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u p p e r  u r i n a r y  t r ac t .  T h e  p resence  of o t h e r  f luo rescen t  
ne rves  seeming ly  u n r e l a t e d  to  s u b m u c o s a l  vessels  requ i res  
f u r t h e r  cons ide ra t ion .  Some  n e r v e s  h a v e  b e e n  o b s e r v e d  
to  l eave  vessels  a n d  r u n  for  p a r t  of t h e i r  course  unasso -  
c ia ted  w i t h  t h e  v a s c u l a r  s u p p l y  of t h e  region.  However ,  
a n u m b e r  of o the r s  h a v e  been  fol lowed in  semi-ser ia l  
sec t ions  a n d  these  r e m a i n e d  u n r e l a t e d  to  vesse ls  t h r o u g h -  
o u t  t h e i r  s u b m u c o s a l  course.  B o t h  ELBADAWI a n d  
SCHENK 3 a n d  DUARTE-ESCALANTE e t  al. 4 desc r ibed  
ad rene rg ic  n e r v e s  r e l a t ed  to  f luo rescen t  gang l ion  cells 
a n d  t h e  l a t t e r  worke r s  n o t e d  o t h e r s  e n d i n g  n e a r  c h r o m -  
a f f in  cells in  t h e  ep i the l i um.  B a s e d  o n  t h e  r e su l t s  of t h e  
p r e s e n t  i n v e s t i g a t i o n  a n d  on  those  of a n  ear l ie r  s t u d y  s, 

n e i t h e r  gang l ion  cells n o r  c h r o m a f f i n  cells c an  be  r ega rded  
as poss ib le  e f fec tor  s i tes  s ince  these  h a v e  n o t  been  iden-  
t i f ied  in  a n y  of t h e  p r e p a r a t i o n s .  As a n  a l t e r n a t i v e  exp la -  
n a t i o n ,  some  of t h e  n e r v e s  p r e s e n t l y  d e m o n s t r a t e d  could  
in f luence  o the r s  wh ich  were u n d e t e c t e d  b y  t h e  p r e s e n t  
m e t h o d .  I n  t h i s  c o n t e x t  i t  is n o t e w o r t h y  t h a t  chol in-  
e s t e r a s e - co n t a i n i n g  n e r v e s  h a v e  b e e n  desc r ibed  in  t h e  
u re te r i c  s u b m u c o s a S - L  F ina l ly ,  in  t h e  ab s en ce  of a n y  
o b v i o u s  ef fec tor  s i te  t h e  poss ib i l i ty  ex is t s  t h a t  some  
c a t e c h o l a m i n e - c o n t a i n i n g  n e r v e s  in  t h e  s u b m u c o s a  m a y  
p e r f o r m  a sensory  func t ion .  A de t a i l ed  l i gh t  a n d  e l ec t ron  
microscopic  i n v e s t i g a t i o n  h a s  b e e n  u n d e r t a k e n  on  t h e  
reg ion  in t h e  hope  of f u r t h e r  r e so lv ing  some of these  
possibi l i t ies .  

Rdsumd. Les  ner f s  de  la  s u b m u q u e u s e  de  l ' u r6 t r e  des  
R o n g e u r s  examin6s  c o n t i e n n e n t  de  la  m o n o a m i n e .  Les 
u n s  a c c o m p a g n e n t  les v a i s s e a u x  sanguins ,  d ' a u t r e s  en  
s o n t  i n d 6 p e n d a n t s .  I l s  ne  s ' 6 t e n d e n t  p a s  au  delA de la  
couche  inf6r ieure  de  l '6pi th61ium. Les  cel lutes  gangl ion-  
na i re s  e t  c h r o m a f f i n e s  s e m b l e n t  m a n q u e r .  Le  r61e pos-  
s ib le  des ner fs  c o n t e n a n t  de  la c a t 6 c h o l a m i n e  sans  ~tre 
reli6s A u n  616ment e f fec teur  es t  discut6.  
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Fig. 2. Oblique section through the rabbit ureter showing nerves 
related to a submucosal artery (A). Cateeholamine-containing nerves 
are also seen in the ureteric muscle (M) and in the submucosa 
{arrows) unrelated to vessels. 
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Amniot ic  Fluid Volume in Experimental ly  Induced Renal A~enesis  and Anencephaly 

T h e  p r o b l e m  of t h e  source  of a m n i o t i c  f lu id  h a s  n e v e r  
been  a d e q u a t e l y  se t t led .  Var ious  sugges t ions  as to  t h e  
or ig in  of t h i s  f lu id  h a v e  inc luded :  d i r ec t  sec re t ion  f rom 
t h e  a m n i o t i c  e p i t h e l i u m  1, t r a n s u d a t i o n  f rom t h e  f e t a l  
p h a r y n x  2, l u n g  s, umb i l i c a l  cord  4, or  m a t e r n a l  a n d  fe t a l  
blood, as  well  as d i r ec t  exc re t ion  of u r ine  i n t o  t h e  a m n i o t i c  
c a v i t y L  I t  is of i n t e r e s t  to  no t e  t h a t  c e r t a i n  a b n o r m a -  
l i t ies  of p r e g n a n c y ,  as  wel l  as  f e t a l  c o n g e n i t a l  m a l f o r m a -  
t ions ,  h a v e  b e e n  assoc ia ted  w i t h  changes  in  a m n i o t i c  
f lu id  v o l u m e  a n d  h a v e  been  used  as t h e  bas i s  of h y p o t h e -  
ses s u p p o r t i n g  ce r t a i n  theor i e s  of a m n i o t i c  f lu id  m e t a b o -  
l ism. Of  t h e  congen i t a l  m a l f o r m a t i o n  group,  t h e  pol-  
h y d r a m n i o s  assoc ia ted  w i t h  e sophagea l  a t r e s i a  is ac-  
c o u n t e d  for  on  t h e  bas i s  of fe ta l  i n a b i l i t y  to  swal low 
a m n i o t i c  f lu id  a n d  i ts  s u b s e q u e n t  fa i lure  to  be  a b s o r b e d  
f rom t h e  g a s t r o i n t e s t i n a l  t r a c t L  Likewise,  t h e  poly-  
h y d r a m n i o s  assoc ia ted  w i t h  a n e n c e p h a l y  h a s  b e e n  a t t r i -  
b u t e d  n o t  on ly  to  t h e  decreased  d e g l u t i t i o n  in t h i s  ma l -  
f o r m a t i o n  e b u t  also to  t h e  p r o d u c t i o n  of ce reb rosp ina l  
f lu id  d i r ec t l y  i n to  t h e  a m n i o n  f rom t h e  exposed  b u t  
i n t a c t  cho ro id  p l exus  a n d  men inges  1. O n  t h e  o t h e r  h a n d ,  
b i l a t e r a l  r ena l  agenes is  in  t h e  h u m a n  fe tus  ha s  o f t en  
been  assoc ia ted  w i t h  t h e  v i r t u a l  absence  of a m n i o t i c  
f luid 7 a l t h o u g h  t h e r e  is some l inger ing  c o n t r o v e r s y  on  
t h i s  po in t s .  These  l a s t  o b s e r v a t i o n s  h a v e  led to  t h e  con-  
c lus ion  t h a t  t h e  p r o d u c t i o n  of t h e  fe ta l  u r ine  m a y  be  

a n  i m p o r t a n t  m e c h a n i s m  in m a i n t a i n i n g  a m n i o t i c  f lu id  
volume.  

Our  i n t e r e s t  a n d  a t t e n t i o n  h a s  b e e n  d r a w n  to  a n  
e x p e r i m e n t a l  m o d e l  as  a m e t h o d  of e v a l u a t i n g  t h e  role  
of t h e  f e t a l  k i d n e y s  in  t h e  p r o d u c t i o n  a n d  m a i n t e n a n c e  
of t h e  a m n i o t i c  f luid vo lume,  as well  as to  e v a l u a t e  t h e  
r e l a t i o n s h i p  of a m n i o t i c  f lu id  v o l u m e  to  o t h e r  congen i t a l  
m a l f o r m a t i o n s .  T h e  e x p e r i m e n t a l  i n d u c t i o n  of r e n a l  
agenes is  in  h a m s t e r  e m b r y o s  fo l lowing t r e a t m e n t  of 
p r e g n a n t  m o t h e r s  w i t h  s o d i u m  a r s e n a t e  9 p r o v i d e d  t h e  
bas is  of t h i s  s tudy .  Because  t h e  m e t h o d  of i n d u c i n g  
r e n a l  m a l f o r m a t i o n s  b y  a d m i n i s t r a t i o n  of s o d i u m  arse-  
n a t e  also i n d u ces  o t h e r  m a l f o r m a t i o n s ,  t h e  s t u d y  i nc luded  
cor re la t ions  of a m n i o t i c  f lu id  v o l u m e  w i t h  these  o t h e r  
d e v e l o p m e n t a l  abno rma l i t i e s .  

Materials and methods. F e m a l e  h a m s t e r s ,  b r e d  to  m a l e s  
in  a m a n n e r  p r e v i o u s l y  desc r ibed  9, were  i n j ec t ed  i.v. 
w i t h  20 m g / k g  of s o d i u m  a r s e n a t e  on  t h e  8 th  d a y  of 
ges ta t ion .  T h e  a n i m a l s  were  sacr i f iced on  t h e  m o r n i n g  
of t h e  15 th  d a y  of ges ta t ion ,  20 h p r io r  to  t e rm .  T h e  
u t e r u s  was  r e m o v e d  a n d  each  e m b r y o  was  r e m o v e d  f r o m  
t h e  u t e r u s  w i t h i n  i t s  s u r r o u n d i n g  a m n i o t i c  yo lk  sac  m e m -  
branes .  I f  a n y  f lu id  was los t  d u r i n g  t h i s  d issect ion,  t h e  
f lu id  v o l u m e  was  n o t  m e a s u r e d  n o r  i nc luded  in  t h e  d a t a .  
T h e  i n t a c t  un i t ,  i nc lud ing  t h e  f e tus  w i t h i n  t he se  m e m -  
b ranes ,  was  t h e n  q u i c k l y  r insed  in n o r m a l  sa l ine  a n d  
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dr ied  w i t h  gauze.  T h i s  u n i t  was  t h e n  s u s p e n d e d  ove r  
t a r e d  b e a k e r s  a n d  t h e  m e m b r a n e s  r u p t u r e d ,  t a k i n g  
specia l  ca re  n o t  to  t e a r  b lood  vessels  of  t h e  yo lk  sac 
m e m b r a n e .  All  of t h e  a m n i o t i c  f lu id  was  t h u s  a l lowed 
to  d r a i n  in to  t h e  beaker ,  t h e  e m b r y o  be ing  s u s p e n d e d  
b y  i t s  umbi l i ca l  cord. T h e  n e t  w e i g h t  of t h e  a m n i o t i c  
f lu id  was  t h e n  d e t e r m i n e d  a n d  t h i s  w e i g h t  c o n v e r t e d  
to  a n i n i o t i c  f lu id  vo lume .  I f  a n y  t r ace  of b lood  in t h e  
n o r m a l l y  c lear  f lu id  was  noted ,  t h e  spec imen  was  con-  
s idered  to  be  c o n t a m i n a t e d  a n d  was  n o t  used. However ,  
in  t hose  cases of a n e n c e p h a l y  whe re  t h e  a m n i o t i c  f lu id  
was  gross ly  blood, y even  w h e n  o b s e r v e d  in  u t e r o  t h e  
e n t i r e  s a m p l e  of  a m n i o t i c  f lu id  was  col lec ted  a n d  meas-  
ured.  A few spec imens  of  a m n i o t i c  f lu id  were  o b t a i n e d  
b y  d i rec t  a s p i r a t i o n  w i t h  a need le  a n d  sy r inge  f rom t h e  
a m n i o t i c  sac. However ,  i t  was  n o t  poss ib le  to  a sp i r a t e  
t h e  t o t a l  v o l u m e  of a m n i o t i c  f lu id  b y  need le  p u n c t u r e  
a n d  t h i s  m e t h o d  was  a b a n d o n e d .  Chemica l  ana lyses  for  
t o t a l  p ro t e in ,  b lood  u r e a  n i t rogen ,  s o d i u m  a n d  p o t a s s i u m  
in  a m n i o t i c  f lu id  f r o m  2 n o r m a l  embryos ,  1 exencepha l i c  
e m b r y o  a n d  1 e m b r y o  w i t h  b i l a t e r a l  r ena l  agenesis  were 
done.  

All  of t h e  fe tuses  were  e x a m i n e d  e x t e r n a l l y  for  gross  
m a l f o r m a t i o n s  a n d  t h e n  f ixed  in B o u i n ' s  f luid.  Fo l lowing  
f ixa t ion ,  t h e  fe tuses  were  d i s sec ted  for  i n t e r n a l  ma l fo r -  
m a t i o n s .  

Results. T h e  d a t a  are  s u m m a r i z e d  in  t h e  Figure .  T h e  
e m b r y o s  were  d iv ided  in to  5 g roups :  1. u n i n j e c t e d  con-  
t rois ,  2. t hose  i n j ec t ed  w i t h  s o d i u m  a r s e n a t e  b u t  w h i c h  
d id  no t  show a n y  m a l f o r m a t i o n s ,  3. t hose  in j ec t ed  w i t h  
s o d i u m  a r s e n a t e  t h a t  r evea l ed  m a l f o r m a t i o n s  o t h e r  t h a n  
b i l a t e r a l  r e n a l  agenes i s  or  a n e n c e p h a l y - e x e n c e p h a l y  (r ib  
m a l f o r m a t i o n s ,  o t h e r  g e n i t o - u r i n a r y  a b n o r m a l i t i e s ,  c le f t  
l i p /pa l a t e ,  a n d  a n o p h t h a l m i a ) ,  4. t hose  e m b r y o s  w i t h  
b i l a t e r a l  r e n a l  agenes is  w i t h  or  w i t h o u t  o t h e r  m a l f o r m a -  
t i ons  b u t  w i t h o u t  a n e n c e p h a l y - e x e n c e p h a l y ,  a n d  5. t hose  
w i t h  a n e n c e p h a l y - e x e n c e p h a l y  w i t h  or  w i t h o u t  o t h e r  
m a l f o r m a t i o n s  b u t  w i t h o u t  b i l a t e r a l  r e n a l  agenesis .  As  
s h o w n  in  t h e  Figure ,  t h e  n u m b e r  (N) of  o b s e r v a t i o n s  
for  e ach  g roup  as  wel l  as  t h e  r a n g e  a n d  m e a n  (M) of 
t h e  o b s e r v a t i o n s  is g iven.  On ly  g r o u p  5, those  showing  
a n e n c e p h a l y - e x e n c e p h a l y ,  r evea led  a s t a t i s t i c a l l y  signifi-  
c a n t  increase  in  a m n i o t i c  f lu id  v o l u m e  o v e r  t h e  con t r o l  
g roups  as  wel l  as  o t h e r  g roups  (p < 0.00001). Al l  of t h e  
a m n i o t i c  f lu id  s a m p l e s  o b t a i n e d  f rom t h e  e x - a n e n c e p h a l i c  
g roups  were  v a r i o u s l y  hem or r hag i c ,  r a n g i n g  f rom mi ld  to  
gross ly  b loody.  

A l t h o u g h  c h e m i c a l  d e t e r m i n a t i o n s  were  done  on  insuf-  
f i c ien t  n u m b e r s  of s amp le s  t h e  one  a m n i o t i c  f lu id  s a m p l e  
f r o m  t h e  e m b r y o  w i t h  b i l a t e r a l  r e n a l  agenes is  showed  a 
decrease  (35 rag /100  ml)  in  b l o o d  u r e a  n i t r o g e n  as  com-  
p a r e d  to  con t ro l s  (52 mg/100  ml)  a n d  e a c h  of t h e  2 
s amp le s  f r o m  t h e  a n e n c e p h a l i c  a n d  r ena l  agenes is  em-  
b ryos  showed  e l e v a t e d  p o t a s s i u m  levels  (18.4 meq/1) as  
c o m p a r e d  to  con t ro l s  (13.5 meq/ l ) .  

Discussion. T h e  t e c h n i q u e  for  co l lec t ion  of  a m n i o t i c  
f lu id  v o l u m e  in  t he se  e x p e r i m e n t s  is t h e  s a m e  as  t h a t  
used  b y  PURDY a n d  HILLEMANN 1° in t h e  go lden  h a m s t e r .  
D a t a  f o r , c o m p a r a b l e  s tages  in  g e s t a t i o n  showed  a s l igh t ly  
g r ea t e r  v o l u m e  of a m n i o t i c  f lu id  for  ou r  con t r o l  e m b r y o s  
(0.58 m l :  0.46 ml) .  Our  d a t a  are  de r ived  f r o m  i n d i v i d u a l  
m e a s u r e m e n t s  of e ach  of 58 s e p a r a t e  fe tuses ,  wh i l e  t h e i r  
d a t a  a re  t h e  a v e r a g e  for  e a c h  l i t te r .  T h e  m e t h o d  of  ave r -  
a g i n g  m a y  e x p l a i n  t h e  lower  va lues ,  s ince  a n y  s l igh t  
e r ro r  in  co l lec t ion  would  t e n d  to  d i m i n i s h  t h e  ave r age  
value .  

B i l a t e r a l  r e n a l  agenes is  is a n  u n c o m m o n  e v e n t  in  
h u m a n  d e v e l o p m e n t .  A l t h o u g h  few, if any ,  q u a n t i t a t i v e  
m e a s u r e m e n t s  h a v e  b e e n  m a d e  o n  a m n i o t i c  f lu id  v o l u m e s  
in  h u m a n  n e w - b o r n s  a f fec ted  w i t h  t h i s  m a l f o r m a t i o n ,  i t  

is t h e  a l m o s t  u n a n i m o u s  c l inical  i m p r e s s i o n  t h a t  t h e  
a m n i o t i c  f lu id  v o l u m e  is cons ide r ab ly  reduced .  Oligo- 
h y d r a m n i o s  h a s  also been r epo r t ed  in t he  cases of ob-  
s t r u c t i o n  of  t he  u r i n a r y  t r a c t  outf low. These  o b s e r v a t i o n s  
fo rm the  bas i s  of t h e  h y p o t h e s i s  t h a t  fe ta l  u r ine  is an  
i m p o r t a n t  c o m p o n e n t  in  m a k i n g  u p  a m n i o t i c  f lu id  vo lume .  

GIROUD a n d  ~ARTINET 11 h a v e  r e p o r t e d  a n  excess  of  
a m n i o t i c  f lu id  in  r a t  fe tuses  w i t h  a n e n c e p h a l y  i n d u c e d  
b y  h y p e r v i t a m i n o s i s  A. Also, GULIENETTI e t  al.:z, u t i l i z ing  
a rad io - i so tope  d i l u t i o n  m e t h o d  for d e t e r m i n i n g  a m n i o t i c  
f lu id  vo lume,  h a v e  r e p o r t e d  a n  increase  in a m n i o t i c  f lu id  
v o l u m e  in r a t  fe tuses  w i t h  s o d i u m  sa l i cy l a t e - induced  
a n e n c e p h a l y .  I t  is of  i n t e r e s t  to  n o t e  t h a t  two  cases of 
h u m a n  n e w - b o r n s  w i t h  b i l a t e r a l  r ena l  agenesis  a n d  
i n i encepha ly  were  r e p o r t e d  to  h a v e  n o r m a l  or  inc reased  
a m o u n t s  of a m n i o t i c  f lu id  ~s. I n  a d d i t i o n  to  t h e  poss ib i l i ty  
t h a t  t h e  inc reased  a m n i o t i c  f lu id  f o u n d  in a n e n c e p h a l y  
m i g h t  be  due  to  c o n t i n u o u s  sec re t ion  of c e r eb rosp ina l  
f lu id  d i r ec t ly  i n to  t h e  a m n i o t i c  sac  ~, i t  m i g h t  also be  
cons ide red  to  be  a r e su l t  of inc reased  onco t i c  p ressu re  
because  of t he  p resence  of  s e r u m  pro te ins .  

T h e  m e c h a n i s m  of t h e  f o r m a t i o n  of t h e  a m n i o t i c  c a v i t y  
in  those  v e r t e b r a t e s  possess ing  such  m e m b r a n e s  (amnio-  
tes) differs  a m o n g  t h e  va r i ous  species. A m n i o n  f o r m a t i o n  
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Anencephal~/, anti exencephaly 

0 0.5 I~ tSm! 

Amniotic f~uia 

A comparison of the volume of amniotic fluid in m. of 15-day-old 
hamster embryos following i.v. injection of sodium arsenate on the 
8th day of pregnancy. For a description of the animals in each group 
see text. N = Total number of embryos in each group. M = mean 
volume per group. 
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is the result of either a process of sudden cavitation of 
the inner cell mass or a folding process involving the 
lateral edges of the embryonic disc ~4. Fluid has been 
noted in the amniotic sacs of some blighted human ova, 
and fluid is also present in very early human pregnancies 
before organ differentiation has progressed very far Is, I t  
is possible that  the actual production and metabolism 
of amniotic fluid varies from one species to another, and 
given the variety of differences in mammalian extra- 
embryonic membranes, it would be difficult to extra- 
polate data from one species to another. However, the 
fundamental  nature of the evolution of this membrane 
suggests some common denominator of function and 
purpose in all of the amniotes. From the data  in our 
experiments, however, i t  is clear tha t  in the hamster, 
the fetal urine plays little or no role in the maintenance 
of amniotic fluid volume is. 

Zusammen/assung. Experimentel le  Priifung beim Gold- 
hamster, Mesocricetus auratus, ob Nieren- oder Gehirn- 
missbildungen einen Einfluss auf die Quantit~it der 
Amnionfliissigkeit ausiiben, was nur fiir die Gehirn- 
missbildungen bejaht  werden konnte. 

V. H. FERM and A. SAXON 
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Dartmonth Medical School, 
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Ultras tructura l  Cha nges  in Rat  Liver Cells  After 

Rats bearing Walker tumors-exhib i t  an increase in 
liver weight with a decrease in hepatic drug-metabolizing 
enzyme act ivi ty  and cytochrome content ~-3. Experiments 
in this Inst i tute  have shown that, 3-4 weeks after i.m. 
implantation ot this tumor, there is a slight diminution 
of P-450 content, ethytmorphine demethylat ion and 
aniline p-hydroxylat ion as well as an increase of micro- 
somal proteins in the liver cells 4. Administration of Walker 
tumor  extract  produces similar biochemical changes, indi- 
cating tha t  a ' toxohormone'  is released from the tumor  
tissue which affects the liver and leads to reduced act ivi ty  
in the hepatic microsomal system 5. The ultrastructural  
equivalent of this hepatic microsomal hypofunction was 
studied in the present work. 

Walker tumors were implanted i.m. into the hind limb 
of 16 female ARS/Sprague-Dawley rats (100 g). The livers 
of these animals and of 8 controls were examined with 
an electron microscope 1, 2, 3 or 4 weeks later, using 
standard techniques (fixation in osmium, dehydration in 
graded ethanol, embedding in Epon resin). 

As compared with the controls (Figure 1), the tumor- 
bearing rats displayed progressive dilatation and balloon- 

I n t r a m u s c u l a r  Implanta t ion  of a Walker  T u m o r  

ing of the rough-surfaced endoplasmic reticulum (RER) 
in hepatocytes (Figure 2). The granular membranes were 
irregularly-shaped and were broken up into smaller units, 
from the external surfaces of which the ribosomes had 
gradually detached themselves. These changes were con- 
spicuous although they varied considerably among the 
animals of the same group and in the different areas of 
the same liver. The alterations were generally mild 2 
weeks after implantation, became pronounced after 3-4 
weeks, and were usually observed along with progressive 
smooth-surfaced endoplasmic reticulum (SER) hyper- 
t rophy (Figure 3). 

In previous studies n-s, with other types of tumors, 
mitochondrial abnormalities and lysosomal accumula- 
tion were the principal changes found in the hepatocytes. 
In the present work, however, conspicuous endoplasmic 
reticulum alterations were detected. 

R E R  injury might  represent the ultrastructural  equi- 
valent  of hepatic microsomal hypofunction in rats bearing 
Walker tumors. S E R  proliferation, which is generally 
equated with enhanced drug detoxication by liver micro- 
somes*-n, is reminiscent of the hypoactive, hypertrophic 

'.~ , ~'~" ;. 

Fig. 1. Portion of a hepatocyte in control rat showing characteristic Fig. 2. RER dilatation, disorganization, disruption and degranula- 
features. M, mitochondrion; RER, rough-surfaced endoplasmie reti- tion in a rat hepatocyte 3 weeks after Walker tumor implantation. 
culum; N, nucleus. × 14,133. × 13,733. 


