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C o m p e n s a t o r y  G r o w t h  of the  Ovar i e s ,  A d r e n a l  G lands  and Kidneys  in B l inded ,  A n o s m i c  Rat s  ~ 

The combina t ion  of r emova l  of the  eyes and of the  
olfactory bulbs is seriously de t r imenta l  to the  develop-  
men t  of the  reproduc t ive  systems in rats  2,~. This impair -  
men t  of genital  deve lopment  in blinded, anosmic animals  
is due to a hypofunct ion ing  of the  neuroendocr ine  axis. 
The following s tudy  was designed to de termine  whether  
another  aspect  of p i tu i t a ry  function,  name ly  the  syn- 
thesis and secretion of adrenocort icopin (ACTH), could 
also be affected by  bl inding and anosmia.  Addit ional ly,  
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Compensatory growth of the ovaries (upper), the adrenal glands 
(middle) and kidneys (lower) in untreated (NOR) rats, in blinded 
anosmic (BL + ANOS) rats and in blinded anosmic rats that were 
also pinealectomized (BL + ANOS + PX). Lines between 2 points 
represent the growth of the respective organ in a single animal. Mean 
(:k standard error) initial and final organ weights are given. Percent 
hypertrophy is given in the upper portion of each graph. 

compensa tory  growth of a visceral  organ, the  kidney,  
whose p r imary  growth does no t  depend on a single 
p i tu i t a ry  t rophic  hormone,  was studied. 

Mater ials  and methods. 21-day-old male (52 animals) 
and female (27 animals) rats  were ei ther  lef t  in tac t  or had 
thei r  eyes and olfactory bulbs surgically r emoved ;  one 
half  of the  la t te r  group were also pinealectomized.  3 weeks 
la ter  each of the  3 groups of femaIe rats  were uni la tera l ly  
ovar iectomized.  The weight  of the  r emoved  ova ry  was 
recorded. At  the  same age, the  male rats were uni la tera l ly  
adrenalee tomized or had one k idney removed.  The  weights 
of these organs were also recorded. All operat ions  were 
done on animals  anesthesized wi th  ether. 2 weeks af ter  the 
operations,  when the animals  were sacrificed and the  
single remaining organs, i.e., the  ovary,  the  adrenal  gland 
and the  kidney,  were re t r ieved  and weighed. The  percent  
hype r t rophy  was calculated.  D a t a  were s ta t is t ica l ly  
eva lua ted  using an analysis of var iance  and a t-test be- 
tween re la ted means.  

Results  and discussion. Ovaries in normal  rats  exibi ted 
a 6 9 ~  hype r t rophy  wi th in  14 days (Figure, top). This  
en la rgement  was depressed (p < 0.01) to 12% in rats t ha t  
were depr ived  of bo th  thei r  eyes and olfactory bulbs. In  
rats  t ha t  were pinealectomized,  however,  combined blind- 
ing and anosmia  were unable to restrain compensa tory  
growth and in these animals  the  remaining  ovaries en- 
larged an average of 62%. I t  is thus  apparen t  t h a t t h e  
res t r ic t ive  influence which bl inding and anosmia exer t  on 
compensa tory  ovar ian  h y p e r t r o p h y  is media ted  by  some 
substance depr ived  f rom the  pineal  gland.  I n  tha t  com- 
pensa to ry  growth of the  remaining  ova ry  is known to 
involve  the  release of augmented  amounts  of follicle 
s t imula t ing  hormone  (FSH) the  present  results indicate  
t ha t  the  pineal  restr icts  F S H  synthesis  or release ~. 

As wi th  the  ovaries, compensa tory  growth of the  adre- 
nal  glands was also re ta rded  (p < 0.05) in b l inded anosmic 
rats  unless t hey  were p inealec tomized (Figure, middle).  
The p lasma t i ter  of A C T H  rises af ter  uni la teral  adrenal-  
e c tomy  and this  hormone  is bel ieved to be responsible 
p r imar i ly  for the  accelerated growth  of the  adrenal  gland, 
par t icular ly  of the  adrenal  cor tex  5. Since pineal  r emova l  
al lowed for normal  compensa tory  en la rgement  of the  
remaining adrenal  gland, i t  is concluded t h a t  pineal  
secretory products  also inhibi t  A C T H  release f rom the  
anter ior  p i tu i t a ry  gland. 

Growth  of the  k idney  is de te rmined  by  a gamut  0f 
p i tu i t a ry  and ex t ra -p i tu i t a ry  hormones  6. Dur ing com- 
pensa tory  renal  enlargement ,  however,  there  does not  
seem to be a single p i tu i t a ry  hormone  tha t  is secreted in 
excessive amounts .  This  re la t ive  independence f rom the  
p i tu i t a ry  gland dur ing compensa tory  growth m a y  expla in  
the failure of b l inding  and anosmia  to inhib i t  renal  en- 
l a rgement  after  r emova l  of the  contra la tera l  organ 
(Figure, bot tom).  On the  o ther  hand,  the  ini t ial  k idney  
weights  of the  bl inded anosmic rats  were s ignif icant ly  
(795 vs 992; p < 0.05) smaller  t h a n  ini t ia l  kidneys t aken  
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f rom normal  rats.  This f inding is p robab ly  a t t r i bu t ab l e  to  
the  lower levels of c i rculat ing t e s tos te rone  in an imals  
t h a t  can ne i ther  see nor  smell  8. Tes tos te rone  has an 
i m p o r t a n t  s t imu la to ry  inf luence on normal  renal  g rowth  6. 

Rdsumd. Chez les ra t s  qui ont  subi  une ab la t ion  de la 
g lande pin6ale, la pr6sence s imul tan6e de per te  de r u e  et  
d ' anosmie  emp6chen t  la croissance compensa to i re  de 

l 'ovaire  chez la femelle et  celle des glandes surr6nales chez 
la male. Une  h y p e r t r o p h i e  du rein provoqu6e exp6r imen-  
t a l emen t  apr6s une n6phrec tomie  unilat6rale n ' e s t  pas  
modifi6e par  la per te  de vue et  l 'anosmie.  
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Biological Properties of Synthetic Ser4-ArgS-Oxytocin (Ile3-Ser4-Arginine Vasopressin): Role of the 
Residue No. 4 in the Hormone-Pressor  Receptor Interaction 

The isolat ion of oxy toc in  and  arginine vasopress in  
f rom the  neu rohypophys i s  of several  m a m m a l s  1,~ has 
shown t h a t  these  two  nonapep t ides ,  a l though  s t ruc tu ra l ly  
ve ry  s imilar  ( they differ  only  by  2 res idues  in posi t ions  3 
and  8) ac t  on d i f fe ren t  receptors ,  since oxy toc in  is re- 
sponsible  for t he  u te ro ton ic  and mi lk-e jec t ing  act iv i t ies  
of t h e  g land while vasopress in  accounts  for t he  pressor  
and  an t id iu re t i c  act ivi t ies .  A hyb r id  molecule w i th  the  
res idue No. 3 of oxy toc in  (isoleucine) and  the  residue 
No. 8 of arginine vasopress in  (arginine), called arginine 
vasotocin, has been  syn thes i zed  and  th is  pep t ide  d isp layed  
on m a m m a l s  the  4 ac t iv i t ies  m e n t i o n e d  above  S. The role 
of res idue No. 3 for t he  in t e rac t ion  w i t h  oxytocic  receptor  
and  t h a t  of res idue No. 8 for the  in teract ior /  w i th  the  
p ressor -an t id iu re t i c  recep tor  were t hus  disclosed. 

More recen t ly  t he  iden t i f i ca t ion  of a new neurohypo-  
phys ia l  ho rm one  in b o n y  fishes, isotocin (Ser4-IleS-oxy - 
tocin) (ref. 4) has  shown t h a t  the  subs t i t u t ion  in pos i t ion  4 
does no t  decrease s t rong ly  the  ra t  oxytocic  ac t iv i ty  of 
the  nonapep t ide ,  a resul t  in ag reemen t  w i th  some d a t a  
p rev ious ly  ob ta ined  w i t h  syn the t i c  4 - subs t i tu t ed  analo- 
gues of oxy toc in  5. Fu r the rmore ,  syn the t i c  Thr4-oxytoc in  
is abou t  twice  as act ive  as na tu ra l  oxy toc in  ~. E x c e p t  the  
res idues  4 and  8 which  can be subs t i tu ted ,  the  o the r  
amino  acids of the  molecule  seem necessary  for t he  
oxytoc ic  ac t iv i ty  a l though  the  e amino  group can be 
r emoved  v. 

A b o u t  t he  amino  acids involved  in t he  pressor  ac t iv i ty ,  
which  is associa ted  w i t h  t he  an t id iu re t i c  ac t iv i ty ,  it  has  
long been  k n o w n  t h a t  a basic res idue (arginine, lysine, 
orni thine,  d i aminobu ty r i c  acid) is necessary  in pos i t ion  8 
(ref.~). Only a few analogues  of vasopress in  w i th  subst i -  
t u t ions  in o the r  pos i t ions  have  so far  been  synthes ized ,  
so t h a t  t he  re la t ive  i m p o r t a n c e  of these  posi t ions,  in 
par t i cu la r  t h a t  of pos i t ion  4, is poor ly  known.  Ser4-Arg s- 
oxy toc in  (or I le3-Ser4-arginine vasopressin)  has  recent ly  

Table I. Amino acid composition of synthetic Ser4-ArgS-oxytocin 
(number of residues per mole, aspartie acid being taken as reference) 

Amino Theoretical Oxidized sample Reduced sample 
acid values 46 nmol 38 nmol 32 nmol 52 nmol 

Asp 1 1.00 1.00 1.00 1.00 
Set i 0.89 0.90 0.95 0.85 
Pro 1 1.11 1.53 1.09 0.78 
Gly 1 1.03 0.92 1.10 1.09 
Iie 1 1.02 1.01 0.99 1.03 
Tyr 1 0.68 0.42 1.04 0.92 
Arg 1 1.00 0.89 0.95 0.97 
Cys 2 2.40 2.11 -- 0.67 

been  synthes izedS and  a s t u d y  of some of i ts  biological 
proper t ies  has  now been carr ied out.  

F r o m  ano the r  po in t  of view, because Ser4-ArgS-oxy- 
toc in  has  a serine res idue in posi t ion 4 like hormones  
found  in fishes (such as isotocin of te leos ts  4 or g lumitoc in  
of rays  9) and  an arginine residue in posi t ion 8 like arginine 
vasotoc in  found  in all n o n - m a m m a l i a n  ver tebra tes ,  th i s  
pep t ide  migh t  be a c o m m o n  evolu t ionary  precursor  of 
these  ho rmones  in a ve ry  p r imi t ive  species. I so toc in  and  
arginine vasotoc in  are s imul taneous ly  p resen t  no t  only 
in Neopte ryg i i  4,10, n bu t  also in some Paleopterygi i  such 
as Polypterus12;  on the  o the r  h a n d  all the  car t i laginous  
fishes have  a t  least  2 neu rohypophys i a l  hormonesg,  la. I f  
i t  is a ssumed t h a t  a gene dupl ica t ion  has  occurred in 
ear ly  ve r t eb ra t e s  for giving 2 s imilar  pep t ides  in fishes 
and  h igher  classes, a single pep t ide  migh t  be found  for 
ins tance  in some species of the  p r imi t ive  class of Cyclo- 
s tomata ,  and Ser4-ArgS-oxytocin m i g h t  be a possible 
cand ida te  for th is  single neu rohypophys i a l  hormone .  

1 2 3 4 5 6 7 8 9 
Isotoein Cys-Tyr-Ile-Ser-Asn-Cys-Pro-Ile-Gly(NH2) 

Vasotocin Cys-Tyr- Ile- Gln-Asn-Cys- Pro-Ar__g-Gly(NH2) 

Ser4-ArgS-oxytocfn Cys-Tyr-Ile-Ser-Asn-Cys-Pro-Ar_g-Gly(NH2) 

Amino acid sequences of isotocin, arginine vasotocin and Ser4-Arg s- 
oxytocin 
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