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Posterior pituitary vasopressin content in rats homozygous and heterozygous for hereditary diabetes insipidus as measured by radio-im- 
munoassay and bioassay 

Body weight (g) Posterior pituitary weight (mg) Vasopressin (mU/posterior pituitary) Correlation RIA/bioassay (r) 

RIA Bioassay 

Homozygous 243 • 6 

Heterozygous 283 4- 7 

1.24 4- 0.07 8.2 ~ 2.0 i1.5 4- 2.8 0.83 (p < 0.05) (7) 

0.84 ~- 0.03 163.0 -4- 22.7 169.0 -~ 27.4 0.97 (p < 0.01) (7) 

Values are mean 4- S.E.M. Numbers of animals in parentheses. 

rats ,  t he  vasopress in  c o n t e n t  was ve ry  low as m e a s u r e d  b y  
r ad io - immunoas say .  I n  these  samples ,  a 2 •  pressor  
a s say  was no t  feasible  a n d  a 2 • 1 assay  was per formed.  
I m m u n o a s s a y  of a l iquots  was  pe r fo rmed  in t r ip le  on  
1 : 25 d i lu t ions  of p i tu i t a ry ,  h o m o g e n a t e s  of h o m o z y g o u s  
r a t s  a n d  on  1:250 d i lu t ions  of those  of he te rozygous  
animals .  

A l t h o u g h  b o d y  we igh t  of the  h o m o z y g o u s  r a t s  was less 
t h a n  t h a t  of t he  he te rozygous  ones, t he  pos te r io r  p i t u i t a r y  
weigh t  was s ign i f ican t ly  h igher  in  t he  fo rmer  g roup  
(Table) conf i rming  the  d a t a  of ARIMURA, SAWANO, 
I~EDDING & ~CHALLY 5. 

Vasopress in  c o n t e n t  of p i tu i t a r i e s  of h o m o z y g o u s  r a t s  
was  e x t r e m e l y  low c o m p a r e d  to t h a t  of he t e rozygous  
an ima l s  as m e a s u r e d  b y  b ioassay  as well  as i m m u n o a s s a y  
(Table).  A close cor re la t ion  was found  w h e n  p i t u i t a r y  
vasopress in  c o n t e n t  b y  i m m u n o a s s a y  (Y) was p lo t t ed  
aga ins t  th i s  c o n t e n t  b y  b ioassay  (X). Fo r  he te rozygous  
an ima l s  r = 0.97 (p < 0.01) (Y = 1.2 X -- 29.9) and  for  
h o m o z y g o u s  a n i m a l s  r = 0.83 (p < 0.05) (Y = 1.2 X + 
2.0). These  resul t s  are  in  good a g r e e m e n t  w i t h  those  of 
MOSES a n d  MILLER 1 and  of VALTIN et  al.% 

Oxy toc in  c o n t e n t  of t h e  h o m o z y g o u s  D.I .  r a t s  is 
g rea t ly  r educed  as c o m p a r e d  to  t h a t  of he te rozygous  
an ima l s  ~. Moreover  t h i s  o x y t o c i n  c o n t e n t  c o n t r i b u t e s  
on ly  to  a sma l l  degree ( <  2%) to  t h e  vasopress in- l ike  
a c t i v i t y  in  t he  pos t e r io r  p i t u i t a r y  of h o m o z y g o u s  D.I.  
r a t s  as d e t e r m i n e d  b y  b lood pressure  b ioassayL Addi-  
t i ona l ly  t he  d i lu t ion  curves  o b t a i n e d  w i t h  a l iquots  of 
p i t u i t a r y  h o m o g e n a t e s  in  t he  r a d i o - i m m u n o a s s a y  were 
para l le l  to  t he  A V P  s t a n d a r d  curves,  in c o n t r a s t  w i t h  
those  ob t a ined  w i t h  oxytocin .  Thus  i t  is un l ike ly  t h a t  
oxy toc in  con t r i bu t e s  s ign i f ican t ly  to  t he  vasopress in-  
l ike a c t i v i t y  t h a t  is found  in pos te r ior  p i tu i t a r i e s  of 
B r a t t l e b o r o  rats .  

I n  the  homozygous  D.I.  r a t s  of t he  B r a t t l e b o r o  s t ra in ,  
pos te r ior  p i t u i t a r y  vasopress in- l ike  a c t i v i t y  is m i n i m a l  as 
c o m p a r e d  to t h a t  of hetero 'zygous animals .  The  rad io-  

i m m u n o a s s a y  of A V P  descr ibed,  r ep resen t s  a sens i t ive  
m e t h o d  for t he  q u a n t i t a t i v e  m e a s u r e m e n t  of biological ly  
ac t ive  vasopress in  s, 9. 

Zusammen/assung. Die E m p f i n d l i c h k e i t  und  Zuver-  
l~issigkeit eines neu  en twicke l t en  R a d i o i m m u n o t e s t s  
fiir Vasopress in  wurde  d u r c h  Messungen  des Vasopress in-  
spiegels im H y p o p h y s e n h i n t e r l a p p e n  yon  h o m o z y g o t e n  
u n d  h e t e r o z y g o t e n  R a t t e n  ftir a n g e b o r e n e n  Diabe tes  
ins ip idus  gepr i i f t  und  eine gu te  I~orre la t ion  zwischen d e m  
biologisch u n d  r a d i o i m m u n o l o g i s c h  gemessenen  Vaso- 
p re s s ingeha l t  de r  H y p o p h y s e  nachgewiesen .  
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The Effect of Theophyll ine on Oxytocin Induced Contractions in the Chronically 
Catheterized Pregnant Rabbit 

The  sens i t i v i ty  of the  p r e g n a n t  r a b b i t  m y o m e t r i u m  to 
i n t r a - ao r t i c  oxy toc in  in fus ion  increases  as t he  c i rcu la t ing  
p l a s m a  p roges te rone  c o n c e n t r a t i o n  falls1, ~. SMITH, ABEL 
and  NATHANIELSZ ~ h a v e  descr ibed  an  e x p e r i m e n t a l  
p r e p a r a t i o n  in wh ich  ca the t e r s  are i n t r o d u c e d  in to  t he  
femora l  a r t e r y  and  ve in  of a 21 d a y  p r e g n a n t  r a b b i t  u n d e r  
n e m b u t a l  anaes thes ia .  The  ca the t e r s  are  a d v a n c e d  
c ran ia l ly  u n t i i  t h e i r  t i p s  lie in t h e  a o r t a  and  v e n a  cava,  
a b o v e  t h e  level  of t he  o v a r i a n  b lood  vessels.  I f  t he  an ima l s  

are infused c o n t i n u o u s l y  w i t h  sal ine t h e y  del iver  l ive 
l i t t e r s  a p p r o x i m a t e l y  185 h a f te r  opera t ion ,  whereas  the  
in fus ion  of p r o s t a g l a n d i n  F2~ ( P G F ~ )  a t  doses of 

1 p. W. NATHANIELSZ, M. ABEL and G. W. SMITH, Proceedings of 
the Sir Joseph Bareroft Centenary Symposium (Ed. R. S. COMLINE; 
Cambridge University Press 1973), p. 594. 

2 G. W. SMITH, M. ABEL and  P. W. NATHANIELSZ, Prostaglandins 3, 
525 (1973). 
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Fig. 1. Demonstration of the effect of Theophylline on oxytocin 
induced uterine contractions. The infusion rate throughout the 
experiment was 1 ml/min. A) Infusion of 10 mU oxytocin/ml. 
B) Infusion of 10 mU oxytocin/ml in 20 mM Theophylline. C) In- 
fusion of 10 mU oxytocin alone. At time D) the delivery of 1 foetus 
occurred. The trace is continuous. 
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Fig. 2. Effect of Theophylline on ACTH stimulated glucocorticoid 
secretion. Total plasma glucocorticoid concentration was estimated 
on unextraeted plasma using a 2.5% horse plasma stock solution v. 
The histograms represent the duration of ACTH infusion at the 
following doses: A) 0.2 ng/kg/min. B) 2.0 ng/kg/min. C) 0.02 [xg/kg/ 
rain. D) 0.20 [zg/kg/min. E) 2.0 txg/kg/mim In 2 of the 4 animals 
ACTH was infused in the presence of 10 mM Theophylline. 

0.01-2.25 ~g/h resul ts  in p r e m a t u r e  de l ivery  in less t h a n  
80 h. At  h igh  infus ion rates,  t he  PGF2~ only need be  
admin i s t e r ed  for 8 h to  p roduce  pa r tu r i t i on  44 h la ter  a. 

W h e n  PGF2~ is infused for 11-16 h and t h e n  discon- 
t i nued  there  is a gradual  increase in the  sens i t iv i ty  of t he  
m y o m e t r i u m  to oxy toc in  and  PGF2~ as mon i to red  by  all 
i n t r au te r ine  pressure  t r ansduce r  opera t ing  on radio- 
t e l emet r i c  pr inciples  1.2. The effect  of shor t  dura t ion  
infusions of theophy l l ine  on the  m y o m e t r i a l  responsive-  
ness to  oxy toc in  have  been inves t iga ted  in th is  experi-  
men t a l  model .  

R a b b i t s  were  ca the te r ized  and a pressure  t r ansduce r  
p laced in one u te r ine  horn  on day  21 of pregnancy .  They  
were t h e n  infused in t raaor t i ca l ly  wi th  1 [zg PGF,~ /h  for 
16 h. All animals  were subsequen t ly  infused wi th  physio-  
logical saline except  dur ing per iods  in which  the  sens i t iv i ty  
of t he  m y o m e t r i u m  to oxy toc in  was tes ted .  No t es t s  were 
pe r fo rmed  for a t  least  1 h af ter  the  infusion of PGF2~ was 
d i scon t inued  and  at  least  1.5 h were allowed to  elapse bet -  
ween tes t s  on any  one animal .  

Pr ior  to  each t es t  u ter ine  ac t iv i ty  was  recorded  for a 
20 min  control  per iod whi ls t  saline was infused at  1 ml /  
min.  This  ra te  of infusion was  used t h r o u g h o u t  t he  t e s t  
per iod.  Oxytoc in  was then  infused at  10 m U / m i n  for 
6-10 min  depend ing  on the  t iming  of the  appearance  of 
cont rac t ions .  The solut ion was  then  changed to  con ta in  
10 m U  oxy toc in /ml  ill e i ther  10 or 20 m M  theophyl l ine  in 
physiological  saline. Af ter  a fu r the r  6-10 mill the  infusion 
of 10 m U  oxy toc in /min  in t he  absence of theophyl l ine  
was recommenced .  

Figure  1 d e m o n s t r a t e s  the  effect  t h a t  was observed in 1 
expe r imen t .  In  all expe r imen t s  oxy toc in  increased the  
f requency  and ampl i tude  of u ter ine  cont rac t ions .  Oxy- 
toc in  induced  uter ine  ac t iv i ty  was reduced by  bo th  con- 
cen t ra t ions  of theophyll i l le .  I n  5 of the  expe r imen t s  b o t h  
the  amp l i t ude  and f requency  of con t rac t ion  was affected.  
On a fu r the r  2 occasions t h e  f requency  of con t rac t ions  
was re la t ive ly  unchanged  b u t  t he  ampl i tude  was  marked-  
ly decreased as in Figure  1. In  t he  remain ing  6 exper imen t s  
the  f requency  of con t rac t ions  was af fec ted  bu t  no t  the  
ampl i tude .  

These f indings  suppor t  the  concep t  t h a t  the  responsive-  
ness to  oxy toc in  m a y  be re la ted to  the  genera t ion  of 
cyclic 3 '5 '  AMP in the  u te r ine  muscle  cell ~. I t  has  been  
d e m o n s t r a t e d  t h a t  the  oxy toc ic  effect  of PGF2~ on the  
m y o m e t r i u m  is also inh ib i t ed  by  theophyl l ine  5. The 
doses of theophy l l ine  used in t he  cur ren t  expe r imen t s  
e leva ted  p l a sma  glucocort icoid secret ion under  adreno-  
co r t i co t roph in  (ACTH - Synac then ,  Ciba) s t imula t ion  in 
the  p r e g n a n t  r a b b i t  (Figure 2). The act ion of ACTH is 
t h o u g h t  to involve the  genera t ion  of cyclic AMP ~, and  
thus  i t  would  appea r  t h a t  t he  ra tes  of t heophy l l i ne  
infusion used in these  e x p e r i m e n t s  were a t  least  adequa te  
to  raise adrena l  cyclic AMP concent ra t ions .  The effect  
of theophy l l ine  infusions on myome t r i a l  and  uter ine  
vein  cyclic 3' 5' AMP concen t ra t ions  is cur ren t ly  being 
inves t iga ted .  

3 M. ABEL, G. W. SMITH and P. W. NATHANIELSZ, J. Endocr. 58, 16 
(1973). 

4 R. BHALLA and S. C. KORENMAN, in discussion of paper given at 
the Laurentian Hormone Congress by G. C. LIGGINS, R. J. FAIR- 
CLOUGH, S. H. GRIEVES, J. L. KENDALL and B. S. K~ox, Rec. 
Progr. Horm. Res. 29, 111 (1973). 

5 p.  M. B. JACK and P. W. NATHANIELSZ, J .  Endocr. 62, 171 (1974). 
6 R. C. HAYNES JR., E. W .  SLITHERLAND a n d  T. W.  RAEL, Rec.  

Prog. Horm. Res. 16, 121 (1960). 
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Rdsumd. Une  lut6olyse a y a n t  6t6 p rovoqu6e  au m o y e n  de 
p r o s t a g l a n d i n e  F ~  chez la 1spine p o r t a n t e ,  on  pou t  faire 
appara~t re  des c o n t r a c t i o n s  u t6r ines  en  a d m i n i s t r a n t  de 
l 'ocytocine .  Cos c o n t r a c t i o n s  son t  p lus  foibles si  l ' on  add i -  

B. E. P. MURPHY, J. Steroid Biochem. 4, 227 (1973). 
s We gratefully acknowledge the support of the Lalor Foundation. 

PGFa 2 was kindly provided by Dr. J. PIKE, Upjohn Co., Kala- 
mazoo, Michigan, USA. 

t i o n n e  10 ou 20 m M  de th6ophy l l ine .  Cela conf i rme  
l ' hypo th6se  d ' u n  r a p p o r t  en t r e  la sens ib i l i t6  ~ l ' ocy toc ine  
et  la p r o d u c t i o n  de cyclic 3 ' , Y - A M P  dans  la cellule 
muscu la i r e  de t ' u te rus .  

P . M . B .  JACK and  P .W.  NATHANIELSZ s 

Physiological Laboratory, 
Cambridge CB2 3EG (England), 
17 February 1974. 

U l t r a s t r u c t u r e  of  the  N e u r o h y p o p h y s i a l  G l ia l  Ce l l s  

Desp i t e  ex tens ive  i n f o r m a t i o n  on t he  u l t r a s t r u c t u r e  of 
n e u r o h y p o p h y s i a l  gl ial  cells (pituicytes)1-1~ t h e i r  exac t  
f u n c t i o n a l  s ignif icance is as ye t  u n k n o w n .  T he  fol lowing 
f ind ings  on  t he  u l t r a s t r u c t n r e  of these  cells u n d e r  exper i -  
m e n t a l  cond i t ions  cas t  some l igh t  on t h e i r  poss ible  func-  
t ion .  

Materials and methods. F i x a t i o n  by  pe r fus ion  w i t h  5% 
g l u t a r a l d e h y d e  of a t  leas t  3 r a t s  a t  1, 2, 3, 4, 5, 6, 8, 10, 
15, 20 and  30 days  a f te r  h y p o p h y s i a l  s t a lk  t r a n s e c t i o n  
(post  t rans . )  w i t h  a Ha lasz  knife  ~a. P o s t f i x a t i o n  in 1% 
OsOd, e m b e d d i n g  in  a ra ld i te .  

Results and discussion. In i t ia l ly ,  t he  n e u r o h y p o p h y s i a l  
gl ial  cells r eac t  to  t he  t r a n s e c t i o n  of t he  pep t ide rg ic  
neu rosec re to ry  axons  b y  g radua l ly  s u r r o u n d i n g  these  
axons ;  a t  a r o u n d  5 days  pos t  t r a n s e c t i o n  p rac t i ca l ly  all 
axons  h a v e  been  engul fed  t o t a l l y  ~-s,14. Toge the r  w i t h  
t he  e n g u l f m e n t  of t he  neu rosec re to ry  axons  a n  increase  
in t he  n u m b e r  of l ip id  inclusions,  lysosomes a n d  glycogen 
par t ic les  is found  w i t h i n  t h e  glial  cells. T he  def in i te  
h y p e r t r o p h y  of t h e  Golgi  a p p a r a t u s  v e r y  l ikely ref lects  
a n  increase  in t he  syn thes i s  of lysosomal  enyzm es  15 

As ear ly  as 3 days  pos t  t rans . ,  c rys ta l lo id  m e m b r a n e  
b o u n d e d  glial  cell inc lus ions  occur  (Figure  1). In  s e m i t h i n  
sect ions  is these  inc lus ions  are  a l dehyde f uchs i n  pos i t ive  
wh ich  enab led  us to  t r ace  b a c k  t h e i r  or ig in  to  engul fed  
axons  w i t h i n  wh ich  c rys ta l lo id  inc lus ions  are  f i rs t  
obse rved  w h e n  t h e  neu rosec re to ry  granules  h a v e  fused 
in to  a homogeneous  s u b s t a n c e  (Figure 2), a f t e r  disap-  
p e a r a n c e  of t h e i r  b o u n d i n g  m e m b r a n e s .  The  la t te r ,  
t o g e t h e r  w i t h  o the r  axop lasmic  c o n s t i t u e n t s  a re  in- 
c o r p o r a t e d  in to  dense  l amel l a r  bodies  (Figure  3). Crysta l -  
loid inc lus ions  are found  on ly  excep t iona l ly  p r io r  t he  
e n g u l f m e n t  of t he  d e g e n e r a t i n g  axons  b y  t he  glial  cells. 
The  f o r m a t i o n  of these  inc lus ions  v e r y  l ikely depends  
p r i m a r i l y  u p o n  lyr ic  enzymes  f rom t h e  glial  cells. Fol low- 
ing t he  d i s a p p e a r a n c e  of t he  a x o l e m m a  phagosomes  of 
v a r y i n g  a p p e a r a n c e  and  size are  fo rmed  (Figure 3). 

A t  a r o u n d  8 to 10 days  pos t  t r ansec t ion ,  t he  disposal  
of t he  axons  is p rac t i ca l ly  t e r m i n a t e d  ~4 a n d  m o s t  of t he  
glial  cells are  devoid  of c rys ta l lo id  inc lus ions ;  sub-  
s equen t ly  lysosomes a n d  l ip id  inclus ions  g radua l ly  dis- 
appear .  C o n c o m i t a n t l y  t he  glial  ceils sh r ink  cons ide rab ly  
a n d  agg lomera t e  in to  ep i the lo id  c lus ters  (Figure  4). 
F r e q u e n t l y  t h e y  are i n t e r c o n n e c t e d  b y  gap  j u n c t i o n s  
(nexus).  30 days  pos t  t r ansec t ion ,  l ip id  inc lus ions  are 
e x t r e m e l y  ra re  a n d  on ly  occas ional  lysosomes a n d  
l i pop igmen t s  r e m a i n  (Figures  4 a n d  5). The  m i t o e h o n d r i a  
a p p e a r  to  be  more  n u m e r o u s  t h a n  in con t ro l  an imals .  
M a n y  g lycogen par t ic les  are  p resen t :  The  profi les  of t he  
rough E R  are  f r e q u e n t y l  s l igh t ly  d i l a t ed  and  con t a in  
m o d e r a t e l y  dense  m a t e r i a l  (Figure  5), t he  Golgi  a p p a r a t u s  
m a i n t a i n s  a n  ac t ive  a p p e a r a n c e  and  g r a n u l a t e d  vesicles 
m a y  be  obse rved  in i t s  v i c in i ty  (Figure  6). T h e  genera l  
a p p e a r a n c e  of t he  gl ial  cells a t  th i s  s tage  is r e m i n i s c e n t  

F o l l o w i n g  S t a l k  T r a n s e c t i o n  in  th e  Rat  

ve ry  m u c h  of t h a t  of t he  glial  cells in  t he  fe ta l  neuro-  
h y p o p h y s i s  p r io r  to  the  a r r iva l  of t h e  neu rosec re to ry  
axons~7. The  pe r ivascu l a r  spaces  are wider  a n d  con t a in  
more  col lagen f ibr i ls  t h a n  in con t ro l  an imals ,  t h e y  also 
h a v e  a t e n d e n c y  to i n v a d e  t he  spaces  p rev ious ly  occupied  
b y  t h e  nen rosec re to ry  axons  ; pe r icy tes  and  f ib rob las t s  are 
p r e sen t  (Figure  4). A typ ica l  i n f l a m m a t o r y  r eac t ion  w i th  
occur rence  of m a c r o p h a g e s  is lacking.  This ,  t o g e t h e r  
w i t h  t he  absence  of glial  scar  f o r m a t i o n  is u n d o u b t e d l y  
respons ib le  for t h e  ease w i t h  wh ich  t h e  d e n e r v a t e d  
n e u r o h y p o p h y s i s  m a y  be  ~nvaded a gain  b y  t he  r egene ra t -  
ing neu rosec re to ry  f ibres  14. 

W h e n e v e r  n e u r o h y p o p h y s i a l  glial  cells are no t  c o n t a c t e d  
b y  neurosec re to ry  n e r v e  fibres,  t h e y  are  cha rac t e r i zed  b y  
t he  absence  of l ip id  inclusions.  Th i s  suggests  t h a t  t he  
l a t t e r  are r e l a t ed  to  t h e  process  of neurosecre t ion .  I t  has  
been  proposed  p rev ious ly  t h a t  t h e y  r ep re sen t  a t r a n s i t o r y  
phase  of lysosomal  a c t i v i t y  ~5, ls-20. The  ca tabo l ic  a c t i v i t y  

1 O. STERBA and G. BRUCKNER, Z. Zellforseh. 87,437 (1967). 
~" G. STERBA and G. BR0CKNER, Z. Zellforseh. 93, 74 (1968). 
3 H.-D. DELL~ANN and P. A. OWSLEY, Z. Zellforsch. 87, i (1968). 
4 p. BUDTZ, Z. Zellforsch. t07, 210 (1970). 
5 p. BUDTZ, in Aspects of Neuroe~cdocrinology (Eds. W. BAROMANN 

and B. SCHARRER; Springer, Berlin and New York 1970), p. 122. 
6 H.-D. DELL~IANN and E. M. RODRIGUEZ, in Aspects of Neuro- 

endocrinology (Eds. W. BARGMANN and B. SCHARRER; Springer, 
Berlin and New York 1970), p. 123. 

7 E. M. RODRIGUEZ and H.-D. DELLMANN, Gen. comp. Endoer. 75, 
272 (1970). 

s S. CORRER and C. OLIVIERI-SANGIACOMO, Experientia 29, 1117 
(1973). 

9 H.-D. DELLMANN, ~V[. E. STOECKEL, A. PORTE, F. STUTINSKY, 
M. J. KLEIN, N. CHANG and H. K. ADLI)INGER, Anat. Roe. 775, 
305 (1973). 

io H.-D. DELLMANN, M. E, STOECKEL, A. PORTE, F. STUTINSKY, 
N. CHANG and H. K. ADLDINGER, Anat. Histol. Embryol., in press 
(1974). 

11 C. OLIVlERI-SANGIACOMO and S. CORRER, Z. Zellforsch. Jd3, 107 
(1973). 

12 W. "WITTKOWSKI, Z. Zellforseh. 86, 111 (1968). 
la The skillful technical assistance of Mine Y. GUERN~ is gratefully 

acknowledged. 
14 H.-D. DELLMANN, Int. Rev. Cytol. 36, 215 (1973). 
15 S. WHITAKER, F. S. LABELLA and M. SANWAL, Z. Zetlforseh. ] l 1, 

493 (1970). 
16 M. E. STOECKEL, H.-D. DELLMANN, A. PORTE and C. GERTNER, 

Stain Teebnol. 47, 81 (1972). 
17 M. ]~. STOECKEL, A. PORTE, H.-D. DELLMANN, C. HINDELANG- 

GERTNER and F. STUTINSKY, unpublished observations. 
18 j.  KRSULOVtC and G. BROCKNER, Z. Zellforseh. 99, 210 (1969). 
19 j.  KRSULOVIC, A. ERMISCH and G. STERBA, in Aspects o/ Neuro- 

endocrinology (Eds. W. BARGMANN and B. SCHARRERj Springer, 
Berlin and New York 1970), p. 166. 

20 C. PILGRIM, H. WAGNER and J. BRANDL, paper presented at the VI 
International Syrup. on Neuroseeretien, London, Sept. 1973. 


