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The developing ova of the sea  urchin Strongylocentrotus in te rmedius ,  at di f ferent  s tages  of 
the f i r s t  mitotic cycles ,  va ry  in the i r  sensi t ivi ty  to toxic concentrat ions of prostaglandin F2~ 
and cyclic  3 ' , 5 ' -AMP.  Differences in sensi t iv i ty  to each of these  subs tances  follow a s im i l a r  
and r egu la r  pa t te rn  and depend on the t ime  elapsing af ter  the preceding  division. Two per iods  
of increased  sensi t iv i ty  of the ova were  found: the f i r s t ,  20 min a f te r  complet ion of each divi-  
sion, to both subs tances  and the second, a f ter  40 rain to cyclic  AMP and a f te r  50 min to p r o s t a -  
glandin. 
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The ea r ly  development  of sea  urchins is cha rac te r i zed  by r egu la r  changes in the i r  content of ce r ta in  
endogenous biologically active substances  such as serotonin,  adrenalin,  etc. ,  not only in the course  of c leav-  
age divisions,  but within each mitotic cycle  [1, 2]. In previous  papers  the wr i t e r s  descr ibed  the isolat ion 
of endogenous pros tag landin- l ike  compounds f r o m  embryos  of the sea  urchin Strongylocentrotus i n t e rme-  
dius [5], the pro tec t ive  ro le  of exogenous prostaglandin F2~ against  the embryotoxic  action of cer ta in  ant i -  
serotonin agents [6], and also interact ion in ea r ly  sea  urchin embryos  at the level  of cel l  r e c e p t o r s  of p r o s -  
taglandin F2~ and cyclic AMP [7]. Other worke r s  have descr ibed  interact ion between prostaglandins  and 
cyclic AMP at the level  of ce l lu lar  s t ruc tu re s  in the t i s sues  of adult o rgan i sms  [8, 9]. 

It was the re fo re  decided to study changes in the sensi t iv i ty  of c leaving sea  urchin ova to pros taglandin  
and to cyclic  AMP during the f i r s t  mitotic cycles  and to d i scover  any r egu la r  pa t te rns  in the r e sponse  of 
the embryos .  

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

Exper iments  were  ca r r i ed  out on ova of the s ea  urchin  Strongylocentrotus in tcrmedius .  The ova were  
obtained, fer t i l ized,  and incubated to the mesenchymal  b las tu la  s tage as descr ibed previous ly  [6]. In o rder  
to detect  d i f ferences  in the sensi t ivi ty  of the developing embryos  to prostaglandin F2~ and cyclic AMP, toxic 
concentrat ions of these  subs tances  were  used - 1 �9 10 -1 and 1 m g / m l ,  respec t ive ly .  The fer t i l ized ova, 100 
at a t ime,  were  placed in these  substances  af ter  every  5 rain throughout the per iod of the f i r s t  mitotic cycle  
(75 rain), s ta r t ing  f rom 5 min a f te r  fer t i l iza t ion (15 points) and incubated in these  solutions as fa r  as the 
mesenchymal  blas tula  stage.  Ova of the control  s e r i e s  developed in sea  wa te r ,  

Differences  in the embryotoxic  action of prostaglandin and cyclic AMP during the mitotic cycles  were  
analyzed, a lso  at 5 -min  intervls ,  by counting the number  of embryos  reaching the control  Stages of develop-  
ment,  s tar t ing  f r o m  the t ime when the cor responding  stage of development  in the control  s e r i e s  was 100%. 
For  example ,  if the corresponding batch of ova was placed in the above-ment ioned solutions 5 min af ter  f e r -  
t i l ization, the developing embryos  in this batch were  analyzed in e v e r y  case  5 min a f te r  complet ion of the 
cor responding  division in the control  embryos .  
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Fig. 1. Changes in sensit ivity of cleaving sea urchin ova to prosta- 
glandin F2c ~ and cycl ic  AMP: 1) cleavage of ova on immers ion  in 
cyclic AMP solution (1 �9 10 "3 g /ml) ;  2) cleavage of ova on i m m e r -  
sion in prostaglandin Fzc ~ solution (1 �9 10 -4 g/ml) .  Abscissa ,  t ime 
f rom beginning of mitotic cycle  to immers ion  in solution (in min); 
ordinate, number of ova reaching the corresponding stage of devel-  
opment (in %). 

The significance of differences in the sensi t ivi ty of the embryos  was investigated by means of Wil- 
coxon's  nonparametr ie  cr i ter ion.  Series of indices were compared at the 15th and 25th minutes for periods 
at the 20th minute, ser ies  at the 35th and 45th minutes for per iods at the 40th minute, and se r ies  at the 45th 
and 55th minutes for periods at the 50th minute. Differences for  which ~(t) -< fi were regarded as signifi- 
cant. In all se r ies  of experiments  the value of /3 did not exceed 5%. 

EXPERIMENTAL RESULTS 

The results showed that the developing sea urchin ova in the various stages of the mitotic cycles 
varied in their sensitivity to toxic concentrations of prostaglandin and cyclic AMP, The differences in the 
sensitivity to these substances were perfectly regular and identical in character (Fig. i) and they depended 
on the time elapsing after completion of each corresponding division. The investigations revealed two pe- 
riods of increased sensitivity of the developing ova. Maximal sensitivity of the ova to both substances was 
first found 20 rain after passage through the first cleavage division. Of the ova taken at this time, 19.3% 
in the prostaglandin solution and 3.3% in the cyclic AMP solution reached the stage of two blastomeres, 
whereas of those taken at the 15th and 25th minutes, the percentages reaching this stage were 23.4 and 17, 
and 23.3 and 47%,respectively. Increased sensitivity of the ova was repeated regularly 20 rain after pas- 
sage through the cleavage division in each subsequent mitotic cycle: at the stages of 2, 4, 8, and 16 blas- 
tomeres and the mesenchymal blastula stage. The second period of increased sensitivity was found 40 rain 
after completion of each division in cyclic AMP solution and at the 50th minute in prostaglandin solution. 
In prostaglandin, only 4.7% of ova reached the stage of two blastomeres at the 50th minute, compared with 
13% at the 45th and 23% at the 55th minute. In cyclic AMP, 8% of ova reached the stage of two b las tomeres  
at the 40th minute and 39.7 and 26.3% at the 35th and 45thminutes,  respect ively.  The absolute sensitivity 
of the ova started to fall at t he l6 -b la s to rne re  stage. For instance, whereas in prostaglandin,  19.3, 31.3, 
and 32.3% of ova reached the stages of two, four,  and eight b las tomeres ,  respect ively,  at the 20th minute, 
36 and 73.7% reached the stages of 16 b las tomeres  and the mesenchymal  blastula, respect ively.  A s imi lar  
pat tern also was charac te r i s t i c  of ova developing in cyclic AMP; 3.3, 4.7, and 3% of ova reached the stages 
of two, four, and eight b las tomeres ,  respect ively ,  whereas 13 and 45.7% reached the stages of 16 blasto-  
meres  and the mesenchymal  blastula. This pat tern was more  marked still  for the second period of in- 
creased sensitivity. For  instance, 4.7, 10.7, and 8.7% of ova reached the stages of two, four, and eight blas-  
tomeres ,  respect ively,  at the 50th minute in prostaglandin compared with 36.7 and 74.3% at the stages of 
16 b las tomeres  and the mesenchymal  blastula. In cyclic AMP, 8, 13, and 13.7% of ova reached the stages 
of two, four, and eight b las tomeres ,  respect ively ,  at the 40th minute, whereas 36 and 45.3% reached the 
stages of 16 b las tomeres  and the mesenchymalb las tu la ,  respect ively.  

The periods of increased sensit ivity and also their  alternation with periods of relat ive res is tance  
were more  c lear ly  defined in the ova developing in the p resence  of cyclic AMP. 
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The unequal sensi t iv i ty  of sea  urchin  ova to the action of toxic concentrat ions of prostaglandin and 
cyclic AMP could thus be c lear ly  t raced  in all  mitotic cycles  studied. The two per iods  of increased  sen-  
s i t ivi ty of the developing ova within each cycle  to the two substances  indicate not only that  pros taglandin  
and cycl ic  AMP par t ic ipa te  at this s tage of ontogeny in as yet unknown in t race l lu la r  p r o c e s s e s ,  but a lso  a 
r egu la r  and success ive  contr ibution by prostaglandin a f te r  cyclic AMP to p r o c e s s e s  that a re  r epea ted  in 
each mitotic cycle.  

Although per iods  of increased  sensi t iv i ty  coincide in t ime  in all  the cycles  studied, the degree  of the 
inc rease  diminished as the ova developed (start ing f rom the s tage of 16 b la s tomeres ) ,  mos t  probably in con- 
nection with the onset of desynchronizat ion in cleavage.  

It is r e l evan t  at this stage to mention resu l t s  obtained by Buznikov et al. [3]. In an investigation of 
the effect  of serotonin on the act ivat ion of prote in  synthesis  in fer t i l ized sea  urchin  ova they showed that 
the endogenous serotonin concentrat ion falls to a minimum in sea  urchins of the species  Strongylocentrotus 
in termedius  at the 21st minute af ter  fer t i l izat ion.  In the same  invest igat ion they found that marked ac t iva-  
tion of prote in  b iosynthes is ,  which they connected with the minimdl  level  of endogenous serotonin,  f i r s t  oc-  
cur red  at the 20th minute a f t e r  fer t i l izat ion.  It is not difficult to suggest  that,  at leas t  for  the period of syn-  
chronous c leavage (the f i r s t  four divisions),  the drop in the serotonin level  and the beginning of act ivat ion 
of prote in  b iosynthes is  is repeated  regu la r ly  at the 20th-21st  minute af ter  complet ion of each success ive  
division. It is the re fo re  pe r fec t ly  poss ib le  that the max imal  delay of ~ach success ive  division in the p re sen t  
exper iments  at the 20th minute is explained by the minimal  endogenous serotonin concentrat ion at that t ime,  
in connection with the rhythm of act ivat ion of prote in  biosynthesis  immedia te ly  before  division. To this it 
must  be added that an excess  of exogenous serotonin in the med ium re l i ab ly  p ro tec t s  developing sea urchin 
embryos  [1] and mouse embryos  developing in v i t ro  [4] f r o m  a whole range  of neuropharmace log ica l  agents.  

The coincidence of the per iods of increased  sensi t iv i ty  of the embryos  at the 20th minute and their  
desynchronizat ion at the 40th and 50th minutes a re  evidence of d i f ferences  in the nature o f thedamaged  mech-  
an i sms  and, poss ibly ,  f~<ff_~th~2resence of two independent groups of reac t ive  s t ruc tu r e s  in the ovum, each 
of which has the functional respons ib i l i ty  for  the pharmaco log ica l  effect  of pros taglandin  and cyclic A MP 
separa te ly .  Whereas the increased  sensi t ivi ty  of the ova at the 20th minute can be explained by the mini-  
real endogenous serotonin level,  the mechan ism of the increased  sensi t iv i ty  at the 40th and 50th minutes 
cannot ye t  be explained. 

The par t ic ipat ion of prostaglandin and cyclic AMP in p r o c e s s e s  of biosynthesis  in sea  urchin embryos  
has thus been demons t ra ted  indirect ly and the t empora l  p a r a m e t e r s  of the action of the hypothetical  mech-  
anism determined.  
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