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In the e a r l y  per iods  a f t e r  i r rad ia t ion  of musc les  I n a  dose of 800 rad  changes in the ac t iv i ty  of 
the enzymes  of cycl ic  AMP me tabo l i sm a r e  found in the lymphocytes  of the spleen and thymus.  
The pos t rad ia t ion  d is turbance  of the re la t ive  ac t iv i t ies  of these  enzymes  leads  to changes in the 
s t eady - s t a t e  in t race l lu ta r  cycl ic  A NIP concentra t ion.  It is a lso  shown that  i r rad ia t ion  r educes  the 
abi l i ty  of lymphocytes  to respond to i sopro te reno l  by accumula t ing  cyclic  AMP. 
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Dis turbance of the regu la to ry  mechan i sms  of the cell  is one of the most  impor tant  a spec t s  of the harmful  
act ion of ionizing radia t ion on the living o rgan i sm  [3]~ The cyclic  AMP s y s t e m  regula tes  a wide range of vi ta l ly  
important  p r o c e s s e s  and phenomena in the cel l  [11]. Accordingly,  the study of the s tate  and functioning of this 
r egu la to ry  s y s t e m  a f te r  i r rad ia t ion  is of g rea t  importance .  The w r i t e r s  showed p rev ious ly  [6] that ionizing 
radia t ion changes the ac t iv i ty  of enzymes  of cyclic  AMP me tabo l i sm (adenylate cyolase  and phosphodies terase)  
in the l iver ,  with a consequent  d is turbance of the function of the cycl ic  A NIP sys t em.  

The object  of this invest igat ion was to study the effect  of ionizing radiat ion of the cycl ic  A MP s y s t e m  and, 
in pa r t i cu la r ,  on the enzymes  of me tabo l i sm of cycl ic  AMP and its content in lymphocytes  of the thymus and 
spleen,  which a r e  among the mos t  r ad ioseas i t ive  cei ls  in the body [1]. 

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

Male SHK mice  weighing 18-20 g were  used. The an imals  were  i r rad ia ted  with the RUM-13 appara tus  in 
a single dose of 800 rad,  at the ra te  of 100 r a d / m i n  (180 kV, 15 mA, Cu 0.5, A1 1.0). The mice  were  decapi tated 
1, 3, and 24 h a f t e r  i r rad ia t ion  and the i r  spleen and thymus  were  removed .  The organs  were  homogenized 
care fu l ly  in a P o t t e r ' s  homogenizer  in buffer  consis t ing of 5 mM KH2PO t, pH 7.5, containing 0.9% NaC1. The 
cei ls  were  f i l tered through four l aye r s  of Kapron t i ssue .  The suspension of thymus cel ls  thus p r e p a r e d  was a 
homogeneous suspens ion of lyrnphocytes.  Lymphocytes  f rom the suspension of spleen cel ls  were  separa ted  on 
a F i c o l l - N a  amidot r izoa te  gradient .  By means  of a P a s t e u r  pipet a solution containing 0.56 g Ficoll ( f rom 
P h a r m a c i a  Fine Chemicals ,  Sweden), 1.8 ml 76% Na amidot r izoa te  (Verografln,  Czechoslovakia) ,  and 8.2 ml 
wa te r  was introduced beneath this suspension.  Af te r  centr i fugat ioa  (at 1800g, 20 rain) the splenic lympho-  
cytes  were  harves ted  f rom the in terphase  boundary.  The isolated spleen and thymus cei ls  were  washed in 
buffer  and lysed in a smal l  volume of 50 mM TrIs-HC1,  pH 7.5, containing 5 mM MgSO 4. The lysate  was cen-  
t r i fuged at 6000g for_15 min. Phosphod ies t e rase  ac t iv i ty  was de te rmined  in the supernatant  and adenylate 
cyc lase  act ivi ty  in the res idue .  Isolat ion of the ce l l s  and of the enzyme p repara t ion  was c a r r i e d  out at 0-4 ~ C. 
Adenylate cyc lase  and phosphodies te rase  act ivi ty  was de te rmined  by methods descr ibed  p rev ious ly  [4, 5]. To 
de te rmine  the cyclic  AMP content in the lymphooytes  the cel ls  were  washed in Hanks '  solution, incubated for  
15 rain at  37~ in the same solution (107-2 �9 10 ? ce l l s /ml ) ,  and then centr i fuged for 2 rain at 500g. The res idue  
was lysed with 4 mM EDTA solution, heated on a boiling waterba th  for  3 min, a f te r  which the denatured pa r t i c l e s  
were  r emoved  by oentr i fugat lon (500g, 15 min), and the cycl ic  AMP level  in the supernatant  was de te rmined  by 
means  of the kit f rom the Radiochemical  Centre,  A m e r s h a m  (England). 
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TABLE 1. Adenylate Cyclase and Phosphodies te rase  Act ivi ty  of Thymus and Spleen 
Lymphoeytes  of SI-IK Mice I r rad ia ted  in a Dose of 800 rad  (M :~ m) 

I [ [ Time after irradiation (in h) Test object Experimental Normat 
conditions 1 ] 3 1 24 

Spleen 

Thymus 

Spleen 

Thymus 

Adenylate 

b,a 
I -10-SM 
I --IO-~M 
b.a 
I --IO-~M 
I --IO-2M 

cyclase, pmoles cyclic AMP/mg protein/min 

16,9-+-2,7 14,2-+-2,5 11,0--2,2 
30,6--4,8 I 24,4"-3,5 18,5--2,8 

104,1~13,6 76,6--8,4 66,7-----11,0 
27,8-"-2,0 [ 21,3"-2,4 14,8--2,0T 
51,5--4,8 I 35,4• 26,7--2,6 
96,7-----12,0 [ 81,2~11,3 62,7+--7,1 

Phosphodie~exa~, pmoles cyclic AMP/mg protein/min 

2- 10-~hl * 53,8-- 1,5 39,7-----4,31" 31,9~ 1,7 J" 
1- 10-4M* 26 t 7~ 207 2084--- + 325 17942 242 I" 
2- I 0- ~M* 21,22--- 0,5 30,8~-'~ I, 1 I" 27,5• 0,9 T 
I, 10-aM * 997-'-66 1528~ 157 I" 1199--79 

3,9----- 0,9 t 
4,4"-0,5 

29,6"-6,5 
7,3----- 1,4 t 
9,9 -+- 1,6 

42,7• 15,2 

8,1~0,7T 
392-----65 I" 

2,620,3"~ 
198--54 T 

Legend. b.a) Basal  act ivi ty,  1) i sopro terenol .  He re  and in Table 2: *) cycl ic  AMP 
concent ra t ion  for  de terminat ion  of enzyme activity;  T) P < 0.05 (compared with con-  
t ro l ) ,  

TABLE 2. Cyclic AMP Concentrat ion in Lymphocytes  of  Spleen and Thymus of SHK 
Mice I r r ad ia t ed  in a Dose of 800 rad  (M * m) 

Te~ object 

Spleen 

Thymus 

Experimental 
conditions 

S.CJ 

I --5.10"3M 
$.Co 

I --5" 10-3M 

Norm al 

29,5--3,0 
42,8~3,0 
46,4--7,7 

108,3• 32, 8 

Cyclic AMP level (in pmoles/lO T cells) after irradiation 

~h 

25,4~-4, 5 
32.3--6,6 
35,5--*-3,6 
42,5--4-4,9 

8h 

27,6+2,9 
32,1~I,3T 
14,1-- 1,5T 
19,5• 

24ll 

16,1--0,65" 
27,4-3,61" 
24,0• 
35,5--- 7,1 

Legend: s.c.) S teady-s ta te  concentrat ion.  Remainde r  of legend as in Table 1. Cyclic 
AMP level  de te rmined  5 min a f t e r  addition of i soproterenol .  

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

Basa l  (unstimulated) adenylate  eyc lase  act ivi ty  fell  a f te r  i r rad ia t ion  in the thymus and spleen cel ls  
(Table 1). Af te r  i r radia t ion ,  bes ides  the basa l  adenylate eye lase  act ivi ty,  ac t iv i ty  of that enzyme s t imulated by 
i sopro te reno l  and NaF a lso  fell; ini t ial ly (af ter  1 and 3 h) the i sop ro te reno l - s t imu la t ed  adenylate  cyc lase  ac t iv -  
ity fel l  pa r a l l e l  with the d e c r e a s e  in basa l  act ivi ty,  but 24 h a f t e r  i r rad ia t ion  the degree  of s t imulat ion of 
adenytate eyc lase  ac t iv i ty  by i sopro te reno l  was only one thi rd  to one half of the no rma l  value.  The abi l i ty  of F-  
to s t imula te  adenylate cyc lase  act ivi ty  was t e s t ed  at all  t imes  a f t e r  i r radia t ion.  Since NaF and the hormones  
s t imula te  adenylate cyc lase  in different  ways [9], it can be suggested that 24 h a f t e r  i r rad ia t ion  the mechan i sm 
of hormonal  s t imulat ion was dis turbed.  

A d e c r e a s e  in the abi l i ty of adenylate eyc lase  of spleen and thymus lymphoeytes  to be s t imula ted  by 
ca teeholamines  (adrenalins) 24 h a f t e r  i r rad ia t ion  has been repor ted  [10]. The w o r k e r s  cited did not de te rmine  
ac t iv i ty  of the enzyme in the e a r l i e r  per iods  a f t e r  i r radia t ion.  

Phosphod ie s t e ra se  ac t iv i ty  of the splenic lymphoeytes  dec rea sed  a f t e r  i r rad ia t ion  (Table 1); the degree  
of dec r ea se  was comparab le  with the degree  of dec rea se  of adenylate cyc lase  ac t iv i ty  obse rved  at the same  
t imes  (Fig. 1). Phosphod ies t e ra se  ac t iv i ty  of the thymus l y m p h o e ~ e s  showed phasic  changes a f t e r  i r radia t ion:  
Ini t ial ly it was higher  than normal  (1 and 3 h a f t e r  i r radia t ion) ,  but a f t e r  24 h it was lower.  

The ea r ly  pos t rad ia t ion  inc rease  in phosphodies te rase  act ivi ty  in the thymocytes  of r a t s  was d i scovered  
by Zhivotova et al. [2]. These w o r k e r s '  findings ag ree  with r e su l t s  obtained during the p re sen t  invest igat ion of 
lymphoeytes  of  the mouse thymus,  and this fact points to the absence  of spec ies  speci f ic i ty  of the ea r ly  inc rease  
in phosphodies te rase  ac t iv i ty  obse rved  in the thymus cel ls ,  

Af te r  i r rad ia t ion  the cycl ic  AMP concentra t ion in the splenic lymphocytes  (Table 2) was unchanged in the 
e a r l y  per iods  (1 and 3 h a f t e r  irradiation} but was lower  a f t e r  24 h. The cycl ic  AMP concentra t ion in the 
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Fig. 1. Compar i son  of adenylate cyc lase  and phos-  
phodies te rase  act ivi ty  in lymphocytes  of spleen (A) 
and thymus (B) in SHK mice a f t e r  i r rad ia t ion  in a 
dose of 800 rad.  Absc i s sa  (on both d iagrams)  t ime  
a f t e r  i r radia t ion  (in h); ordinate ,  ac t iv i ty  of enzyme 
(in ~% of normal) .  Unshaded column denotes adeny-  
late cyclase;  shaded column phosphodies te rase .  C) 
Control line~ 

lymphocytes  of the thymus 1 h a f t e r  i r rad ia t ion  was reduced by 25% and 3 h a f t e r  i r rad ia t ion  by 60%; 
l a te r  it rose  but did not reach  the normal  level~ 

I r rad ia t ion  was found not to lead to any significant inc rease  in the propor t ion  of cei ls  taking up the vital  
s tain Nigrosin  (dying cells}: 7-10~/c normal ly ,  9-17(/~ 1 h, 7-12ci~ 3 h, and 14-18% 24 h a f te r  i r rad ia t ion .  

During the f i rs t  3 h a f t e r  i r rad ia t ion  the cel l  composi t ion of the isolated suspens ions  was s im i l a r  to nor -  
mal .  Changes in the cell  composi t ion of the suspens ion of spleen cei ls  in favor  of smal l  lymphocytes  were  ob- 
s e rved  24 h a f te r  i r radia t ion.  By this t ime  the cei ls  of the spleen and thymus showed profound des t ruc t ive  
changes.  Dis turbances  in the cyclic  AMP s y s t e m  obse rved  in the late s tages  (24 h) a f t e r  i r rad ia t ion  could thus 
be due to morphological  changes in the ce l l s .  

In the splenic lymphoeytes ,  in which the d e c r e a s e  in adenylate cyc lase  and phosphodies te rase  ac t iv i ty  in 
the ea r ly  per iods  (1 and 3 h) a f t e r  i r rad ia t ion  took place para l l e l  so that the i r  ra t io  r emained  approx ima te ly  
the same  as normal ly ,  the s t eady - s t a t e  cycl ic  AMP concentrat ion r ema ined  at the normal  level .  In the thymus 
cel ls  changes in adenylate cyc lase  and phosphodies te rase  act ivi ty  were  in opposite direct ions:  Adenylate cy-  
c lase  act ivi ty was lower and phosphodies te rase  ac t iv i ty  higher than normal ly .  The g r e a t e r  intensity of hydrolys is  
evidently also de te rmined  the s t eady-s t a t e  cycl ic  A MP concentrat ion,  which fell below the control  level  in the 
thymus cel ls .  To explain the changes in the s t eady- s t a t e  cyclic AMP level  in the cell  ac t iv i ty  of the enzymes  
de te rmined  in expe r imen t s  in vi t ro was compared .  Such a compar i son  is evidently possible  because  adenylate 
cye lase  ac t iv i ty  was de te rmined  by the use  of cyclic  AMP in a concentrat ion close to that ac tual ly  exis t ing in 
the cell  (10 -3 M). Changes in phosphodies te rase  act ivi ty  were  studied by the use of cycl ic  AMP in a concen t ra -  
tion a lso  close to that found in the cel l  (2 " 10 -7 M). Changes in the act ivi ty  of this enzyme of a s i m i l a r  c h a r a c -  
t e r  also were  found when higher concentra t ions  (10 -~ M) were  used. 

Besides  the s t eady- s t a t e  concentra t ion of cycl ic  AMP, its level  also was de te rmined  in the spleen and 
thymus ce i l s  a f t e r  addition to them of i soproterenol ,  a s t imula tor  of adeaylate  cyc lase ,  The cyclic  AMP con-  
cent ra t ion  (Table 2) in the i r r ad ia t ed  cel ls  a f t e r  exposure  to i sopro te renol  was lower than normal ly .  Af te r  
t r e a t m e n t  with i soproterenol ,  cyclic  AMP is known to accumula te  in the lymphocytes  mainly  in the nucleus 
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[7, 8, 12]. The postradiation change in the cyclic AMP level in the lymphocytes, which was increased by iso- 
proterenol,  is therefore difficult to account for unequivocally by the use of the same approaches as used to 
study changes in the steady-state concentration of the cyclic nucleotide. 

The findings described above suggest that the cyclic AMP system or, at least, the system regulating the 
cyclic AMP concentration in the lymphocytes, is damaged by ionizing radiation. 
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Rhodopsin resynthesis was studied in vivo in the retina and optic cup of two strains of rats with 
hereditary dystrophy: Campbell albino rats and Hunter rats with pigmented eyes. Wistar and 
MSU rats, respectively, were used as the controls. The rate of reduction of rhodopsin after its 
decolorization in the retina in the affected animals was shown to be much slower than in healthy 
animals and to decrease as the disease developed. In the period of marked morphological changes, 
only 50% of the decolorized pigment was reduced during 2 h of dark adaptation (the time for com- 
plete regeneration of rhodopsin in healthy rats).  In Campbell and Hunter rats the breakdown and 
resynthesis of rhodopsin take place not only in the retina, but also in the layer of fragments of 
outer segments of the photoreceptors,  located between cells of the pigmented epithelium and the 
retina. 

KEY WORDS: rhodopsin resynthesis;  retina; hereditary retinal dystrophy. 

One of the manifestations of hereditary retinal dystrophy - a serious disease leading to blindness - is a 
change in the quantity of visual pigment (rhodopsin) in the retina [3, 5]. If animals with retiaitis pigmentosa 
are kept in darkness, development of the disease is considerably retarded [3, 4], evidence of serious distur-  
bances ia the systems responsible for resynthesis of rhodopsin after  its decomposition under the influence of 
light. This is confirmed by changes observed in the activity of enzymes concerned in rhodopsia resynthesis 
[5]. A character is t ic  feature of retinitis pigmentosa in rats is the formation of a layer of "fragments" of the 
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