , may not be r e p r e s e n t a t i v e of 

"pure" tumor t i s s u e . N e v e r t h e l e s s i t i s f e l t t h a t 

i t would be advantageous to r e p e a t t h i s experiment 

u s i n g a more r a d i o a c t i v e donor tumor s u s p e n s i o n . 

The r e s u l t s of these s t u d i e s o f the n u c l e i c 

a c i d m e t a b o l i s m o f r e g e n e r a t i n g r a t l i v e r , N o v i k o f f 

hepatoma, and h o s t t i s s u e s of r a t s c o n t a i n i n g one or 

b o t h of these t i s s u e s , a r e not c o m p l e t e l y i n a c c o r d 

w i t h the r e s u l t s o b t a i n e d by o t h e r s . However, i n o r d e r 

t o o b t a i n s t a t i s t i c a l l y s i g n i f i c a n t d a t a the e x p e r i m e n t s 

s h o u l d be r e p e a t e d . I t would a l s o be o f i n t e r e s t t o 

p e r f o r m s i m i l a r s t u d i e s u s i n g a v a r i e t y o f l a b e l l e d 

n u c l e i c a c i d p r e c u r s o r s . S i m i l a r s t u d i e s performed on 

l a r g e groups of mice s h o u l d a l s o be c o n s i d e r e d . 



SUMMARY 

A study has been made of the incorporation i n vivo 

of formate-C 1^ into the nucleic acids of regenera

ting rat l i v e r and Novikoff hepatoma. Regenerating 

l i v e r was obtained 40 hours after p a r t i a l hepatec

tomy. Novikoff hepatoma was obtained on the 4 t h or 

6 t h day after transplantation. The influence of one 

or both of these tissues on the host tissues has also 

been examined. 

The incorporation of formate into the nucleic a c i d 

purines and thymine of 4 t h day Novikoff hepatoma and 

regenerating rat l i v e r d i d not appear to be s i g n i f i 

cantly influenced by the simultaneous presence of 

both of these r a p i d l y d i v i d i n g tissues i n one animal. 

These findings have been discussed i n the l i g h t of 

evidence which indicated that approximately 50 P e r 

cent of the administered r a d i o - a c t i v i t y was excreted 

in the urine and C02« 

Regenerating rat l i v e r and 4 t h day Novikoff hepatoma 

had no s i g n i f i c a n t effect on the formate incorpora

ti o n into the nucleic acids of the spleen and intes

t i n a l mucosa of the host animal bearing one or both 

of these tissues. 

The r e l a t i v e s p e c i f i c a c t i v i t i e s of the nucleic a c i d 

bases of 40 hour regenerating rat l i v e r were greater 

than the r e l a t i v e s p e c i f i c a c t i v i t i e s of correspon-
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d i n g f r a c t i o n s of normal l i v e r . On the other hand 

the uptake of formate by 4 t h and 6 t h day N o v i k o f f 

hepatoma was g r e a t e r than 40 hour r e g e n e r a t i n g r a t 

1 i v e r . 

The r e s u l t s of m i t o t i c c o u n t s i n d i c a t e d a maxi

mal m i t o t i c f r e q u e n c y i n 4 t h day hepatoma. How

ever the n u c l e i c a c i d s of 4 t h and 6 t h day N o v i k o f f 

hepatoma i n c o r p o r a t e formate to a p p r o x i m a t e l y the 

same e x t e n t . 

In a p r e l i m i n a r y experiment a r a d i o a c t i v e s u s 

p e n s i o n of N o v i k o f f hepatoma was t r a n s p l a n t e d i n t o 

a group of r a t s . N e g l i g i b l e or i n s i g n i f i c a n t 

s p e c i f i c a c t i v i t i e s were o b t a i n e d f o r t h e n u c l e i c 

a c i d bases of the tumor a f t e r 24 hours of growth. 

A p p r o x i m a t e l y 20 per cent of the a d m i n i s t e r e d r a d i o 

a c t i v i t y was e x c r e t e d i n the u r i n e d u r i n g t h i s 

p e r i o d . A l t h o u g h formate a n a l y s e s were not p e r 

formed, p r e l i m i n a r y e x p e r i m e n t s i n d i c a t e d t h a t no 

" f r e e " f o r m a t e - C l 4 was p r e s e n t i n the donor s u s 

p e n s i o n . The s i g n i f i c a n c e of these f i n d i n g s has 

been d i s c u s s e d . 

The r e s u l t s o b t a i n e d from these e x p e r i m e n t s have 

been d i s c u s s e d i n r e l a t i o n to the f i n d i n g s o f 

o t h e r s . 
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