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The effect  of pros tag landin  F2( ~ on ea r ly  cleavage of sea  urchin (Stronglyocentrotus in te r -  
medius) embryos  was studied. Pros tag land in  F20 ~ has an embryotoxic  action on the de-  
veloping oocytes.  Adrenal in  has a pro tec t ive  action against  this embryotoxie  act ion of 
pros taglandin  F2o ~ and pros taglandin  F2e ~ i tse l f  has a pro tec t ive  act ion against  the toxic 
effects  of ch lo ropromaz ine  and NK-122. 

In the per iod of ea r ly  embryogenes i s  o'f the sea  urchin and ce r ta in  other  m a r i n e  inve r t eb ra tes  phys io-  
logical ly  act ive subs tances ,  including noradrenal in ,  adrenal in,  and serotonin,  a r e  synthesized.  Some pheno-  
thiazine (chlorpromazine)  and indole der iva t ives  ( f l -2 - indo ly l -~-d imethy le thy lamine  hydrochlor ide  - N K - 1 2 2 )  
have an embryotox ic  action. This act ion is abolished by injection of exogenous ca techolamines  or  seroton[n,  
r e spec t ive ly  [1]. 

The re la t ions  between these monoamines  a re  not antagonistic.  At the s ame  t ime  it has been  postula ted 
that postaglandins m a y  be identical with the endogenous fac tors  which reduce  the sens i t iv i ty  of embryos  to 
ce r t a in  neuropharmacolog ica l  agents [2]. 

The p r e sence  of pros  taglandin-l ike compounds in sea  urchin oocytes was demons t ra t ed  by t h e w r i t e r s  
p rev ious ly  [3]. There  is evidence in the l i t e r a tu r e  of antagonist ic  re la t ions  between pros taglandins  and 
adrenal in  [6]. The exis tence  of antagonism has accordingly  been  postulated between pros taglandins  and ad- 
renal in  in the per iod of e a r l y  embryogenes i s .  

Chlorpromazine  and NK-122 have an embryotoxic  action, evidently through compet i t ion with adrenal in  
and serotonin.  Chlorpromazine  and NK-122 a re  r ega rded  as mimet [c s  of adrenal in  and seroton[n which, by 
the i r  action on the embryo ,  induce i r r e v e r s i b l e  changes [1]. Since adrenal in  and sero tonin  do not dis turb 
the normal  p roce s s  of embryogenes i s  in the sea  urchin, even in ve ry  high concentra t ions ,  ch lo rp romaz ine  
and NK-122 were  chosen for  the study of this postulated antagonism. 

The di rec t  effect  of pros taglandins  on ea r ly  embryogenes i s  has not yet  been  studied,  and only isola ted 
details a re  known of the act ion of pros taglandins  on implantat ion p r o c e s s e s  in some m a m m a l s  [3-5]. 

The effect  of pros tag landin  F2e ~ on the development  of sea  urchin  embryos  and on the i r  sens i t iv i ty  to 
ch lorpromazine  and to NK-122 was studied in the p r e sen t  investigation. 

E X P E R I M E N T A L  METHOD 

Embryos  of the sea  urchin Strongylocentrotus in termedius  were  used. Ripe oocytes we re  r e m o v e d  
f rom the gonads by means  of 0.5M KC1 solution and fe r t i l i zed  with f r e sh ly  obtained s p e r m .  The fe r t i l i zed  
oocytes were  incubated in watch g la s ses  (25 oocytes in each glass)  at 20-22~ 

All-Union Sc ien t i f i c -Resea rch  Insti tute of Obs te t r i cs  and Gynecology, Minis t ry  of Health of the USSR, 
Moscow. Trans la ted  f r o m  Byulleten '  t~ksperimental 'noi  Biologii i Meditsiny, Vol. 76, No. 10, pp. 105-108, 
October ,  1973. Original  a r t i c le  submit ted  January  12, 1973. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 [~'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

1229 



700" A :6 16 8-/6 

6O 
O0 
2 

2 8 
xoo i- I'--I 2 
80 2 

20 2 2 ~' 8 
0 

MG M~PB 

F ' I ]  

~00~- 2 2 8 8 4 6L/64 MBMB ~ 3  

40 2 5 
20 8 6 

0 lh 15 rain 2h 25 min 3h 20rain 4tl 7h 15 mia 10h 10 min 

Fig.  1. Effect  of p ros tag land in  F2c ~ on developing sea  urchin  oocytes  
and on the i r  s ens i t i v i ty  to some neuropharmaco log ica l  agents :  A) 
p ro tec t ive  ac t ion of ad rena l in  aga ins t  the toxic ac t ion of p ros t ag land in  
F2( ~ on f e r t i l i z ed  oocytes ;  B, C) p ro tec t ive  act ion of p ros t ag land in  F2c ~ 
on toxic effects  of ch lo rp romaz ine  and NK-122, r e spec t i ve ly .  Stages 
of development :  1) not p a s s e d  through f i r s t  c levage division;  2, 4, 8, 
16, 32, 64) number  of b l a s t o m e r e s  in developing oocytes .  1Vi) moru la ;  
PB) p a r v o c e l l u l a r  b las tu la ;  MB) mesenchymal  b las tu la .  1 )Deve lop -  
ment  of oocytes  in sea  wa te r  (control);  2) in ad rena l in  (5 x 10 -2 m g /  
ml);  3) in ch lo rp romaz ine  (8 x 10 -s m g / m l ) ;  4) in p ros t ag land in  (A 
and B, 1 • 10 - i  m g / m l ;  C, i • 10 -2 m g / m l ) ;  5) in NK-122 (5 • 10 -2 
m g / m l ) ;  6) in A - p ros tag land in  +adrena l in ,  in B - ch lo rp romaz ine  + 
p ros tag land in ,  in C - NK-122 +pros tag landin .  A b s c i s s a ,  t ime of de-  
velopment ;  ord ina te ,  pe rcen tage  of oocytes .  

To s tudy the embryo tox ic  effect  of p ros tag land in  F2c~* on c leavage  Of the s ea  urchin  e m b r y o s ,  con- 
cent ra t ions  of the p ros t ag land in  in s e a w a t e r  of between 2 • 10 -1 and 4 x 10 -2 m g / m l  were  used. 

To s tudy the p ro tec t ive  act ion of ad rena l in  aga ins t  the embryotox ic  ac t ion of p ros t ag land in  F2o ~ and 
the p ro tec t ive  ac t ion of p ros t ag l and in  F2( ~ agains t  the embryo tox ic  effect  of ch lo rp romaz ine  and NK-122, 
the oocytes  were  incubated in watch g l a s se s  up to the mesenchymal  b las tu la  s tage  in 0.75 ml  sea  wa te r ,  con- 
taining in one case  p ros tag land tn  with adrena l in  hydroch lo r ide  and in the other  case  p ros tag land in  with ch lo r -  
p romaz ine  or  NK-122. A concent ra t ion  of p ros tag land in  of 1 x 10 - i  m g / m l  was taken as toxic and a concen- 
t r a t ion  of ad rena l in  of 5 x 10 -2 m g / m l  as p ro tec t ive .  To p r o t e c t  aga ins t  the toxic ac t ion of ch lo rp romaz ine  
(8 x 10 -s m g / m l )  and NK-122 (5 x 10 -2 m g / m l )  p ros t ag l and in  was used in concent ra t ions  of 1 x 10 -1 and 1 x 
10 -2 m g / m l ,  r e spec t ive ly .  When 100% of the oocytes  of the control  s e r i e s  had comple ted  the s tages  of f r a c -  
t ionation (the s t ages  of 2, 4, 8, and 16 b l a s t o m e r e s  and the mesenchymal  b las tu la)  the development  of the 
oocytes  in the exper imenta l  s e r i e s  was analyzed.  

A 10% leve l  of s igni f icance  was adopted for  the s t a t i s t i c a l  ana lys i s  (Student 's  c r i t e r ion) .  

EXPERIMENTAL RESULTS 

The inves t iga t ions  showed that  p ros t ag l and in  F2e~, depending on i ts  concent ra t ion ,  p roduced  var ious  
deg rees  of d i s tu rbance  of development  of the s ea  urchin  embryos  ranging to comple te  a r r e s t  of development  
at  the zygote s tage.  In concentra t ions  of 2 • 10 -1 and 1 x 10 -1 m g / m l  it a r r e s t e d  development  at the zygote 
s tage  although some oocytes  p a s s e d  through s e v e r a l  of the f i r s t  d ivis ions .  The b l a s t o m e r e s  of these embryos  
were  e x t r e m e l y  abnormal .  P ros t ag land in  in a concent ra t ion  of 9 x 10- 2 m g / m l  or  below blocked development  at 
l a t e r  s t ages ,  while in concent ra t ions  of 5 x 10 -2 and 4 x 10 -2 m g / m l  i t  caused no app rec i ab l e  d i s tu rbances  
in development  as far  as the g a s t r u l a  s tage.  

* The p ros tag land in  F2o ~ was obtained f rom P r o f e s s o r  S. B e r g s t r o m ' s  l a b o r a t o r y  in Sweden. 
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Adrenalin, injected in a dose of 5 • I0 -~ mg/ml simultaneously with prostaglandin in the toxic concen- 
tration of 1 • i0 -i mg/ml, was found to protect against the embryotoxic action of the prostaglandin (Fig. IA). 
It is clear from Fig. 1 that 3 h 20 min after fertilization, when 100% of the ooeytes of the control series had 
reached the 16-blastomere stage, 76% of the embryos developing in prostaglandin had reached the stage of 
2-4 blastomeres. The remaining 24% had not passed through the first cleavage division. However, in the 
presence of adrenalin 90% of the oocytes reached the 8-16 blastomere stage. After development for i0 h 
i0 rain, when the control oocytes had reached the mesenchymal blastula stage, 76% of the ooeytes treated 
with prostaglandin reached the 16-32-blastula stage. As a rule the blastomeres in these ooctyes were un- 
equal in size. Embryos protected against the action of prostaglandin by adrenalin reached the parvoeellular 
blastula stage in 100% of cases and were not more than 2 h behind the control embryos in their development. 
No visible morphological changes were found in these embryos. 

In a concentration of i • I0-I mg/ml prostaglandin F2o ~ had a protective action against the toxic effect 
of chlorpromazine in a concentration of 8 • 10 -3 mg/ml (Fig. IB). In the control series 100% of the oocytes 
had reached the two blastomere stage 1 h 15 rain after fertilization. Oocytes treated with ehlorpromazine 
reached the 2-blastomere stage in only 4% of cases. Treatment with prostaglandin led to 28% of oocytes 
reaching the 2-blastomere stage. Addition of prostaglandin simultaneously with chlorpromazine to the in- 
cubation medium had a protective action and 83% of the oocytes reached the 2-blastomere stage. After 
2 h 25 rain 100% of the control ooeytes had reached the 8-blastomere stage. The protective effect of pro- 
staglandin by this time was less strong. Only 10% of ooeytes reached the 8-blastomere stage, 30% the 4- 
blastomere, and 60% the 2-blastomere stage. As before, in 96% of oocytes treated with chlorpromazine the 
lirst cleavage division did not take place. Signs of degeneration were observed in them. Hence, despite the 
fact that prostaglandin F2~ in a concentration of i • I0 -i rng/ml itself has a toxic action, in this concentra- 
tion it protects against the embryotoxic action of chlorpromazine. 

In the study of the protective action of prostaglandin F2c ~ against the embryotoxic effect of NK-122, a 
protective effect of a nontoxic concentration (I x 10 -2 mg/m]) of the former was observed (Fig. IC). Oocytes 
treated with NK-122 reached the 2-blastomere stage after 1 h 15 rain in only 14% of cases. Simultaneous 
injection of prostaglandins increased the number of these oocytes to 37%. After 2 h 25 min, when 100% of 
the oocytes in the control were at the 8-blastomere stage, 86% of oocytes protected by prostaglandin reached 
the 4-blastomere stage, and 14% the 8-blastomere stage. The protective effect still remained after 4 h and 
7 h 15 rain of development. 

Adrenalin hydrochloride, which was used to protect against the toxic action of prostagland[n F2e~, is a 
salt of a strong acid (HCI) and a weak base. The functional groups of adrenalin (amino groups) are blocked 
by a strong acid. Accordingly, a weak acid (prostaglandin F2~) cannot compete with it. The probability of 
neutralization by adrenalin at the moment of mixing these compounds is thus nonexistent. It can only be as- 
sumed that the protective effect of adrenalin against toxic doses of prostaglandin is accomplished at thelevel 
of cellular structures. It is difficult at present to make any categorical statement on the concrete mechanism 
of the protective action of prostaglandin F2~. 
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