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Mucosal  Vasculature after Truncal Vagotomy 

V a g o t o m y  is c o n t i n u o u s l y  ga in ing  i m p o r t a n c e  in t h e  
surgica l  t r e a t m e n t  of d u o d e n a l  ulcer.  F e w  da ta ,  how-  
ever,  h a v e  been  r e p o r t e d  up  to  n o w  a b o u t  t h e  u l t r a -  
s t r u c t u r a l  a spec t s  of vagus  sec t ion  in t h e  gas t r ic  wall .  
I t  was  cons ide red  of special  i n t e r e s t  to  i n v e s t i g a t e  t h e  
r eac t i on  of b lood  vessels  t o  t r u n c a l  v a g o t o m y  b y  m e a n s  
of t h e  e l ec t ron  microscope.  

I n  two  series  of e x p e r i m e n t s ,  a d u l t  mongre l  dogs  were  
v a g o t o m i z e d  w i t h o u t  d r a i n a g e  p r o c e d u r e  a n d  a l lowed to  
su rv ive  3 h, 1-7 days ,  as well  as 2 a n d  4 weeks  a f t e r  
d e n e r v a t i o n .  

Subsequen t ly ,  t h e  a n i m a l s  were  l a p a r o t o m i z e d  a n d  
a f t e r  careful  e x a m i n a t i o n  for  s igns of u lcera t ion ,  speci-  
m e n s  of t he  gas t r ic  m u c o s a  were  t a k e n  for  e l ec t ron  
microscopy .  

Tissue  b locks  were  f ixed  w i t h  g l u t a r a l d e h y d e  a t  0 -4  °C. 
T h e y  were t h e n  w a s h e d  in buf fe r  so lu t ion  a n d  pos t f ixed  
w i t h  a 1% so lu t ion  of osmic acid.  The  b locks  were dehy -  
d r a t e d  in e t h a n o l  a n d  e m b e d d e d  in E p o n  812. Sec t ions  
were cu t  w i t h  a R e i c h e r t - U l t r a m i k r o t o m ,  s t a i ned  w i t h  
u r a n y l  a c e t a t e  a n d  lead c i t r a t e  a n d  e x a m i n e d  w i t h  a 
Zeiss e lec t ron  microscope .  

A n u m b e r  of s h a m - o p e r a t e d  a n i m a l s  were  r u n  as  con- 
t ro l s  in  o rde r  to  e s t a b l i s h  t h e  bas ic  f ea tu re s  of mucosa l  
v a s c u l a t u r e  as well  as  to  exc lude  a n y  in f luence  of  narcos i s  
u p o n  b lood  vessels.  

Results. The  p r e s e n t  resu l t s  are  based  on  t h e  e x a m i n a -  
t i on  of a b o u t  10,000 u l t r a - t h i n  sect ions.  F igu re  1 r e p r e s e n t s  
a cap i l l a ry  of a con t ro l  an ima l .  The  l u m e n  is filled w i t h  
a f loccu len t  m a t e r i a l  a n d  t h e  nuc leus  shows  i n v a g i n a t i o n s  
w h i c h  a re  t yp i ca l  for  endo the l i a l  cells. Clus te rs  of r ibo-  
somes,  p inocy t i c  vesicles,  scarce  m i t o c h o n d r i a  a n d  t h e  
Golg i -complex  a re  p r e s e n t  in t h e  c y t o p l a s m .  The  whole  
cell is s u r r o u n d e d  b y  a well  deve loped  b a s e m e n t  m e m -  
b rane .  

As ear ly  as 3 h a f t e r  n e r v e  sect ion,  t h e  m a j o r i t y  of 
b lood  capi l lar ies  show a m a r k e d  cons t r i c t i on  w h i c h  per-  
s is ts  u n t i l  t h e  14 th  day ,  t h o u g h  to  a lesser  e x t e n t .  4 weeks  

a f t e r  v a g o t o m y  b lood  vessels  h a v e  a s s u m e d  a n o r m a l  
l u m e n  size. T h e  in i t i a l  i s chemia  causes  a n u m b e r  of  
a l t e r a t i o n s  in  t h e  en d o t h e l i a l  cell. I n  t h e  m a j o r i t y  of 
capi l lar ies  t h e  nuc leus  is swol len (Figure  2) a n d  t h e  
n u m b e r  of p inocy t i c  vesicles  is r educed .  A t  p laces  t h e  
e n d o p l a s m i c  r e t i c u l u m  is d i s soc ia ted  or  d i l a t ed  a n d  t h e  
m i t o c h o n d r i a l  m a t r i x  is swollen.  A l t h o u g h  these  a l t e r a -  
t i o n s  c an  st i l l  be  d e t e c t e d  u p  to  t h e  14 th  d a y  a f t e r  t r u n c a l  
v a g o t o m y ,  no  comple t e  d e g e n e r a t i o n  or  d i s soc ia t ion  of  
b lood  vessels  was  eve r  seen. Swel l ing of t h e  e n d o t h e l i a l  
cells m a y  pe r s i s t  even  a f t e r  capi l lar ies  h a v e  a s s u m e d  a 
n o r m a l  wid th .  

Discussion. T h e  p r e s en t  e l ec t ron  microscopic  f i nd ings  
c o r r e s p o n d  s t r i k ing ly  well  to  t h e  r e su l t s  o b t a i n e d  b y  
p r e v i o u s  inves t iga to r s .  T h e r e  is a u n a n i m o u s  a g r e e m e n t  
t h a t  v a g o t o m y  causes  a r e d u c t i o n  in  gas t r i c  b lood  flow. 

I n  1961 ~NYLANDER a n d  OLERUD 1 i n j ec t ed  h i s t a m i n e  
i n to  r a t s  w h i c h  h ad  been  v a g o t o m i z e d  4 weeks  p r e v i o u s l y  
a n d  found  t h a t  t h e  n u m b e r  of mucosa l  a r te r io les  was  
r ed u ced  a n d  t h a t  t h e  capi l la r ies  were  p rac t i ca l l y  e m p t y .  
T h e y  conc luded  t h a t  v a g o t o m y  reduced  mucosa l  f low 
b y  o p en i n g  s u b m u c o s a l  a r t e r i o v e n o u s  s h u n t s ,  t h e r e b y  
a l lowing  b lood  to  b y p a s s  t h e  mucosa .  La te r ,  PETER e t  
al. 2, u s ing  a n  e l e c t r o m a g n e t i c  f l o w m e t e r  p laced  a r o u n d  
a gas t roep ip lo ic  a r t e r y  in 3 dogs  conc luded  t h a t  v a g o t o m y  
p r o d u c e d  a 30% r e d u c t i o n  in t o t a l  flow. RUDICK e t  
al. 3,4 r e p o r t e d  t h a t  in  all  6 dogs t h e y  h a d  sub j ec t ed  to  
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Fig. 1. Capillary in the gastric mucosa of 
a control animal. L, lumen; N, nucleus; 
R, ribosomes; PV, pinocytic vesicles; M, 
mitochondrion; BM, basement membrane. 
× 18,000. 
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Fig. 2. Capillary in the gastric mucosa 2 
days after truncal vagotomy. The nucleus (N) 
is swollen and the lumen (L) is extremely 
constricted. PV, pinoeytic vesicles; SM, 
swollen mitochondrion; BM, basement mem- 
brane. × 18,000. 

v a g o t o m y  t h e r e  was a 4 5 %  decrease  in gas t r i c  b lood  
flow. BALLINGER et  al. 5 f o u n d  t h a t  t o t a l  s u b d i a p h r a g m a t i c  
v a g o t o m y  in 10 dogs r e su l t ed  in a n  ave rage  r e d u c t i o n  of 
4 2 %  in b lood  f low t h r o u g h  t h e  c o m m o n  mesen te r i c  ve in  
as  m e a s u r e d  w~th a n o n c a n n u l a t i n g  s q u a r e - w a v e  electro-  
m a g n e t i c  f lowmeter .  T h e y  conc luded  t h a t  t h e  mucosa l  
a t r o p h y  of t h e  sma l l  i n t e s t i ne  occur r ing  a f t e r  d iv i s ion  
of p a r a s y m p a t h e t i c  ne rves  s is due  to  a r e d u c t i o n  in 
mesen te r i c  b lood  flow. Th i s  i schemic  d a m a g e  resu l t s  f rom 
u n o p p o s e d  s y m p a t h e t i c  a c t i v i t y  u p o n  t h e  i n t e s t i n a l  
va scu l a tu r e .  PADULA et  a l3  d e t e r m i n e d  t h e  b lood  flow 
w i t h i n  t h e  vil l i  of t h e  smal l  i n t e s t i ne  of dogs a f t e r  vago-  
t o m y .  T h e y  f o u n d  a decrease  of 4 0 %  while  the  mucosa  
b e c a m e  pa le  a n d  t h e  vessels  w i t h i n  t h e  vil l i  con t r ac t ed .  
T h u s  t h e  o b s e r v e d  decrease  in m e s e n t e r i c  b lood  flow a n d  
v a s c u l a r i t y  of t h e  m u c o s a  of t h e  smal l  i n t e s t ine  a f t e r  
v a g o t o m y  m a y  p roduce  mucosa l  i s chemia  a n d  t h e r e b y  
cause  a t r o p h y  of t h e  vill i .  

F ina l ly ,  BELL a n d  BATTERSBY 8 m e a s u r e d  t h e  mucosa l  
f low a lone  b y  us ing  t h e  c lea rance  of label led  k r y p t o n  
f rom t h e  gas t r i c  m u c o s a  in t he  dog as a n  i ndex  of flow. 
T h e y  f o u n d  t h a t  v a g o t o m y  caused  a r e d u c t i o n  in mucosa l  
b lood  f low w h i c h  va r i ed  f rom 29% to  74% in 10 of t h e  
12 dogs used. Of p a r t i c u l a r  i n t e r e s t  was  t he  s u d d e n  
n a t u r e  of t h e  r e d u c t i o n  in mucosa l  flow wh ich  r egu la r ly  
occur red  w i t h i n  5 m i n  of n e r v e  section.  The  m e a s u r e m e n t  
was  ca r r ied  o u t  for a b o u t  2-3  h a f t e r  n e r v e  sec t ion  in 
w h i c h  t i m e  no  r ecove ry  was a p p a r e n t .  Th i s  is wel l  in  
acco rdance  w i t h  our  f i nd ing  t h a t  3 h a f t e r  v a g o t o m y  
capi l lar ies  a p p e a r  cons t r i c ted ,  as r evea led  b y  t h e  e l ec t ron  
microscope .  

The  ques t ion  as  to  w h e t h e r  t h e  a b o v e - m e n t i o n e d  a c u t e  
changes  in b lood  f low a n d  v a s c u l a r i t y  pe r s i s t  ove r  a 
long  pe r iod  of t i m e  was answered  b y  DELANEY 9. B y  
us ing  t h e  r a d i o r u b i d i u m  d i s t r i b u t i o n  t e c h n i q u e  he  f o u n d  

no  s ign i f ican t  c h a n g e  in mucosa l  t low 4 - 6  weeks  a f t e r  
t r u n c a l  v a g o t o m y .  His  resu l t s  sugges t  t h a t  v a g a l  sec t ion  
has  no  l o n g - t e r m  effect  on  mucosa l  flow. Th i s  f i nd ing  
has  also been  c o n f i r m e d  b y  t h e  e lec t ron  microscope .  

F r o m  t h e  a b o v e - m e n t i o n e d  resu l t s  of d i f f e ren t  inves t i -  
ga to rs  a n d  t h e  p r e s e n t  morpho log ica l  f indings ,  i t  c an  be  
conc luded  t h a t  t r u n c a l  v a g o t o m y  causes  a t r a n s i t o r y  
i schemia  w i t h  r e d u c t i o n  in gas t r ic  b lood  flow. To w h a t  
e x t e n t  t h e  s u b s t r u c t u r e  of s ec re to ry  cells m a y  be  a f fec ted  
b y  i s chemia  will  be  r e p o r t e d  in a f u t u r e  p u b l i c a t i o n  1°. 

Zusammenfassung. Der  E in f luss  de r  t r u n k u l i i r e n  Vago-  
t o m i e  w u r d e  a n  d e r  g a s t r i s ch en  Mukosa  v o n  H u n d e n  
e l e k t r o n e n m i k r o s k o p i s c h  u n t e r s u c h t .  D a b e i  k o m m t  es zu 
e iner  sehr  d e u t l i c h e n  V e r e n g u n g  de r  K a p i l l a r e n  m i t  Ab-  
w e i c h u n g e n  d e r  E n d o t h e l z e l l e  v o n d e r  N o r m a l s t r u k t u r .  
Der  ischAmische E f f e k t  de r  V a g o t o m i e  s e t z t  sofor t  ein 
u n d  is t  n a c h  4 W o c h e n  fas t  vollst~indig au fgehoben .  
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About the Transformation of the Interst i t ium in the Ovary of Mammals  and Women during the Age 
of Prepuberty 

As t h e  r e su l t  of ou r  h i s togene t i c  a n d  h i s t ochemica l  
s tud ies  of t h e  o v a r y  of t h e  gu inea -p ig  d u r i n g  i t s  pos t -  
n a t a l  per iod,  we obse rved  a p h e n o m e n o n  wh ich  we cal led 
isofolliculia.  Th i s  p h e n o m e n o n  is cha rac t e r i zed  b y  t h e  
ev idence  of follicles a l m o s t  of one  size a n d  t o t a l  enzymic  

i n a c t i v i t y  in t h e  i n t e r s t i t i u m .  I t  was  obse rved  in 30-day-  
old an imals .  

427 ovar ies  t a k e n  f rom guinea-p igs  d u r i n g  t h e i r  pos t -  
n a t a l  pe r iod  a n d  ovar ies  t a k e n  f rom 5 girls  whose  ages  
were b e t w e e n  91/~-11 years ,  were  s tud ied .  Bes ides  t h e  


