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Diurnal  rhy thms  of pro te in  metabo l i sm in the hepatocytes  and cel ls  of the p lan ta r  ep ide rmi s  
of albino ra t s  with acute radiat ion s ickness  we re  de te rmined  by autoradiography with meth io-  
nine-S 3~. 

P r ev ious  invest igat ions in the Labora to ry  of Exper imenta l  Histology of the N. F. Gama leya  Insti tute 
of Epidemiology and Microbiology,  Academy of Medical Sciences of the USSR, by an au toradiographic  
method demons t ra ted  a diurnal  rhythm of pro te in  metabo l i sm in the ce l l s  of the adrenal  cor tex  [7, 9], l ive r  
[2], and p lan ta r  ep ide rmis  [11] of ra t s .  Compar i son  of the diurnal rhy thms  of pro te in  me tabo l i sm and of 
mitot ic  act ivi ty showed that these  two rhy thms  a re  synchronized in the cel ls  of the l i ve r  and p lan ta r  ep ide r -  
mis ,  but not synchronized in the ce l l s  of the zona g lomeru losa  and zona fasc icu la ta  of the adrenal  cortex.  

The object  of the invest igat ion desc r ibed  below was  to study diurnal  changes in the level  of pro te in  
me tabo l i sm af te r  exposure  to ionizing radiation.  

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

The exper imen ta l  an imals  w e r e  64 sexually ma tu re  male  albino ra t s  f rom the "Rappolovo" nu r se ry ,  
weighing 200-250 g, and the invest igat ion was  ca r r i ed  out at the beginning of February ,  when according to 
the r eco rds  of the wea the r  s e rv i ce  the per iod  of daylight in Leningrad l a s t s  9 h 45 rain. The an imals  w e r e  
kept under  identical  conditions and in natural  i l lumination. The ra t s  were  fed and c leaned at the same t ime 
of day (from 8 to 9 A.M.). A single dose (600 R; 690 rad) of whole-body x - r a y  i r rad ia t ion  (RUM-11 ap p a ra -  
tus) was  given under  s tandard conditions to 32 rats .  Mater ia l  f r o m  these  an imals  was  fixed on the 6th day 
a f te r  i r radia t ion ,  i .e. ,  at t he  height of development  of acute radiat ion s ickness .  The control  an imals  we re  
32 r a t s  which were  not i r rad ia ted .  The i r r ad i a t ed  and un i r rad ia ted  r a t s  we re  divided into 8 groups,  with 
4 an imals  in each group. The an imals  we re  sac r i f i ced  in groups  at in te rva l s  of 3 h during the 24 h per iod.  
All an imals  r ece ived  an inject ion of methionine-S 35 in a dose of I ~ Ci /g  body weight 3 h before  sacr i f ice .  
The m a t e r i a l  was  fixed by C a rnoy ' s  method and embedded in paraff in  wax. Autoradiographs  w e r e  p r e p a r e d  
with type R liquid emuls ion  (State Photographic  Chemical  Resea r ch  Insti tute,  USSR) by the method usually 
adopted in the l abora to ry  [3]. Autoradiographs  of the l ive r  we re  exposed for  24 h and of the e p i d e r m i s  for  
48 h. The number  of t r a c k s p e r  unit a r ea  was  thus l e s s  for  the l i ve r  spec imens  than for  the ep idermis .  The 
t r a e k s w e r e  counted on the exposed au torad iographs :  for  the hepatocytes  in 250 squares  of the ocu la r  m i c r o -  
m e t e r  grid,  and for  cel ls  of the basa l  l ayer  of the p lan ta r  ep ide rmis  in 100 squares .  The a r e a  of 1 square  
co r responded  to 50 ~2 on the specimen.  The numer ica l  r e su l t s  we re  subjected to s ta t i s t ica l  analys is .  
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TABLE 1. Diurnal Fluctuations 
in Mean Number of S 35 Trac t s  
per  Unit Area  (50/~2) Above 
Hepatocytes (M 4- m) 

Timeofday at[ 
which incor ~ ] 
poration of Unirradiate, 
SS 5 took place rats 

Irradiated 
rats 

24 --3 
3--6 
6--9 
9-- i2  

12--15 
15--18 
18 21 
21 --24 

0,58• 
0,6220,08 
0,79-+0,05 
0,74• 
0,68-+0,04 
0,61-+0,07 
0,48-+0,08 
0,57-+0,02 

TABLE 2. Diurnal Fluctuations 
in Mean Number of S 35 Trac t s  
per  Unit Area  (50/~2) Above Basal 
Cells of P lantar  Epithelium (M* m) 

Mean values 
for 24-hour 
period 

0,63• 

Time ofdaya~ 
which ineor- [Unirradiated Itrradiated 
poration of | rats ] rats 
sSStook place[ [ 

0,78-----0,10 24--3 
0,83_+0,06 3--6 
0,99-+0,07 6--9 
0,90-+0,08 9--12 
0,81-+0,07 12--15 
0,75-+0,04 I5--18 
0,72-+0,10 18--21 
0,7820,07 21--24 

0,82-+0,03 

1,13• 
1,32• 
1,24-+0,09 
1,59-----0,11 
1,55--+0,12 
1,47• 
0,89+0,07 
0,82--0,06 

1,45• 
1,17-+0,21 
1,81• 
1,49-+0,10 
2,19--+0,1l 
2,32-+0,16 
1,71-+0,26 
1,3420, i3 

Mean values 
for 24-hour 
period 

1,26• 1,69• 
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Fig. 1. Diurnal changes in intensity 
of protein metabolism in hepatocytes 
and basal  cells of epidermis  in uni r -  
radiated and i r radia ted  rats .  Ordi-  
nate,  mean number of t r acks  per  
square (in percent  of mean value for  
24-h period); abscissa ,  t ime of day. 
1) hepatocytes of unirradiated and 
2) of i r radia ted  rats ;  3) plantar  epi-  
dermis  of unirradiated and 4) i r r ad i -  
ated rats .  

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

The experimental  resul ts  are  given in Tables 1 and 2. The 
stat is t ics  show that the accumulation of methionine in the hepato- 
cytes of the control  ra ts  reached a maximum between 9 A.M. and 
12 noon (Table 1). Starting f rom 3 P.M. the level of S 35 incorpora -  
tion gradually decreased,  to reach a minimum by 9 P.M. Despite 
ve ry  slight deviations at subsequent t imes,  this minimal number 
of t r acks  continued until 3 A.M. The difference in the number  of 
t r acks  at 9 A.M. to 12 noon and at 9 P.M. to 3 A. M. is stat ist ically 
significant (P < 0.05). 

In the i r rad ia ted  animals,  as in the controls,  the per iod of 
maximal incoporation of S 35 occur red  between 9 A.M. and noon. 
This was followed by slight fluctuations in the level of metabolism, 
but a definite decrease  appeared only after 6 P.M. (P < 0.05). The 
mean level of incorporat ion of methionine into the l iver  cells of 
the i r radia ted  ra t s  for the 24-h per iod (0.82) was higher than for 
unirradiated ra ts  (0.63). This difference is significant (P < 0.01). 

In the control animals the minimal accumulat ion of S 35 in the 
cells  of the basal  layer  of the plantar  epidermis  occur red  between 
9 P.M. and midnight (Table 2). A significant increase  in the in- 
corporat ion began only at 6 A.M. (P =0.027), reaching a maximum 
between noon and 6 P.M. In the i r radia ted  ra ts  minimal incorpora -  

tion of methionine was observed between midnight and 6 A.M. The level then began to r ise  gradually, and by 
9 A.M. the incorporat ion of S 35 was significantly higher (P =0.024), but the maximal number of t r a c t s  oc-  
cur red  between 3 and 6 P.M. The mean level of protein metabolism for  the 24-h per iod in the unirradiated 
animals (1.26) was  lower than in the i r radia ted  ra t s  (1.69). This difference is significant (P < 0.05). 

Diurnal rhythms of protein metabolism in these two t i ssues  also were  c lear ly  observed in the i r radia ted  
animals. Just  as in the unirradiated animals, the curve of diurnal per iodici ty  of S 35 incorporat ion was  uni- 
modal in charac te r  (Fig. 1). Changes in the level of protein metabolism during the 24-h per iod in the i r r ad i -  
ated ra ts  were  almost  synchronous with the diurnal per iodici ty  in the unirradiated animals,  although the path 
of the curves  was not completely identical in the two cases,  as was prev ious ly  pointed out by Truupyl 'd  [8]. 
Since radiation s ickness  does not follow a uniform course  in all rats ,  the indices of protein metabolism in 
an organ such as the l iver  could be expected to va ry  more than in the epidermis  of the skin. This was con- 
f i rmed by the resu l t s  obtained (Tables 1 and 2). 
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These  observat ions  are  in agreement  with the resu l t s  of ea r l i e r  studies which showed that diurnal 
rhythms of mitotic activity pe r s i s t  in acute radiation sickness [1, 4, 6, 8, 10]. They confirm the view [5] 
that mechanisms regulating the circadian rhythms of physiological p r o c e s s e s  in the body remain  intact in 
acute radiat ion sickness.  
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