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The effect  of cycl ic  adenos ine -3 ' , 5 ' -phospha te  (cyclic AMP) on c leavage  of e a r l y  embryos  of 
the s e a  urchin  Strongylocentrotus  in termedins  was studied.  A nontoxic concentra t ion of cyclic  
AMP was found to have a p ro tec t ive  action against  the embryotoxic  effect  of serotonin  antagon-  
is ts  NK-122 and eh lo rp romaz ine ,  as well  as a pro tec t ive  action against  the effect  of a toxic 
concent ra t ion  of pros taglandin  F2~ ; prostaglandin F 2 a  also had a pro tec t ive  action against  the 
effect  of a toxic concentra t ion  of cycl ic  AMP. 
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The object  of the p r e s e n t  invest igat ion was to study the possibi l i ty  of protect ing developing embryos  
of the s ea  urch in  Strongylocentrotus  in termedius  by means  of cyclic  adenos ine -3 ' , 5 ' -phospha te  (cyclic 
AMP) agains t  the embryotoxic  action of two sero tonin  antagonists - ~ -2 - indo ly l - a -d ime thy l e thy l amine  
hydrochior ide  (NK-122)* and ch lo rp romaz ine  - and also of the hormone- l ike  compound prostaglandin F ~ .  

The invest igat ion was c a r r i e d  out along these lines for  two reasons :  f i rs t ,  the wr i t e r s  had prev ious ly  
isola ted endogenous pros tag landin- l ike  compounds f rom the fer t i l ized oocytes of this spec ies  of sea  urchin 
[3] and demons t r a t ed  the abil i ty of exogenous prostaglandin F2otl" t o  pro tec t  the developing sea  urchin 
embryos  against  the t ox i c  action of the above-ment ioned serotonin antagonists  [4], and second,  p r o s t a -  
glandins and cycl ic  AMP a r e  mutual ly  re la ted  in a definite manner  in cel l  me tabo l i sm,  for  prostaglandins  
control  the synthes is  of cycl ic  AMP f r o m  ATP [6]. 

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

Exper imen t s  were  c a r r i e d  out on embryos  of  the s e a  urchin 8. in te rmedius ,  The method of obtaining 
the oocytes and of the i r  fe r t i l iza t ion  and incubation to the mesenchymal  b las tu la  s tage  was descr ibed  p r e -  
v ious ly  [1, 4]. The fe r t i l i zed  oocytes were  p laced in the t e s t  solutions not l a t e r  than 5 min a f te r  f e r t i l i za -  
tion and they were  incubated for  20-22~ in watchglasses  kept in wet c h a m b e r s .  

In the exper imen t s  of s e r i e s  I the effect  of cyclic  AMP in concentra t ions  of 1 to 4 �9 10 -1 m g / m l  on 
the development  of ea r ly  embryos  was s tudied.  To invest igate  the pro tec t ive  effect  of cyclic  AMP against  
the embryotoxic  act ion of NK-122 (3 �9 10  -2  m g / m l )  and ch lorpromazine  (3 �9 10 -3 m g / m l )  cycl ic  AMP was 
used  in a nontoxic concentra t ion  (3 �9 10 -1 m g / m l ) .  

The embryo  toxic action of pros taglandin  in a concentrat ion of 4 �9 10 -1 m g / m l  was abolished by 
cycl ic  AMP in a concent ra t ion  of 3 �9 10 -1 m g / m l  and the embryotoxic  action of cyclic  AMP in a concen t ra -  
tion of 8 �9 10 -~ m g / m l  was abolished by a nontoxic concentrat ion of pros taglandin  F2a of 1 �9 10 -2 m g / m l .  

In all the control  s e r i e s  the embryos  developed in s eawa te r .  

* The p repa ra t ion  was synthes ized  by N. F.  Kucherova  at the Institute of Pharmacology,  Academy of Medical 
Sciences of the USSR, who generous ly  provided it for  the invest igation.  

The p repa ra t ion  Dinoprost ,  the t rome thamine  sa l t  of prostaglandin F2o ~ . 
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TABLE 1. Effect  of Cyclic AMP on C l eav -  
age of SeaUrch in  Embryos  (in % of control)  

Concentration 
(rag / ml) 

Stage of development ..... 

1 
9.10 -1 
.8.10-1 
7.10 -1 
6.10-1 
5.10 -1 
4.10-1 

Control 

0 
4~ 4I 
86 64 

100 96 
100 lO0 
lO0 100 
lO0 109 

I00 100 

0 0 
31 0 
57 30 
90 58 
98 86 

lO0 94 
100 lO0 

lO0 ] 100 

0 
0 

27 
52 
78 
91 

t00 

100 

Development  of the embryos  was a s s e s s e d  at the 
s tages  of 2, 4, 8, and 16 b l a s t o m e r e s  and at the m e s e n -  
chymal  b las tu la  s t age .  The pe rcen tage  of embryos  in the 
exper imen ta l  Period was calcula ted,  s t a r t i ng  f rom the 
t ime when 100% of embryos  of the control  s e r i e s  had 
r eached  the above-ment ioned  s tages  of development .  

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

Cyclic AMP in a concent ra t ion  of ] m g / m l  is ab-  
so lu te ly  toxic,  for  in 100% of cases  the development  of the 
embryo  was a r r e s t e d  at the zygote s tage .  The percen tage  
of no rma l ly  developing embryos  inc reased  with a d ec r ea se  
in the concentra t ion  of cyclic  AMP f r o m  9 �9 10 -I to 4 �9 10 -I 
m g / m l  (Table 1). In a concentra t ion of 4 �9 10 -I m g / m l  
cycl ic  AMP was not toxic,  for all  the embryos  developed 
jus t  as in the control  s e r i e s .  

Adminis t ra t ion  of NK-122 in a concentrat ion of 3 �9 10 -2 m g / m l  was followed by development  of only 
3~c of the embryos  into abnormal  ha l f -b l a s tu l a s .  Meanwhile, 83.5% of embryos  p ro tec ted  with cycl ic  AMP 
reached  the m e s e n c h y m a l  b las tu la  s tage  (Fig.  1A). 

In the p re sence  of ch lo rp romaz ine  alone, 71.5% of the embryos  reached the two b l a s t o m e r e  s tage,  
57.0~ of the four b l a s t o m e r e  s tage ,  and 13.5~ the 8 b l a s t o m e r e  s tage ;  development  c ea sed  at  the 8 b l a s to -  
m e r e  s tage .  Onthe addition of cycl ic  AMP, 96~, 90%, and 65.5% of embryos  r e spec t i ve ly  r eached  these  
s tages  of development .  The m oru l a  s tage was r eached  by 47qc of embryos  (Fig.  1B). 

Pros tag landin  in a concentra t ion  of 4 �9 10 -~ m g / m l ,  inhibited the onset  of c leavage:  31~ of embryos  
pas sed  through the f i r s t  c leavage  division, when embryos  of the contro l  s e r i e s  were  a l ready  at the 8 
b l a s t o m e r e  s t age .  Abnormal  ha l f -b las tu las  were  fo rmed  by the cleaving e m b r y o s .  The addition of cycl ic  
AMP led 100M of embryos  to r e a c h  the mesenchyma l  b las tu la  s t age .  No delay in c leavage of the embryos  
of the e~per imen ta l  s e r i e s  was obse rved  (Fig.  1C). 

In a nontoxic concentra t ion  of 1 �9 10 -2 m g / m l ,  p ros tag landin  abolished the embryotoxic  effect  of 
cycl ic  AMP. Under  the influence of cyclic  AMP, 12.5~ of the embryos  developed to the 16 b l a s t o m e r e  
s tage .  The two b l a s t o m e r e  s tage  was r eached  by 31% of the embryos  at a t ime when all  the control  e m -  
bryos  were  at the 8 b l a s t o m e r e  s tage .  After  the addition of prostaglandin,  90% of embryos  r eached  the 
two b l a s t o m e r e  s tage ,  89% the m oru l a  s tage ,  and 49% the mesenchymal  b las tu la  s tage  (Fig. 1D). 

The view is held at the p r e s en t  t ime  that  cyclic  AMP plays an impor tant  ro le  in the regulat ion of 
biosynthesis  in an imal  cel ls  of var ious  spec ies  [6, 7]. Hormones  are  cons idered  to act  as " p r i m a r y  r e g u -  
l a to r s "  in this si tuation,  and cycl ic  AMP as a " secondary  r egu la to r "  [6]. A ce r t a in  hormone ,  behaving as 
the " p r i m a r y  regu la to r , "  r eac t s  with the cel l  to act ivate  the enzyme adenylcyclase ,  which conver t s  A T P  
into cycl ic  AMP, the " secondary  regu la to r . "  La te r ,  with the aid of the un ive r sa l  r egu la to r  cycl ic  AMP~- 
dependent protein kinase ,  cycl ic  AMP t r a n s f e r s  a phosphate res idue  f rom ATP to var ious  enzymes ,  t h e r e -  
by bringing about, in pa r t i cu l a r ,  a phosphoryla t ion  reac t ion .  Enzymes  act ivated in this manne r  modify the 
cou r se  of var ious  physiological  p r o c e s s e s  in the ce l l .  The essen t i a l  level  of cycl ic  AMP in the ce l l  is 
maintained,  f i r s t ,  by the act ion of adenylcyclase  (activation of synthes is  f rom ATP) and, second,  through 
the action of the enzyme cycl ic  nucleotide phosphodies te rase ,  which ca ta lyzes  the breakdown of cyclic  
AMP into 5 ' -AMP .  

Meanwhile, it has been  shown that  adenylcyc lase  act ivi ty can be modif ied by pros taglandins  [5]. 

In connect ion with the view of the ro le  of cycl ic  AMP and prostaglandins  in the regula t ion  of b io-  
synthes is  desc r ibed  above, i twas  mos t  in teres t ing  to s tudy whether  cycl ic  AMP can p ro tec t  agains t  the 
embryotoxic  action of se ro ton in  antagonis ts ,  namely  NK-122 and ch lo rp romaz ine .  The s tudy of this p rob -  
l em was in te res t ing  also in connect ion with e a r l i e r  findings showing the p r e s e n c e  of p ros tag land in- l ike  
compounds in s e a  urch in  em bryos  [3] and the p ro tec t ive  action of pros taglandin  F2a agains t  the e m b r y o -  
toxic effects  of NK-122 and ch lo rp romaz ine .  

In the w r i t e r s '  view, the re  a r e  v e r y  in te res t ing  data in the l i t e ra tu re  which show that  ch lo rp romaz ine ,  
acting as se ro ton in  antagonis t  during the e a r l y  embryogenes i s  of s ea  urchins [1] and m a m m a l s  [2], can 
block the act ivi ty  of the adenylcyc lase  s y s t e m .  
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Fig.  1. Pro tec t ive  action of cyclic AMP (A, B, C) and p ros t a -  
glandin F2o ~ (D) against embryotoxic effect= of ce r t a in  neuro-  
pharmacologica l  agents {concentrations given in m g / m l ) :  1) 
development  of embryos  in sea  water;  2) in nontoxic concent ra-  
tions of cyclic AMP (4 �9 10-1; A, B, C} and prostaglandin (1 �9 
10-2; D); 3,7) in NK-122 (3 �9 10 -2) and NK-122  (3 �9 10 -2) + cyclic 
AMP (4 �9 10 -l) respec t ive ly ;  4,8) in ch lorpromazine  (3 �9 10 -3) 
and ch lorpromazine  (3 �9 10 -3) + cyclic AMP (4 �9 10 -l) r e spec t i ve -  
ly; 5,9) in prostaglandin (4 �9 10 -1) and prostaglandin (4 �9 10 -1) + 
cycl ic  AMP (4 �9 10 -1) respec t ive ly ;  6,10) in cyclic AMP (8 �9 10 -1) 
and cycl ic  AMP (8 �9 10 -i) + prostaglandin (1 �9 10 -2) respec t ive ly .  
Abscissa ,  stage of development of embryos;  ordinate,  percentage 
of surviving embryos .  

The protect ive  effect  of cyclic AMP against the embryotoxic actio~ of NK-122  and ch lorpromazine  on 
developing sea  urchin  embryos  d i scovered  in these exper iments  may be associated with the fact  that 
exogenous cycl ic  AMP can r e s t o r e  the level of endogenous cyclic AMP when dis turbed by the possible 
blockade of adenylcyclase  by serotonin  antagonists .  

It can also be postulated that the protect ive  effect  of prostaglandin F2o z d iscovered  previously,  al-  
though only weak in cha rac t e r ,  may be explained on the grounds that, by blocking the adenylcyclase sys tem,  
they dis turbed normal  regu la to ry  p rocesses  in the cell ,  and the exogenous prostaglandin abolished these 
dis turbanc es .  

The hypotheses expressed  above regarding the role  of cyclic AMP and prostaglandin in the regula-  
tion of ea r ly  embryogenes is  r equ i re  exper imenta l  confirmation.  

So far  as the mechanism of the mutual protect ive  effect  of cyclic AMP and prostaglandin against 
the i r  embryotoxic  action is concerned,  this is difficult at present  to explain. 
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