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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.  

J.  J .  ~'OLDES a n d  J~AXNA SCHWARTZ n 

Mitchell Medical Clinic, Department o/Obstetrics and 
Gynecology, Ramat Aviv, o] 'Kupat Holim' - Health 
Insurance Institution of the General Federation of 
Labour in Israel, and the Tel-Aviv University, Medical 
School, Department of Human Microbiology, Ramat Aviv 
(Israel), 23 May 7972. 

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. 
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t h e  evoked  p inocy tos i s  ope ra tes  w i t h  a p p r o x i m a t e l y  one 
q u a r t e r  t h e  ef f ic iency of t h a t  ex i s t ing  n o r m a l l y  in  capil-  
lar ies  h a v i n g  in t ense  m a c r o m o l e c u l a r  t r a n s p o r t .  

Of t h e  microves ic les  eva lua ted ,  t he  p inocy to f i c  vesicles 
are  in genera l  p r e s u m e d  to  be  of non-se lec t ive  t r a n s p o r t i n g  
e l emen t s  ~, whereas  t h e  coa t ed  vesicles  are  t h o u g h t  
to  a b s o r b  se lec t ively  a n d  ca r ry  p ro t e in s  8 in to  t he  b lood  
capil laries.  R e c e n t  s tud ies  on  t he  p e r m e a b i l i t y  of t o a d  
u r i n a r y  b l a d d e r  to  w a t e r  a n d  ce r t a i n  o the r  sma l l  molecu-  
les, in r e l a t i on  to t he  p inocy tos i s  of mucosa l  cells, h a v e  
c lear ly  i nd i ca t ed  t h a t  t he  we l l -known  p e r m e a b i l i t y -  
mod i fy ing  effect  of n e u r o h y p o p h y s e a l  h o r m o n e s  is f i rmly  
assoc ia ted  w i t h  c A M P  m e d i a t e d  i n d u c t i o n  of p inocy to -  
sis 9. 

Inc rease  in p inocy tos i s  of b r a i n  capi l lar ies  has  long been  
obse rved  in severa l  cases of pa tho log i ca l  d a m a g e  to t he  
' b l o o d - b r a i n '  b a r r i e r  ~~ n.  No h y p o t h e s i s  has,  however ,  as 
ye t  been  p u t  fo rward  to  exp la in  t he  a l t e red  cel lular  
a c t i v i t y  r e su l t i ng  f rom a n y  pa tho log ica l  c i rcumstance .  
F r o m  our  resul ts ,  t h e  f ac t  t h a t  c A M P  p lays  a key  role in  
t he  r egu la t i on  of p inocy tos i s  in  t he  b r a i n  capi l lar ies  can  
be r ead i ly  es tab l i shed .  For  t h i s  reason,  i t  m i g h t  be  
a s sumed  t h a t  an  increase  in level  of c A M P  m a y  also occur  
d u r i n g  t h e  evoked  b r e a k d o w n  of t he  ' b l o o d - b r a i n '  bar r ie r ,  
regardless  w h e t h e r  i t  is of e x p e r i m e n t a l  or pa tho log ica l  
origin.  

W h e t h e r  t he  descr ibed  f ac i l i t a t i on  of p inocytos is ,  b y  
means  of w h i c h  ce r t a i n  macromolecu le s  can  be  r ead i ly  

t r a n s p o r t e d  t h r o u g h  t h e  endo the l i um,  is effected d i rec t ly  
b y  c A M P  gene ra t ed  in t he  t i ssue  or  is a s econda ry  effect, 
s t i l l  r e m a i n s  to  be  e luc ida ted  12. 

Zusammen/assung. Die A n z a h l  der  p i n o c y t o t i s c h e n  u n d  
s t ach l igen  Vesicula  wurde  u n t e r  n o r m a l e n  B e d i n g u n g e n  
m i t  Bezug  auf  e inhe i t l i che  Gebie te  der  p i n o c y t o t i s c h e n  
Ak t iv i t t t t  der  Kap i l l a r en  yon  M/ iusegehi rnen  q u a n t i t a t i v  
cha rak te r i s i e r t .  Die P inocy tose  der  G e h i r n k a p i l l a r e n  wa r  
d u r c h  das  subs t i t u t i e l l e  cycl ische N 6 0 2 - D i b u t y r y l d e r i v a t  
des 3', 5 ' - A d e n o s i n m o n o p h o s p h a t s  s ign i f ikan t  gesteigert .  
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Effect of S e r u m  f r o m  D e p r e s s e d  and Manic  Pat ients  on Maze  Behavior  of Rats  

I n  1961 POLIAKOVA 1 r epo r t ed  t h a t  s e rum f rom p a t i e n t s  
w i t h  man ic -dep res s ive  i l lness h a d  d i f fe ren t ia l  effects  on  
t he  b e h a v i o r  of dogs in a maze.  Dogs in jec ted  in t r a -  
v e n o u s l y  w i t h  s e rum f rom depressed  p a t i e n t s  r an  t he  
maze  more  s lowly t h a n  controls .  Those  in jec ted  w i t h  
s e rum f rom m a n i c  p a t i e n t s  r an  s l ight ly ,  b u t  cons i s ten t ly ,  
f as te r  a n d  m a d e  more  errors.  This  s t u d y  has  been  c i ted in  
rev iews  of a f fec t ive  i l lness 2, a, b u t  no  f u r t h e r  work  in t h i s  
a rea  has  been  repor ted .  The  p r e s en t  s t u d y  was des igned  
to  f u r t h e r  i n v e s t i g a t e  t he  effect  of s e rum f rom manic -  
depress ive  p a t i e n t s  on  a n i m a l  behav io r .  

Fig. 1. 
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Methods. Male Sprague -Dawley  ra t s  were t r a i n e d  to 
r u n  t he  maze  i l l u s t r a t ed  in F igure  1 (adopted  f rom 
POLIAKOVA). This  maze  requ i res  a choice of 9 al leys a n d  
a l e f t - r igh t  d i s c r imina t i on  for r eward  of mo i s t  food. 
An ima l s  were food dep r ived  da i ly  f rom 07.00 h. Tria ls  
were conduc t ed  be tween  14.00 h a n d  15.00 h fol lowing 
wh ich  food was g iven  ad l ib i tum.  T ime  f rom leav ing  s t a r t  
box  to  r each ing  goal  box  a n d  n u m b e r  of errors  were 
recorded  for each  tr ial .  All  r a t s  were t r a i n e d  to a c r i te r ion  
of 5 consecu t ive  t r ia ls ,  each  u n d e r  10 sec w i t h  less t h a n  
2 errors.  On e x p e r i m e n t a l  days,  r a t s  were r u n  i m m e d i a t e l y  
before a n d  a t  0, 10, 20 a n d  30 m i n  a f te r  t a i l -ve in  in jec t ion  
of 0.4 ml  4 of s e rum f rom m a n i c  a n d  depressed  p a t i e n t s  or 
n o r m a l  controls .  S e r u m  was  in jec ted  w i t h i n  1 h of be ing  
d r a w n  and  t h e  i nves t i ga to r  r u n n i n g  t h e  an ima l s  was  
b l ind  to i ts  source. 

Seven  depressed  p a t i e n t s  d o n a t e d  s e rum a t o t a l  of 
14 t imes  for t r ia l s  in  20 d i f fe ren t  rats .  Six m a n i c  p a t i e n t s '  
s e rum was used 12 t i m e s  in 12 d i f fe ren t  ra ts .  All  p a t i e n t s  
were d rug  free for a t  l eas t  1 week  pr io r  to  t h e  expe r imen t .  
Con t ro l  se rum f rom 5 e u t h y m i c  inves t iga to r s  was used 
in 24 t r ia ls .  

P a t i e n t s  were hosp i t a l i zed  on  2 p sych ia t r i c  research  
un i t s  a t  t h e  N I M H  des igned for i n t ens ive  l ong i t ud ina l  
s t u d y  of man ic -depress ive  illness. All  p a t i e n t s  were diag- 
nosed  b y  3 s ta f f  p sych i a t r i s t s  a n d  a social worker ,  a n d  
p a t i e n t s  w i t h  o the r  t h a n  p r i m a r y  af fec t ive  i l lness were 
exc luded  f rom t h e  s tudy.  Depress ion  a n d  m a n i a  were 
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a A . T .  BECK, Depressio~ (Haper  and  Row, New York  1967), p. 160. 
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dogs (10 ml) on a ml /kg  basis. 


