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The au thor  concludes f rom h i s  anal3~is of the l i t e r a tu re  that the mos t  probable cause of fai lure du r -  
ing quanti tat ive e s t ima t ion  of f ree  r ibonucleot ides  is breakdown of nuc leos ide- t r iphospha tes  during r emova l  
of the t i ssue and ex t rac t ion  of the nueleot ides.  Ttm s l ightes t  pain inflicted on the an imals  causes  r e d i s t r i -  
bution of nucleotides in the l i ve r  of n i t s .  It is sugges ted  that t i ssue for  iavesti~ation be taken f rom anes the -  
t ized an ima l s  and f rozen i m m e d i a t e l y  in liquid ni t rogen.  The aucleot ides  should be ex t rac ted  at  the lowest  
poss ib le  t e m p e r a t u r e s .  

More than ten 5~ars  h a ~  e l apsed  s ince the bas ic  p r inc ip les  of isolat ion and f ract ionat ion of nucleo-  
t ides were  worked oat ,  )~t  there  is s t i l l  an urgent  need for  m o r e  rapid and e[fect ive metliods for  studying 
them [8]. A c r i t i ca l  examina t ion  of progl~css in this f ield mus t  the re fo re  pro~e useful.  

The use of the method of gradient  e la t ion for  f rac t ionat ing  the ac id-so lub le  ex t r ac t  on an ion -ex -  
change r e s in  column revea lcd  the p r e s ence  of phosphate e s t e r s  of all  r ibonucleot ides  in animal  t i s sues .  
Neut ra l ized  t i s sue  ex t r ac t s  without any  p r e l i m h u t r y  pur i f ica t ion wore used for  analys is  [12, 161. N e v e r -  
the less ,  in the overwhelming  m a j o r i t y  of subsequent  invest igat ions ,  p r e l i m i n a r y  purif icat ion of the nucleo-  
t ides  was c a r r i e d  out by adsorp t ion  on charcoa l  o r  p rec ip i t a t ion  as  bar ium o r  m e r c u r y  sa l t s  [1-5, 6, 7]. It 
was found, however ,  that the p r e p a r a t i v e  lo s ses  of m a t e r i a l  by this method may  reach  50~ o r  more  [3, 5, 
6, 7] in a s soc ia t ion  with definite red is t r ibu t ion  ef the components  in accordance  with their  degree  of phos -  
phoryla t ion  because  o f h y d r o l y s i s o f n u c l c o s i d c - t r i p h o s p h a t e s  [3, 7]. I t  ~ s  a lso  found that nucleotides di f fer  
in the i r  degree  of adsorp t ion  on and elution f rom charcoa l ,  so that their  re lat ive concentra t ion in the e luates  
of nuelcot ides under  a vacuum l ikewise m a y  probab ly  cause degradat iop o f  nuc!eos ide- t r iphospha tes  as a 
r e su l t  of t r a n s f e r  of the t e rmina l  phosphate of A T P  to alcohol with the fo rmat ion  of ADP and monocthyl 
phosphate  [ t0] .  C l ea r l y  it is only through imper fec t ion  of the methods of ex t rac t ion  and f raet ionat ion of 
nucIeot ides that can account  for  the fac~ that,  accord ing  to dift 'erent worke r s ,  the ATP content in the l ive r  
m a y  d i f fe r  by more  than 20 t imes .  As a rule ,  with a r e l a t ive ly  low content of t r iphosphates ,  i m m e a s u r a b l y  
h igher  concent ra t ions  of  mono-  and diphosphates  a r a  obse rved  [2, 3, 7, ect .] .  Meanwhile, the ra t io  between 
nue l eos ide - t r i phospha te s  and nue leos ide-monophospha tes  is cons idered  to be one of the m o s t  impor tan t  
c r i t e r i a  fo r  qual i ta t ive a s s e s s m e n t  of  the method of nucIeotide de te rmina t ion  [8, 141. Fo r  these r e a s o n s ,  it 
was  decided to seek  improved  methods  of  ex t r ac t ing  nucteot ides .  

By  ex t r ac t ing  the t i ssue  with 10,~ t r i ch lo roaee t i e  acid  in acetone  a t  low t e m p e r a t u r e s  (down to - 7 8  ~ 
a p roduc t  was obtained with a much higher  concent ra t ion  of nucleoside t r iphosphates  than of the c o r r e s p o n d -  
ing mono-  and diphosphates  [8, 141. An e x t r e m e l y  impor tan t  fac tor  here  ~ s  found, to be the speed of r e -  
mova l  of the ches t  t i ssue and of its imm.ers ion in liquid ni t rogen.  The ATP concentrat ion in the l ive r  f rozen 
15 s e e  a f t e r  r emova l  is 25~ lower  than that in the l i ve r  f rozen immed ia t e ly ,  and in the ease  of a delay of 
30-60 sec  before  f reez ing  the ATP content fal ls  by 50% [151. These  changes took place despite effect ive  

\ 
cooling of the t i ssue  [11], and deaminat ion of purine de r iva t ives  was obse rved  even a t - 1 3  ~ [91. Indicat ions 
of a d i r ec t  re la t ionship between the ATP content in a t i ssue  and the speed of its i m m e r s i o n  in liquid n i t ro -  
gen a r e  a l so  given by o ther  inves t i~a tors  [131. It is n o w  c l e a r  that even the method used to s a c r i f i c e  the 
e x p e r i m e n t a l  an imaI s  has a s ignif icant  effect  on the absolute  content and r e t a t i v e p r o p o r t i o n  of f r ee  nucleo-  
tides in the t i ssue.  A higher  A T P / A M P  l-atio was found in the bra in  of ra ts  sac r i f i ced  by i m m e r s i o n  of the 
head in liquid ni t rogen,  whereas  b e t t e r  r e su l t s  wet,e obtained in ~mainea p igs  by decapitat ion of the an imals  
[8I. F u r t h e r n m r e ,  a Significant d e c r e a s e  in the re la t ive  ATP concentra t ion in the l i ve r  of ra t s  was obse rved  
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TABLE 1. Concentra t ion of Adenosinephospimtes in Liver  
of Rats  during Nociceptive Stimulation (in g m o l e s / g  f resh  
t i ssue) ,  1~I e= r 

Conditions 

Control 

Nociceptive 
stimulation 

~0o 
vf 
Iats 

8 

13 

ATP 

2,985• 0.097 

2.93-I • 0,098 
f=0,4 

ADP 

0,867*_ 0,02S 

1,453• 0,07~ 
t=5.5 

AMP 

t,102• 0,013 

1.618• 
I := 7.0 

Total  

4,954 • O, 130 

6,005_+ 0,226 
/==4,0 

even  in cases  of a m a r k e d  exci ta t ion response  during e the r  anes thes ia .  These  obse rva t ions  were  subsequent-  
ly  conf i rmed  in expe r imen t s  with weak nocicept ive s thnula t ion  of ra t s  (by squeezing the tip of the tail with 
fo rceps )  du r ing  induction of anes thes ia  (Table 1). The dec rea se  in ATP content was reIa t ive  because  of an 
i nc rea se  in the absolute  content of AMP and ADP. It  mus t  be a s s u m e d  that this effect  is more  marked  du r -  
ing decapi ta t ion of unanesthet ized an imaIs .  The s a m e  conclusion is drawn by o ther  worke r s  who observed  
a m a r k e d  inc rea se  in the content of xanthine and h3~oxanthine in the l ive r  of ra ts  decapi tated without p r e -  
l i m i n a r y  anes thes i a  [9]. 

The data desc r ibed  above show conclus ive ly  that widely used methods of ex t rac t ion  and purif icat ion of 
nucleot ides a r e  not quanti tat ive.  A c l ea r  unders tanding of the avai lable  data mus t  the re fo re  help to avoid 
the c o m m o n e s t  e r r o r s .  

As a r e su l t  of m y  own observa t ions  and ana lys i s  of informat ion in the l i t e ra tu re  I sugges t  that the 
following genera l  p r inc ip les  be adopted. The t i ssue  for  invest igat ion should be obtained where poss ib le  f rom 
living, anes the t i zed  an i m a l s .  All p r o c e d u r e s  poss ib ly  s t imula t ing  or  exci t ing the exper imenta l  an ima l s  be -  
fore  anes thes i a  should be avoided. The t issue should be i m m e r s e d  in liquid nitrogen immed ia t e ly  a f t e r  r e -  
moval .  All p r o c e d u r e s  connected with p r e l i m i n a r y  purif icat ion of nucleotides mus t  be withdra~wn f rom the 
method,  including pur i f ica t ion by adoorpt ion of charcoal  o r  by prec ip i ta t ion  as  bar ium sa l t s .  The t i s sue  
should be ex t rac ted  with 10% t r i ch lo roace t i c  acid in acetone at low t e m p e r a t u r e s ,  improving  the conditions 
fo r  ex t r ac t ion  of the nucleotides and avoiding signif icant  l o s ses  of nuc los ide- t r iphospha tes .  
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