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The present state of our knowledge concerning the metabolism of adenine by the 
rat is included in a recent review by BROWNS. A very interesting facet of this work has 
been the demonstration that nucleic acid synthesis from adenine is limited to the ribo- 
nucleic acid fractions of tissue unless cell division is taking place. Indeed, in adult rat 
liver, the relative specific activities of ribonucleic acid (RNA) adenine and desoxyribo- 
nucleic acid (DNA) adenine were in the ratio of over 50: I, and this 24 hours following 
3 days feeding at a dose level of 0.2 mmole/kg2. Adenine appears to be unique in this 
respect since all other carbon and nitrogen purine precursors show ratios of less than 
10: I, (e.g. formate3, glycine*-‘, serine*, and cytidine8). Phosphate alone shows any 
similarity to adenine in that a ratio of 33 : I has been observedg, but this was only 
2 hours after a single injection of labelled sodium phosphate. 

It was considered possible to utilise this effect by causing adult rat liver, extensively 
labelled in the RNA fraction by previous adenine injections, to undergo the sudden 
cell division which follows partial hepatectomy. Comparison of the specific activities 
of the DNA purines from the resting liver (removed at partial hepatectomy) with the 
DNA purines isolated from the regenerated liver should show whether the newly syn- 
thesised DNA had been formed from some labelled precursor in its environment. 

METHODS 

Radioactivity measurements of separated ribonucleotides and of purine bases were carried out 
as described previouslylo. White male rats were used throughout, fed a normal laboratory diet. 
The animals were given 6 intraperitoneal injections over 3 days of adenine-8-i% hydrochlorideii in 
water, at a level of about 0.2 mmole/Kg/day: the exact dose for each experiment is given in the 
Tables of results. The rats were starved for 24 hours following the last injection and, under ether 
anaesthesia. both central and the left lateral lobes of the liver removed12. The wound was stitched 
up and the animals allowed food and water freely during which time the acid-soluble fraction and 
the mixed nucleic acids were isolated from the liver removed (referred to hereafter as resting liver). 
48 hours after the operation, the remaining liver, which had undergone compensatory hyperplasia 
(“regenerated liver”), was removed and worked up for acid-soluble fraction and mixed nucleic acids 
in exactly the same way as the resting liver. 

Since the results were dependent on the measurement of the specific activities (counts/minute/ 
pmole) of the DNA purines which had much lower activities than the corresponding RNA purines, 
it was essential that there should be negligible contamination of DNA with ribonucleotides. The 
precipitate of DNA from the alkaline digest of the mixed nucleic acids was dissolved in IO oh aqueous 
sodium chloride solution and reprecipitated with alcohol, and the process repeated until the precipi- 
tate contained no ultraviolet absorbing material with a measurable RF value on paper using 75 y0 
isopropanol as solvent in an atmosphere of ammonia. (Ribonucleotides and free purine and pyrimidine 
bases move under these condition@ while DNA remains on the starting line). 

References p. 5051506. 
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In  some e x p e r i m e n t s  (see Tables) r ibonuc leo t ides  were sepa ra t ed  on columns  of Dowex  2 (C1-) 14 
and  DNA bases,  ob t a ined  b y  acid hydro lys i s  x5 were sepa ra t ed  on Dowex  2 us ing  a lka l ine  chlor ide  
so lvents  is, whi le  in others ,  the  respec t ive  pur ine  bases  were s epa ra t ed  on paper  c h r o m a t o g r a m s  us ing  
75 % i s o p r o p a n o l / 2  N HC117. The ac id-soluble  f rac t ion was  i nves t i ga t ed  by  the  me t hods  p rev ious ly  
descr ibed 10. 

RESULTS 

One fact that emerges clearly from Tables I to III is that the change from a resting 
liver (with a high specific activity associated with both the acid-soluble nucleotides and 
with the ribonucleic acid purines) to a regenerated liver allowed the newly formed 
desoxyribonucleic acid purines to incorporate radioactivity from their environment. 

The resting liver was removed 2 4 hours following the last injection of adenine, and 
BENNETT 18 has shown that less than 0.03% of adenine injected into the C57 mouse 
remains as free adenine after this period. 

T A B L E  I 

SPECIFIC ACTIVITY OF ACID-SOLUBLE ADENINE, AND OF RIBO- AND DESOXYRIBONUCLEIC ACID PURINES 
OF R~STING AND REGENERATED LIVER FOLLOWING INJECTIONS (0.2 m m o l e / k g / d a y  for 3 days) oF 
ADENINE-8-14C (9.55' 104 e.p.m.//zmole) 3 r a t s  741 g. (All s epa ra t ions  b y  pape r  ch roma t og raphy ) .  

A cid-soluble 
adenine 

Ribonucleic acid Desoxyribonucleic acid 

A de:nine Gua1*ine Adenine Guanine 

R e s t i n g  l iver  
(24 hours  a f te r  l a s t  inject ion)  14100 827 ° 188o 240 5 ° 

R e g e n e r a t e d  l iver  
(48 hours  later)  270o 493 ° i 7 i o  i46o  250 

T A B L E  I I  

SPECIFIC ACTIVITY OF RIBO- AND DESOXYRIBONUCLEIC ACID CONSTITUENTS, AND OF THE VARIOUS ACID 
SOLUBLE NUCLEOTIDE FRACTIONS OF RESTING AND REGENERATED RAT LIVER FOLLOWING INJECTIONS 
(0.2 m m o l e / k g / d a y )  for 3 d a y s  of adenine-8-1aC hydroch lo r ide  (I .o75- lO 5 c .p.m./ / ,mole)  : 6 ra ts ,  8Ol g. 

(All separa t ions ,  excep t  the  ac id-soluble  fract ions,  b y  pape r  ch roma tog raphy . )  

Acid.soluble fraction Ribonucleic acid Desoxyribonucleic acid 

Monophosphate Diphosphate Triphosphate 
fraction fraction fraction Adenine Guanine A denine Guanine 

Adenine* 
(if present)  (149o) 

Res t ing  l iver  
(24 hours  
a f te r  l a s t  inject ion)  9000 6300 - -  6680 182o i1oo 5 ° 

Aden ine  * 
(if present)  (2o5o) 

R e g e n e r a t e d  l iver  
(48 hours  later)  2550 173o - -  3490 144o 2o2o 65o 

* See discussion.  
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T A B L E  I I I  

SPECIFIC ACTIVITY OF RIBO- AND DESOXYRIBONUCLEIC ACID CONSTITUENTS OF RESTING AND RE- 
GENERATED RAT LIVER FOLLO'*VING INJECTIONS (0.2 mmole /kg /day  for 3 days) oF ADENINE-8-14C 
HYDROCnLORIDE (Two exp. 7.79 and 9.3O.lO 4 c .p .m./#mole) :  3 r a t s - - 8 1 o  g and 5 r a t s - - 1 1 9 8  g 

respectively. (All separat ions by  ion exchange chromatography. )  

RibonucIeic acid Desoxyribonucleic acid 

A denylic acid Guanylic acid A denine Guanine 

Exp. A Exp. B Exp. A Exp. B Exp. A Exp. B Exp. A Exp. B 

Resting liver 
(24 hours  after last  injection) 5820 4860 13oo 13oo 515 27o 76o 13o 

Regenerated liver 
(48 hours  later) 3580 317 ° 75 ° 890 135o 17oo 980 3o0 

The acid-soluble fraction was not  invest igated in the above prel iminary experiments .  

Since the tissue regeneration does not involve mitosis for a further 24 hours TM at 
least 40 hours will probably have elapsed between the last iniection of free adenine 
and the onset of desoxyribonucleic acid synthesis. The change of the originally injected 
adenine being available for desoxyribonucleic acid synthesis after this interval cannot 
therefore be rated high. 

In the experiment outlined in Table II,  an at tempt  was made to identify free ade- 
nine in the ion exchange separation of the acid-soluble fraction. O.OlM NH4C1 eluted 
a small amount of an ill-defined material with the spectral properties of adenine although 
it did not behave like adenine when subjected to ionophoresis on filter paper at pH 3.5- 
However, if the material were adenine, its specific activity was of the low order shown. 
The only radioactive materials likely to be present in any quanti ty are the general 
polyribonucleotides of the internal organs, to a lesser extent the polydesoxyribonucleo- 
tides of tissues undergoing constant cell division, urinary allantoin, and the acid-soluble 
nucleotides. At the low dosage given, 2:8-dihydroxyadenine, which accumulates in 
kidneys only during high doses of adenine 2°, is unlikely to be present to any great extent. 
The suggestion is made that the radioactivity associated with the newly formed des- 
oxyribonucleic acid had its origin in the acid-soluble nucleotides present. That  it is less 
likely to arise from ribonucleic acid purines is suggested by the work of COHEN 21 studying 
labelled phosphate incorporation by bacteriophages; of SCHMIDT, HECHT AND THANN- 
HAUSER 22 who were unable to confirm previous reports of BRACHET 23 that the increase 
in desoxyribonucleic acid was paralleled by a simultaneous decrease in the ribonucleic 
acid during sea urchin development; of VILLEE, LOWENS, GORDON, LEONARD AND 
RICH 24 studying the uptake of labelled phosphate by sea urchin eggs during develop- 
ment;  and of ABRAMS 25 on the uptake of acetate and glycine by the same organism, 
(the dangers of arguing from one species to another being borne in mind). Of possible 
significance in this connection are the observations of MITCHELL 2s, 27, ~S who showed that  
therapeutic doses of X- and y-radiation on tumour tissue inhibited the synthesis of 
desoxyribonucleic acid. At the same time, with doses up to IOOO r, the ultraviolet 
absorption of the cytoplasm often markedly increased due, possibly, to the accumulation 
of pentose nucleotides. It  would accord with the results obtained here if these nucleo- 
tides were, in fact, desoxyribonucleic acid precursors accumulating due to the inhibition 
of desoxyribonucleic acid synthesis. 

Re/erences  p.  5o5/5o6 .  
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However, if acid-soluble nucleotides (mostly adenosine-5'-monophosphate in rat 
liver) are, indeed, utilised for desoxyribonucleic acid synthesis, it is surprising that  
L. casei is ahnost completely unable to utilise adenosine-5'-monophosphate for nucleic 
acid synthesis 29. 

In the experiment detailed in Table II, the uptake of adenine into the desoxyribo- 
nucleic acid of resting liver was considerably higher than expected. A possible expla- 
nation is that the rats available at this time were much younger than those used in the 
other experiments. 
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S U M M A R Y  

Par t i a l  h e p a t e c t o m y  was pe r fo rmed  on n o r m a l  adu l t  male  r a t s  which  had  received in jec t ions  
of adenine-8-14C. Ana lys i s  of t he  l iver r emoved  showed t ha t ,  as  expected ,  t he  incorpora ted  14C was  
assoc ia ted  wi th  t he  R N A  pur ines  and  wi th  t he  acid-soluble  nuc leot ides  a lmos t  to t h e  exc lus ion  of 
t he  D N A  pur ines .  The  cell division assoc ia ted  wi th  t he  l iver r egenera t ion  wh ich  followed, al lowed 
the  newly  fo rmed  D N A  to incorpora te  r ad ioac t iv i ty  into i ts  pu r ines  f rom i ts  e n v i r o n m e n t .  I t  is 
sugges ted  t h a t  t he  acid-soluble  nuc leot ides  ac ted  as  D N A  pur ine  precursors  u n d e r  these  condi t ions .  

R~SUM£ 

Des r a t s  n o r m a u x ,  adul tes ,  males ,  a y a n t  re~u des in jec t ions  d'ad6nine-8-14C, fu ren t  soumis  
des  h4pa t ec tomies  partiel les.  L ' a n a l y s e  des roles enlev6es mon t r a i t ,  c o m m e  on p o u v a i t  s ' y  a t t endre ,  
que  le 14C incorpor6 6ta i t  associ6 avec  les pu r ines  du  RNA,  et  les nucMotides,  sohibles  dans  les acides 
e t  cela p resque  ~ l ' exc lus ion  des  pur ines  du DNA.  Lors  de la r6g6nera t ion qui  su iv i t  le p a r t a g e  cellu- 
laire p e r m e t t a i t  au  DNA,  n o u v e l l e m e n t  form6, d ' incorporer ,  dans  ses pu r ine s  de la mat i6re  radio-  
act iv6 du  mil ieu e n v i r o n n a n t .  Ces r6su l t a t s  condu i sen t  A la concep t ion  que  les nucMotides,  solubles  
dans  les acides, ag issent ,  sous  les condi t ions  indiqu4es,  c o m m e  pr6curseurs  des pu r ines  du  DNA.  

Z U S A M M E N F A S S U N G  

Part iel le  H e p a t e c t o m i e  wurde  an  normalen ,  ausgewachsenen ,  m~nn l i chen  R a t t e n ,  die In jek-  
t ionen  von  Adenin-8-14C e rha l t en  ha t t en ,  ausgef i ihr t .  Die Ana ly se  der  e n t f e r n t e n  Leber  zeigte, wie 
e rwar te t ,  dass  das  e ingebau te  14C m i t  den R N A - P u r i n e n  u n d  den  s~urel6sl ichen Nuk leo t iden  be inahe  
u n t e r  Aussch lus s  der  D N A - P u r i n e n  verkn i ip f t  war .  Die mi t  der n a c h  fo lgenden Leber regenera t ion  
v e r b u n d e n e  Zel l te i lung gab  der  neu  gebi lde ten  D N A  die M6glichkei t  r ad ioak t ive  Bes tand te i l e  aus  
der  U m g e b u n g  in die Pu r ine  e inzubauen .  Es  wird v e r m u t e t  dass  u n t e r  d iesen B e d i n g u n g e n  die s~iure- 
16slichen Nukleo t ide  als VorgAnger der  D N A - P u r i n e  auf t re ten .  
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