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A f t e r  whole-body i r r ad i a t i on  of r a t s  with x r 'ays (550 aD.d 120.0 R) profound d i s tu rbances  of contact  
hydro lys i s  of suc rose  and of enzym e  fo rma t ion  were  found in the epi thel ia l  ce l l s  of  the sma l l  intest ine.  
The d i s ta l  por t ions  of the sma l l  intestine were  m o r e  r e s i s t an t  to x r ays  than the p rox ima l .  In the r e c o v e r y  
per iod  the functional ac t iv i ty  of the dis ta l  por t ion  of the smal l  intest ine ~,~.s s t imula ted .  
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Severa l  inves t iga tors  [1, 5] have es tab l i shed  the c h a r a c t e r  of rad ia t ion  d i s tu rbances  of contact  d iges -  
t ion,  but the i r  invest igat ions have dealt  en t i r e ly  with the p rox imal  por t ion  of the je junum. However ,  we 
know that  d i f ferent  p a r t s  of the smal l  intest ine par t ic ipa te  to di f ferent  deg ree s  in the p r o c e s s  of digest ion 
[2, 3, 6, 8-10].  A prox imo-d~s ta t  gradien~ of dis t r ibut ion of enzymes  has  been found in th e sma l l  intest ine 
of m a m m a l s ,  as  a r e su l t  of which the intensi ty  of hydro lys i s  and absorp t ion  of food subs tances  fal ls  toward 
the abora l  end. Evidence has  been obtained of d i f ferences  in the vu lnerab i l i ty  0f d i f ferent  p a r t s  of the 
sma l l  i n ~ n s t i n e  to radia t ion [7, 11], and a l so  of d i f fe rences  in the degree  of d i s tu rbances  of contact  h)~dro- 
Iys i s  of d t saccha r ides  in lead poisoning [4]. 

In face of these fac t s ,  the p r e s e n t  invest igat ion was c a r r i e d  out to s tudy the c h a r a c t e r  of d i s tu rbances  
of contac t  hydro lys i s  of suc rose  and of enzyme format ion  in the p r o x i m a l  and dis ta l  por t ions  of the smal l  
intestin~ of r a t s  ~.t var ious  pe r iods  of  acute  radia t ion s ickness .  

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

E x p e r i m e n t s  were  c a r r i e d  out on 175 noninbred albino female  r a t s  weighing 160-200 g, 80 of which 
were  used  as  controls .  The an ima l s  were  sac r i f i ced  by suffocation and the whole of  the sma l l  intest ine 
was r emoved  and washed witch 15 ml  col d R~nger 's  solution. Two segmen t s  v]ere then r emoved  f r o m  the 
jejunum and i leum,  s i tua ted  20 cm f rom the pylorus and 15 cm f rom the i l eoceea l  angle r e spec t ive ly .  The 
contac t  hydro lys i s  of s u c r o s e  in these seg~ments w~s inves t iga ted  by A. ~L Ugolev ' s  (1960) method,  using 
i n v e r ~ s e  ac t iv i ty  on the su r f ace  of the i n~s t i na l  macosa  as  index. The tota l  i nve r t a se  r e s e r v e  in the in-  
tes t ina l  ce l l s  was a lso  s tudied  (from the ac t iv i ty  of a h o m e , h a t e ) .  Inver~ase ac t iv i ty  was judged f rom the 
amount of reducing suers formed, determined by A. M. Ugolev"s modification of Nelson's method. The 
conditions of i r r ad ia t ion  were :  v o l ~ g e  185 kV, eurren~ 17 rm&, f i l t e r s  0.5 m m  Ca and 1 m m  A1, sk in-focus  
distance 40 cm, dose rate 58-62 R/rain. 

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

In the expe r imen t s  af  s e r [ e s  I the an ima l s  were  i r r ad ia t ed  fn a dose of 550 R (JD40/s0). At in terva ls  
o f  1, 3, 5, 7, 10, 15, and 30 days  a f t e r  i r r a d i a t i o n ,  10 r a t s  were  sac~.ificed. The r e su l t s  of  this s e r i e s  of 
e x p e r i m e n t s  a r e  given in Ftg.  1, shov?[ng that  on the succeed d~.y a f t e r  i r r 'adia t ion no s~t~st i ,cal ly  significant  
changes in contact  h}~r0tys is  of s~,crose were  o b s e r v e d  in ~he proxim~A and d i s ~ i  por t ions  of the sma l l  
in tes t ine .  Meanwhile the e nz:~me-forming 9owe~ of bo~h p a ~ s  of the t~'e~.:i~ne was reduced (P < 0.0!) .  On 
the third d2.y a f t e r  i r r a d i a t i o n  a l l  the inves-ti~atsd irdte~s were  s i6vif ica~t :y  lowered .  However ,  the de -  
g ree  of the decrease in inverse &ct~vity on the surf&ce of ~he ~cos~ o:f ~:~ ~§ d[s[al potion of the intestine 
was less marked 6hun in the pro~dm~A, ~:~q~er.ee.~ in t:-~ p ?<~::J~M po~JiOa !J~.e ac~;i~}ity w~:~ only 22,7% of the 
control level~ in ~he dis~l pounce: i~ wa.s 39.7~. In both ?.~.r:':.J a.c~ivity of t'.~:e hemof~ena~ was lowered by 
75-80~ (P< 0,00i), P.eeoveryof ~he disturbed in~esd~;~ ~:hnc$io~S beg~;D~o h~.J~e pl~ce 5-7 daysaf~er ir~.d~;ion. 

P~i-~ophysiolog/c~l L~%bo~l~0ry~ Central Roe~:i:gen0-Radiologie~l }Research Lnsti~ute, Minis~wy of 
Heath of ~he USSP~, Leningrad (Prese.n~ed by Aeademici~n V. N. Chernigovskii). T~nslated from B}~.flleten ~ 
~ksper:imentaUnol Biologll i Meditsiny, Vol, 66, No. 7, pp. 42-44, July, 1968. Orig~l article submitted 
June 22,. 1966. 
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Fig .  I .  Effec t  of i r r ad i a t i on  in a 
dose  of 550 R on contact  h y d r o -  
l y s i s  of  s u c r o s e  and e n z y m e  f o r -  
ma t ion  in the small intestine. 
:I) Ac t iv i ty  on s ~ r f a c e  of mucosa ;  
II) a c t i v i t y  of homogenate .  A b -  
s c i s s a ,  t imes  a f t e r  i r rad ia t ion .  
(i~ days) ;  ordinute ,  quant i ty  of 
reduc ing  sugars (in m~). 
A) Proximal portion; B) distal 
portion; dotted lines represent 
control, continue,as l ines  repre- 
sent exp erimen~. 
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Fig.  2. Effect  of i r r ad ia t ion  in a 
dose of 1200 R on contact  h y d r o -  
ly s i s  of suc ro se  and enzyme f o r -  
mat ion  in the sma l l  intes t ine.  
I) Inver~ase  ac t iv i ty  on su r f ace  
of mucosa ;  H) in homogenate ;  
A) p r o x i m a l  por t ion ,  B) dis ta l ;  
I) control ,  2) one day, 3) 3 days, 
4) 5 days after irradiation. 

The d e g r e e  of r e c o v e r y  of function d i f fered  in the two por t ions  of the in les t ine .  In the p rox ima l  p o r -  
t ion of  b e  je junum inve r t a se  ac t iv i ty  on the su r f ace  of the m u c o s a  re turned  to i ts  initial level ,  but in the 
distal portion of the ileum i~ exceeded the control v~la~ by 81% (P < 0.001). The enzyme-forming po,,ver of 
the intestinal epithelial cells returned to its initial level in both. par~s of the intestine, Normalization of 
the investig%.ted indices in the proximal portio~ of the jejtmum wa s temporary, and was followed by a per- 
sistent decrease lasting one month after irl-adiation. This secondary vv~.ve of decrease of enz}ane-forming 
power of the intestine ~as pa~ieularly marked (Fig. i). Similar changes were observed previously in our 
labo~tory [i]. So far as the distal.portion of ~.e ileum is eoncer~ed, contact h~rolysis of sucrose was 
~--~/ned at a hi~her level than in the control an~n~als Lh- roughest the period of observatiom The total re- 
serves of the enzyme in the intestinal ~II were lowe~- ~h~n in the controls, although to a lesser degree than 
in t.he pro~dmal portion of the jejunum. 

In the experiments of series II the animm.!s were irr~dia~d in a dose of 1200 R. These animals de- 
veloped an intestip~1 forin of acute ~adiation sickness [12], termim%ting in death of all the animals 4-5 d~ys 
after irradia~iom The results of thh series of e~q~eri~ner:~ts were i1!u~%~"a~d in Fi Z. 2. By the second day 
afar irradiation m~d4ed changes l.n con~ct hydro~ysls.of s-tlcros9 were observed i~ the proydmal po~%ion 
of t[:~ j~aju~'~um (P< 0.001}o Zn ~he d~stal port[o~ of ~he inte~ine rva SD~.t[s~icai!y si~ni~Ican~ dhan~es in these 
i~d~ces were fo~Ind 24 h af~-~r ir~ad~ation. All ~m.se i~:=.dices w e r e  practically eq~i t:o zero 3 dm.y~, after ~.r- 
r~ldf.-~{ion. O~dy 5 r:~ ce~3.dbe inves~i~:~lK}d 5 d~!ys ai~ber i~'~'~ii..~.t!on, but no s~'~ of recovery of the ~tudieu 
in:.~ j.~i',d, fuf_<q-~ions v,-,%~ obse~wei  in [hem. 

the tLme t.ha~ th:e a n i ~ . ~  dled. 
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These  r e su l t s  indicate  s e v e r e  d i s tu rbances  of contac t  hydro lys i s  of s u c r o s e  and of e n z y m e - f o r m i n g  
p r o c e s s e s  in the epithel ial  ce i l s  of the sma l l  intes t ine a f t e r  who!e-body x - r a y  i r r ad i a t i on ,  these  d i s tu rbances  
reach ing  a m a x i m u m  th ree  day a f t e r  i r r ad ia t ion ,  i . e . ,  a t  a t ime  when, a s  va r ious  w o r k e r s  have shown, the 

r a d i a t i o n  in jury  ia-the morpho log ica l .p ic tu re  of the epi the l ium of the vi l l i  r e a c h e s  a m a x i m u m .  However ,  
the p r o c e s s e s  of enzyme fo rmat ion  and C~ntaet hydro lys i s  undergo m o r e  profound changes  than the s t r u c -  
tu ra l  e l ements  of the intest inal  mucosa .  Accord ing  to s o m e  data ,  obtained with the optical_ microscope. ,  4S-. 
72 h a f t e r  i r rad ia t ion  of mice  in a do t e  of 550 R only  hypoch romia  of the nuclei  with pycnot ic  changes  in 
s o m e  p laces  a r e  obse rved  [1i]., whe reas  the indices  of i n ~ s t i n a l  epi thel ia l  function which we i n v e s t i ~ t e d  
were considerably lowered. It was also found that enzyme-forming processes were more iabiie Lkun con- 
tact hydrolysis. Enzyme formsAioa was dis~arbed sooner and for a longer period. Finally~ differences v~re 
found in the degree of radiation injury to copilot hydrolysis of sucrose in the proximal and distal portio~L9 
of the small intestine. The dis~l portions were more resis~.n~ to the a=$ion of ion~zin~ r~di&s Radia- 
tion injury to different p~rts of the small intestine of a similar character have been observed in the histo- 
logical picture [7, 11], and also in relation to activity of acid and a!kalinephosphatase andpseudoeholines- 
terase, and the electr01y~e corn�9 of the ine~estinal mucosa [7}. During the period of recovery of the 
disturbed intestinal function the distal portions show increased functional activity, which may be reg-al~ded 
as a compensatory, adaptive response of the body. 
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