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The lack of t e rmina l  adrenergic nerve  fibres in the  
cardiac wall  of human  fetuses suggests humoral ,  ra ther  
t han  neural, adrenergic  control  of the  human  fetal heart ,  
at  least  dur ing the  first  half  of pregnancy.  The para-  
ganglionic tissue and the  scat tered single ca techolamine-  
conta ining cells in the  atr ial  wall  migh t  represent  a pool 
for ca techolamine  l ibera t ion to  the  coronary  circulat ion,  
or the  catecholamines  from these cells migh t  d i rec t ly  
affect the  atr ial  muscle. This v iew is well compat ib le  wi th  
observat ions  on the  release of cateeholamines  f rom the  
pre-aort ic  paragangl ia  during asphyxia~4, ~5. The  fetal  
aort ic  and pu lmonary  bodies, toge ther  wi th  the  carot id  
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bodies, migh t  exer t  chemoreceptor  na ture  possibly 
combined wi th  ca techolamine  l iberation.  

A ddendum. After  the  present  manuscr ip t  was completed,  
the  paper  by DALE and PAL~ER 1G came to our a t tent ion .  
Their  results are in accordance wi th  the  concept  of 
humora l  adrenergic control  of the  human  fetal  heart ,  
presented in this paper .  

Zusammen/assung. In  4 f6talen menschl ichen Herzen im 
Alter  yon 10-16 Wochen  fanden sich wohl  intrazel lul~re 
Katecholamine ,  hingegen keine adrenergischen Nerven-  
endigungen.  Das I6tale Herz  dtirfte somit  zumindes t  im 
Beginn seines Lebens adrenergisch gesteuert  sein. 
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Cytotoxic Effect of Di(2-ethylhexyl) Phthalate on Cultured Chick Embryonic Cells 

Plast ic ized polymeric  mater ia ls  are widely  used in 
de l ivery  of medical  services. Blood can ex t rac t  ptast icizers 
f rom devices (e.g., po lyv iny l  chloride tubings)  and such 
plast icizers have  been identif ied in human  tissues 1, 3. A 
number  of invest igat ions  have  been made  of the  possible 
toxic  and tera togenic  proper t ies  of commonly  used 
plasticizers,  ph tha la te  esters. The results so far obta ined 
f rom adul t  humans,  dogs, guinea-pigs, mice, rats,  and 
rabbits ,  and chick embryos  are inconsis tent  3-9. Fur ther -  
more, there  is no informat ion  avai lable  Oil the  tox ic i ty  
of ph tha la te  esters on embryonic  cells. I n  v iew of this, the  
present  s tudy  was under taken  to inves t igate  the potent iM 
cyto toxic  effect of di (2-ethylhexyl) phthala te ,  the  most  
extens ively  used plast icizer  in manufac tu r ing  of var ious  
plast ic devices, on cul tured chick embryonic  cells. 

Materials and methods. Di(2-ethylhexyl)  ph tha la te  
(Matheson, Coleman and Bell, Cincinnati ,  Ohio), l ike 
m a n y  other  ph tha la t e  esters, is spar ingly soluble in 
nu t r i en t  medium.  For  prepar ing a sa tura ted  solut ion of 
di(2-ethylhexyl)  ph tha la te  in med ium 199, the following 
procedure was used: 50 ml  of ph tha la t e  ester and 150 ml  
of med ium 199 were added to  a separa tory  funnel. The  
funnel  was shaken vigorously  for 10 min  and the  layers 
were allowed to separate.  The  aqueous  layer  was 

centr i fuged to r emove  all droplets  of ph tha la te  ester. 
The  a m o u n t  of ph tha la t e  ester, dissolved in med ium 199, 
was es t imated  by  a convent ional  procedure using d ie thyl  
ether  as an ext rac t ion  solvent.  The  solubi l i ty  of di(2- 
e thylhexyl)  ph tha la te  in med ium 199 was found to be ca. 
0.1 mg/ml.  

Nine-day-old  Whi te  Leghorn embryos  were used to 
obta in  the  desired structures,  e.g. heart ,  aort ic  arches, and 
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Fig. 1. Normal aortic cells in monolayer culture. Stained May Fig. 2. Aortic cells grown for 19 h ill medium with ca. 0.05 mg/rnI 
Grfinwald-Giernsa. • di(2-ethylhexyl) phthalate. Stained Sudan black B. • 1100. 
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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  


