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Fig. 2. Mean ( •  SEM) integrated plasma insulin responses during an 
i.v. glucose tolerance test in rabbits. 
A) after 5 weeks treatment. 1. Placebo group. 2. Progesterone group 
(p < 0.05). 
B) 1 week after treatment had been stopped. 1. Placebo group. 2. 
Progesterone group (p < 0.01). 
C) 7 weeks after treatment had been stopped. 1. Placebo group. 2. 
Progesterone group (N.S.). The P-values were calculated with the 
permutation test xe. 

11 B. C. J. SUTTER, M. T. gUTTER DUB, R. LECLERQ and R. JACQUOT, 
D{abetologia 9, 92 (1973). 

These  resu l t s  agree w i t h  t h e  r e p o r t e d  effects  of pro-  
ges te rone  on  insu l in  responses  d u r i n g  glucose t o l e r ance  
tests2,3. I t  has  been  shown  t h a t  p roges t e rone  t r e a t m e n t  
a u g m e n t s  t he  p l a s m a  insu l in  response  w i t h o u t  h a v i n g  a n y  
a p p a r e n t  effect  on glucose to lerance .  One e x p l a n a t i o n  is 
t h a t  p roges te rone  induces  t -ce l l  h y p e r p l a s i a  whi le  a t  t he  
same  t i m e  i t  is a n  insu l in  an t agon i s t i  caus ing  i m p a i r e d  
pe r iphe ra l  t i ssue  u t i l i za t ion  of glucose z. The  fac t  t h a t  
p roges t e rone  inh ib i t s  t he  insu l in  effect  on  glucose u p t a k e  
of r a t  d i a p h r a g m  in v i t ro  n suppor t s  t h i s  suggest ion.  

Seven weeks a f t e r  p roges t e rone  t r e a t m e n t  h a d  been  
s topped,  the re  was no s ign i f ican t  di f ference be tween  t he  
i n t e g r a t e d  insu l in  responses  of t r e a t e d  a n d  con t ro l  
r abb i t s .  Th i s  shows t h a t  t h e  p roges t e rone  effect  is fu l ly  
reversible .  The  p roges te rone  levels were also n o r m a l i z e d  
a f te r  7 weeks (Table  II) .  There  could be  a co r re l a t ion  
be tween  t he  r a t e  in  drop  of p roges t e rone  levels  a n d  t h e  
n o r m a l i z a t i o n  of t he  insu l in  responses  b u t  no  a t t e m p t  was 
m a d e  to s t u d y  th i s  ques t ion .  

Rdsumd. U n  t r a i t e m e n t  p e n d a n t  5 semaines  avec  de la 
p roges te rone  a p rovoqu6  une  a u g m e n t a t i o n  s ign i f ica t ive  
de la r6ponse  insu l in ique  ~ l ' i n j ec t ion  i.v. de glucose chez 
la lapine.  Une  sema ine  apr6s  la f in  du  t r a i t e m e n t ,  les 
t a u x  de p roges te rone  et  la r6ponse  insu l in ique  6 t a i en t  
encore  61ev6s. 7 semaines  apr6s  le t r a i t e m e n t  la  r @ o n s e  
insuI in ique  6taf t  de n o u v e a u  normale ,  m o n t r a n t  que  l 'e f fe t  
de la p roges te rone  6 taf t  e n t i ~ r e m e n t  r6versible.  

A. I).  HAMBURGER, A. C. J.  I~UIPERS a n d  J. VAN DER VIES 

Organon International B.  V., Endocrinological R ~ D 
Labs, P.O. Box  20, Oss (The Netherlands), 
] 1 December 7974. 

12 S. SIEGEL in Non Parametric Statistics/or the Behavioural Sciences 
(McGraw-Hill, New York 1956), p. 152. 

Water Deprivation inRats: Elevated Plasma Neurophysin Levels 

W a t e r  d e p r i v a t i o n  in r a t s  is a p o t e n t  s t imu lus  to  t h e  
h y p o t h a l a m o - n e u r o h y p o p h y s i a l  s y s t e m  a n d  leads  to  
release of b o t h  oxy toc in  a n d  vasopress in  1. T he  a v a i l a b i l i t y  
of specific r a d i o i m m u n o a s s a y s  for  oxytoc in ,  vasopress in  
a n d  t h e i r  ca r r i e r  p ro te ins ,  t he  neu rophys ins ,  led us to  
r e inves t iga t e  t he  effects of p ro longed  w a t e r  d e p r i v a t i o n  
on  t h e  a m o u n t s  of these  subs t ances  p r e s en t  in  t he  r a t  
neu ra l  lobe. P l a s m a  n e u r o p h y s i n  levels were also de- 
t e r m i n e d  in t he  same  an i m a l s  in  order  to  a sce r t a in  w h e t h e r  
t h e y  were e l eva ted  b y  t he  s t imu lus  a n d  in order  to  s tudy ,  
in  a n  ind i rec t  way,  t h e  k ine t i c s  of n e u r o h y p o p h y s i a l  
h o r m o n e  secret ion.  

Adul t ,  male  r a t s  of t h e  S IV 50 s t r a t a  (Sp rague -Dawley  
der ived)  we igh ing  b e t w e e n  230-310 g were k e p t  5 to  a 
cage a n d  a l lowed food ad  l i b i t u m  (Nafag 850 pellets) .  
28 an ima l s  used as con t ro l s  had ,  in  add i t ion ,  free access 
to  t a p  water .  10 g roups  of 10 an i m a l s  each  were d e p r i v e d  
of d r i n k i n g  w a t e r  for per iods  r a n g i n g  f rom i to  10 days.  
A t  t he  end  of t he  per iod  of w a t e r  dep r iva t i on ,  t he  
an ima l s  were decap i t a t ed .  E a c h  n e u r o h y p o p h y s i s  was  
r ap id ly  r emoved ,  s epa ra t ed  f rom a d j a c e n t  t i s sue  a n d  
t r ans fe r r ed  to a P y r e x  t u b e  c o n t a i n i n g  2 ml  of d is t i l led  
w a t e r  for homogen iza t ion .  Inso lub le  m a t e r i a l  in  t he  
h o m o g e n a t e  was  r e m o v e d  b y  c e n t r i f u g a t i o n  a n d  t he  
s u p e r n a t a n t  used for r a d i o i m m u n o a s s a y .  Blood was  

col lected f rom the  bodies  i m m e d i a t e l y  a f t e r  d e c a p i t a t i o n  
and  cen t r i fuged  for  b lood h a e m a t o c r i t  d e t e r m i n a t i o n .  
The  p l a s m a  was used for m e a s u r e m e n t  of osmot ic  pressure  
and  chlor ide  concen t r a t i on ,  as well  as for d e t e r m i n a t i o n  
of i m m u n o r e a c t i v e  n e u r o p h y s i n  levels. 

N e u r o p h y s i n  levels were d e t e r m i n e d  b y  r a d i o i m m u n o -  
a s say  us ing  a cross-species r eac t ive  a n t i b o d y  (AhlV) 
ra i sed  aga ins t  b o v i n e  n e u r o p h y s i n s ;  pu r i f i ed  b o v i n e  
n e u r o p h y s i n  I I  se rved  as s t a n d a r d  2. Oxy toc in  a n d  vaso-  
p ress in  were assayed  us ing  specific an t ibod ie s  accord ing  
to  p rev ious ly  descr ibed  m e t h o d s  a. 

Af te r  1 d a y  of w a t e r  dep r iva t i on ,  t he  a m o u n t s  of 
i m m u n o r e a c t i v e  oxy toc in  a n d  vasopress in  p re sen t  in  t h e  
neu ra l  lobe d id  n o t  differ  g r ea t l y  f rom those  of con t ro l  
rats .  A s l igh t  increase  in vasopres s in  c o n t e n t  a n d  a de- 
crease in o x y t o c i n  c o n t e n t  were seen,  b u t  n e i t h e r  were 
s t a t i s t i ca l ly  s ignif icant .  W i t h  longer  per iods  of r e m o v a l  
of water ,  a progress ive  fal l  in  t he  g land  c o n t e n t  of b o t h  

I C. \u JONES and B. T. PICKERINO, J. Physiol., Lond. 227, 553 
(1969). 

z j .  j .  LEGROS, P. FRANCHIMONT and J. C. HENDRICK, C. r. S6anc. 
Soc. Biol., Paris 163, 2773 (1969). 
J. J. LEOROS, U. STEWART, J. J. NORDSIAN~'I, J. J. DREI~USS and 
P. FRANCHI~iONT, C. r. S6anc. Soc. Biol., Paris 165, 2443 (1971). 
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Fig. 1. Content of vasopressin (A), neurophysin (B) and oxytocin (C) 
in neurohypophyses from control rats (day 0) and form animals 
deprived ol drinking water for periods of 1 to 10 days. All values 
were determined by radioimmunoassay; results are expressed in 
amount of immunoreaetive material per gland, since there was no 
significant diiference in gland weight between controls and animals 
deprived of water. Mean neural lobe weight was 0.9 mg (0.1 S.E., 

= 65). Each point is the mean 4- S.E.M. of 10 animals, except 
where the nmnber of observations is indicated in parentheses. The 
numbers of observations are the same for the Table and for Figure 2. 

Mean (4- S.E.M.) haematocrit, plasma osmotic pressure and chloride 
concentration in normal rats and in rats deprived of drinking water 
for 1-7 days 

Durationof Haematocrit Osmotic pressure Plasma [CI-] 
water deprivation 
(days) (%) (mOsm/kg) (meq/1) 

0 43.1 :L 0.3 292.5 -F 1.0 98.0 4- 0.4 
1 46.0 :i: 0.8 301.1 :J= 1.0 100.6 4- 1.1 
2 51.2 :L 0.6 305.9 4- 1.3 104.3 4- 1.0 
3 51.0 -r 0.6 308.3 -~- 1.3 107.2 :t: 0.8 
4 53.5 4- 0.4 315.8 4- 0.7 104.8 4- 0.7 
5 55.5 4- 0.8 315.7 -b 1.9 109.7 4- 1.6 
6 57.3 4- 0.6 320.3 :h 2.7 109.3 4- 1.2 
7 56.8 ::[: 1.2 333.3 • 3.4 115.0 4- 1.8 

Haematocrit was determined in heparinized capillary tubes following 
eentrifugation at 1500 g, plasma osmolarity with a Knauer osmo- 
meter and chloride concentrations with a Zeiss flame photometer. 

hormones  was seen, unt i l  a f ter  6 days  the  percen tage  loss 
for b o t h  hormones  was greater  t h a n  80% (Figure 1, 
A and C). The a m o u n t  of neurophys in  p resen t  in the  gIands 
of ra ts  depr ived  of wa te r  for 1 day  also showed a slight, bu t  
s ta t is t ica l ly  insignif icant  increase. This was followed by  a 
progressive decline in neurophys in  con ten t  (Figure 1, B). 

Blood haematocr i t ,  as well as p la sma  osmotic  pressure  
and CI- concen t ra t ion  ob ta ined  f rom the  same animals  
show fairly l inear rises dur ing wa te r  depr ivat ion,  indicat ive  
of progressive dehyd ra t i on  and haemoconcen t ra t ion .  
These results  are summar ized  in the  Table.  

The neurophys in  concen t ra t ion  in the  p lasma from 
control  ra ts  was 1.8 ng /ml  (0.2 S.E., n = 28); it  doubled  
af ter  1 day, and more  t h a n  t r ip led  2 days  af ter  r emova l  of 
w a t e r  Later ,  p l a sma  neurophys in  values declined, bu t  
r emained  above  control  levels t h roughou t  the  r ema inde r  
of the  expe r imen t  (Figure 2) 

The hormones ,  oxy toc in  and vasopressin,  and the i r  
r e spec t i ve  neurophys ins  are associated wi th in  neuro- 
secre tory  granules found in t he  axons  and neurosecre tory  
axon endings  of the  nenrohypophys i s .  There  is evidence 
t h a t  neurosecre t ion  f rom the  neural  lobe occurs by  a 
ca lc ium-dependen t  process  of exocytosis  of the  con ten t s  
of the  neurosecre tory  granules a Thus,  dur ing  experi-  
men ta l ly  induced secretion f rom isolated ra t  neurohypo-  
physes,  neurophys ins  escape along wi th  t he  hormones  
bu t  unaccompan ied  by  cy top lasmic  marke r  enzymes  5. 
Moreover,  e levated p lasma neurophys in  levels have  been 
repor ted  in severaI condi t ions  of increased neurohypo-  
phys ia l  ho rmone  secret ion in ra ts  s-9. Our da t a  show t h a t  
dur ing  wa te r  depr ivat ion,  the  change in neurophys in  
con ten t  of the  neurohypophys i s  closely parallels t h a t  of 
the  hormones  and  follows a s imilar  t ime  course. These 
changes  are accompanied  by  e levated plasma neurophys in  
levels, as would  be p red ic ted  f rom the  exocytos is  hypo-  
thesis.  

Two addi t ional  observa t ions  are w o r t h y  of comment .  
First ,  the  fact  t h a t  af ter  only 1 day of wa te r  depr iva t ion ,  
there  is v i r tua l ly  no change in gland con ten t  of e i ther  
the  hormones  or neurophys in  even t h o u g h  the  p lasma  
neurophys in  level has  doubled.  Secondly,  a f ter  a few 
days  of wa te r  depr ivat ion,  t he  p lasma  neurophys in  levels 
decline a l though the  s t imulus  is still increasing in s t rength .  

The first  effect  can be accounted  for by  increased 
biosynthesis .  Increases  in cell, nuclear  and nucleolar  size, 
in the  IRMA con ten t  and in the  acLivity of enzymes  have  
been repor ted  in the  hypo tha l amic  supraopt ic  and 
pa raven t r i cu la r  nuclei  of ra t s  depr ived  of dr ink ing  
wa te r  ~0-~2. Af ter  i day  of wa te r  depr iva t ion ,  enhanced  
b iosynthes i s  appears  to  counte rba lance  app rox ima te ly  
t he  increase in secre tory  act iv i ty .  If  b o t h  synthes is  and 
release are augmented ,  the  ne t  effect  on neural  lobe 
con ten t  m a y  va ry  in e i ther  d i rect ion which  could account  
for t he  var ia t ion  be tween  the  resul ts  given by  di f ferent  
workers  1, is, 1~. Dur ing  longer per iods  of wa te r  depr ivat ion,  
t he  s t imula t ion  of ho rmone  release outweighs  the  in- 
crease in b iosyn the t i c  ac t iv i ty ,  leading to a progressive 
exhaus t ion  of secre tory  p roduc t s  s tored  in the  neural  lobe. 

J. J. DREIFUSS, J. Physiol., Paris 67, 5 (1973). 
5 E. K. MATTHEWS, J. J. LEOROS, J. GRAU, J. J. NORDMANU and 

J. J. DREIFIJSS, Nature New Biol. 214, 86 (1973). 
s K. W. CHANG and M. G. FRIESEN, Metabolism 19, 876 (1970). 

M. L. FORSLING, M. J. MARTIN and A. M. BURTON, J. Endoer. 51, 
413 (1971). 

8 K. W. CFLENG, J. B. MARTIN and H. G. FRIESEN, Endocrinology 
91, 177 (1972). 

9 M. L. FORSLIr~a, M. J. MAaxI~, J. C. STURD'Z and A. M. BURTON, 
J. Endoer. 57, 307 (1973). 
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The reason for tile gradual  decline in p lasma  neuro-  
phys in  levels in the  later  s tages of dehyd ra t i on  is open  to 
conjecture.  The mos t  l ikely exp lana t ion  is t h a t  t he  
ra te  of release depends  on the  a m o u n t  of secre t ion 
p roduc t s  p resen t  in the  gland, and  declines as t he  neural  
lobe is depleted.  A fu r the r  poss ibi l i ty  is t h a t  max i ma l  
b iosyn the t i c  ac t iv i ty  canno t  be ma in t a ined  for longer 
t h a n  a few days.  

In  summary ,  da t a  ob ta ined  by  r ad io immunoassay  show 
t h a t  wa te r  depr iva t ion  in ra ts  causes a marked  increase in 
neu rohypophys i a l  secretion.  This increase is p robab ly  
paral le led by  e leva ted  b iosynthes is  of the  neurosecre to ry  
p roduc t s  which  is never the less  insuff icient  to ma in t a in  
neural  lobe stores. Moreover,  t he  e levat ion  in p l a sma  
neurophys in  levels which  accompanies  the  progressive 
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Fig. 2. hnmunoreactive neurophysin concentration in unextracted 
plasma from water deprived rats. Eaeh point is the mean ~: S.E.M. 
of the plasma levels from the individuals of each group of rats. 

fall in neu rohypophys i a l  neurophys in  accords well w i th  
tile v iew t h a t  granule con ten t s  are secreted f rom the  
neura l  lobe by  an exocyto t ic  process  ~5. 

Rdsumd. Au cours de la p r iva t ion  d ' eau  po tab le  chez le 
rat ,  on observe une d iminu t ion  du con tenu  en ocytocine,  
vasopress ine  et  neurophys ine  immunor6ac t ives  du lobe 
post6r ieur  de l ' h y p o p h y s e  et  une a u g m e n t a t i o n  du t a u x  
p lasmat ique  de neurophys ine .  Ces r6sul tats  sont  en ac- 
cord avec l ' hypoth6se  que la s6cr6tion neu rohypophysa i r e  
s 'e f fec tue  par  exocytose  du con tenu  des grains de neuro-  
s~cr6tion. 

J. j .  LEGROS 1~ and  J. J. DREI~USS 

Radio-immunoassay Laboratory, 23, Boulevard Piercot, 
B-4000  Li@e (Belgium) and Department o/ Physiology, 
University o/Geneva Medical School, C H - I  2I 1 Geneva 4 
(Switzerland), 3 February 7975. 
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O v u l a t i o n  a n d  t h e  R o l e  of  the  O v a r i a n  S u r f a c e  E p i t h e l i u m  

Already  300 years  ago, REGNIER DE GRAAF 1 gave a 
detai led and surpr is ingly accura te  descr ipt ion,  in 'De 
Mulierunl Organis Genera t ione  Inse rv ien t ibus  T rac t a tus  
Novus ' ,  of ovula t ion  and the  passage of tile egg to tile 

GE 

Fig. 1. Schematic drawing of a Graafian follicle. Two ceil layers 
surround the whole ovary. These are the 'germinal' epithelium (GE) 
and tunica albuginea (TA). The follicle wall beneath these layers is 
composed of the theea externa (TE), the theca interna (TI) and the 
membrana granulosa (MG). The granulosa ceils are at the periphery 
seated on a distinct basement membrane (BM) and a blood capillary 
network (CN) is found just outside this membrane. Tunica albuginea 
contains a lot of collagen (Co). 

u te rus  by  way  of the  u ter ine  tube.  However ,  the  actual  
mechan i sm of follicle rup tu re  is even t o d a y  obscure =-4. To 
e lucidate  th is  basic even t  in r ep roduc t ion  we have  followed 
p reovu la to ry  morphologic  changes  in all t issue layers 5-10 
(Figure 1) t h a t  separa te  the  egg f rom the  outside of the  
follicle, including those  in the  of ten neglected surface or 
'germinal '  epi thel ium.  Tile r abb i t  is parf ic t l lar ly  sui table 
for s tudies  of follicle rupture ,  be ing a reflex ovulator .  
I t  ovula tes  regular ly  10 to  12 h af ter  ma t i n g  or i.v. 
in ject ion of luteinizing ho rmone  (LH) or h u m a n  chorionic 
gonado t roph in  (HCG) and  can thus  provide  mate r ia l  f rom 
accura te ly  t imed  stages before follicle rupture .  

Ini t ial ly,  we s tudied  tile ovar ian  surface ep i the l ium in 
the  l ight  microscope and  t h e n  soon found t h a t  paraf f in  
emb ed d ed  mater ia l  was unsui tab le  for deta i led  examina-  
t ion of the  cells. E p o n  sect ions (1 am) p roved  super ior  
and  revealed several  d i s t inc t  changes,  e.g., large, dark,  
cy toplasmic  bodies in the  surface ep i the l ium dur ing  tile 
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