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Activi ty  of the 5 ' -nuc leo t tdases  of TMP,  U'MP, and DCMP in the smal l  intest ine and spleen of r a t s  is  
i nc reased  24 and 72 h a f t e r  " / - i r rad ia t ion  in a dose  of 850 R. The inc rease  in act ivi ty  of these enzymes  ia  
the l i ve r  was  not s ta t i s t ica l ly  s ignif icant .  

Bes ides  the imhibition of b iosynthes i s ,  another  c h a r a c t e r i s t i c  manifestar  of radiat ion injury is s t i m -  
ulation of DNA catabol ism,  accompanied  by the appearance  of unusually la rge  amounts  of i ts  metabol i tes  - 
nucleos ides  and nucleotides - in the t i s sues  and urine [2, 3, 10, 12]. The inc rease  in nuc!eoside concen t ra -  
t ion indicates  ve ry  high act ivi ty  of dephosphoryla t ion reac t ions  which take place  in the intact  o rgan i sm.  For  
th is  r eason  ~he study of the group of enzymes  respons ib le  for  dephosphorylat ion of nucleotides is of in teres t  
fo r  i~s own sake .  In e a r l i e r  invest igat ions  [4-6] an i nc r ea se  in the 5 ' -nucleot idase  act ivi ty  of the t i s sues  of 
i r r ad ia t ed  ,~Amals was descr ibed  in re la t ion  to dephosphorylat ion of only one nucleotide,  namely ,  5 t -  
adenyl ic  aeicl~ 

In the p r e sen t  invest igat ion the speci f ic i ty  Of the inc rease  in 5 ' -nucleot idase  act ivi ty  a f t e r  i r rad ia t ion  
w a s  studied. The object  was to d i s cove r  whether  d i f fe rences  in the degree  of i nc rease  of act iv i ty  of 5 ' - n u -  
c leo t idases  dephosphoryla t ing di f ferent  nuclcotides exis t  in the lrr :~liated an imal .  

Since DNA synthes is  r equ i r e s  as  an es sen t i a l  condition s t r i c t  cor respondence  between the levels  of 
i t s  p r e c u r s o r s  and may be inhibited as  a resu l t  of increased  degradation of one of the nucleotides,  we in-  
ves t igated the specif ic i ty  of the i nc r ea s e  in level  of 5 ' -nuc leo t idases  dephosphorylat ing TM P* and its p r e -  
c u r s o r s  - DUMP, DCMP, and UMP - a f t e r  i r rad ia t ion .  The TMP level is  known to de t e rmine  the ra te  of 
DNA biosynthes is  in the body, and the p r o c e s s  of i ts  fo rmat ion  plays  the par t  of  a control  mechan i sm.  

E X P E R I M E N T A L  METHOD 

Expe r imen t s  were  ca r r i ed  out on r a t s  Weighing 180-200 g a f t e r  7 - i r r ad i a t i on  (Co s~ in a dose of 850 R 
(dose ra te  165 l~/min). Tlle 5 ' -nuc leo t idase  act ivi ty  of ex t r ac t s  of the l iver ,  smal l  intest ine,  and spleen was 
de te rmined  3, 24, and 72 h a f t e r  i r r ad ia t ion  in the following sys t em:  100 ~moles  T r i s -bu [ f e r ,  pH 7.8, 2.5 
pxnoles MgSO~ solution; 2 pmoles  nucleotide solution, and 0.2 ml t issue ex t r ac t  (5% for  invest igat ion of the 
l i ve r  and 10% for the smal l  intest ine and spleen) .  Af te r  incubation for 30 rain at 37 ~ and prec ip i ta t ion  of the 
pro te in  in the samples ,  the inorganic  phosphate  l ibera ted  during dcphosphorylat ion of nucleotides was de -  
t e rmined  by the Fiske  - Subbarow method.  Acti~-ity of the enzyme was e x p r e s s e d  in panoles inorganic P/rag 
prote in  in the sample/30 rain incubation. 

E X P E R I M E N T A L  R E S U L T S  

A s ta t i s t i ca l ly  significant i nc r ea s e  in 5 ' -nuc leo t idase  act ivi ty of ex t r ac t s  of the spleen *-nd smal l  in -  
tes t ine  ~'as found 24 and 72 h a f t e r  i r r ad ia t ion  (Fig. 1). The increase  in act ivi ty  of these  enzymes  in the 
l l ~ r  ex t r ac t s  was not s ta t i s t ica l ly  s ignif icant .  Dif ferences  in 5 ' -nueleot idase  act ivi ty  in re la t ion  to 

* T M P -  thymidine monophosphate,  I T M P -  uridine monophosphate,  D U M P -  desox'yuridine monophosphate,  
DCMP - desoxycyt idine monophosphate,  GMP - guanosine monophosphate,  DAMP - d e s o x y a d e n o s i n e  mono-  
phosphate .  
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Fig.  1. 5 ' -Nucleot idase  ac t iv i ty  of smal l  Intest ine (A} 
and spleen (B) of r a t s  a f t e r  v - i r r a d i a t i o n  in dose  of 850R. 
Ordinate) inorganic phosphate (pmoles/nag pro te in]30  ra in  
incubation); absc i ssa )  t ime a f t e r  i r rad ia t ion  (in hours);  
I) UMP; 2) FMP; 3} D C M P .  

hydrolys is  of different  nucleotides and the absence  of t i s sue  speci f ic i ty  of thei r  act ion were  in te res t ing  d i s -  
c o v e r i e s .  Uridyl nucleotides were  dephosphoyrlated mos t  ac t ive ly  in the ex~tracts of all  t i s sue  tes ted  
(Fig. 1). Other au thors  [9] have a lso  descr ibed  that DUY.,IP is dephosphoryla ted twice as  fas t  as  DCMP in 
ra t  l ive r .  According to avai lable data [7], the ct ivi ty of DCMP 5 ' -nuc leo t idase  amounts  to 88% of the T h l P  
enzyme act ivi ty,  and this is consis tent  with our  ow~n obse rva t ions .  

If the 5"-nucleot idase act ivi ty  for the nucleotides studied at  dif ferent  per iods  a f t e r  i r r ad i a t i on  was  e x -  
p r e s s e d  as a pe rcen tage  of that for  TMP at the s a m e  t imes ,  these  ~alues were  not s ignif icant ly  di f ferent  
f rom the cor responding  f igures  under normal  conditions. This indicated the nonspecif ic i ty  of the i n c r e a s e  
In 5 ' -nucleot idase  ac t iv i ty  a f t e r  i r rad ia t ion  and showed that one enzyme,  whose activi ty is de t e rmined  en -  
t i r e ly  by the s t ruc tu re  of the subs t ra te  molecule ,  may  be respons ib le  for  dephosphorylat ion of the nuc leo-  
side monophospha tes .  

It should be emphas ized  that the changes in 5 ' -nuc leo t idase  act ivi ty  a f t e r  i r rad ia t ion  a r e  s econda ry  
in c h a r a c t e r .  It has  been shown [11], for instance,  that local i r rad ia t ion  of the spleen causes  no i n c r e a s e  
In act ivi ty  of 5 ' -nuc leo t idases  or  ATP~se  in the spleen,  as  a f t e r  whole-body i r radia t ion .  

Ionizing radiat ion causes  increased  DNA breakdown in rad iosens i t ive  t i ssues ,  reaching  a m a x i m u m  
4-6 h a f t e r  i r rad ia t ion .  As a r e su l t  of increascd DNA breakdown, products  of degradat ion of the DNA m e ,  
lecules  - nucleosides  - accumula te  in the t i s sues  during this per iod and somewhat  l a t e r  (after  6-12 h} in 
the ur ine .  We obse rved  a s ta t i s t i ca l ly  significant i nc rea se  in 5 ' -nuc leo t idase  activity of the t i s s u e s  at  l a t e r  
per iods  - 24 and 72 h a f t e r  i r radia t ion,  rhe  changes in e a r l i e r  per iods  were  l ess  marked .  I lowever ,  i t  
must  be berne in mind that the 5 ' -nucleot idase  act ivi ty  of the t i s sue  is  ex t r eme ly  high under  n o r m a l  c o n -  
ditions also.  According to some resu l t s  18], the enzyme content in homogenate  of normal  r a t  l i ve r  is  b e -  
tween lS,000 and 25,000 units]rag DNA. For  this reason,  even without marked  activation, these  e n z y m e s  
can br ing  about intensive hydrolysis  of the quantity of nuclcotides fo rmed as a resu l t  of i nc reased  DNA 
b rea  "kdo~'n, leading to the appearance  of large quanti t ies of nucleosides  in the t i s sues  and ur ine  of the I r -  
radia ted an imals .  

Only Isolated hypotheses  requir ing exper imen ta l  ~er i f icat ion can be expressed  regard ing  the m e c h a n -  
I sm of inc rease  of 5 ' -nuc leo t idase  activity of the t i s sues  a f t e r  i r rad ia t ion .  In the ea r ly  pe r iods  a f t e r  i r -  
radiat ion the i nc r ea s e  in 5 ' -nucteot idase  act ivi ty  may  be assoc ia ted  with an inc rease  in p e r m e a b i l i t y  of the 
cell  m e m b r a n e s  and to l iberat ion of some of the enzymes .  Invest igat ion of the 5 ' -nucleot idaso  ac t iv i ty  In 
the sepa ra t e  m i c r o s t r u c t u r e s  of the cell a f t e r  i r rad ia t ion  is in te res t ing  f rom this point of view.  We know 
181 that ~/~ of the total  5 ' -nuc leot idase  act ivi ty of the cell  is concent ra ted  in the cy top lasmic  granules ,  while 
1]$ is dis t r ibuted evenly between the nucleus and cy top lasm.  Differences  have been found between the 5 ' - n u -  
e leot idase  of the mitochondria ,  which dephosphoryla tes  DCMP, DAMP, and GMP, and the m t c r o s o m a l  em- 
zyme,  responsib le  for  dephosphorylat ion of TMP and DUMP, [8]o 

In the l a t e r  s t ages  (24 and 72 h) a f te r  i r rad ia t ion ,  breakdown of cell  s t ruc tu res ,  with consequent  
changes in populat ions leading to an inc rease  in the number  of ce l l s  with an inc reased  level  of 5 ' - n u e l e o -  
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t idase activity,  probably plays aleadlng role  in the inc rease  In activity of this enzyme.  This hypvLhesis is 
supported by the fact that a s imi la r  relat ionship between chan~es in activity of other  catabolic enzymes has 
been observed by severa l  workers  during the same t imes  af ter  i r radiat ion.  The inc rease  in ATPase  acL~vity 
in the ra t  spleen was found to reach its maximum, for instance,  48-72 h af te r  t r radJat ion I5]. 

According to our  findings, the i nc rease  in enzyme activity in the small  intest ine reached a maximum 
24 h a f te r  i r radiat ion,  and it was less  marked  af ter  72 h. In the spleen a gradual inc rease  in act ivi ty was 
observed,  reaching a maximum af te r  72 h. The change in 5 ~-nucleotidase act ivi ty in the small  intest ine and 
spleen c o r r e l a t e s  with the des t ruct ive  changes taking place in th~ cell s t ruc tures  of these t i ssues  a f te r  i r -  
radiat ion [1]. The increase  in 5 t -nucleot idase  activity in the spleen 24 and 72 h af te r  i r rad ia t ion  coincides 
in t ime with destruct ion of the lymphocytcs .  This increase  may be more  marked in the small  intest ine d u r -  
ing the f i r s t  24 h because destruct ion o[ lymphoc~a.es is accompanied at this per iod by intensive d i s in tegra-  
tion of the highly radiosensi t ive  epithelial  cel ls .  The small  dec rease  in enzyme activity in the small  In- 
test ine 72 h af te r  i r radia t ion compared  with 24 h is probably connected with the onset  of r epa i r  p ro ce s se s  
in this tissueo Repair  p roces se s  in the spleen, as we know, do not begin until 5-7 days af ter  i r radia t ion .  
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