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Experiments  on ra ts  showed st imulation of respi ra t ion  and u l t ras t ruc tura l  t ransformat ions  
of the mitochondria  in jejunal epithelial cells during absorption of amino acids (a mixture of 
alanine and glycine) in intact animals.  However, 30 rain after  whole -body-x- ray  i r radia t ion 
in a dose of 600 t ad  the absorption of amino acids was accompanied by a decrease  in the ox- 
ygen utilization level and by weakening of the react ion of the u l t ras t ruc tures .  The resul ts  
are  discussed f rom the standpoint of the effect of radiat ion on the energy production sys tem 
and on energy-dependent  functions. 

Many workers  have studied the effect of radiat ion on t issue resp i ra t ion  in various organs [1-3, 7]. In 
an investigation of the intestine, Strelina [4, 6] showed changes in the activity of cer ta in  enzymes in the t e r -  
minal stage of aerobic oxidation, indicating a disturbance of energy production. It is of great  importance 
to determine the role of these dis turbances in physiological functions connected with expenditure of energy. 
A charac te r i s t i ca l ly  energy-dependent  function in the intestine is the absorption of amino acids. J a spe r  and 
Bronk [8, 11] showed that incubation of the epithelium of the intestinal mucosa  in medium containing amino 
acids is accompanied by increased  oxygen utilization. Meanwhile, other workers  have shown that p rocesses  
consuming the energy of the cell a re  accompanied,  in par t icular ,  by charac te r i s t i c  changes in the ul t ra-  
s t ruc ture  of the mitochondria  [10, 12, 13]. Some of them [10, 12] associate  the transduction of energy gen- 
e ra ted  during e lec t ron t r anspor t  direct ly  with mechanical  changes in the s t ruc ture  of the mitochondria,  
consis t ing of conformational  t ransformat ions  of the inner compartment .  An energized and a nonenergized 
configuration of the mitochondria  are  accordingly distinguished. 

The object of the present  investigation was to make a combined study of respi ra t ion  and the u l t ra-  
s t ruc tura l  cha rac te r i s t i c s  of the epithelial cells of the intestinal mucosa  of i r radiated animals during the 
absorpt ion of amino acids. 

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

Albino ra ts  weighing 180-200 g were used. The rats  received the ordinary  animal house diet. Whole- 
body x - r a y  i r radia t ion was given in a dose of 600 rad on the RUM-3 apparatus (voltage 180 kV, distance 
f rom anode 40 cm, f i l ters  0.5 mm Cu and 1 mm A1, dose rate  44 rad/min) .  The absorption of O 2 b y a s c r a p -  
ing f rom the jejunal mucosa  was determined by Warburg ' s  method in microa toms  per  10 mg protein.  P r o -  
tein was determined by Lowry ' s  method. The incubation medium was of the following composition: 118 mM 
NaC1, 25 mM NaHCO3, 4.2 mM KC1, 1.2 mM MgSO4- 7H20 , 1.2 mM KH2PO4, 1.3 mM CaC12 �9 6H20; pH 7.5. 

A mixture of alanine and glycine (molar rat io 0.6 : 1.0) in a concentrat ion of 1 g /ml  was used in the 
experiments  to study absorption of amino acids. 
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Fig. 1. Respira t ion of je juna lep i -  
thelium of ra ts  without amino acids 
and during absorption of a mixture 
of alanine and glycine after  whole- 
body i r radia t ion of the animals in a 
doseof600  rad:  1) control;  2)con-  
t rol  + amino acids; 3) irradiation:, 
4) i r radia t ion + amino acids. Ab- 
sc i s sa ,  t ime after  i r r a d i a t i o n ; o r -  
dinate, level of resp i ra t ion  (in pe r -  
cent; resp i ra t ion  incont ro l  animals 
without addition of amino acids taken 
as 100%). 

In the experiments  to investigate the u l t ras t ruc tures  the rats  
were lightly anesthetized with ether,  a segment of jejunum 15 cm in 
length was separated by l igatures ,  and 1.5 ml of incubation medium 
with or  without the addition of the amino-acid  mixture was injected 
into it f rom a syr inge,  and incubation was allowed to continue for 15 
rain. The villi were fixed in 5.5% glutaraldehyde solution in cacodylate 
buffer, pH 7.2, at 4~ and then postfixed in 1% OsO 4 solution and em-  
bedded in Epon. Sections were cut on and LKB ultratome and photo- 
graphed in a Hitachi e lect ron microscope.  The u l t ras t ruc tura l  char -  
ac te r i s t ics  were studied 30 min and 2 h after  i r radiat ion,  and resp i -  
rat ion 15-30 rain, 2, 24, and 48 h, and 4, 5, and 30 days after  i r r ad ia -  
tion. 

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

Absorption of O 2 f rom the epithelium of the jejunal mucosa dur-  
ing incubation without amino acids and with the addition of a mixture of 
alanine and glycine in intact animals and at various t imes after whole- 
body x - r a y  i r radia t ion in a dose of 600 tad  is shown in Fig. 1. 

If the level of resp i ra t ion  of control  animals in the absence of 
amino acids is taken as 100% it will be c lear  that the absorption of 
amino acids, accompanied by st imulation of O 2 absorption, reaches  a level 
of 153%. In these animals,  the overwhelming major i ty  of mitochondria 
in the epithelial cell of a jejunal villus (Fig. 2a) incubated without the 
addition of amino acids were in a nonenergized or  "orthodox" confi- 
guration, corresponding to the 4th metabolic state of Chance and 
Williams [9, 12]. In this state the mitochondria  have c lear ly  defined 
outer and inner membranes ,  c lear ly  ar ranged cr i s tae ,  and a uni- 

formly  pale matrix.  During absorption of amino acids (Fig. 2b) the mitochondria undergo very  
sharp changes which affect predominantly the inner compartment .  The cr i s tae  become condensed and lose 
their  regular  a r rangement ,  and the mat r ix  becomes optically dense and is in close contact with the inner 
membrane  of the cr is tae .  Sharply defined pale in te rc r i s ta l  spaces appear.  These mitochondria are  gener-  
ally called condensed or  energized,  and they are  charac te r i s t ic  of the 3rd metabolic state of Chance and 
Williams. 

In the control  animals the absorption of amino acids was accompanied by simultaneous stimulation of 
resp i ra t ion  and the appearance of a condensed state of the mitochondria.  

The same pat tern as regards  02 absorpt ion was still p rese rved  15 min after  i rradiat ion,  i.e., r e sp i -  
rat ion during incubation without amino acids corresponded to the control  level and was considerably s t im-  
ulated in the presence  of amino acids. 

The situation was radical ly  changed 30 min and 2 h after irradiat ion.  Without amino acids a slight in- 
c r ease  in the intensity of resp i ra t ion  was observed (up to 142 and 123% for 30 rain and 2 h respect ively) ,  but 
in the presence  of amino acids not only was respi ra t ion  not increased,  but it was significantly inhibited. 
This is presumably  evidence of injury to the mechanisms of energy accumulation at these periods after  i r -  
radiation. Other evidence in support  of this view is given by the charac te r  of the u l t ras t ruc tura l  t r ans fo r -  
mations of the mitochondria.  The mitochondria  30 rain after  i r radia t ion were very  swollen, their  cr is tae  
were par t ly  destroyed,  and their  mat r ix  was translucent .  At the same t ime, in normal ly  phosphorylating 
mitochondria  there  is a cha rac te r i s t i c  dynamic oscil lat ion of swelling ~- contraction. During absorption of 
amino acids in this period after  i r radia t ion only some mitochondria  acquired the condensed configuration, 
but they did so to a far  l e s se r  degree,  which evidently cor responds  to a different stage of condensation; in 
par t icu lar ,  the regula r  orientat ion of the c r i s tae  was not lost. 

The changes in the mitochondria  continued to p rog re s s  2 h after  i r radia t ion (Fig. 2c). These were 
swollen even more ,  and were ovoid or  spher ica l  in shape (normally most  mitochondria  are long and rod-  
shaped), frequently the outer membrane  was ruptured,  the c r i s tae  were largely destroyed,  and vacuoles ap- 
peared. However, even at this t ime after  irradiat ion,  bet ter  p rese rved  mitochondria  or  even par ts  of mi to-  
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Fig. 2. Mitochondria of epithelial cells of villi from control 
animals (a and b) and 2 h after irradiation (c and d). aandb) 
Without addition of amino acids; c and d) with addition of a 
mixture of alanine and glycine. 

chondria were still  found, the other par ts  being swollen and containing vacuoles.  The condensed configura-  
tion of the c r i s tae  was not observed 2 h af ter  i r radia t ion in the presence  of amino acids (Fig. 2d). 

A new proper ty  of resp i ra t ion  was observed 24 and 48 h after irradiat ion.  Absorption of 02 with ami- 
no acids was considerably reduced (58 and 65% of the control level respectively) 24 and 48 h after irradiation 

and in the presence of amino acids it continued at approximately the same level (56 and 61% respectively). 
The decrease inthe intensity of respiration at these times after irradiation cannot be attributed unequivocally 

to a decrease in the cell population in the crypts and the villi of the intestine, for the 02 absorption was calcu- 
lated with respect to a constant (I0 rag) protein content of the mueosa. In addition, as Strelina [6] found in 
experiments at the same times and with the same dose of irradiation, inhibition of the activity of the finalen- 
zyme of the tissue respiration cycle (eytochrome oxidase) is observed in the cells of the jejunal villi in mice. 

Recovery of respiration was observed in the medium without amino acids four and five days after ir- 
radiation (116 and 119% respectively), but it is important to stress that in the presence of amino acids the 
level of respiration was lowered (69 and 70% of normal). Recovery of the original characteristic pattern of 
the intact animals could not be accepted as having taken place until 3 0 days after irradiation. At this time 
respiration without amino acids had reached 90% of the control level, compared with 175% in the presence 
of amino acids. 

These experimental results show a definite correlation between the metabolic activity and ultrastruc- 
ture of the cell affecting above all the inner membrane of the mitochondria, where the systems of enzymes 
responsible for energy production are located. 
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Whole-body x - r a y  i r rad ia t ion  injures the t i ssue resp i ra t ion  sys tem in the epithelium of the jejunal 
mucosa  and dis tor ts  the energy-dependent  p roces s  of amino-acid  absorption.  The sys tems  coupling the 
energy  of e lec t ron  t ranspor t  to the energy  of the chemical  bonds a re  evidently more  sensit ive.  
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