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An i m p o r t a n t  r o l e  in ce l l  r e g u l a t i o n ,  p r o l i f e r a t i o n ,  and d i f f e r e n t i a t i o n  is  n o w a d a y s  a s c r i b e d  to c y c l i c  
n u c l e o t i d e s  [4, 8]. Cyc l i c  n u c l e o t i d e s  r e g u l a t e  f u n d a m e n t a l  b i o c h e m i c a l  p r o c e s s e s  which c ons t i t u t e  the  e s -  
sence  of r e p a r a t i v e  r e g e n e r a t i o n  of c o n n e c t i v e  t i s s u e ,  inc lud ing  bone [1, 5, 6, 11, 13]. The w r i t e r s  have  shown 
that  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  of c e i l s  and t i s s u e s  a r e  m a i n t a i n e d  in t i s s u e  c u l t u r e s  of p a r o d o n t a l  t i s -  
s u e s  in the s a m e  way  a s  t a k e s  p l a c e  in the  l iv ing  o r g a n i s m  [2, 3, 10]. 

The a i m  of the  p r e s e n t  i n v e s t i g a t i o n  was  to s tudy  the e f f ec t  of cAMP,  d i b u t y r y l - c G l ~ P  (D B-c G MP) ,  and 
d i b u t y r y l - c A M P  (DB-cAMP)  on m i t o t i c  a c t i v i t y  (MA) and d i f f e r e n t i a t i o n  on p a r o d o n t a l  c e l l s  and t i s s u e s .  

EXPERIMENTAL METHOD 

T h r e e  s e r i e s  of i n v e s t i g a t i o n s  of e x p l a n t s  of den t a l  an lagen  and a l v e o l a r  bone of m o u s e  e m b r y o s  aged  
15 d a y s  w e r e  u n d e r t a k e n :  s e r i e s  I) con t ro l ,  s e r i e s  II) s tudy  of the  e f f ec t  of c y c l i c  n u c l e o t i d e s  on den t a l  an lagen ,  
s e r i e s  III) the  s tudy  of  t h e i r  e f fec t  on a l v e o l a r  bone.  

In the c o n t r o l ,  45 c u l t u r e s  of den t a l  an l agen  and a l v e o l a r  bond (2 • ram),  and in the e x p e r i m e n t a l  s e r i e s  
30 c u l t u r e s ,  f r o m  m o u s e  e m b r y o s  aged  15 d a y s  w e r e  s tud ied .  The THWP m i l l i p o r e  f i l t e r s  wi th  p o r e  d i a m e t e r  
0.45 g ,  t h i c k n e s s  25=~5 #, cu t  into s q u a r e s  with an a r e a  of 0.5 c m  2, w e r e  used .  The s q u a r e s  of the  f i l t e r  w e r e  
p l a c e d  on a m e t a l  g r i d  in a P e t r i  d i sh  wi th  m e d i u m ,  and p i e c e s  of a l v e o l a r  bone o r  p i e c e s  of den t a l  an lagen  
w e r e  p l a c e d  on them.  The c o m p o s i t i o n  of the m e d i u m  was :  85% of  m e d i u m  199, 15%of  bovine  s e r u m ,  200 #g/~nl 
of k a n a m y c i n ,  and 200 U / m l  of p o l y m y x i n  M su l fa te .  In s e r i e s  II and HI the  m e d i u m  a l so  con ta ined  D B - c A M P ,  
c A M P ,  o r  D B - c G M P  in c o n c e n t r a t i o n s  of 10 -6 and 10 -8 M. A m i x t u r e  of 50% O~ and 50% N 2 w a s  blown b r i e f l y  
t h r ough  a l l  the c u l t u r e s  and they  w e r e  i ncuba ted  at  37~ The m e d i u m  w a s  changed  e v e r y  24-48  h; i t s  pH w a s  
7.6. The d u r a t i o n  of c u l t u r e  w a s  12 days .  E x p l a n t s  w e r e  f ixed  by B o u [ n ' s  me thod  and e m b e d d e d  in p a r a f f i n  
wax; s e r i a l  s e c t i o n s  w e r e  cut  to a t h i c k n e s s  of 8-10 p and s t a i ne d  with  h e m a t o x y l i n  and eos tn  by  M o w r y ' s  
me thod .  Mi to t i c  c o e f f i c i e n t s  (MC) w e r e  e x p r e s s e d  in p r o m i l l e .  Q ua n t i t a t i ve  a n a l y s i s  of  m i t o s e s  w a s  c a r r i e d  
out  on the b a s i s  of count ing  the e n a m e l o b t a s t s ,  c e l l s  of the den ta l  p a p i l l a ,  and o s t e o g e n i c  c e l l s  of the den t a l  
an lage  and a l v e o l a r  bone e v e r y  day  th roughou t  the  p e r i o d  of c u l t u r e .  The r e s u l t s  w e r e  s u b j e c t e d  to s t a t i s t i c a l  

a n a l y s i s  by c o m p u t e r .  

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

MC in c e l l s  of the den t a l  p a p i l l a  a f t e r  add i t ion  of  D B - c G M P  and D B - c A M P  in c o n c e n t r a t i o n s  of 10 "~ and 
10 -8 M did not  d i f f e r  s i g n i f i c a n t l y  f r o m  the co n t ro l  l eve l .  

Dur ing  the f i r s t  f ou r  d a y s  a r a p i d  r i s e  of MA was  o b s e r v e d ,  to r e a c h  a m a x i m u m  on the 5th day .  In the 
c o n t r o l  MC = 28.956:~0.899 (x:~t0.0im), w h e r e a s  a f t e r  add i t ion  of D B - c G M P  in a c o n c e n t r a t i o n  of  10 -6 M, MC = 
30.333:~1.452, and in a c o n c e n t r a t i o n  of 10 -8 M MC = 28.333:~1.45 (P < 0.02). The d i f f e r e n c e s  w e r e  not  s t a t i s -  
t i c a l l y  s i g n i f i c a n t  (with 10 -8 M D B - c G M P  t = 0.743 < t0.01 = 2.63 and with 10 -6 M D B - c G M P  t = 1.642 < t0.01 = 
2.65; wi th  10 -8 M D B - c A M P  t = 2.089 < t0.0i = 2.65, and with  10 -6 M D B - c A M F  t = 0.508 < t0.01 = 2.565). L a t e r  
the  va lue  of MA fe l l .  
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Fig .  1. Denta l  an[age of mouse  e m -  
b r y o  in t i s s u e  c u l t u r e ,  a) Con t ro l  c u i -  
l u r e  a f t e r  4 days .  Mi toses  can be s e e n  
in leve ls  of e n a m e l o b l a s t s  and den ta l  
pap i l l a .  Sta ined with hexa toxyl in  and 
eos in ,  200 • ; b) den ta l  an lage  a f t e r  3 
days in t i s s u e  c u l t u r e  on m i l l i p o r e  f i l -  
t e r  unde r  the in f luence  of cGMP in a 
c o n c e n t r a t i o n  of 10 -G M in m e d i u m ;  
den t ine  f o r m a t i o n  has  begun .  Stained 
with h e m a t o x y l i n  and eos in ,  100 x .  

Addition of cAMP to the tissue culture medium in concentrations of I0 -G and 10 -8 M inhibited MA com- 

pared with the control: differences were significant (on the 5th day, with 10 -8 M cAMP t = 9.624 > t0.01 = 2.65, 

with 10 -6 M cAMP t = 5.421 > t0.01 = 2.65). 

In the l a y e r  of e n a m e l o b l a s t s  MA reached  a m a x i m u m  on the 3rd day, MC = 34.133• (P < 0.02). Un- 
d e r  the in f luence  of DB-cGMP and DB-cAMP,  M C d u r i n g t h e  f i r s t  th ree  days  was  s ign i f i can t ly  below the con-  
t ro t  level .  F o r  example ,  on the 3rd  day, with D B - c G M P  in a c o n c e n t r a t i o n  of 10 -~ ]M t = 14.302 > t0.01 = 2.65, 
and with DB-cAMP in a c o n c e n t r a t i o n  of 10 -~ M t = 15.044 > t0.0~ = 2.65. Under  the inf luence  of cAMP, MA in 
the e n a m e l o b l a s t s  was  shown to d e c r e a s e  and the d i f f e r e n c e s  c o m p a r e d  with the con t ro l  were  s ign i f ican t .  

The l a r g e s t  n u m b e r  of m i t o s e s  in the os teogenic  c e l l s  of the a l v e o l a r  bond in t i s s u e  cu l tu re  was  found 
on the 2nd day, n a m e l y  7.433=~0.446 (P < 0.02). The n u m b e r  of m i t o s e s  then fel l  sharp ly .  D i f f e r ences  be tween  
MC af te r  the 3rd day in the con t ro l  and e x p e r i m e n t  were  s ign i f i can t  (on the 4th day, with 10 -6 M DB-cGMP t = 

13.915 > t0.01 = 2.664, with 10 -6 M cAMP t = 8.040 > t0.01 = 2.664). 

The r e s u l t s  show that the c h a r a c t e r  of the effect  of cyc l ic  nuc leo t ides  on MA d i f f e r s  for  d i f fe ren t  c e l l s ,  
Os teogenic  c e i l s  a re  of m e s e n c h y m a l  o r i g i n  arid the i r  mi to t i c  index was  5-7%; e n a m e i o b i a s t s  were  of ep i the l -  
ial  o r ig in  and t h e i r  mi to t i c  index is  30-64% [12]. 

The c h a r a c t e r  of d i f f e r en t i a t i on  of the bone and denta l  t i s s u e s  in t i s sue  c u l t u r e  was  found to depend to 
a def in i te  deg ree  on cyc l ic  nuc leo t ides .  F u r t h e r  de ve l opme n t  of the denta l  an lagen,  which were  d i s t i n c t l y  
f o r m e d  and had a wel l  m a r k e d  s t r u c t u r e ,  was  obse rved .  ~ i t o s e s  were  found in the l a y e r s  of e n a m e l o b l a s t s  
and odon tob la s t s  (Fig.  1). H i s t o c h e m i c a l  i n v e s t i g a t i o n s  showed that  a f t e r  the addi t ion of DB-cGMP or  DB- 
cAMP to the t i s s u e  cu l t u r e  med ium,  n e u t r a l  m u c o p o l y s a e c h a r i d e s  (MPC) were  p r e s e n t  on the 3rd day, c o m -  
pa red  with the 4th day in the cont ro l .  Dent ine  p roduc t ion  was  o b s e r v e d  on the 5th day, and e n a m e l  f o rma t ion  
on the 7th day, i .e . ,  two days  e a r l i e r  than in the cont ro l .  The study showed that  the s t i m u l a t i n g  act ion of DB- 
cGMP and DB-eAMP on dent ine  and e n a m e l  p r o d u c t i o n  is  m o r e  ef fec t ive  than the ac t ion  of cAMP. The s t i m u -  
l a t ing  effect  of DB-cGMP and d B - e A M P  on m i n e r a l i z a t i o n  of the o r ga n i c  m a t r i x  is  ev iden t ly  due to the m o r e  
rap id  m a t u r a t i o n  of the ce l l s .  

In mos t  c a se s  cAMP exe r t s  an  inh ib i t ing  effect on ac t ive ly  p r o l i f e r a t i ng  ce l l s ,  which was o b s e r v e d  by us 
as r e g a r d s  the ce i l s  of the den ta l  pap i l la  and e n a m e l o b l a s t s .  A s t a t i s t i c a l l y  s ign i f i can t  d i f f e rence  in the effects  
of the d ibu ty ry l  d e r i v a t i v e s  of cAMP and cGMP ev iden t ly  r e s u l t s  f r o m  the i r  ab i l i t y  to pass  through the m e m -  
b r a n e ,  or  a lower ing  of t he i r  a f f in i ty  to r e c e p t o r s  of cyc l ic  nuc l eo t ides .  

The  addi t ion  of cycl ic  nuc l eo t ide s  to the t i s s u e  cu l tu re  m e d i u m  of a l v e o l a r  bone u s u a l l y  s u p p r e s s e d  bone 
r e s o r p t i o n .  In some  a r e a s  the f o r m a t i o n  of os teoid  t i s s u e  was a l r e a d y  obse rved  wi th in  6 days  as c o m p a r e d  
with the con t ro l ,  whe re  o s t e o g e n e s i s  was  o b s e r v e d  on the 10th day {Fig. 2). F i g u r e  2 shows c h o n d r o c y t e s -  
ce l l s  with a highly  i r r e g u l a r  ou te r  con tou r .  Os t eob la s t s  have a d i s t i n c t l y  s e p a r a t e d  basoph i l i c  cy top l a sm.  The  
nuc l eus  was  u s u a l l y  o f f - c e n t e r .  Os teocy tes  a r e  among  i n t e r c e l l u l a r  bone subs tance .  On the 7th day a f te r  the 
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Fig. 2. Alveolar  bone of mouse embryo 
in t issue culture: a) control  culture af 
after  10 days; b) culture after 6 days of 
exposure to DB-cAMP in a concent ra-  
tion of 10 -6 M in medium. Hematoxylin 
and eosin, 400 •  

action of cyclic nucleotides the proliferat ion of osteoplastic elements and the formation of branching cell 
stands were observed.  The per iphery  of the alveolar  bone culture showed a finely looped network of newly 
formed lattice s t ruc ture .  Inside the lattice were  found f ibroblast- l ike osteogenic cells.  Fur ther  intensification 
of the p rocesses  of osteogenesis  was observed to the 12th day. An uneven distribution of MPS was found. The 
amount of neutral  MPS in the mesenchymaI  cells was negligible, while in the preosteoblast ic  cells it was signifi-  
cant. The neutral  MPS in the cytoplasm of preosteoblas ts  were  shown in the form of fine multiple clumps.  
The content of neutral  MPS was increased with the use of cyclic nucleotides as compared to the control .  

All the cyclic nucleotides used increased mitotic activity of the osteogenic cells, inhibited resorpt ion of 
alveolar  bone, and stimulated the formation of new bone tissue; cAMP in a concentration of 10 -6 M and DB-eGMP 
in concentrat ions of 10 -6 and 10 -8 M were more  effective. 

As r ega rds  osteogenic cells, the activating action of both cAMP and cGMP on their metabolic activity 
was observed.  Such a picture is evidently charac te r i s t i c  of cell populations with a low prol i ferat ive pool. For  
example, the stimulating action of both cAMP and cGMP has been demonstrated on bone mar row stem cells  
[7, 9]. 

Stimulation of cell prol i ferat ion is the basis  for  the use of these cyclic nucleotides to stimulate os teo-  
genesis.  
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