
f rom survival of the animals  until the t ime of the i r  death f rom bone mar row damage (from the seventh day 
a f te r  i r radiat ion) .  It can be concluded f rom analysis  of  mor ta l i ty  of  the r a t s  in this period that the i r  survival ,  
as  a resu l t  of r e immigra t ion  following screening of one limb and an interval  of 3 h between i r radiat ions,  is 
only half of that found in mice:  The percentage  of surviving r a t s  did not exceed 20, whereas  the percentage  
of  surviving mice  under  s imi la r  conditions was considerably  grea te r ,  namely 46%. Approximately  the same 
survival  r a t e  (36%) as  a r e su l t  of screening of the previously  i r rad ia ted  l imb was achieved in r a t s  when this  
was done, not 3 h beforehand, as  in mice,  but 24 h beforehand.  In r a t s ,  just  as  in mice,  r e immigra t ion  of 
s tem cel ls  thus takes  place,  but it plays a significant ro l e  only if a l a rg e r  volume of mar row is previously  
i r rad ia ted  and l a t e r  screened,  o r  if the t ime  interval  between previous i r radia t ions  of the region of bone m a r -  
row and subsequent i r radia t ions  of the r e s t  of the body is considerably longer .  The l imited importance of 
migra t ion  of bone mar row  stem cel ls  in r a t s  compared  with mice  is in agreement  with observat ions  obtained 
ea r l i e r  by other  methods [3, 5]. The  compar i son  of r e immigra t ion  of bone mar row stem ce l l s  in r a t s  and 
mice  made in this  paper  conf i rms  previous  observat ions  and ch a rac t e r i z e s  migrat ion of bone m ar ro w  stem 
ce l l s  f rom a new aspect .  
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Changes in the content of cycl ic  nucleot ides (cyclic AMP and cycl ic  GMP) in wound t i s sues  
(muscle and granulation t issue) were  investigated in r a t s .  The experimental  model was a 
wound with a skin defect  in the dorsal  region with pulping of the underlying muscle .  The cyclic 
AMP level in musc le  t i ssue  was shown to r i s e  to two peaks: on the f i r s t  day and more  es -  
pecial ly  on the 7th day. The cycl ic  GMP content r o se  a l i t t le  on the l s t -4 th  days, fell on the 
7th day, and ro se  again until the 14th day. The cycl ic  AMP concentra t ion in granulation t i s sue  
followed a s imi la r  cou r se  to that in the musc le  t i ssue:  a r i s e  on the 7th day and a fall on the 
14th day. On the o ther  hand, the curve  of the cycl ic  GMP content in the granulation was m o re  
uniform.  Only a small  inc rease  toward the 7th day was observed .  

KEY WORDS: cycl ic  nucleotides;  regenera t ion;  cell;  wound. 

In the modern  view, cycl ic  nucleot ides play the leading ro le  in the regulat ion of many different  p roce s se s  
in the cell ,  including those p r o c e s s e s  of cel l  division and different iat ion that a re  d i rec t ly  re la ted  to wound 
healing [1, 2, 3, 6, 7, 9-13]. Meanwhile, investigations of cycl ic  nucleot ides during regenera t ion  have been 
undertaken chiefly on t i s sue  cul tures  [8]. It was t h e r e f o r e  decided to study the dynamics of the cycl ic  nucleo-  
t ide content in wound t i s sue  at  different  stages of healing~ for  the information so obtained, it was considered,  
could shed some light on the basic pr inc ip les  of healing, and so could lead to the formulat ion of r ecommenda -  
t ions aimed at promoting o r  acce le ra t ing  healing. 
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Fig. 1. Changes in cyclic nuclectide concentration in wound t issues  at various t imes 
after trauma. A, C} underlying muscle; B, D} granulation. Cyclic AMP (continuous 
line) and cyclic GMP (broken line) concentrations expressed in p icomoles /g  wet weight 
of t issue (A, B) and in p icomoles /g  dry weight of t issue (C, D). Mean values (M �9 m) 
given, for n= 10. 

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

E x p e r i m e n t s  we re  c a r r i e d  out on m a l e  albino r a t s  weighing i20-150 g. The exper imenta l  model con-  
s i s t ed  of  a wound with a skin defect  in the  dorsa l  reg ion  (measur ing  2.5 x 2 cm) with pulping of  the  under ly ing 
m u s c l e .  The  content  of  cyc l ic  adenos ine-3~,5 ' -monophosphate  (AMP) and cycl ic  guanos ine-3 t ,5 ' -monophospha te  
(GMP) was de te rmined  by a rad io immunologic  method us ing  specia l  k i t s  ( f rom "Amershamn) .  T i s s u e s  for  
de te rmina t ion  of cycl ic  AMP and cyc l ic  GMP w e r e  f ixed in liquid n i t rogen.  P ro t e in  was prec ip i ta ted  with 
ethanol .  The  p rec ip i t a t e  was washed  with aqueous ethanol (2 : 1). The  pooled superna tant  was evapora ted  to 
d ryness ,  washed off with T r i s - E D T A  buffer ,  pll 7.5, and centr i fuged;  the concent ra t ions  of  cycl ic  AMP and 
cyclic  GMP in the  superna tan t  were  de te rmined .  Values  were  ca lcula ted  pe r  g r a m  wet and d ry  weight of 
t i s s u e .  The d ry  weight in pe rcen t  was de te rmined  by drying to constant  weight. The invest igat ions  were  
c a r r i e d  out on granula t ion and m u s c l e  t i s s u e  f r o m  the  reg ion  c~ the wound on the 1st,  4th, 7th, and 14th days  
a f t e r  in jury.  Intact  an ima l s  s e rved  a s  the  cont ro l .  

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

The  cycl ic  AMP level  in the m u s c l e  t i s sue  throughout  the  per iod of  invest igat ion r o s e  to 2 maxima:  on 
the f i r s t  day (+121.3%, P < 0.05) and m o r e  espec ia l ly  on the  7th day (+ 301.1%, P < 0.01). By the  14th day the 
cycl ic  AMP concent ra t ion  fell,  although it was  sti l l  h igher  than in in tact  an ima l s  (P < 0.01). The  cycl ic  GMP 
concen t ra t ion  on the f i r s t  day a lso  r o s e  a l i t t le  (+ 33.1%, P > GOOD, r ema ined  a t  the  s a m e  level  on the  4th 
day, and then fell  to no rma l  by the ?th day, a f t e r  which it r o s e  again  until the 14th day (+ 164%, P < 0.05; F ig .  
1A). 

The  cycl ic  AMP concent ra t ion  in the  granulat ion t i s sue  followed a para l l e l  c o u r s e  to the cor responding  
c h a n g e s  in m u s c l e  t i s s ue  dur ing the  per iod  of wound h~aling studied (Fig. l_B) : It r o s e  until the  7th day (+ 57%, 
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P < 0.02) and then fell  until the 14th day. Conversely,  the cyclic GMP concentrat ion in granulation and muscle  t is sues 
did not change in accordance  with a consis tent  pa t tern .  Whereas  in muscle  t i ssue  the changes in the concen-  
t ra t ion  of this nucleotide were  more  marked  with maxima on l s t -4 th  and 14th day, its concentrat ion in granu-  
lat ion t i s sue  remained  steady.  

Since p r o c e s s e s  of inflammation and prol i fera t ion  a r e  c losely  bound with changes in the re la t ive  water  
content in the t i ssues ,  it was cons idered  that the concentra t ions  of the cyclic nucleotides should be expressed  
not  only re la t ive  to wet weight, but also to dry  weight of the t i s sues  (Fig. 1C, D). The graph shows that the 
c h a r a c t e r  of changes in the concentra t ion of cycl ic  nucleotides in the wound t i s sues  was basical ly  s imi lar  
during the period of observat ion by both methods of calculation, but when expressed  re la t ive  to d ry  weight the 
changes stood out in g rea t e r  re l ie f .  Rec iproc i ty  of  the re la t ions  between cyclic AMP and GMP in the muscle  
t i s sue  was par t icu la r ly  demonst ra t ive:  A dec r ea se  in the cyclic AMP level on the 4th day cor responded to 
an increase  in the cycl ic  GMP concentrat ion.  Conversely,  a n i n c r e a s e i n  the cycl ic  AMP concentrat ion on the 
7th day was accompanied by a d e c r e a s e  in the cycl ic  GMP level,  so that a second " s c i s s o r s "  appeared on the 
graph: By the 14th day the level  of two cycl ic  nucleotides showed changes of the opposite pat tern  - a dec rease  
in the cycl ic  AMP and an increase  in the cyclic GMP levels .  In granulation t i ssue the cycl ic  AMP concent ra -  
tion on the 7th day was doubled (+100.48%, P < 0.05) when expressed  per  gram wet weight of t i ssue.  The cycl ic  
GMP level also showed a significant inc rease  by the 7th day (+ 27.27%, P < 0.05). By the 14th day the leve ls  
of both cycl ic  nucleotides had r e tu rned  almost  to the i r  values on the 4th day. The investigations thus revea led  
a cha rac te r i s t i c  co r re la t ion  between the nucleotide concentra t ion and the course  of wound healing. 

Cyclic GMP is known to be a transmitter of proliferation signals and cyclic AMP a transmitter of 
differentiation signals [1-3]. In leukemia and neoplastic processes the cyclic GMP/cyclic AMP ratio in the 
cell is reversed and high [2]. The development of wound healing processes by the 14th day under the experi- 
mental conditions used also was accompanied by a sharp increase in the cyclic GMP concentration and a fall 
in the cyclic AMP level. In the muscle of intact animals, for instance, the cyclic GMP/cyclic AMP ratio was 
0.053, on the 4th day after trauma it was almost unchanged (0.047), by the 7th day it was sharply reduced 
(0.011), and by the 14th day it was increased (0.086). This ratio can probably be used as an index of prolifera- 
tive activity and, consequently, as an index of the efficacy of stimulation of wound healing by various agents. 
In addition, the results confirm Goldberg's hypothesis [4] on the existence of reciprocal antagonistic relations 
between these two cyclic nucleotides, on the basis of evidence obtained for various tissues [4, 5]. In the 
present investigation this can be seen particularly clearly in the case of muscle tissue. 
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