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p h o s p h a t e  m e d i u m  2~ and  in ~this m e d i u m  glucose 
m e t a b o l i s m  was impa i r ed  in r a t  h e a r t  ~-1. SHAW a n d  
STADIE 22 proposed  t h a t  in  d i a p h r a g m  muscle  t h e  E m b -  
den-MeyerhoI  p a t h w a y  was i n h i b i t e d  a t  t h e  phospho -  
f ruc tok inase  s tep  w h e n  t he  t i ssue  was i n c u b a t e d  in 
p h o s p h a t e  med ium.  If  i t  could  be  a s s um ed  t h a t  t h e  effect  
of p y r u v a t e  on  h a l o t h a n e - d e p r e s s e d  r a t  a t r i a  m a y  be  
s imi la r  to  t h a t  above ,  our  i n v e s t i g a t i o n  m i g h t  be  con- 
ce rned  w i t h  t he  m a n n e r  in  w h i c h  h a l o t h a n e  inf luences  
the  m y o c a r d i a l  me tabo l i sm.  E i t h e r  t he  u p t a k e  or ut i l iza-  
t ion  of glucose m a y  be  i m p a i r e d  b y  h a l o t h a n e .  Us ing  
p a r t i t i o n  coeff icient  d a t a  of LARSON et  al. 23, a sal ine 
c o n c e n t r a t i o n  of 6 mg/100  ml  h a l o t h a n e  would  be  equi- 
v a l e n t  to  a b lood c o n c e n t r a t i o n  of 19.8 mg/100  ml.  Blood 
levels of 17.9-20.3 mg/100  ml  were found  necessa ry  to 
anes the t i ze  a dog to p roduce  a loss in  t he  pa in  ref lex of 
foot  p a d  12. Thus ,  t he  c o n c e n t r a t i o n  of h a l o t h a n e  em- 
p loyed  in t h i s  s t u d y  was s imi la r  to  t h a t  a s s um ed  to 
p roduce  in the  dog. 

Zusammenfassung. Die n a c h  H a l o t h a n  e inge t r e t ene  
V e r m i n d e r u n g  der  K o n t r a k t i l i t / i t  des Myokards  k a n n  

d u r c h  P y r u v a t  v e r h i n d e r t  werden.  Dieses E rgebn i s  s t i i t z t  
die Hypo these ,  H a l o t h a n  b e h i n d e r e  die A u f n a h m e  oder  
die V e r w e r t u n g  yon  Glycose. 
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S o m e  N e w  A s p e c t s  i n  H u m a n  T r o p h o b l a s t  C u l t u r e s  

Studies  conce rn ing  t he  i m m u n o l o g i c a l  aspec ts  of preg- 
n a n c y  s t rong ly  depend  on  m a i n t a i n i n g  t r o p h o b l a s t  cells 
in  v i t ro  1-6. I l l  t h e  p r e s en t  work,  a s imple  m e t h o d  is g iven  
for keep ing  h u m a n  t r o p h o b l a s t  cu l tu res  ac t ive  for a lon- 
ger pe r iod  of t ime,  and  t he  morpholog ica l  evo lu t ion  of 
these  cells, as well  as t h e i r  h o r m o n e  secre t ing  ac t iy i ty ,  
d u r i n g  in v i t ro  cul ture ,  is descr ibed.  

The  cu l tures  were pe r fo rmed  f rom ster i le  d issected 
chor ion  villi ,  washed  in steri le 199M 7, and  careful ly  cu t  
w i t h  f ine scissors and  forceps. The  f r a g m e n t s  were t r ans -  
ferred to a s ter i le  t u b e  w i t h  a r u b b e r  s topper ,  and  0 .25% 
t r y p s i n e  was added.  The  t ubes  were lef t  for  a b o u t  30 ra in  
in  i n c u b a t o r  a t  37~ s h a k e n  for  1 m i n  eve ry  5 min,  a n d  
t h e n  cent r i fuged .  The  sed imen t ,  washed  2-3 t imes  w i t h  
p h o s p h a t e  buffer  sal ine u n t i l  s u p e r n a t a n t  r e m a i n e d  clear,  
was  r e suspended  w i t h  199M c o n t a i n i n g  10% ster i le  calf 
serum,  f i l tered t h r o u g h  s ter i le  gauze, and  suspens ion  
ad ju s t ed  to  a p r o p o r t i o n  of 3 • 105 cells/ml3; an  a m o u n t  
of i cm 3 was p u t  in to  each  s ter i le  tube ,  a n d  left  a t  37~ 
Two types  of cu l tu re  t u b e s  were used:  regu la r  ones and  
Le igh ton  tubes  s, wh ich  a l low t he  cells to  grow on a 
r e m o v a b l e  glass cover  slip. Pa ra l l e l  cu l tu res  were per form-  
ed f rom same  cell suspension,  in  s ter i le  P e t r i  dishes 
i n c u b a t e d  in a CO 2 incuba to r .  T he  t u b e s  a n d  t he  P e t r i  
d ishes  were e x a m i n e d  eve ry  d a y  ill t h e  i n v e r t e d  micro-  
scope. Cover  slips f rom t he  L e i g h t o n  t u b e s  were r e m o v e d  
a t  d i f fe ren t  in te rva l s .  Some of t he  cover  sl ips were 
e x a m i n e d  w i t h o u t  s t a in ing  in t he  phase  c o n t r a s t  micro-  
scope, t he  o thers  were s t a ined  b y  t h e  M a y - G r u n w a l d -  
Giemsa  t echn ique ,  a n d  e x a m i n e d  in t h e  b r i g h t  field micro-  
scope. Samples  of g rowth  m e d i a  (199M/10% sera) were 
t a k e n  a f te r  10 days  of i n c u b a t i o n  a n d  k e p t  a t  4~ On 
a b o u t  t h e  20 th  day,  t he  g rowth  m e d i a  was r e m o v e d  and  
rep laced  b y  m a i n t e n a n c e  med ia  (199M w i t h o u t  sera). The  
m a i n t e n a n c e  m e d i a  was changed  a t  d i f fe ren t  in te rva l s .  
All  t h e  r e m o v e d  m e d i a  samples  were c o n c e n t r a t e d  b y  
a lcohol -e ther  ex t rac t ion ,  and  presence  of h u m a n c h o r i o n -  
g o n a d o t r o p i n  t e s t ed  b y  t he  a id  of t he  h a e m a g g l u t i n a t i o n  
i n h i b i t i o n  t e s t  (HIT)  9. 

The  d e v e l o p m e n t  of t he  P e t r i  d i sh  cu l tu res  in  CO 2 
a t m o s p h e r e  was r ap id  b u t  l imi ted ,  and  degene ra t ed  cells 
could be  obse rved  2 to 3 weeks a f te r  i ncuba t ion .  I n  c o n t r a s t  

to  this ,  t h e  cu l tu res  pe r fo rmed  in t ubes  could be  k e p t  
a l ive  for 2 m o n t h s  and  more.  These  cul tures ,  pe r fo rmed  
in  regular  t ubes  as well  as in  Le igh ton ,  deve loped  r a t h e r  
rap id ly .  Several  aspec ts  could be  n o t e d  a t  d i f fe ren t  
in te rva ls .  

D u r i n g  t he  24-48 h of i ncuba t ion ,  m u l t i n u c l e a t e d  g i an t  
cells and  m a n y  ep i the lo id  po lygona l  ceils were observed,  
as well  as few f ib rob la s t  cells. 

The  m u l t i n u c l e a t e d  g i a n t  cells c o n t a i n e d  a b o u t  10-30 
nucle i  in  a pale  s t a i n e d  p ro top l a sma ,  a n d  could be  found  
u n t i l  a b o u t  t he  8 th  d a y  of cu l tu re  (Figures 1-4). Serial  
e x a m i n a t i o n  of cover  slip cul tures ,  in  t he  2nd week, 
showed groups  of ceils congrega t ing  closely a n d  s imi la r  to  
those  inc luded  in t he  ' m u l t i n u c l e a t e d  g i an t  cells ' ,  b u t  
w i t h o u t  be ing  de l imi t ed  b y  a c o m m o n  ex t e rna l  m e m b r a n e .  
The i r  p r o t o p l a s m a  was sma l l  as c o m p a r e d  to  t he  nuc leus  
a n d  increased  later .  These  cells seemed to  be  r e m a i n d e r s  
of the  p r io r  m u l t i n u c l e a t e d  g i an t  cells. (Figures 5 a n d  6). 

The  ep i the lo id  po lygona l  cell h a d  a r e l a t ive ly  large 
nuc leus  w i t h  dense  a n d  s t rong ly  s t a ined  c h r o m a t i n e  and  
some t imes  w i t h  big  nucleolus  (Figures  7-9). These  ceils 
change  t h e i r  shape  d u r i n g  t h e  in  v i t ro  evo lu t ion .  A t  6-9  
days,  t he  p r o t o p l a s m i c  edges were  more  e longa t ed  a n d  
some t imes  cu rved  (Figures 10 and  11). Af te r  t he  2nd week  
of cul ture ,  these  cells were  larger,  w i t h  large  nucle i  full  of 
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Fig. 1. 8-day-old culture, stained May-Grtinwald Giemsa (MGG). Bright field microscope. Obj. 100. 

Fig. 2. 8-day-old culture, stained MGG. Bright field microscope. Obj. 25. 

Fig. 3 and 4. 5-day-old cultures, non-stained. Phase contrast microscope. Obj. 40. 

Fig. 5 and 6.2-week-old cultures, stained MGG. Bright field microscope. Obj. 100. 

Fig. 7, 8 and 9. 5-day-old cultures, stained MGG. Bright field microscope. Obj. 100. 

Fig. 10. 9-day-old cultures, stained MGG. Bright field microscope. Obj. 25. 

Fig. 11. 9-day-old cultures, stained MGG. Bright field microscope. Obj. 100. 

Fig. 12. I-month-old culture, stained MGG. Bright field microscope. Obj. 10. 

Fig. 13. 1-month-old culture, stained MGG. Bright field microscope. Obj. 40. The big fibroblast-like cell in the middle of Figure 12 appears 
in Figure 13 as a trophobiast cell with several nucleus and large spread protoplama. Cristals can be observed in the protoplasma. 

ch romat i l l e  a n d  s t rong ly  e longa ted  p r o t o p l a s m a .  T h e i r  
sp ind le - shaped  a spec t  c an  lead a t  f i r s t  e x a m i n a t i o n  to  
confus ion  be tween  these  t r o p h o b l a s t  cells a n d  s imi la r  
e longa ted  f ib rob las t s .  A t t e n t i v e  serial  e x a m i n a t i o n  show- 
ed t h a t  m o s t  of t he  e longa ted  ' f ib rob las t - l ike  cells '  are 
ac tua l l y  t r ue  t r o p h o b l a s t s ,  as c an  be  judged  f rom t h e  
s t r u c t u r e  of t he  p r o t o p l a s m a ,  t h e  shape  of t he  nuc leus  an d  
t h e  aspec t  of t h e  c h r o m a t i n  (Figures  12 a n d  13). 

I so l a t ed  f ib rob las t s ,  or f i b rob la s t s  islets  were usua l ly  
obse rved  a f t e r  t h e  2nd week. The  H I T  r eac t i on  gave  
pos i t ive  resu l t s  in  t he  f resh ly  r e m o v e d  s u p e r n a t a n t ,  as 
well  as in  199M, wh ich  was added  a f t e r  2 weeks, 1 m o n t h  
or 75 days,  a n d  i n c u b a t e d  w i t h  t he  old cu l tu res  for a b o u t  
10 days.  

Our  resu l t s  are  s o m e w h a t  in  c o n t r a d i c t i o n  to  those  of 
o t h e r  au thors .  The  m u l t i n u c l e a t e d  g i an t  ceils were p r e s en t  
in  our  cu l tu res  for t h e  f i rs t  8 days,  a n d  no t  for  t h e  f i rs t  
16 h 1, or s t a r t i n g  on ly  a f t e r  3 days  ~, as p rev ious ly  
descr ibed.  W e  be l ieve  t h a t  these  f o r m a t i o n s  are n o t  g i a n t  

m u l t i n u c l e a t e d  cells, b u t  a t r a n s v e r s a l  sec t ion  of chor ionic  
vi l l i  c o n t a i n i n g  sync i t i a l  t rophob las t s .  These  so-called 
' g i an t  cells '  do n o t  d i s appea r ;  p r o b a b l y  t h e  e x t e r n a l  
m e m b r a n e  g r a d u a l l y  degenera tes  an d  t h e  cells s epa ra t e  
f rom each  o t h e r  f o rmi n g  groups  of congrega ted  cells, as 
we h a v e  he re in  descr ibed.  

T h e  t r o p h o b l a s t  cells do n o t  t r a n s f o r m  t h e m s e l v e s  in to  
f ibroblas t s ,  b u t  in to  f ib rob las t - l ike  cells, wh ich  keep t h e i r  
h o r m o n e  secre t ion  ac t iv i ty .  T h e  n u m b e r  of t r ue  f ib rob las t s  
was  small ,  p r o b a b l y  because  of a su i t ab le  d issec t ion  of t h e  
chor ionic  villi.  N o t  on ly  is t h e  a m o u n t  of f ib rob las t s  low, 
b u t  t h e y  seem to h a v e  a r a t h e r  slow evolu t ion .  Whereas ,  
in  regu la r  cul tures ,  f i b rob la s t s  t e n d  to fo rm full  mono-  
layers  rap id ly ,  we could n o t  f ind  f ib rob las t i c  layers  in  our  
cul tures ,  b u t  on ly  i so la ted  ceils or islets  of cells, even  a f t e r  
20 days  of i n cu b a t i o n .  T h e  ques t ion  ar ises  w h e t h e r  t h e  
presence  of t h e  h u m a n  c h o r i o n - g o n a d o t r o p i n e  or of some 
o t h e r  hormones ,  secre ted  b y  t h e  t r 0phob la s t s ,  m i g h t  be  
respons ib le  for i n h i b i t i n g  t h e  f ib rob las t s  deve lopmen t .  
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Studies  are  in  progress  in  our  l a b o r a t o r y  to e luc ida te  t h i s  
p r o b l e m  io  

Rdsumd. L '6vo lu t i on  m o r p h o l o g i q u e  des cellules t ro-  
phob la s t i ques  huma ines ,  a ins i  que  leur  p o t e n t i e l  de s4- 
cr6t ion ho rmona le ,  in  v i t ro ,  ou t  6% examin6s  p e n d a n t  
p lus  de 2 mois,  k l ' a ide  d ' u n e  t e c h n i q u e  s implif i6e de cul- 
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t u r e  de p lacen ta .  L a  s ign i f ica t ion  des cellules di tes  
*g6antes~L l ' a spec t  f i b rob la s t ique  des t r o p h o b l a s t e s  dans  
les cu l tu res  ag6es, e t  le d 6 v e l o p p e m e n t  des v ra i s  f ibro-  
b la s t e s  dans  ces cul tures ,  son t  discut6s.  
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Effect of N~O~-Dibutyryl Cyclic 3', 5'-Adenosine Monophosphate on the Pinocytosis of Brain Capilla- 
ries of Mice 

Pinocy to t i c  a c t i v i t y  i n  b r a i n  capil laries,  excep t  for 
those  capi l lar ies  of b r a i n  areas  no t  p r o t e c t e d  b y  t he  
' b lood -b ra in '  bar r ie r ,  is k n o w n  to  ope ra t e  a t  v e r y  low 
level  u n d e r  n o r m a l  cond i t ions  ~. T he  fa i lure  of p e n e t r a t i o n  
of ce r t a in  subs t ances  f rom t h e  b lood  c i rcu la t ion  in to  
b r a i n  s u b s t a n c e  ha s  a l r eady  b e e n  connec ted  w i t h  t he  low 
r a t e  of p inocytos i s  revea led  in t h e  endo the l i a l  c y t o p l a s m s  
of b r a i n  capi l lar ies  ~. I n  con t ras t ,  in  a l m o s t  eve ry  s t u d y  of 
psychological d a m a g e  of t h e  ' b lood -b ra in '  bar r ie r ,  du r ing  
wh ich  t he  cap i l l a ry  mac r om ol ecu l a r  t r a n s f e r  is usua l ly  
enhanced ,  a cons iderab le  increase  in t h e  n u m b e r  of 
p inocy to t i c  * and  coa ted  vesicles 4 has  r ecen t ly  been  
repor ted .  

The  p r e sen t  i n v e s t i g a t i o n  was des igned to e luc ida te  
w h e t h e r  t he  p inocytos i s  of capi l lar ies  in  t h e  ' b l o o d - b r a i n '  
b a r r i e r - p r o t e c t e d  b r a i n  areas  could be  in f luenced  exper i -  
m e n t a l l y  b y  t he  l ip id  soluble  s u b s t i t u t e d  d e r i v a t i v e  of 
cyclic adenos ine  m o n o p h o s p h a t e  (cAMP). 

Mice, we igh ing  a b o u t  20-25 g, were each  given,  b y  i.p. 
in jec t ion ,  a s ingle dose (10 mg/kg)  of NaO~-dibutyry l  
cyclic Y, 5 ' -adenos ine  m o n o p h o s p h a t e  ( d i b u t y r y l  cAMP,  
Sigma) dissolved in  0.1 ml  saline.  Con t ro l  mice  were g iven  
0.1 m l  sal ine so lu t ion  onlyl  T he  an ima l s  were ki l led b y  
d e c a p i t a t i o n  5 or 20 ra in  a f t e r  in jec t ion .  Smal l  cubes  of 
t h e  pa r i e t a l  cor tex  a n d  t he  cerebel lar  ve rmis  were 
f ixed  in  X a r n o v s k y ' s  a l d e h y d e  f i xa t i ve  a n d  pos t f ixed  in  
Mil lonig 's  buf fe red  osmic acid.  T h i n  sec t ions  were exam-  
ined in  a JeoI 100B e lec t ron  microscope.  P la t e s  of t h e  
non -nuc l ea r  areas  of t h e  endo the l i a l  cells to  be  m e a s u r e d  
were t a k e n  f rom r a n d o m l y  selected capi l lar ies  a t  a magn i -  

f i ca t ion  of • 30,000. Po r t i ons  of t he  endo the l i a l  c y t o p l a s m  
were ou t l ined  a n d  p l a n i m e t r i c a l l y  m e a s u r e d  on  p r i n t s  of 
f ina l  magn i f i ca t i on  • 90,000. The  p inocy to t i c  a n d  coa ted  
vesicles, b o t h  a t t a c h e d  to  t h e  I u m i n a l  a n d  a b l u m i n a l  
surfaces  a n d  ly ing  free in  t he  cy top la sm,  were c o u n t e d  for 
1 a m  ~ of endo the l i a l  c y t o p l a s m  on p r i n t s  de r ived  f rom the  
e x p e r i m e n t a l  a n d  con t ro l  groups.  The  coun t s  of vesicles 
per  u n i t  a rea  of endo the l i a l  c y t o p l a s m  in t he  e x p e r i m e n t a l  
g roups  were c o m p a r e d  s t a t i s t i ca l ly  w i t h  those  of t h e  con-  
t ro ls  us ing  t h e  S t u d e n t ' s  t- test .  

E v a l u a t i o n  of t h e  resu l t s  o b t a i n e d  is s u m m a r i z e d  in 
t he  Table .  The re  was a s ign i f i can t  increase  in t h e  n u m b e r s  
of p inocy to t i c  vesicles ly ing  free a n d  a t t a c h e d  to  t he  
b a s e m e n t  m e m b r a n e  5 a n d  20 m i n  a f t e r  t h e  t r e a t m e n t  a n d  
also in t i le  c o u n t s  of coa t ed  vesicles 5 m i n  b u t  n o t  20 m i n  
a f te r  t he  d i b u t y r y l  c A M P  a d m i n i s t r a t i o n .  A possible  r a t e  
of i nduced  p inocytos is ,  j udged  b y  c o m p a r i n g  t he  t o t a l  
coun t s  of vesicles o b t a m e d  for  b r a i n  capi l lar ies  a f te r  
d i b u t y r y l - c A M P  t r e a t m e n t  w i t h  those  p rev ious ly  r epor t -  
ed b y  BRUNS a n d  PALADE s a n d  CASLEY-SMITH 6 for 
q lood capi l lar ies  of d i a p h r a g m  and  e n d o t h e l i u m  of lym-  
pha t ics ,  respect ively ,  can  be  e s t ima ted .  I t  appea r s  t h a t  
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Effects of dibutyryl adenosine 3', 5'-cyclic monophosphate on the counts of vesicles involved in the pinocytosis of brain capillaries (mean • 
S.E.M.) 

pvp pvi pva cp ci total courtt of vesicles 

Control 0.03 4- 0.04 7.09 ~= 0.10 0.41 4- 0,02 0.05 ~= 0.06 0.55 4- 0.21 7"89 4- 0.11 

5 min 0.41 =~ 0.25 14.84 4- 0.18 4.88 4- 0.1 0.32 i 0.01 1.51 4- 0.3 22.14 ~= 0.24 

P value <0.02 <0.001 <0.001 <0.05 <0.001 <0.001 

20 min 0 15.37 4- 0.48 4.15 ~ 0.16 0.33 i 0.03 1.02 ~ 0.52 21.15 ~= 0.52 

P value - <0.001 <0.001 <0.05 <0.20 <0.001 

Legend: pvp, pinocytotie vesicles pinching off from the luminal menlbrane; pvi, pinoeytotic vesicles inside the endothelial cytoplasm; pva, 
pilloeytotic vesicles attached to the basement membrane; cp, coated vesicles pinching off from the luminal membrane; ci, coated vesicles in- 
side the endothelial cytoplasm; 0, evaluation was not nlade, n in control = 54; n in 5 mill group = 53; n in 20 rain group = 25. 


