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Differences in the N u m b e r s  of Fenestrae  Between  the Arterial  and Venous  Ends of Capil laries in the 
Adrenal  Cortex 

The capil laries in m a n y  t issues have  numerous  fenes t rae  
pene t r a t i ng  the  per iphera l  cy top lasm of the i r  endothel ia l  
cells. I t  has  been  suggested t h a t  these  fenes t rae  allow 
large molecules to  pass f rom the  t issue to the  bloodt,2.  
(This is in add i t ion  to passage  via  the  lymphat ics . )  

For  th is  hypo thes i s  to  be correct  there  are a n u m b e r  of 
theore t ica l  prerequis i tes  t h a t  mus t  be satisfied. First ly,  
fenes t rae  m u s t  be pe rmeab le  to proteins .  Despi te  some 
early con t ra ry  repor t s  a-s th is  is now es tabl ished 6, L 
Secondly,  according to Star l ing 's  hypothes is ,  t he  ne t  
hydros ta t i c -osmot ic  pressure  a t  the  ar ter ial  l imbs  of capil- 
laries is d i rec ted  ou twards  and  at  the  venous  l imbs  it is 
d i rec ted  inwards.  Thus  the  overal l  flow of ex t ravascu la r  
f luid t h r o u g h  any  t issue will be f rom the  ar ter ia l  to the  
venous  l imbs of capillaries. This bulk-flow will car ry  
prote ins  s, which  have  low diffusion velocities, t owards  the  
venous l imbs.  Here,  t h e y  will become concen t ra t ed  be- 
cause the  fluid can re -en te r  the  vessels t h rough  the  closed 
endothel ia l  junc t ions  7,~- 11, which are too nar row for the  
proteins .  I t  would be necessary,  therefore,  for fenes t rae  to 
be concen t ra t ed  on the  venous  l imbs of the  capillaries. 
This is the  case in capillaries of the  rete  mirabi le  of the  
renal  medul la  12 and swim b ladder  la, in the  in tes t ina l  
villus 3, in the  cil iary plexus  15, and in subcu taneous  capil- 
laries 14. The main  objec t ive  of th is  inves t iga t ion  was to 
see if a s imilar  a r r a n g e m e n t  exis ted  in the  capillaries of 
the  major  k ind  of t issue so far uns tud ied  - viz. t he  endo= 
crine sys tem,  and  in par t i cu la r  the  adrenal  cortex.  

Adrenal  g lands  were t aken  f rom 10 adul t  whi te  mice 
( ~ 20 g) and  f ixed in g lu ta ra ldehyde  and  osmium te t roxide .  

The specimens  were t h e n  d e h y d r a t e d  and e m b e d d e d  in 
ara ld i te  by  the  usual methods .  Dur ing  dehydra t i on  they  
were s ta ined wi th  uranyl  acetate ,  and the  sect ions were 
s ta ined  wi th  lead ci t rate .  Magnif icat ions  were checked 
wi th  a gra t ing  replica. The vascular  p a t t e r n  in the  adrenal  
cor tex of the  mouse m a d e  it possible to ident i fy  the  dif- 
ferent  ends  of the  capillaries:  the  capsule conta ins  
numerous  arterioles and  an ex tens ive  ne twork  of capil- 
laries, which  b ranch  in to  a denser  mesh  of vessels imme-  
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Fig. 1. Arterial limb of a capillary. The endothelium (E)is relatively Fig. 2. Venous limb, showing the plentiful thin endothelium and 
thick and there is only one fenestra visible (arrow). x 25,000. the frequent Ienestrae. x 25,000. 
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Arterial end Venous end Significance 
of capillaries of capillaries of difference 

F-test t-test 

Endothelium 

Fenestrae 

Junctions 

Ratio of thin endotheliuln to total endothelium 0.219 (0.0476) 0.623 (0.0306) NS 
Ix u of endothelium per [x a of tissue 2.36 (0.117) 2.33 (0.122) NS 
Diameter 61.9 (1.58) [z 73.0 (2.21) [x 
Proportion of fenestrae having diaphragms 0.938 (0.0077) 0.930 (0.0081) NS 
No. of fenestrae per [.& of endothelium 0.883 (0.237) 3.803 (0.839) 
No. of fenestrae per Ix (omitting perikaryon) 0.909 (0.242) 3.90 (0.836) o 
No. of fenestrae per Ix of thin endothelium 2.72 (0.487) 4.76 (0.221) NS 
No. of fenestrae per [x a of tissue 41.7 (11.1) 177.2 (40.4) 

No. of junctions per Ix (omitting perikaryon) 0.0976 (0.0129) 0.0477 (0.0087) NS 

c 

NS 
e 

NS 
e 

b 

b 

e 

b 

Figures in brackets are the Standard Errors. NS, p > 0.05. �9 0.05 > p > 0.01. b 0.01 > p ~> 0.001. o 0.001 > p. 

d ia t e ly  below t h e  capsule15. F r o m  th i s  s u b - c a p s u l a r  ne t -  
work,  arise s t r a i g h t  capil lar ies  wh ich  cross t h e  cor tex  a nd  
converge  into venu le s  in t he  deep cortex.  T h u s  t he  sec- 
t ions  of capil laries i m m e d i a t e l y  below the  capsule  are of 
t he  a r te r ia l  l imbs  while those  deep in the  co r t ex  are of t h e  
v e n o u s  l imbs.  Sec t ions  of 5 a r te r ia l  and  5 v e n o u s  l i m b  
capi l lar ies  f rom each  g l and  were chosen  a t  r a n d o m ,  pho to -  
g r a p h e d  a t  • 5,850 and  en la rged  • 3. A n y  w i t h  t echn ica l  
f au l t s  were re jected.  F r o m  the  r e m a i n d e r  2 were selected 
a t  r a n d o m  f rom each  end  of t he  10 glands.  F e n e s t r a e  were 
coun t ed  an d  t h e  l eng ths  of t h i ck  and  t h i n  e n d o t h e l i u m  
measu red .  (Thin  e n d o t h e l i u m  was  t a k e n  as be ing  < 100 ~x 
th i ck  - i.e. i t  was  capab le  of h a v i n g  fenestrae . )  I n  addi t ion ,  
100 ar ter ia l  an d  100 v e n o u s  f enes t r ae  were p h o t o g r a p h e d  
a t  • 28,600 a n d  enlarged  X 3. The i r  d i a m e t e r s  were 
m e a s u r e d  an d  t h e  presence  or absence  of d i a p h r a g m s  
noted .  To e s t i m a t e  the  n u m b e r  of f enes t r ae  per ~3 of 
t issue,  we p h o t o g r a p h e d  r a n d o m  fields (856 ~ )  in t he  re- 
gion of a r te r ia l  a n d  v e n o u s  l imb  capi l lar ies  and  used  t he  
sec t ion  t h i ck n es s  ( ~ 5 0  iz) to d e t e r m i n e  t he  v o l u m e  of 
t issue.  

T h e  resu l t s  are shown  in the  Table.  F e n e s t r a e  were 
a b o u t  • 4.3 more  c o m n i o n  in v e n o u s  l imb  capil lar ies  t h a n  
t h e y  were in the  ar te r ia l  l imbs.  T h i n  e n d o t h e l i u m  was  also 
more  f r e q u e n t  in t he  v e n o u s  l imbs  t h a n  in the  ar te r ia l  
ones.  More t h a n  90% of t he  fenes t rae  a t  b o t h  ar te r ia l  a n d  
v e n o u s  ends  possess  d i a p h r a g m s .  (It  is bel ieved t h a t  t hese  
p roduce  molecu la r  s iev ing  wh ich  allows t he  bulk-f low of 
f luid to  ca r ry  p ro te ins  into v e n o u s  f enes t r ae  and  w h ic h  
inh ib i t s  the  o u t w a r d  d i f fus ion  of p l a s m a  p ro te ins  2.) 

Th e  h ighe r  c o n c e n t r a t i o n  of fenes t rae  of t he  v e n o u s  
l imbs  is co n s i s t en t  wi th  t he  h y p o t h e s i s  t h a t  one of the i r  
f unc t i o n s  is to r e m o v e  excess ive  large molecules  f r om the  

t i ssues .  I t  co r re sponds  to  w h a t  ha s  been  f o u n d  in t he  o the r  
m a i n  reg ions  where  fenes t rae  occur  2,12 15. 

The  f enes t r ae  on t he  a r te r ia l  l imbs  c a n n o t  be invo lved  
in t he  c learance  of large molecules .  I n  fact ,  t h e y  are 
a b s e n t  f r om capi l lar ies  of t he  rena l  m e d u l l a  12, s w i m  
b ladde r  13 a nd  sk in  14, a nd  are  m u c h  less f r e q u e n t  t h a n  
v e n o u s  %nes t r ae  in t he  in tes t ine .  T h e y  m a y  allow large 
molecu les  to pa s s  f rom t h e  blood to t he  t i s sue  more  
r a p id ly  t h a n  t h e y  could v ia  t he  slow s y s t e m  of endo the l i a l  
vesicles  1v,18, e.g. a r te r ia l  f enes t r ae  could  p rov ide  cort ico-  
t roph ic  h o r m o n e s  w i th  r ap id  access  to  t he  g l and  cells. 
Since, however ,  a r te r ia l  f enes t r ae  are fewer t h a n  v e n o u s  
fenes t rae ,  even  w i t h  th i s  e f f lux  of molecu les  the re  could 
still  be  a ne t  r e m o v a l  of large molecu les  f rom the  t i s sue  
v ia  these  s t r u c t u r e s  2. 

Rdsumd. D a n s  le cor tex  adr4na l  des sour is  les l imbes  des 
capi l lar ies  v i e n e u x  on t  ~ 4 . 3  fenes t rae  endoth61iales  de 
p lus  que  les l imbes  art4riels.  On  e s t ime  que  ce t t e  pr6- 
pond4 ra nc e  des fenes t raes  v ieneuses ,  qu i  se r e t r o u v e  
ailleurs,  et  t r6s i m p o r t a n t e  et  p e r m e t  ~t celles-ci d ' en l eve r  
du t i ssu  les g r a nde s  mol6cules  ex t r avascu la i r e s .  
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Elektronenmikroskopischer Vergleich menschlicher Iriskapillaren bei Glaucoma simplex und bei 
Katarakt 

Die I r i skap i l l a ren  von  M e n s c h e n  u n d  Tieren  s ind  von  
m e h r e r e n  A u t o r e n  sowohl  l icht-  als s u c h  e lek t ronen-  
m ik ro sk o p i s ch  u n t e r s u c h t  worden  1 6; dabe i  wurde  s u c h  
ihre "vVichtigkeit fiir die Augenphys io log ie  he rvo rgehobe n .  
MIzuNo 6 v e r t r i t t  z u m  Beispiel  die Auf f a s sung ,  dass  die 
I r i skapi l la ren  bei  der  P r o d u k t i o n  des H u m o r  a q u a e u s  eine 
Rolle spielen. 

Material und Methoden. Mit der Abs ich t ,  die Ul t ra -  
s t r u k t u r  u n d  den  cy tophys io log i s chen  Z u s t a n d  der  

Kap i l l a r endo the l ze l l en  der  i nensch l i chen  Ir is  bei  e r h 6 h t e m  
in t r aoku l i i r em D r u c k  zu ana lys ie ren ,  h a b e n  wir  i n t r a  
o p e r a t i o n e m  ge w onne ne  I r i s s t i i ckchen  y o n  fiinf g l a u k o m -  
k r a n k e n  P a t i e n t e n  (G laucoma  s implex)  be iden  Ge- 
sch leeh tes  im  Al te r  y o n  60-69  J a h r e n  in  6 , 2 5 % i g e m  
G l u t a r a l d e h y d  vor-,  d a n n  in 1% igem OsO 4 n a c h f i x i e r t  
u n d  d a r a u f  in Ara ld i t  e ingebe t t e t .  Z u m  Vergle ich  w u r d e n  
I r i s s t i i ckchen  y o n  e inem mXnnl ichen  u n d  e ine m weib l ichen  
P a t i e n t e n  der g le ichen Al te r sk lasse  m i t  sen i lem K a t a r a k t  


