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LSD : Its Effect Upon 5-Hydroxytryptamine in Embryonic Development of Xenopus laevis 

The  poss ib i l i ty  t h a t  L S D  is a causa t ive  agen t  in b i r t h  
defec t  has  been  e x p e r i m e n t a l l y  s u p p o r t e d  x-8 a l t houg h  
t h e  ev idence  is n o t  conclus ive  4,5. R e p o r t s  of poss ib le  
h u m a n  b i r th  defec t  are  also avai lable ,  b u t  poor ly  docu-  
m e n t e d e ,  L A l m o s t  all  of t hese  f ind ings  have  been  based  
u p o n  morpho log ic  ev idence  of d e v e l o p m e n t a l  error.  To  
d iscover  if L S D  can  induce  b iochemica l  a b n o r m a l i t y  in 
deve lop ing  embryos ,  th i s  l abo ra to ry  has  been  inves t i -  
ga t ing  t h e  5 - h y d r o x y t r y p t a m i n e  (5-HT, sero tonin)  p a t h -  
w a y  in e m b r y o s  of Xenopus laevis, t he  Sou th  Afr ican  
Clawed Toad.  5-HT was  chosen  for  s t u d y  because  i ts  
in te rac t ion  w i t h  L S D  is well  e s t ab l i shed  s - n .  E m b r y o s  
of Xenopus were used because  ex tens ive  m e a s u r e m e n t s  
of 5-HT m e t a b o l i s m  have  a l r eady  been  m a d e  upon  
themlZ-x4. 

Methods. These  e x p e r i m e n t s  were  des igned  to  measure  
5-HT in e m b r y o s  t h a t  had  received an  L S D  dose wh ich  
p r o d u c e d  no observable  morphologica l  or behav io ra l  
error.  A concen t r a t i on  of 0 . 0 6 m g / m l  a q u a r i u m  w a t e r  
w i th  exposure  for 6 h was  f ina l ly  chosen.  Exposu re  to  
L S D  for per iods  in excess  of 6 h or a t  g rea te r  concen-  
t r a t i o n  t h a n  0.06 m g / m l  resu l ted  in dea th ,  dwarf ing ,  
p i g m e n t  loss a n d  reduced  s w i m m i n g  ac t iv i ty .  E m b r y o s  
were  o b t a i n e d  and  s taged  as descr ibed  b y  NIEUWKOOP 
a n d  FABER 15. E m b r y o s  a t  neuru la  (Stage 19), h a t c h i n g  
(Stage 35) and  p o s t - h a t c h i n g  (Stage 40) were  exposed  
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to  t he  drug.  Af te r  L S D  exposure  t h e y  were carr ied  t h r o u g h  
mul t ip le  r inses  of spr ing  w a t e r  and  reared  in  ae ra ted  
aquar ia .  W h e n  t h e y  h a d  deve loped  to  p r e m e t a m o r p h o s i s  
(Stage 48, a b o u t  5 days  a f t e r  Stage  40) t h e y  were  a s sayed  
for  5-HT. 5-HT was  measu red  b y  a mod i f i ca t ion  of t h e  
n i n h y d r i n  m e t h o d  us ing an  A m i n c o - B o w m a n  spec t ro-  
photof luorometer~6,1L W h o l e  e m b r y o s  were  used in 
g roups  of 3 for  each  m e a s u r e m e n t  and  b ra ins  in g roups  
of 10. Me thods  of  b ra in  d issec t ion  have  been  p rev ious ly  
descr ibed  x3,x4. 

Results. W i t h  an  L S D  dose  of 0 . 0 6 m g ] m l  for  6 h  
whole  e m b r y o  5-HT levels were  affected,  a l though  only  
a t  t he  neuru la  exposure  t ime.  The  e x t e n t  of a l t e red  
5-HT levels are ou t l ined  in t he  Table .  Clearly these  
changes  are  no t  t r a n s i t o r y  tox ic  reac t ions  since t h e y  are  
d e m o n s t r a b l e  7 and  5 days  fol lowing d rug  appl ica t ion .  
The  c o n t e n t i o n  t h a t  L S D  is caus ing a d e v e l o p m e n t a l  
b iochemica l  change  in embryon ic  Xenopus is s u p p o r t e d  
by  these  da ta .  

Discussion. Because  the  sens i t ive  per iods  for whole  
e m b r y o  and  b ra in  differ,  i t  is conc luded  t h a t  w h a t e v e r  
r egu la to ry  m e c h a n i s m s  are be ing  a f fec ted  by  t h e  d rug  
m u s t  s o me h o w  differ  in whole  e m b r y o  and  brain .  This  
obse rva t i on  is no t  u n w a r r a n t e d  since we know, t h a t  
desp i te  a s imi lar  b iochemis t ry ,  t h e  neurona l  5-HT 
s y s t e m exis t s  in i sola t ion f rom the  5-HT scheme  in  t he  
res t  of  t h e  b o d y  is, 19 In  e m b r y o n i c  Xenopus i t  ha s  b e e n  
s h o w n  t h a t  p a t t e r n s  of  d e v e l o p m e n t  for  t h e  e n z y m e s  
syn thes i z ing  a n d  des t roy ing  5-HT are qu i t e  d i f f e ren t  in 
b ra in  a n d  whole  e m b r y o  18,14. These  changes  in deve lop ing  
Xenopus do n o t  cor re la te  w i t h  t h e  d a t a  f r o m  adu l t  m a m -  
ma l i an  bra in ,  whe re  a l t e ra t ions  in 5-HT are more  t r a n s i e n t  
and  bel ieve  due  to  increased ves icular  r e t e n t i o n  x°, xx a n d  
reduced  neu rona l  firing*0,*L I n  the  m a m m a l  t h o u g h  t h e  
b iochemis t ry  of 5-HT in deve lop ing  b ra in  di f fers  in m a n y  
ways  f rom the  adu l t  b ra in  ~ a n d  thus ,  the re  is no reason  
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N = 12 
= 17.04 

Se = 0.805 
N =  8 

= 13.91 
Se = 0,371 
P = 0.01 
N ,= 8 

= 14.49 
Se = 1,027 
P ~ n.s. 
N =  8 
.~ = 16.81 
Se = 1.639 
P = n.s. 

N = t 7  
= 2.04 

Se = 0.308 
N = 8 

= 2.12 
Se = 0.479 
P = n.s. 
N = 8 

= 0.63 
Se = 0.355 
P = 0.001 

1 G.J. ALEXANDER, B. E. MILKS, G. M. GOLD and R. B. ALEXANDER, 
Science 157, 459 (1967). 

2 R. AUERBACH and J. A. RuGowsm, Science 157, 1325 (1967). 
s W. F. GERBER, Science 158, 265 (1967). 
4 F. WARKANY and E. TAKACS, Science 159, 731 (1968). 
5 C. Roux, R. DuPms and M. AUBRY, Science 169, 588 (1970). 
s H. ZELLWEGER, J. S. McDonALD and G. ABBO, Lancet 1967-II, 

1066. 
7 C. B. JACOBSON and V. L. MAGYAR, Clin. Proc. Child. Hosp. Wash., 

D.C. 24, 153 (1968). 
8 N. J. GIARMAN and D. X. FREEDMAg, Pharmac. Rev. 17, 1 (1965). 
9 j .  A. ROSECRANS, R. A. LOVELL and D. X. FREEDMAN, Biochem. 

Pharmac. 16, 2011 (1967). 
lop. M. DIAZ, S. H. NGAX and E. COSTA, Adv. Pharrnae. 6B, 75 

(1968). 
l ID.  X. FREEDMAN, Neurosci. Res. Progr. Bull. 8, 22 (I970). 
1~ p. C. BAKER, Acta Embryol. Morph. exp. 8, 197 (1965). 
is p. C. BAKER, Neuroendocrinology 1, 257 (1966). 
14 p. C. BAKER, Devl. Biol. 74, 267 (1966). 
15 p. D. NIEUWKOOP and J. FABER, Normal Table o] Xenopus Laevis 

(Daudin) (North Holland Publishing Company, Amsterdam 1956). 
is W. B. QUAY, J. Pharm. Sci. 57, 1568 (1968). 
17 W. B. QUAY, Fluorescence News 4, 5 (1969) (Published by American 

Instrument Co.). 
is I. H. PAGE, Scrotonin (Medical Yearbook Publ., New York 1969). 
19 V. ERSPAMER, in 5-Hydroxytryptamine and Related Indolealkyl- 

amines (Ed. V. ERSPAMER; Springer-Verlag, New York 1966), 
p. 132. 

~0 W. E. FOOT~, M. H. SHEARD and G, K. AGHAJANIAN, Nature, 
Lond. 222, 567 (1969). 

21 G. K. AOHAJANIAN, Neurosci. Res. Progr. Bull. 8, 40 (1970). 
2~ p. C. BAKER and W. B. QUAY, Brain Res. 12, 273 (1969). 



15. 5. 1971 Specialia 537 

to expect tha t  experimental  manipulation of the im- 
mature brain should yield results tha t  mimic the adult 
response. The alteration of 5-HT ontogeny may be signifi- 
cant in LSD induced defects. There is evidence that  
abnormal 5-HT metabolism interferes with normal devel- 
opment and 5-HT induced birth defects of rat and mouse 
brain have been reported 23-25 

The obvious question of developmental  abnormali ty 
in mammals,  especially humans, resulting from LSD- 
induced disruption of embryonic 5-HT metabolism is a 
possibility, although not demonstrated in these experi- 
ments ~e 

Zusammen[assung. Nach LSD-Einfluss auf Embryonen 
yon Xenopus laevis zu verschiedenen Entwicklungsstadien 
wurden langandauernd ver/inderte 5-HT-Stufen im Ge- 

h im und im ganzen Embryo gefunden. Die LSD-Empfind-  
lichkeitsperioden waren fiir das Gehirn und den ganzen 
Embryo  voneinander verschieden. 
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E f f e k t  d e s  6 - H y d r o x y d o p a m i n  auf  H a u t h o m o t r a n s p l a n t a t i o n  d e r  M~luse  

Injekt ion yon 6-Hydroxydopamin (6-HD) ruft  bei neu- 
geborenen M/~usen oder Ra t ten  eine totale und definitive 
destruktion des peripheren Sympatikus hervor 1. Da es 
schon bekannt  ist, dass neben Immunosupression auch 
einige andere Faktoren eine Verl/~ngerung des Hauthomo- 
transplantates hervorrufen k6nnen, z. 13. E-aminocapron- 
sAure ~,3 Histaminliberatoren3, 4, NSD-1055 6, haben wir 
in diesen Experimenten versucht, bei M/~usen ohne peri- 
pheren Sympatikus eine Homotransplantat ion durch- 
zufiihren. Wir fragten uns, ob der Abfall yon sympatischen 
Impulsen auf Gef/isse eine verbesserte Durchblutung des 
Homotransplantates  haben wird. Diese Frage war insofern 

berechtigt,  da es schon bekannt  ist, dass E-aminocapron- 
s~ure t~hnlich v i e  Guanetidin die Freisetzung von Nor- 
adrenalin und Adrenalin bewirkt ~. 

Zum Versuch wurden ein weisser Stamm Mtiuse (Pasteur 
Insti tut,  Novi  Sad), nicht /ilter als drei Tage, und ein 
schwarzer DBA Stature genommen. Die Tiere bekamen 
einmalig 50 y/g i.p. 6-HD in 0,025% Askorbins/iure gel6st. 
Als die Tiere etwa nach 6-7 Wochen ca. 18 g erreichten, 
wurde die Homotransplantat ion mi t  unserer frtiheren 
Methode 4 durchgefiihrt. Im Versuch waren 12 weisse und 
12 schwarze M/iuse. (Einige Tage nach der Operation 
gingen 3 weisse und 4 schwarze Mtiuse ein.) Weisse MRuse 

Fig. 1. Schwarze Malls, Homotransplantat links, Autotransplantat 
rechts. 25 Tage post op. 

Fig. 2. Weisse Maus, Homotransplantat links, Autotransplantat 
rechts, 25 Tage post op, 


