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excess, and  Ara ld i t e  e m b e d d i n g  w i t h  ace tone  as dehy-  
d r a t o r  and  t h i n n e r  2. These  m e t h o d s  preserve  t he  bodies,  
wh ich  are eroded b y  alcohol  and  epoxypropane .  

I n  n o r m a l  lungs  of t he  non-s imians ,  a b o u t  75% of 
L O P B s  w i t h  recognizable  s t r u c t u r e  cons is t  of lamellae,  
20 to  100 n m  thick ,  wh ich  form, in  section,  s t r a i g h t  or 
a r cua t e  cross-bars,  w i t h  l ines a t  4 n m  spac ing  w i t h i n  
t h e m ;  these  mee t  t he  pe r iphe ry  a t  r i gh t  or acu te  angles  3. 
There  is genera l ly  a single b o u n d i n g  m e m b r a n e ,  separe ted  
f rom the  4 n m  lines b y  a space of n m  or more  (Figure,  
left). Similar  L O P B s  exis t  in t he  hedgehog  (Erinaceus 
europaeus) 4, and  in the  dog ~. W e  h a v e  t a k e n  mul t ip le  
serial  sect ions  which  show t h a t  t he  lamel lae  compos ing  
t h i s  t y p e  of b o d y  are f la t  or dom e- s haped  t h r o u g h o u t ,  and  
t h a t  t h e  sect ions  showing  s t r a igh t  cross-bars  are no t  
p roduced  b y  axia l  sec t ioning of a scroll  or of a b o d y  
composed  of cyl indr ica l  sheets.  T he  few (10%) L O P B s  
showing  concent r ic  b a n d s  in section,  in  n o n - s i m i a n  lung, 
m a y  be  exp la ined  as sect ions cu t  t h r o u g h  a b o d y  w i t h  domed  
lamellae,  a t  r i g h t  angles to  t he  axis  of t he  dome. A b o u t  
1 L O P B  ill 10 shows signs of origin f rom a mu l t ives i cu l a r  
b o d y  6. Ex t r ace l l u l a r  osmiophi l ic  bodies  are found  in t h e  
a lveolar  spaces of m a t u r e  foeta l  lung  ( h u m a n  and  non-  
s imian) ,  and  some t imes  ill adu l t  lung ;  t h e y  are, if of 
recognizable  shape,  a lways  concentr ic ,  and  a p p e a r  to  be  
fo rmed  b y  cur l ing  up  of s t r ips  of osmiophi l ic  m a t e r i a l  
e x t r u d e d  t h r o u g h  open ings  in t he  cell m e m b r a n e ,  no t  b y  
release of i n t a c t  LOPBs ,  f rom t he  ceils. W e  h a v e  found  no  
sign of t he  species differences which  h a v e  been  r epo r t ed  to 
exis t  7 be tween  t he  L O P B s  of some of the  non-s imians .  

Bodies  c o n t a i n i n g  osmiophi l ic  whor ls  associa ted w i t h  
m i t o c h o n d r i a l  cristae,  a n d  poss ib ly  t r a n s i t i o n a l  be tween  
m i t o c h o n d r i a  and  L O P B s ,  are  ra re  in  u n t r e a t e d  animals .  
They  are found  u n d e r  cond i t ions  of s tress  s, a n d  we h a v e  
found  t h e m  ill a p r e m a t u r e  (28 day)  r a b b i t  a f te r  41/2 h 
b r e a t h i n g ;  a double  b o u n d i n g  m e m b r a n e  is p resen t .  

The  L O P B s  of m a n  and  of t he  m o n k e y s  e x a m i n e d  are 
qu i te  d i f fe ren t  f rom those  of t he  non-s imians .  T h e y  are 
m a i n l y  concen t r i c  (Figure,  r ight )  w i t h  t h i n n e r  lamellae,  
wh ich  of ten  con ta in  on ly  two 4 n m  layers.  I t  is di f f icul t  
to  t r ace  a c o n t i n u o u s  b o u n d i n g  m e m b r a n e ;  th i s  suggests  
t h a t  t h e y  are no t  of m i t o c h o n d r i a l  origin.  The i r  real  
o rgane l la r  or igin is no t  clear, b u t  t he i r  s t r u c t u r e  would be  
compa t ib l e  w i t h  f o r m a t i o n  b y  f u s i o n  of t he  wails of 
f l a t t ened  vesicles Iof rough  endop lasmic  re t i cu lum,  
fol lowed b y  wind ing  in to  a scroll. This  has  been  i l lus t ra ted  
f rom the  h u m a n  fe tus  9, and  we t lave found  t races  of i t  ill 
t h e  fe ta l  and  n e w b o r n  mouse.  I n  t he  a d u l t  s imians  t h e  
c ross-bar red  or a r cua t e  bodies  a p p e a r  to  be  a b s e n t ;  t he  
l i t e r a tu re  ~~ where  i t  shows the  de ta i l s  of L O P B s  of 
h u m a n  origin, agrees. R a t h e r  s imi la r  concent r ic  bodies  
appea r  in t he  chick  n .  I n  RDS, concent r ic  L O P B s  are 
found,  t h o u g h  in smal ler  n u m b e r s  t h a n  in adu l t  lung, in  

l ine  w i t h  t he  def ic iency of s u r f a c t a n t  in  th i s  cond i t ion  ~ ;  
one a r cua t e  body  of n o n - s i m i a n  t y p e  ha s  been  seen. 
Mul t ives icu la r  bodies  are ra re  in  s imians .  The  m o r p h o -  
logical  differences descr ibed here  m a y  be  connec ted  w i th  
t he  b iochemica l  differences r epo r t ed  b y  GLIJCK et  al. ~, 
who consider  t h a t  h u m a n s  h a v e  an  add i t i ona l  p a t h w a y  
for s u r f a c t a n t  syn thes i s  which  assists  su rv iva l  in  t h e  
e v e n t  of p r e m a t u r e  b i r th .  

Rdsumd. Les inclus ions  lamel la i res  des cellules du 
second t y p e  du p o u m o n  son t  la source de la s u b s t a n c e  
tens ioac t ive .  Chez l ' h o m m e  et  les singes de l ' anc ien  et  du  
n o u v e a u  monde ,  ces inclus ions  sont  de fo rme concen t r i -  
q u e e t  p e u v e n t  p roven i r  du  r6 t i cu lum endoplasmique .  
Chez d ' a u t r e s  mammif~res ,  y compr i s  u n  16murien, elles 
ont ,  pour  la p lupar t ,  des ba r res  rec t i l ignes  ou argu6es 
et  p r o v i e n n e n t  des corps mul t ives icula i res .  
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Catecho lamines  in H u m a n  Fetal Heart  

The  h e a r t  of a d u l t  m a m m a l s  has  been  observed  to  h a v e  
a n  ex tens ive  adrenerg ic  ne rve  supply,  a n d  ca t echo lamine -  
c o n t a i n i n g  cells h a v e  been  found  in t he  a t r i a l  myo-  a n d  
e p i e a r d i u m l - 4  Organs  composed  of smal l  ca techo!amine-  
c o n t a i n i n g  cells, wh ich  receive t h e i r  vascu la r  supp ly  
d i rec t ly  f rom the  co rona ry  ar ter ies ,  h a v e  been  descr ibed  5. 
These  organs,  called aor t ic  a n d  p u l m o n a r y  bodies,  are 
s i t u a t e d  in t he  wal l  of t he  m a i n  a r te r ia l  t r u n k s  and  
t h e y  are cons idered  homologous  w i t h  t he  ca ro t id  bodies  6. 
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The funct ional  adrenergic  s y m p a t h e t i c  inne rva t ion  of the  
hea r t  has  been observed to develop re la t ive ly  late  dur ing  
the  ontogenesis  of the  l abora to ry  mammals3 ,L  No 
f luorescence h i s tochemica l  s tudies  have  been carried out  
on these  adrenergic  c o m p a r t m e n t s  in h u m a n  feta l  hear t ,  
and thus  no knowledge is avai lable  on the  s y m p a t h e t i c  
inne rva t ion  or the  monoamine -con ta in ing  cells in it. The 
p resen t  s t u d y  was  carr ied out  to  fill th i s  gap. 

Matee ia l  and methods. 4 h u m a n  fetuses,  aged 10, 13, 15 
and  16 weeks, were ob ta ined  f rom legal in t e r rup t ions  of 
p regnancy .  The hear t s  were processed for the  h is tochemica l  
d e m o n s t r a t i o n  of ca techolamines  according to  the  formal-  
dehyde - induced  f luorescence (FIT) methodS.  The hea r t s  
were the rea f t e r  e m b e d d e d  in Epon-Ara ld i t  and  serially 
cut  a t  10 ~tm. E v e r y  20th sect ion was s ta ined  wi th  
Toluidine Blue for general  or ienta t ion.  For  the  s t u d y  of 
the  TIT, a Lei tz  O r t h o m a t  f luorescence microscope,  w i th  
an epi - i l luminator  and  appropr ia te  f i l ter  combina t ions  for 
ca techo lamine  studies ,  was used s, 9. 

Results  and discussion. The f u n d a m e n t a l  observa t ions  on 
the  adrenergic  s t ruc tures  were the  same in all the speci- 
mens  s tudied.  In  the  atr ia l  epi- and  m y o c a r d i u m  and  in 
the  adven t i t i a  of the  main  ar ter ia l  t runks ,  b o t h  non- 
f luorescent  nerve  t runks  and  t runks  wi th  a weak green 
f luorescence were seen. In  bo th  types  of nerve  t runks ,  
small  in tense ly  f luorescent  cells w i th  long processes were 
a cons t an t  fea ture  (Figure 2). These cells showed the  
character is t ics  of the  small  in tense ly  f~uorescent (SIT) 
cells f i rs t  descr ibed in the  s y m p a t h e t i c  gangliaS0,11 

Similar  cells were also de tec ted  in the  atr ia l  myocard ium,  
s ca t t e r ed  be tween  muscle bundles  and blood vessels, 
w i thou t  con tac t  to nerve  t runks  (Figure 1). No f luorescent  
adrenergic  t e rmina l  nerve  fibres could be observed in the  
atr ia l  or ven t r icu la r  wall, or in the  nodal  t issues. 

At  the  base of the  aort ic  and p u l m o n a r y  t runks ,  
several  clusters  of small  f luorescent  ceils were seen. The 
f luorescence in t ens i ty  var ied be tween  indiv idual  cells f rom 
weak to in tense  (Figure 3). The f luorescent  ceils had,  
again,  long processes, which  were of ten  in con tac t  w i th  
pe r ika rya  of o ther  f luorescent  cells. Non-f luorescent  nerve  
t runks ,  p robab ly  b ranches  of t he  vagus  nerve,  were 
observed in the  i n t ima te  v ic in i ty  of the  f luorescent  cell 
groups. In  general,  numerous  clusters  of f luorescent  cells 
were seen in the  connect ive  t issue upwards  f rom the  level 
of the  semi lunar  valves  a round  the  aort ic  and  p u l m o n a r y  
t runks .  These cell clusters  closely resembled  the  h u m a n  
fetal  carot id  bodies12,13 f luorescence his tochemical ly ,  
and  t h e y  are obviously  ident ical  w i th  t he  aort ic  or 
p u l m o n a r y  bodies  descr ibed in o the r  mammalsS.  
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Fig. 1. Single and small clusters of fluoresceilt cells in the atrium of a human fetus aged 15 weeks. • 250. 
Fig. 2. Small intensely fluorescent ceils in a weakly fluorescent nerve in the adventitia of the aortic trunk of a human fetus aged 15 weeks, 
• 
Fig. 3. The aortic main body of a human fetus aged 10 weeks. The fluorescence intensity of the ceils varies from weak to intense. • 250. 
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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  

ta T. BRUNmN, Acta physiol, stand.;  suppl. 290, 70 (1966). 
is A. HERVONEN and O. KORI~ALA, Acta obstet, gynec, stand. 51, 17 

(1972). 
16 W. C. NAIL and G. C. PALMER, Anat. Rec. 177, 265 (1973). 

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. 


