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liver.  The la t te r  were washed several  t imes  ill Ear l ' s  B S S  
and cut  in to  small  pieces (0.3 •  ram). Tile pieces (ex- 
plants) were r insed twice in nu t r i en t  med ium and 2 
explants  were p laced in chicken p lasma on a f lying 
coverslip.  A f t e r  p lasma clott ing,  the  coversl ip was 
inserted into  a roller tube.  2 ml  of nu t r ien t  m e d i u m  was 
added to each tube  which was then  gassed wi th  a COi -O 2 
5 % - 9 5 % )  mixture .  The  tubes  were placed in a roller 
d rum and incubated  at  37.5 ~ Once the  growth  of cells 
was f i rmly  established, i.e., by  t i le 3rd day,  the  explants  
were careful ly r emoved  from the  coverslips. The monolayer  
cul tures  thus  ob ta ined  were subcul tured for 8-21 h in 
nu t r ien t  med ium wi th  or wi thou t  di(2-ethylhexyl)  
ph tha la te .  Af ter  the  incubat ion  period cultures were frozen 
or f ixed in absolute  me thano l  and stained wi th  Sudan 
black B or May Gri inwald-Giemsa.  

The  nu t r i en t  m e d i u m  consisted of m e d i u m  199 (25 
parts),  horse serum (15 parts) ,  20% chick embryo  ex t rac t  
(10 parts),  L-glutamine (1.46 ag/ml),  penici l l in G (80 
units/ml) ,  and s t rep tomycin  sulfate (40 ag/ml).  The p H  
of the  med imn  was adjus ted  to 7.2-7.4 witt l  10% NaHCO a. 
All mater ia ls  were obta ined f rom Difco Laboratories ,  
Detroi t ,  Michigan. 

Results. Cells grown from the  explants  of var ious  
embryonic  tissues, such as heart ,  aort ic  arch, and liver, 
were equa l ly  susceptible to t r e a t m e n t  wi th  ca. 0.05 m g / m l  
of di(2-ethylhexyl)  phthala te .  This is brief ly i l lustrated in 
the  fol lowing paragraph  using aort ic  cells as an example.  

The appearance  of normal  aort ic  ceils in monolayer  
cul ture  is shown in Figure  1 : polygonal-  or spindle-shaped 
cells wi th  two or more protoplasmic  processes, coarse and 
vacuola ted  cytoplasm,  and a round or oval  nucleus 
conta in ing usual ly  2 nucleoli.  T r e a t m e n t  of aort ic  ceils for 
8-10 h wi th  ca. 0.05 m g / m l  of di(2-ethylhexyl)  ph tha la te  
often resulted in a re t rac t ion  of pro toplasmic  processes 
and the  format ion  of var ious  cytoplasmic  vacuoles.  
Af te r  17-21 h of t r ea tment ,  m a n y  cells became rounded 

and sudanophil ic  granules increased in number  and size 
(Figure 2). At  ca. 0.01 mg /ml  or lower, no visible morpho-  
logical effect was noted. 

Discussion. This s tudy  showed t h a t  di(2-ethylhexyl)  
phthala te ,  at  a concent ra t ion  of ca. 0.05 mg/ml ,  was toxic  
to cul tured chick embryonic  ceils. The mechan ism of its 
toxic  act ion is present ly  not  known. JAEGER and RUBIN 1 
repor ted  t h a t  1. a ra ther  high concent ra t ion  (27 rag/100 
mg  of d ry  weight) of di(2-ethylhexyl)  ph tha la te  was 
present  in tissues of pa t ien ts  who were known to have  
received blood transfusions ; 2. the  perfused ra t  l iver  could 
hydrolyze  bu ty l  g lyco lybuty l  phthala te ,  bu t  not  di(2- 
e thylhexyl)  phthala te ,  the  la t te r  being accumula ted  in 
the  liver. MARCEL and 2{OEL 2 found tha t  the  blood, which 
had been stored in plast ic bags for 4-21 days, conta ined 
4-11.5 mg of d ihexyl  ph tha la t e  per  100 ml  of plasma.  
These concentra t ions  were h igher  t han  those of di(2- 
e thylhexyl)  ph tha la te  used in our  exper iments .  I t  is h ighly  
unl ikely tha t  such high concentra t ions  will  of ten be 
found in human  blood, bu t  the  possible cumula t ive  na ture  
of ph tha la te  esters in the  tissues should not  be overlooked.  

Zusammen/assung. Nachweis,  dass Di(2-ethylhexyl)  
Ph tha ta t  in einer Konzen t ra t ion  yon ca. 0,05 mg /ml  eine 
toxische Wirkung  auf kul t iv ier te  t I i ihnerembryonalze l len  
hat,  withrend Konzen t ra t ionen  yon 0,01 mg /ml  oder 
da run te r  keine deut l iche Wirkung  mehr  haben.  
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Secondary Teratogenic Factors 

During the  process of organogenesis,  cer ta in  anomalies  
in embryonic  deve lopment  m a y  bring into contac t  t issues 
which are normal ly  ei ther  separated or are in con tac t  
only in some d is tan t  regions of the  embryo.  The  inter-  
act ion of these tissues abnormal ly  brought  into con tac t  
m a y  well  be a secondary tera togenic  factor.  

We  ar r ived  a t  this hypothesis  af ter  s tudy ing  in deta i l  
the  fol lowing in terac t ions  be tween embryonic  t issues:  
a) in terac t ion  be tween the  notochord  and the  digest ive  
t r ac t ;  b) in te rac t ion  be tween the  neural  tube  and the  
digest ive t rac t ;  c) in te rac t ion  be tween  the  digest ive 
t r ac t  and the  ectoderm. 

Material and methods. We succeeded in p rovoking  
abnormal  in terac t ions  be tween chick embryonic  tissues 
by apply ing  d ia thermic  coagulat ion ei ther  to the  caudal  
end of the  neural  tube,  or the  region immed ia t e ly  below 
it, the  p r imi t ive  node or the  r emnan t s  of the  p r imi t ive  
streak. The operat ions  were carried out  in embryos  a t  48 h 
of incubat ion.  52 embryos  in all were operated.  The 37 
which surv ived  long enough to be included in our  s tudy  
were f ixed in 10% formal in  or  Bouin solut ion a t  ages 
va ry ing  from 4 to 13 days. All the  f ixed embryos  were 
then  embedded  in paraffin,  cu t  serial ly into t ransverse  
and sagi t ta l  sections, the  former  being more numerous.  
The stain used in most  cases was hematoxi l in-eosin .  

Results. Deviation o[ the axial structures. As a result  of 
the  d ia thermic  coagulat ion applied to the  caudal  por t ion  
of the  axial  structures,  the  growth of the  neural  tube  and 
the  notochord  devia ted  ven t ra l ly ;  and consequent ly ,  bo th  
the  neural  tube  and the  notochord  came into con tac t  or 
even fused wi th  t he  digest ive t ract .  In  some cases, this  
dev ia t ion  also affected the  gut, resul t ing in contac t  wi th  
the  abdomina l  ec toderm at  regions craneal  to the  anal 
plate.  

Interactions between embryonic tissues, a) In te rac t ion  
notochord / in tes t ina l  t ract .  The contac t  be tween the  
notochord  and the  intes t inal  t r ac t  gave rise, in all cases, 
to the  following phenomena  : First ly,  when the  notochord  
approached the  intes t inal  t ract ,  (this normal ly  took 
place near  the  h indgut  or the  cloaca) the  cells l ining the  
intes t inal  wall became f la t tened  and the  mitosis  in these 
cells decreased no tab ly  in number .  Secondly, once the  
notochordal  t issue was in contac t  wi th  the  intest inal  
cells, the  l a t t e r  appeared to be necrot ic  and were la ter  
discarded into the  intest inM space (Figure 1). On its 
approach to  the  intes t inal  t ract ,  the  no tochord  was no t  
sheathed,  as is usual, bu t  ra ther  presented cells which 
seemed to in termingle  freely wi th  the  tissues tha t  happen-  
ed to lie in their  path.  In  embryos  sacrificed several  days 
af ter  the commence  of the  no tochord / in tes t ina l  t r ac t  
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con tac t ,  a f i rm adhe rence  was  obse rved  be tween  these  two 
t issues,  i e m b r y o  in pa r t i cu la r ,  f ixed on  t he  13 th  d ay  of 
i ncuba t ion ,  p r e sen t ed  a clear  adhe rence  be tween  t h e  
h i n d g u t  a n d  t he  n o t o c h o r d  a t  t h e  v e n t r a l  surface  of one 
of t he  las t  l u m b a r  v e r t e b r a e .  Th i s  adherence ,  or p inching ,  
because  of f u r t h e r  g r o w t h  in l e n g t h  of t he  gut ,  caused  a 
cul-de-sac which,  in  t r a n s v e r s e  sect ions,  gave  t he  im-  
press ion  of a dup l i ca t ed  ta i l  gut .  

A n o t h e r  fac t  t h a t  m u s t  be  s t ressed in c o n n e c t i o n  w i t h  
the  i n t e r a c t i o n  be tween  the  n o t o c h o r d  and  t he  d iges t ive  
t rac t ,  is t h e  t r o p i s m  t h a t  t he  fo rmer  seems to  exercise 
ove r  t he  la t te r .  Th i s  t r o p i s m  appea red  ve ry  c lear ly  in  
cases where  t he  free p o r t i o n  of t he  n o t o c h o r d  r e m a i n e d  
close to  t h e  cloaca. The  cloaca, s e p a r a t i n g  i tself  f rom t h e  
ana l  p la te ,  m i g r a t e d  dorsa l ly  t owards  t he  n o t o c h o r d  
(Figure  2). 

b) I n t e r a c t i o n  neu ra l  t u b e  d iges t ive  t rac t .  Th i s  in te r -  
ac t ion  is ve ry  d i f fe ren t  in  n a t u r e  f rom t h a t  descr ibed for 
t he  no tochord .  W h e n  t h e  neu ra l  a n d  i n t e s t i n a l  t i ssues  
a p p r o a c h e d  each  other ,  t h e i r  ou t l ines  b e c a m e  less 
c lear ly  def ined and,  even tua l ly ,  b e c a m e  fused. The  t issues  
were m u t u a l l y  to l e ran t ,  a l t h o u g h  t h e i r  cells d id  n o t  
in te rming le .  I t  could easi ly  be  seen where  one t y p e  of 

t i ssue  b e g a n  a n d  where  t h e  o the r  e n d e d ;  a n d  i t  was  no t  
i n f r e q u e n t  to  f ind  a long s t r e t c h  of d iges t ive  e p i t h e l i u m  
bo rde r ing  t h e  neu ra l  tube ,  or vice versa .  

c) I n t e r a c t i o n  i n t e s t i n a l  t r a c t / e c t o d e r m .  I n  3 of our  
embryos ,  as t h e  n o t o e h o r d  an d  t h e  neu ra l  t u b e  pro- 
gressed ven t ra l ly ,  t h e  i n t e s t i n a l  t r a c t  Became d isp laced  
in a v e n t r a l - l a t e r a l  d i rect ion,  t h u s  e s t ab l i sh ing  c o n t a c t  
w i t h  t h e  e m b r y o n i c  ec tode rm cranea l  to  t h e  ana l  p la te .  
The  ec tode rm n e x t  to  t h e  i n t e s t i n a l  ep i the l i um showed a 
cons iderab le  th i cken ing .  A t  t h e  a rea  of con tac t ,  an  
a p e r t u r e  was fo rmed  - ectopic  c loaca - b y  necrosis  of t he  
ec todermic  an d  e n d o d e r m i c  cells. The  f i rs t  2 of t h e  3 
e m b r y o s  used p r e sen t ed  on ly  th i s  ectopic  cloaca, whereas  
t h e  3rd presen ted ,  a t  t h e  same t ime,  a n o t h e r  opening,  
which,  j udg ing  f rom i ts  locat ion,  co r responded  to t he  
n o r m a l  cloaca. 

Discussion. The  a b n o r m a l  i n t e r a c t i o n  b e t w een  t issues,  
such  as t h e  t y p e  t h a t  we h a v e  descr ibed  above ,  is n o t  a 
ra re  p h e n o m e n o n .  D e v e l o p m e n t a l  anomal i e s  of the  axia l  
s t r u c t u r e s  are n o t  in f requen t ,  a n d  t h e  cond i t ions  t h a t  we 
h a v e  o b t a i n e d  e x p e r i m e n t a l l y  are in  fac t  ve ry  of ten  seen 
clinically.  T h e  exis tence  of d iver t icu la ,  gu t  dupl ica t ion ,  
r ec ta l  a t res ia ,  etc. has  o f ten  been  re l a t ed  to  a b n o r m a l  
ax ia l  s t ruc tu re s  fo rmed  as a consequence  of a n y  anomal ie s  
of t h e  n o t o c h o r d  an d  t h e  v e r t e b r a e  t h a t  m i g h t  be  p r e s en t  
(ELLIOt et  al. 1, FEDELE an d  SIMONETTI 2). Likewise,  i t  is 
also n o t  ra re  to  f ind  in pe r ina to logy  anorec t a l  anomal ie s  
t h a t  are p r e s en t  t o g e t h e r  w i t h  m a l f o r m a t i o n s  of t he  
pos te r io r  t h i r d  of t h e  neura l  axis  (WILLIAMS a n d  
NlxoN a, EGINETE a n d  VERRENClA4). On t h e  o the r  hand ,  
these  anomal ie s  of t h e  pos te r io r  t h i r d  m a y  be  due to  
non-speci f ic  causes, s u c h  as:  A n a e m i a  (GoNZALOS,~), 
h y p o x i a  (HlCXLIN 7, GALLERAS), h y p o g l y c e m i a  (LAND- 
AUER 9, SMITHBERG a n d  I~UNNERI~ 

Our  e x p e r i m e n t a l  resul t s  sugges t  t h a t  f r e q u e n t l y  in  t he  
congen i t a l  m a l f o r m a t i o n s  t he re  is a p r i m a r y  t e r a togen ic  
fac to r  (hypoxia ,  anaemia ,  etc.) p roduc ing  axia l  anomal ies ,  
w h i c h  in t u r n  ac ts  as a s econda ry  t e r a togen ic  f ac to r  
r esponsab le  for t h e  i n t e s t i n a l  ma l fo rma t ions .  

Resumen. La  desv iac idn  del t u b o  nerv ioso  y de la 
n o t o c o r d a  en di reccidn ven t ra l ,  p i o v o e a d a  p o t  electro-  
coagutac i6n  en la p r o x i m i d a d  del del n6dulo  p r i m i t i v o  
en  embr iones  de pollo de 48 horas ,  da  lugar  a la fusidn de 
esas e s t r u c t u r a s  con el t r a c t o  in tes t ina l .  La  in t e racc idn  
en t re  estos  te j idos,  que  n o r m a l m e n t e  no es t~n en  
contac to ,  o r ig ins  ma l fo rmac iones  in tes t ina les .  La  in te r -  
acc idn  a n o r m a l  en t r e  te j idos  se puede  cons iderar ,  pues,  
como u n  fac to r  t e r a t 6 g e n o  secundar io .  
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Fig. 2. Sag i t t a l  section th rough  the cauda l  th i rd  of a 5 ,day  chick 
embryo.  The dev ia t ion  of the cloaca is appa ren t ly  approached to 
the notochord and its separation from the anal plate. 
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