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P a p e r  c h r o m a t o g r a p h y  was pe r fo rmed  af te r  hydro lys i s  n 
of foetal  p ro te ins  f rom the  e th ion ine - in jec ted  an imals  and  
the  r ad ioac t iv i ty  was d e t e r m i n e d  on the  c h r o m a t o g r a m s  
by  means  of au to rad iog raphy .  The r ad ioac t iv i ty  was  
de t ec t ed  ma in ly  in the  spots  co r respond ing  to  e th ion ine  
and  e th ion ine  sulphoxide .  

Tab. II. Specific radioactivity in the T.C.A. (10% trichloroacetic 
acid) soluble fraction and in the protein fraction of foetus and mater- 
nal liver and pancreas after the intravenous injection of pregnant 

mice with C14-methionine 

Mouse Time after T.C.A. soluble Protein bound 
No. administration radioactivity radioactivity 

of C 14- Cpm/mg tissue Cpm/mg protein 
methionine dry weight 

foetus liver pan- foetus liver pan- 
creas creas 

5 15mitl 27 31 311 40 215 780 
6 1 h 32 22 66 165 187 519 
7 4 h 26 23 24 329 19l 215 
8 24 h 55 13 32 144 141 ll4 

Tab. III. Specific radioactivity in the T.C.A. (10 ~o trichloroacetic 
acid) soluble fraction and in the protein fraction of foetus after the 

intravenous injection of pregnant mice with cla-ethionine. 

Mouse Time after T.C.A. soluble Protein bound 
No. administration radioactivity radioactivity 

of C14-ethionine Cpm/mg tissue Cpm/mg protein 
dry weight 

9 15min 109 8 
10 15min 1983 69 
11 1 h 579 20 
12 1 h 3045 60 
13 4 h 643 20 
14 4 h 994 59 
15 24 h 4148 34 
16 24 h 1163 74 

These s tudies  indica te  t h a t  e th ion ine  m a y  freely pass 
the  p lacen ta  barr ier  of the  mouse  and  accumula t e  in the  
foetus.  A ve ry  small  p a r t  of the  rad ioac t ive  e th ion ine  is 
i ncorpora ted  in to  the  foetal  prote ins .  F r o m  this  has been 
assumed t h a t  an a b n o r m a l  p ro te in  is fo rmed in which  the  
na tu ra l ly  occurr ing  amino  acid has  been  replaced by  the  
analogue.  Such a r ep l acemen t  m a y  in p a r t  expla in  the  
toxic  effect  of e th ion ine  on the  foetus.  Most  of the  radio-  
ac t iv i ty ,  however ,  is found in the  non-p ro te in  fract ion,  
and  earl ier  obse rva t ions  1. have  shown t h a t  e th ion ine  can 
furnish e thy l  radicals  for syn thes i s  of choline and  thus  
p roduce  t r i e thy lcho l ine  which  has  p roved  to  have  a 
g rowth - inh ib i t i ng  effect  on ra ts .  The p re sen t  obse rva t ions  
therefore  s u p p o r t  the  concep t  t h a t  e th ion ine  m a y  exe r t  its 
effect  on the  o rgan i sm in o t h e r  ways  in add i t ion  to the  
fo rma t ion  of a b n o r m a l  prote ins .  

Zusammen/assung. Triichtige Miiuse w u rd en  zwei Tage 
vor  dem e r w a r t e t e n  Wer fen  mi t  d e m  A n t i m e t a b o l i t  des 
Meth ionins  14C-DL-Aethionin in t r aven6s  behande l t .  Auf- 
n a h m e  und E i n b au  des An t ime tabo l i t s  wurden  gleich- 
zeitig au to rad iog raph i sch  und  chemisch  un t e r such t .  Die 
P l azen t a s ch ran k e  is t  ftir Ae th ion in  durchli issig;  die 
Rad ioak t iv i t i i t  fand  sich in den  Fo e t en  angehiiuf t ,  dabe i  
war  aber  nur  ein ganz ger inger  Tell des Ae th ion ins  in den 
Eiweissk6rper  derse lben  e ingebaut .  Der  E i n b au  des 
Aeth ion ins  in den  Organen  (Leber  und  Pankreas )  der  
Mu t t e r  war  ebenfal ls  ~iusserst gering. 

Aus den  Ergebn i ssen  wird  der  Mechan i smus  der  toxi-  
schen W i rk u n g  des Ae th ion ins  erkliirt .  
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Mechanism of the Serotonin Depressor Response 
Following BAS-Phenol  Administration in the Dog 

The n u m b e r  of se ro ton in  (5 -hyd roxy t ryp t amine )  an tag-  
onis ts  which  have  been  t e s t ed  in b o t h  isolated t issues and  
in t ac t  an imals  is legion, b u t  only  a select  few have  been 
shown  to  be act ive  aga ins t  t he  ca rd iovascu la r  effects  of 
serotonin .  The benzyl  analog of serotonin ,  1-benzyl-2- 
m e t h y l - 5 - m e t h o x y t r y p t a m i n e  or BAS,  is one of the  more  
p o t e n t  an t agon i s t s  and  it has  been  found  to be effect ive  
aga in s t  the  pressor  act ion of se ro ton in  in the  dog 1. An 
even more  powerful  sero tonin  an t agon i s t  has  been  syn-  
thes ized  f rom B A S  by  cleavage of t he  m e t h y l  e the r  to  
form 1 - b e n z y l - 2 - m e t h y l - 5 - h y d r o x y t r y p t a m i n e  or BAS-  
phenol*.  In  anes the t i zed  dogs, i n t r avenous  in jec t ion  of 
BAS-pheno l  blocks the  pressor  response  to se ro ton in  
se lect ively  while the  pressor  act ion of t r y p t a m i n e  r ema ins  
unaffec ted ,  or m a y  even be p o t e n t i a t e d  3. Poss ib ly  as a 
resul t  of b lockade  of the  pressor  c o m p o n e n t  of se ro ton in  
act ion,  a u g m e n t a t i o n  of the  depressor  phase  in its ac t iv i ty  
occurs.  The  following s tudies  were u n d e r t a k e n  to inves t i -  
ga te  the  m e c h a n i s m  of the  depressor  response  to se ro ton in  
which  is u n m a s k e d  b y  the  admin i s t r a t i on  of BAS-pheno l  
in the  anes the t i zed  dog. 

E x p e r i m e n t s  were pe r fo rmed  on 14 mongre l  dogs  of 
b o t h  sexes, weighing f rom 8 to 18 kg. The  dogs were an-  
es the t ized  wi th  sod ium p e n t o b a r b i t a l  4, 30 mg/kg,  ad-  
minis te red  in t ravenous ly .  Ar ter ia l  b lood pressure  was 
recorded wi th  a me rcu ry  m a n o m e t e r  f rom a femora l  
ar tery .  Drug in jec t ions  were  m a d e  in to  the  cannu la t ed  
ipsi la teral  femora l  vein.  The agonis t  drugs  and  corre-  
spond ing  doses used were se ro ton in  c rea t in ine  sulfate,  
10-120 tzg/kg, t r y p t a m i n e  hydroch lor ide ,  125-500 tzg/kg, 
h i s t a m i n e  phospha t e ,  3-5 [zg/kg, and  ace ty lchol ine  bro-  
mide,  5-10 tzg/kg. The an t agon i s t  drugs  used were  
1-benzyl -  2- m e t h y l -  5 - h y d r o x y t r y p t a m i n e  hydroch lo r ide  
(BAS-phenol)  6, 2.5 mg/kg,  and  d i p h e n h y d r a m i n e  h y d ro -  
chlor ide s, 5 mg/kg.  Doses for the  agonis t  d rugs  are  ex- 
pressed in t e r m s  of the  base while those  for the  an t agon i s t s  
are in t e rms  of the  salt .  
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I n  all  t h e  dogs t es ted ,  whe re  t he  response  to  se ro ton in  
was  in i t i a l ly  presser ,  a f t e r  t h e  a d m i n i s t r a t i o n  of B A S -  
pheno l  t he  a r t e r i a l  p ressure  r e sponse  to  s e r o t o n i n  b e c a m e  
pu re ly  depressor .  As c o m p a r e d  w i t h  t he  con t ro l  responses ,  
the  s e ro ton in  depresso r  response  el ici ted a f t e r  B A S -  
pheno l  a d m i n i s t r a t i o n  was g r ea t e r  in  degree  a n d  d u r a t i o n .  
This  depressor  response  to  s e ro ton in  can  be  b locked  w i t h  
d i p h e n h y d r a m i n e ,  an  a n t i h i s t a m i n i c  drug.  To t e s t  speci- 
f ic i ty  of t he  b lockade ,  con t ro l  in j ec t ions  of ace ty l cho l ine  
were  g iven  before  a n d  a f t e r  a d m i n i s t r a t i o n  of d i p h e n -  
h y d r a m i n e .  F igu re  1 shows  t h e  resu l t s  o b t a i n e d  f rom such  
a n  e x p e r i m e n t .  B lockade  of depresso r  responses  to  sero- 
t o n i n  a n d  h i s t a m i n e  is a t t a i n e d  w i t h  d i p h e n h y d r a m i n e  in 
doses w h i c h  do no t  h a v e  a n y  s ign i f i can t  effect  on  s imi la r  
r e sponses  to  ace ty lchol ine .  The  t r a c i n g  also shows t h a t  
sec t ion  of b o t h  vagi  ne rves  a t  t h e  cerv ica l  level  to  e l imina te  
t he  Bezold  reflex, does  no t  a l t e r  the  depresso r  responses  to  
se ro ton in ,  h i s t a m i n e  or  ace ty lchol ine .  

Fo l lowing  t h e  a d m i n i s t r a t i o n  of va r ious  s e r o t o n i n  a n t i -  
me t abo l i t e s ,  i nc lud ing  B A S ,  SHAW a n d  WOOLLEY con-  
s i s t e n t l y  o b s e r v e d  t h a t  ' t h e  in i t i a l  fal l  in  p ressu re  a f t e r  
s e r o t o n i n  i n j ec t i on  was b o t h  large  a n d  pe r s i s t en t ' ,  how-  
ever ,  no  a t t e m p t  was m a d e  a t  e l uc ida t i on  of t he  m e c h a n i s m  
i n v o l v e d  in th i s  depresso r  response  7. The  ef fec t  of s ingle 
in jec t ions  of s e ro ton in  on  can ine  b lood pressure  u sua l ly  
cons i s t s  of t h r e e  phases :  a n  in i t ia l  fall  w i t h  c o n c u r r e n t  
s lowing of t he  h e a r t  ra te ,  fol lowed b y  a rise a n d  t h e n  
f ina l ly  b y  a p ro longed  fall in p ressure  8 The  in i t ia l  fall  h a s  
b e e n  a s c r i b e d  to  a Bezold- l ike  ref lex s ince  i t  c an  be  
abo l i shed  b y  e i t h e r  v a g o t o m y  or  a t rop in i za t ion* ,  whi le  
t he  f ina l  fall  is be l ieved  to  be  due  to  o t h e r  m e c h a n i s m s .  
T h e  re lease  of e n d o g e n o u s  h i s t a m i n e  as  a m e c h a n i s m  to 
exp la in  t he  su s t a ined  fall  in p ressure  p roduced  b y  s e r o t o n i n  
in a n e s t h e t i z e d  dogs, ha s  p rev ious ly  been  d e m o n s t r a b l e  
on ly  w h e n  s e r o t o n i n  is g iven  b y  c o n t i n u o u s  in fus ion  ~°. 
A n t i h i s t a m i n i c  d rugs  h a v e  been  r e p o r t e d  to  h a v e  no  
effect  on the  la te  depresso r  p h a s e  of t he  response  to s ingle 
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Fig. I. Blockade by diphenhydramine of depressor responses to 
serotonin following BAS-phenol administration. Femoral blood 
pressure in a dog, 8.6 kg, under pentobarbital anesthesia. BAS- 
phenol, 2.5 mg/kg, was given i.v. prior to recording of responses. 
H, histamine, A, acetyleholine, and S, serotonin. Note the absence of 
effect of bilateral cervical vagotomy on the responses to the agonist 

drugs, Time interval: 1 rain, 
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Fig. 2. The effect of diphenhydramine on arterial pressure responses 
to serotonin, histamine and tryptamine. Dog, 12 kg, under pento- 
barbital anesthesia. T, tryptamine, H, histamine, and S, serotonin. 

Time interval: 1 min. 

in j ec t ions  of s e ro ton in  a n d  h i s t a m i n e  release as a possible  
m e c h a n i s m  in t h i s  s i t u a t i o n  was the re fo re  d i sca rded  n .  
T h e  p r e s e n t  f ind ings  h o w e v e r  i nd i ca t e  t h a t  if t h e  dog  is 
p r o t e c t e d  f rom t h e  o t h e r  c a r d i o v a s c u l a r  effects  of sero- 
ton in ,  a h i s t a m i n e  m e d i a t e d  m e c h a n i s m  can  be  s h o w n  
even  w i t h  single in jec t ions  of se ro ton in .  S e r o t o n i n  is 
k n o w n  to  release e n d o g e n o u s  h i s t a m i n e  f rom l iv ing  
t issues  ~2 a n d  t h i s  m e c h a n i s m  h as  been  s h o w n  to be  
respons ib le  for t h e  depressor  response  el ici ted b y  s e ro ton in  
in t h e  ch i cken  a~-15. 

I t  h a s  b e e n  r e p o r t e d  t h a t  v a r i o u s  a n t i h i s t a m i n i c  drugs,  
i nc lud ing  d i p h e n h y d r a m i n e ,  r educe  t h e  p ressor  r e sponse  
to  s e r o t o n i n  in dogs ~s. A l t h o u g h  t h e  p r e d o m i n a n t  effect  of 
s e ro ton in  in t h e  dog is usua l ly  a rise in a r t e r i a l  pressure ,  
occas iona l ly  t h e  response  is m a r k e d l y  depresso r  to  beg in  
wi th .  T h e  resu l t s  o b t a i n e d  in our  l a b o r a t o r y  f rom a n  
a n i m a l  in wh ich  t h e  in i t ia l  r esponse  to  s e ro ton in  is de-  
pressor ,  is s h o w n  in F igure  2. O u r  resu l t s  ind ica te  t h a t  
d i p h e n h y d r a m i n e ,  g iven  in a dose suff ic ient  for an t i -  
h i s t a m i n i c  b lockade ,  a u g m e n t s  t h e  p ressor  c o m p o n e n t  
a n d  d imin i shes  t h e  dep res so r  p h a s e s  of s e ro ton in  ac t ion .  
T h e  p r e s e n t  d a t a  m i g h t  poss ib ly  be  e x p l a i n e d  as a n  aug-  
m e n t a t i o n  of t h e  pressor  c o m p o n e n t  due  to  t h e  absence  of 
oppos i t ion  f rom t h e  h i s t a m i n e  wh ich  is re leased s ince a 
b lock  h a s  been  e s t ab l i shed  a t  t h e  h i s t a m i n e  r ecep to r  sites. 

T h e  complex  ca rd i o v as cu l a r  s i t u a t i o n  occur r ing  a f t e r  
s e ro ton in  in j ec t ion  as a f fec ted  b y  B A S - p h e n o l  m a y  well 
be  ana logous  to t h e  well  d o c u m e n t e d  reversa l  of epi- 
n e p h r i n e  effects  on  b lood pressure  b r o u g h t  a b o u t  b y  
ad rene rg ic  b lock ing  agen ts .  I n t r a v e n o u s  in jec t ions  of epi- 
n e p h r i n e  p ro d u ce  a rise in  b lood  pressure  b u t  w h e n  t h e  
s ame  in jec t ions  are  g iven  a f t e r  ad rene rg ic  b lockade  h a s  
been  es tab l i shed ,  e p i n e p h r i n e  p roduces  a fall in pressure .  
I n  a s imi la r  fashion,  upon  in j ec t ion  of se ro ton in ,  t h e  
c a r d i o v a s c u l a r  effects  m a n i f e s t e d  a c t u a l l y  r e p r e s e n t  a n  
i n t e r p l a y  of severa l  m e c h a n i s m s ,  some wh ich  would  e l eva te  
b lood  pressure  a n d  o the r s  wh ich  would  p roduce  a fall. The  
l a t t e r  are  usua l ly  obscured  b y  t h e  s t ronge r  pressor  a c t i v i t y  
in t h e  u n t r e a t e d  a n e s t h e t i z e d  dog  a n d  c a n  be  u n m a s k e d  
on ly  w h e n  such  pressor  ac t ions  h a v e  been  p r e v e n t e d  b y  
su i t ab l e  b lock ing  agen ts .  

Rdsumd. Apr+s l ' a d m i n i s t r a t i o n  de B A S - p h 6 n o l  & des 
ch iens  anesth6si6s ,  l ' e f fe t  usuel  de la s6 ro ton ine  d ' a u g -  
m e n t e r  la press ion  ar t6r ie l le  se c o n v e r t i t  c o n s t a m m e n t  en  
un  a b a i s s e m e n t  pro long6 de la pression.  Cet  effet  d ' aba i s se -  
m e n t  n ' e s t  pas  inf luenc6 p a r  la sec t ion  b i l a t6 ra le  des d e u x  
nerfs  vagues ,  ma i s  on  p e u t  le b l o q u e r  avec  la d iph6n-  
h y d r a m i n e .  Les  donn6es  pr6sen t6es  suggb ren t  q u e  la  
r6ponse  d ' a b a i s s e m e n t  de la press ion ar t~r ie t le  de la s6ro- 
t o n i n e  qui  s u r v i e n t  d a n s  les ch iens  a y a n t  6t6 t r a i t6s  avcc  
du  B A S - p h 6 n o l  es t  dfie X une  l ib6 ra t ion  d ' h i s t a m i n e  
endog~ne.  
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