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It was shown by electrophoresis in agar gel and electron microscopy that acid phosphatase 
act ivi ty  and the s t ruc tu re  of the ce l l s  synthesizing the enzyme depend on the dose of y - i r r a -  
diation and the t ime  elapsing the rea f t e r .  KEY WORDS: i r radiat ion;  lysosomes ;  acid 
phosphatase .  

Pos t rad ia t ion  degradat ion  in the cel ls  of organs  and t i s sues  develops through the par t ic ipa t ion  of lysosomal  
hyd ro l a se s  and, in pa r t i cu la r ,  of acid phosphatase  (AP) [1]. Invest igat ions of this las t  enzyme as a rule  have 
been  confined to its h i s tochemica l  study [3, 4, 10] or  the b iochemica l  de te rmina t ion  of its activity in t i s sue  ex-  
t r a c t s  [6, 7, 9, 11]. Meanwhile informat ion has  been  obtained that the t i s sue  cel ls  contain many dif ferent  mo-  
l ecu la r  f o r m s  of AP, which di f fer  in ce r t a in  p r o p e r t i e s  and in the i r  r eac t ion  to i r rad ia t ion  [2, 5, 11]. 

The object  of this invest igat ion was to study the effect  of va r ious  doses  of Y-rays  on the act ivi ty of the 
va r i ous  molecu la r  f o r m s  of AP and the s t ruc tu re  of the cel ls  of the  mucosa  of the r a t  smal l  intestine.  

E X P E R I M E N T A L  M E T H O D  

Sexually ma t u r e  ma le  August r a t s  we re  i r r ad ia t ed  with 6~ y - r a y s  on the GUB-20,000 appara tus  in doses  
of between 100 and 15,000 rad  and at a dose r a t e  of 72-85 r a d / m i n .  Lapa ro tomy  was p e r f o r m e d  on the control  
and i r rad ia ted  an imals  under  pentobarbi ta l  anes thes ia  and the organs  were  washed f ree  f r o m  blood by per fus ion  
with 0.85% NaC1 solution. P i eces  of je junum for  e l e c t r o n - m i c r o s c o p i c  invest igat ion were  fixed in Palade '  s so-  
lution, taken through alcohols of increas ing  concentrat ion,  and embedded in a mixture  of Epons. Ultrathin s ec -  
t ions were  obtained onthe  LKB-4800 Ul t ro tome,  s tained with lead and uranyl  ace ta tes  by Reynolds '  method in 
the wr i t e r s ,  own modificat ion,  and studied in the JEM-5y  e lec t ron  mic roscope .  F o r  b iochemica l  invest igat ion 
sc rap ings  of mucosa  of the sma l l  intest ine were  homogenized  in T r i s - s u c r o s e  buffer  and centr i fuged at 
105,000g. The superna tant  was subjected to e l ec t ropho re s i s  in agar  gel .  The AP f rac t ions  were  detected by 
incubation of the agar  ge ls  in fl-naphthyl phosphate solution with F a s t  Blue B in ace ta te  buffer  at pH 4.8. Ac-  
t ivi ty of the f rac t ions  was de te rmined  by dens i tomet ry  on an ERI~10 integrat ing ex t inc t iometer .  Detai ls  of the 
method of e l ec t rophore t i c  invest igat ion of AP were  desc r ibed  p rev ious ly  [2]. 

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

Up to four  f rac t ions  of AP were  identified in the mucosa  of the sma l l  intest ine (Fig. 1), and activity of 
t h ree  of them (1, 2, and 4), although re la t ive ly  high in intact an imals ,  was cons iderably  dis turbed a f te r  i r r ad i -  
at ion (Figs. 1 and 2). I r r ad ia t ion  in a dose of 350 rad  caused a sharp  r i s e  in the act ivi ty of f r ac t ion  1 of AP on 
the 1st and 15th days,  and of f rac t ions  2 and 4 of AP onthe  f i r s t  and seventh days of obse rva t ion  (Fig. 2). I r r a -  
diat ion in a dose of 700 rad  lowered the act ivi ty of f r a c t i o n l  of AP on the f i r s t  to seventh days but inc reased  it 
toward  the 15th day (Fig. 2). Activity of f r ac t ion  4 was signif icantly reduced onthe fourth and seventh days af-  
t e r  i r rad ia t ion .  At o ther  t imes  of obse rva t ion  AP act ivi ty in the mucosa  a f t e r  i r rad ia t ion  in this dose did not 
d i f fer  s ignif icant ly f r o m  no rm a l .  

I r r ad ia t ion  ina  d o s e o f  1000 rad was accompanied  by an inc rease  in the act ivi ty of f rac t ion  1 of AP a f t e r  
3 h ,  followed by a d e c r e a s e  to the normal  level .  The activi ty of f r ac t ion  2 of AP fel l  on the f i r s t  and at the b e -  
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Fig. 1. E l ec t ropho re s i s  (actual and schemat ic)  of AP in mucosa  of r a t  smal l  in- 
tes t ine  1 day (a) and 3 days (b) a f te r  ?/- i rradiat ion.  I) Control; II-VIH) a f t e r  i r r a -  
diation with 100 (H), 350 (III), 700 (IV), 1000 (V), 3000 (VD, 7000 (VII), and 15,000 
rad (VIII). Intensity of shading of f rac t ions  on scheme  co r r e sponds  to the i r  
act ivi ty.  

ginning on the fourth day, whereas activity of fraction 4 of AP fell only on the third day and rose again toward 
76 h after irradiation (Fig. 2). 

Disturbances of AP activity after irradiation in doses of 3000, 7000, and 15,000 rad were similar, al- 
though they depended to a certain degree on the dose of irradiation: They consisted of a sharp rise in the ac- 
tivity of all AP fractions 3 h after irradiation, especially in a dose of 15,000 tad, a marked fall in their activity 
on the first to second days, some increase again toward the end of the third day, and returned to the normal 
level or higher by 76 h (Fig. 2). 

Electron-microscopic investigation of the mucosa of the small intestine 3 h after irradiation of the rats 
in doses of 10D0 rad or more showed the accumulation of cytolysosomes in the proliferating cells of the crypts. 
Their quantitative and qualitative composition was virtually independent of the dose of irradiation, but with an 
increase inthe dose there was an increase in the number of lysosomes and multivesicular bodies in the entero- 
cytes of the rugae of the mucosa and also in the number of destroyed stromal cells (plasma cells, lympho- 
cytes, mast cells), together with activation of the macrophages (Fig. 3). 

Toward the end of the first day after irradiation most cells of the epidermis contained no cytolysosomes, 
and only after large doses (7000 and 15,000 rad) were they still present as an electron-dense mass, bounded by 
a single membrane. Structures of this type occurred more frequently in wandering cells of the stroma and 
also in the f ib rob las t s  and cap i l l a ry  endothelium. 

In la te r  observa t ions  the cel ls  we re  comple te ly  f r eed  f r o m  des t royed  ma t t e r .  Toward the end of the third 
and beginning of the fourth days the number  of l y sosomes  and mul t ives icu la r  s t r uc tu r e s  increased .  

Changes in the act ivi ty of individual AP f rac t ions  a f t e r  i r radia t ion ,  as these  observa t ions  show, develop 
according to a similar pattern. Only a tendency was noticed for wider fluctuations in the content of 
the anodal AP fractions - 1 and 2. Disturbances of the AP content in the mucosa of the small intestine de- 
scribed in the literature relate mainly to changes in the total activity of the enzyme. For instance, an increase 
in AP activity was found during the first to second days after irradiation in a dose of 500 rad [6] or there was 
a brief rise followed by a fall in AP activity on the fourth to sixth days after irradiation in a dose of 600 rad 
[7], which corresponds to the character of the disturbances in the content of AP fractions observed in the pres- 
ent experiments in animals irradiated with sublethal (350 rad) or lethal (700 rad) doses of T-rays. 
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Fig. 2. Changes in activity of f ract ions  1 (a), 
2 (b), and 4 (c) of AP at var ious  t imes  a f te r  
y - i r rad ia t ion .  1) 350 rad, 2) 700 rad, 3) 1000 
rad, 4)15,000 rad. Ordinate, activity (in % of  
control); abscissa ,  t ime a f te r  i r radia t ion.  
Black symbols  indicate P < 0.05. 

The sharp rise in activity of the AP fractions discovered 3 h after irradiation in an absolutely lethal dose 
(1000 rad) and, in particular, in superlethal doses (3000, 7000, and 15,000 rad) was undoubtedly connected with 
enlargement of the cytolysomes in the mucosal cells, as other workers have observed at the same times [3]. 

Degradation and desquamation of mature epithelial cells of the mucosa were evidently responsible for the 
sharp decline inactivity of AP isozymes which developed during the first and second days after irradiation 
with absolutely lethal and superlethal doses of y-rays. Under these circumstances giant cells, functionally ira- 
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Fig. 3. Tunica p ropr ia  of villus (a) and crypta l  region (b) of mucosa of ra t  small  in- 
test ine 3 and 24 h respec t ive ly  af ter  ~ - i r r ad i a t i on  in dose of 15,000 tad  (5500 timesT. 
Mp7 Macrophage,  D) debr is  in Mp, Ly) lymphocyte in Mp, E7 eosinophil,  MC) muscle  
cell, EL) endothelium of lymphatic,  CE) c rys ta l  epithelium, Fb7 f ibroblas t  per forming  
role  of macrophage.  

pe r f ec t  and poor  in enzymes,  begin to predominate  inthe cell  population of the mucosa toward the third day [8]. 
By the fourth day p r o c e s s e s  of r epa i r  and regenera t ion  are  intensified [10], and in the presen t  exper iments  this 
was manifes ted as an increase  in activity of the AP isozymes .  

As the resu l t s  show, di f ferences  were  found between the effects  of i r radia t ion  in absolutely lethal and 
super le thal  doses,  despite the fact  that the dominant fea ture  of all these doses  was an intestinal syndrome.  The 
fall  in AP activity 1-2 days af te r  i r rad ia t ion  in a dose of 1000 rad was less marked  than af te r  superlethal  doses 
(3000-15,000 radT, but in the last  case  the r i s e  of AP activity was higher  in the ear ly  per iods  (3 h7 of obse rva -  
tion. The ear ly  sharp response  of the lysosomal  apparatus to superlethal  doses of i r radia t ion  was evidently ac- 
companied by the i r  more  rapid exhaustion and by inhibition of the elimination of injured components of the 
t i s sue  cel ls .  It is these p r o c e s s e s  which develop act ively a f te r  i r radia t ion with sublethal doses  of ~/-rays, as 
re f l ec ted  in the prolonged increase  of AP activity.  This inhibition of el imination of injured components of the 
mucosa  may explain the re la t ively  minor  morphological  d is turbances  in the epithelium af te r  exposure  to super-  
lethal doses,  despite the considerable  react ion of the connect ive- t i ssue  elements .  
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A N A B O L I C  E F F E C T I V E N E S S  OF N I T R O G E N  P R E P A R A T I O N S  

F O R  P A R E N T E R A L  F E E D I N G  IN T O X I C  H E P A T I T I S  
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Assimilat ion of the ni trogen prepara t ions  mor iamine  S-2 and improved casein  hydrolysa te  
when given pa ren te ra ! ly  to 100 albino ra t s  was studied. Both healthy animals and animals 
with toxic hepati t is  induced by CC14 were  used. Adminis t ra t ion of the ni trogen prepara t ions  
to healthy animals conver ted  the negative ni trogen balance to posit ive and r e s t o r e d  the nor-  
mal content of amino ni trogen in the blood and t i ssues  when dis turbed as a resu l t  of prote in  
deprivation.  In toxic hepati t is  the ra te  of ass imi la t ion  of the prepara t ions  was considerably 
reduced.  P a r e n t e r a l  feeding for  eight days did not conver t  the negative ni trogen balance 
into posi t ive and did not abolish the hypoproteinemia,  although it r e s t o r ed  the normal  amino- 
ni t rogen concentra t ion in the blood and t i ssues .  KEY WORDS: pa ren te ra l  feeding; protein 
hydrolysa tes ;  amino acid mixtures;  ass imilabi l i ty  of adminis tered  nitrogen; toxic hepatit is .  

P a r e n t e r a l  feeding in cl inical  p rac t ice  is used in the t r ea tmen t  of patients with considerable  dis turbances 
of t i ssue metabol ism due to d is turbances  of the functions of the nervous and endocrine sys tems ,  pancreas ,  
l iver ,  and so on [1, 5, 6]. The wr i t e r s  have shown both exper imenta l ly  and clinically that dis turbances of func- 
t ion of the endocrine par t  of the pancreas  and of the thyroid gland considerably l imit  the assimilabi l i ty  of 
pa ren te ra l ly  adminis te red  ni trogen prepara t ions  [3, 4]. 

The object of this investigation was to study the ro le  of the initial state of l iver  function in the ass imi la -  
bil i ty of pa ren te ra l ly  adminis te red  nitrogen prepara t ions .  

E X P E R I M E N T A L  M E T H O D  

Exper iments  were  ca r r i ed  out on 100 albino ra ts  of both s ex es  weighing 180-250 g, some of which were  
healthy,  whereas  the r e s t  had parenchymatous  hepati t is .  Toxic hepat i t is  was induced by three  subcutaneous 
injections of a 50% oily solution of CC14 in a dose of 0.5 ml /100  g body weight in the course  of one week. The 
p re sence  of hepati t is  was conf i rmed histological ly.  The animals as a whole were  divided into eight groups; 
the ra ts  of six groups were  kept throughout the exper imenta l  per iod on a synthetic p ro te in - f r ee  diet [2], and 
those of the o ther  two groups on the ord inary  animal house diet. Daily for  8 days the p ro te in -depr ived  r a t s  
rece ived  subcutaneous injections of physiological  saline and of nitrogen prepara t ions :  mor iamine  S-2 (Japan) 
and  improved casein  hydrolysa te  (USSR) [7] in a dose of 0.3 g conventional p ro te in /100  g body weight. Glu- 
cose solution (0.5 ml of a 40% solut ion/100 g body weight) was injected at the same t ime. The volume of fluid 
injected was equivalent to 7 m l / 1 0 0  g body weight. Per iodica l ly  the ni trogen balance of the animals and the 
excre t ion  of amino ni t rogen in the i r  urine were  determined.  At the end of the exper imenta l  per iod (8 days) ani- 
mals  of all groups were  decapitated and the concentra t ions  of amino nitrogen and total prote in  were  de termined 
in the i r  blood and the concentra t ion of amino nitrogen in the t i ssues  (muscle, hear t ,  l iver) .  Total nitrogen in 
the urine and feces  was de te rmined  by the micro-Kje ldahl  method and amino nitrogen by the ninhydrin method 
[8]. The nitrogen balance was judged f rom the di f ference between the ni t rogen adminis tered  and excre ted  in 
the urine and feces .  
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