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C o m p a r i s o n  of s o m e  Bio log ica l  Activit ies  of Argin ine  

T h e  p r o p o s e d  t h r e e - d i m e n s i o n a l  s t r u c t u r e  of  o x y t o c i n  
c o n s i s t s  of  t w o  ~ - t u r n s ,  o n e  in  t h e  2 0 - m e m b e r e d  c o v a l e n t  
r i n g  a n d  o n e  in  t h e  l i n e a r  p o r t i o n  (F igure )* .  T h o u g h  
d e t e c t a b l e  c o n f o r m a t i o n a l  d i f f e r e n c e s  e x i s t  b e t w e e n  t h e  
n a t u r a l l y  o c c u r r i n g  n e u r o h y p o p h y s e a l  h o r m o n e s  - a n d  
t h e y  a r e  f u n d a m e n t a l  to  t h e  d i f f e r e n t i a t i o n  of  t h e i r  
b i o l o g i c a l  p r o p e r t i e s  - t h e  b a c k b o n e  c o n f o r m a t i o n s  o f  
l y s i n e  v a s o p r e s s i n 4 ,  5, a r g i n i n e  v a s o p r e s s i n  a n d  a r g i n i n e  
v a s o t o c i n  6 a r e  g r o s s l y  s i m i l a r  t o  t h a t  of  o x y t o c i n .  T h e  
a m i n o  ac id  r e s i d u e s  in  p o s i t i o n s  3, 4, 7 a n d  8 of  t h e  h o r -  
m o n e s  o c c u p y  c o r n e r s  o f  t h e  f l - tu rns ,  a n d  t h e  s ide  c h a i n s  
of  t h e s e  r e s i d u e s  h a v e  o n l y  a l i m i t e d  e f f ec t  o n  s t a b i l i z a t i o n  
of  t h e  p e p t i d e  b a c k b o n e  (F igure ) .  A s  a r e s u l t  t h e  r e s t r i c -  
t i o n  o f  e v o l u t i o n a r y  m o d i f i c a t i o n s  to  t h e  s ide  c h a i n s  in  
p o s i t i o n s  3, 4 a n d  8 of  n a t u r a l l y  o c c u r r i n g  n e u r o h y p o -  
p h y s e a l  p e p t i d e s  is  u n d e r s t a n d a b l e 7 .  I t  is a l so  t h e  s ide  
c h a i n s  of  r e s i d u e s  i n  t h e  c o r n e r s  of  t h e  f l - t u r n s  t h a t  a r e  
f ree  t o  e n g a g e  i n  i n t e r m o l e c u l a r  i n t e r a c t i o n s ,  i n c l u d i n g  
t h e  h o r m o n e - r e c e p t o r  i n t e r a c t i o n .  

A c o r o l l a r y  of  t h e s e  c o n s i d e r a t i o n s  of  t h e  l i m i t a t i o n s  o n  
s t r u c t u r a l  v a r i a b i l i t y  of  t h e  h o r m o n e s  is  t h a t  d i f f e r e n t  
r e c e p t o r s  m u s t  e x i s t  w h i c h  r e c o g n i z e  p a r t i c u l a r  s t r u c t u r a l  
a s p e c t s  of  a g i v e n  h o r m o n e  in  o r d e r  to  m e d i a t e  i t s  d i f f e r e n t  
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Proposed conformation of oxytocin in dimethylsulfoxide 

Vasotoc in  and Synthet ic  Ana logs  ~, 2 

a c t i v i t i e s .  T h e r e f o r e ,  c h a n g e s  of  t h e  s ide  c h a i n s  of  r e s i d u e s  
in  p o s i t i o n s  3, 4, 7 a n d  8 c a n  d r a m a t i c a l l y  e n h a n c e  one  or  
m o r e  h o r m o n a l  a c t i v i t y ,  w h i l e  d i m i n i s h i n g  or  p r a c t i c a l l y  
e l i m i n a t i n g  a n o t h e r  4, 7, s, 9. Il l  t h e  p r e s e n t  s t u d y  we  r e p o r t  
on  s o m e  of  t h e  b i o l o g i c a l  a c t i v i t i e s  c h a r a c t e r i s t i c  of  
n e u r o h y p o p h y s e a l  h o r m o n e s  for  s e v e r a l  a n a l o g s  of  a rg i -  
n i n e  v a s o t o c i n  (ES-a rg in ine ]oxy toc in )  w h i c h  w e r e  s y n t h e -  
s i zed  a n d  a s s a y e d  for  t h e i r  i n s u l i n - l i k e  a c t i v i t i e s  b y  
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T h e  a c t i v i t i e s  of  t h e  a r g i n i n e  v a s o t o c i n  a n a l o g s ,  w h i c h  
a re  m o d i f i e d  in  p o s i t i o n s  3 o r  8, a r e  s h o w n  in  t h e  T a b l e ,  
a n d  c o m p a r e d  t o  t h o s e  of  a r g i n i n e  v a s o t o c i n  i t se l f .  T h e  
s u b s t i t u t i o n  of  a r g i n i n e  b y  e - f o r m y l l y s i n e  o r  b y  c i t r u l l i n e  
e l i m i n a t e s  t h e  p o s s i b i l i t y  for  a c a t i o n i c  c h a r g e  a t  p o s i t i o n  
8. T h e r e  is a s i g n i f i c a n t  d e c r e a s e  in  b o t h  t h e  a n t i d i u r e t i c  
a n d  p r e s s o r  a c t i v i t i e s  o f  [ 8 - f o r m y l l y s i n e ] o x y t o c i n  a n d  
[8-c i t ru l l ine]  o x y t o c i n  as  c o m p a r e d  w i t h  a r g i n i n e  v a s o t o c i n .  
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Comparison of biological activities of arginine vasotocin with those of analogs possessing amino acid substitutions in positions 3 and 8" 

Uterotonic (rat) b Vasodepressor (fowl) o Pressor (rat) a Antidiuretic (rat) 

IArgS]oxytoein f 155 285 245 250 
(arginine vasotocin) 
[D-ArgS]oxytocin 50 ~ 2 7.7 :~ 0.5 0.28 -4- 0.02 360 ~t= 10 
[Lys (form)8]oxytocin 170 =L 20 320 ~= 30 35 ~ 1 27 -~- 1 
[CitS]oxytocin 330 ~ 30 427 i 27 33 =L 3 9 ~_ 2 
[Mpr ~, Nle a, ArgS]oxytocin 14 ~ 1 42 • 1 40 • 2 162 =k 7 
[Mpr 1, Val a, ArgS]oxytocin 22 ~ 1 56 • 3 13 • 2 13 :L 2 
[Mpr 1, Pro s, ArgS]oxytocin 0.02 :c 0.01 0.25 ~: 0.01 0.12 • 0.03 0.44 • 0.10 

Biological activities are expressed as USP units/rag =E SElV[ on the basis of the molecular weight of the anhydrous peptide, b Uterotonic 
activities were assayed on the isolated uteri of rats in natural  estrus, determined on the morning of the assay by vaginai smear, by the method 
of HOLTON TM as modified by MUNSlCK 1", utilizing Mg++-free van Dyke-Hastings solution, o Avian vasodepressor assays were performed 
on conscious chickens "~ by the method of COON 21. a Pressor activity was determined in atropinized, urethane-anesthetized male Sprague- 
Dawley rats as described in the U.S. Pharmacopeia 22. e Antidiuretic activity was determined in inactin- and ethanol-anesthetized, hydrated 
male Sprague-Dawley rats according to a modification of the method of JEFrERS et al. 23. f Values taken from ref. 34 
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I n  cont ras t ,  t h e  oxytocic  ac t iv i t i e s  of E8-formyllysineJoxy- 
toc in  are r e t a ined  a t  a level  equa l  to  those  of AVT, a n d  
t he  same ac t iv i t i e s  of E8-ci trul l ine]oxytocin are ac tua l ly  
enhanced ,  g iv ing rise to  a s t r ik ing  d i f f e r en t i a t i on  of 
oxytoc ic  a n d  p re s so r - an t i d iu r e t i c  p roper t i e s  for b o t h  
analogs .  

A change  in t he  s t e r eochem i s t r y  of t he  a rg in ine  res idue  
in pos i t ion  8 of a rg in ine  va so toc in  f rom an  L to a D 
conf igu ra t ion  resu l t s  in  a s u b s t a n t i a l  increase  in t h e  
a n t i d i u r e t i c  a c t i v i t y  whi le  essent ia l ly  e l imina t ing  t he  
pressor  ac t iv i ty .  This  d i f f e ren t i a t ion  of ac t iv i t i e s  w i t h  
Es-I>-arginine]vasotocin is cons ide rab ly  more  d r a m a t i c  
t h a n  p rev ious ly  obse rved  w i t h  ~8-D-arginine] vasopress in  n,  
E8-D-lysine]vasopress inn a n d  o the r  vasopres s in  ana logs  
w i t h  a n  amino  acid res idue  of D conf igu ra t ion  in pos i t ion  
81~-1,. These  resul t s  h a v e  all been  i n t e r p r e t e d  to i nd i ca t e  
a more  s t r i n g e n t  r e q u i r e m e n t  for  a c o m p l e m e n t a r y  
cha rge  i n t e r a c t i o n  a t  t h e  pressor  receptor ,  c o m p a r e d  to  
the  a n t i d i u r e t i c  r ecep torL  

I n  t h e  series of ana logs  w i t h  3-posi t ion modif ica t ions ,  
t he  N - t e r m i n a l  amino  g roup  is dele ted.  I n  general ,  
d e a m i n o  oxy toc in  c o m p o u n d s  show increased  u t e ro ton i c  
a c t i v i t y  (e.g. 1~) and  d e a m i n o  vasopress ins  e x h i b i t  a h igh  
ra t io  of an t id iu re t i c - to -p res so r  ac t iv i t i es  (e.g. 16). The  
s u b s t i t u t i o n  of nor leuc ine  for isoleucine in [1-deamino,  
3-nor leuc ine]arg in ine  vaso toc in  resu l t s  in r e l a t ive ly  h i g h  
an t id iu re t i c  a c t i v i t y  w i t h  r e t e n t i o n  of s ign i f ican t  oxytoc ic  
act iv i t ies .  The  r e p l a c e m e n t  of isoleucine b y  va l ine  is 
a ccompan ied  b y  a large r e d u c t i o n  of all  t e s t ed  act iv i t ies ,  
a n d  pro l ine  is an  even  less c o m p a t i b l e  r e p l a c e m e n t  for 
the  isoleucine residue.  P r o v i d e d  t h a t  on ly  a m i n o  acid 
res idues  w i t h  a l ipha t i c  side cha ins  are cons idered  as 
s u b s t i t u t i o n s  in  pos i t ion  3 i t  is l ike ly  t h a t  t h e  decreases  in 
p o t e n c y  ref lect  differences in b i n d i n g  of t he  ana log  to  
r ecep to r  n,  a l t h o u g h  dose response  s tud ies  in  a p p r o p r i a t e  
in  v i t ro  assay  sys tems  are r equ i red  to a sce r t a in  th i s  poin t .  

I n  conclusion,  mod i f i ca t ions  of t he  side cha ins  Of 
' co rner '  res idues  of t he  p r opos ed / 3 - t u r n s  of oxy toc in  - in  
th i s  case res idues  in pos i t ions  3 and  8 - can  se lect ively  
affect  biological  ac t iv i t i e s  of t he  n e u r o h y p o p h y s e a l  
h o r m o n e  analogs,  a l t h o u g h  b y  t he  inf luence  these  modi f ied  
side cha ins  m a y  h a v e  on  t h e  ' c a t a l y t i c  c en t e r '  of t h e  pro-  
posed  'b io logica l ly  ac t ive '  c o n f o r m a t i o n  of oxytocin*,  7 

t h e y  m a y  exe r t  synerg i s t i c  r a t h e r  t h a n  s t r i c t ly  a d d i t i v e  
effects. 

Zusammen/assung. Nachweis ,  dass  die S u b s t i t u t i o n  in 
Pos i t i onen  3 u n d  8 irn Arg in in  Vaso toc in  ([8-Argininl-  
Oxytoc in)  se lek t ive  Ver / inde rungen  ve r sch iedene r  bio-  
logischer  Ak t iv i t / i t en  he rvo r ru f t ,  was  a m  Modell  der  
O x y t o c i n k o n f o r m a t i o n  d i sku t i e r t  wird.  
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Hyperg lucagonemia ,  Hypoca lcemia  and Dimin i shed  Gastric Blood F low-Evidence  for an 
Etiological  Role in Stress  Ulcer of Rat 

I n  t he  pa s t  m a n y  pa thophys io log ica t  aspec ts  o5 s t ress  
i nduced  ulcers  in  m a n  and  e x p e r i m e n t a l  an i m a l s  h a v e  
been  s tud ied  in tens ive ly .  A t  presen t ,  desp i te  increased  
knowledge  of t he  role wh ich  va r ious  fac tors  poss ib ly  
i nvo lved  m i g h t  play,  such  as h i s t a m i n e  and  t he  m a g n i t u d e  
of gas t r ic  mucosa l  per ius ion ,  t h i s  d i sorder  is fa r  f r o m  
be ing  ful ly  unde r s tood .  

P a n c r e a t i c  g lucagon  (pG1) is k n o w n  to  suppress  b o t h  
gas t r ic  acid secre t ion  1, 2 and  b lood per fus ion  3. I n  add i t i on  
to h y p o g l y c e m i a  and  amino  acids infus ion  ~, t h i s  h o r m o n e  
is re leased f rom t h e  p a n c r e a s  b y  s t ress  5. H y p o t h e s i z i n g  
t h a t  pG1 m i g h t  be  a i m p o r t a n t  s u b s t a n c e  d u r i n g  t he  
even t s  f ina l ly  lead ing  to  mucosa l  lesions a n d  ulcers, we 
s tud ied  severa l  g roups  of r a t s  us ing  local  oxygen  pressure  
(pO~) in gas t r ic  m u c o s a  as a re l iable  i n d e x  for  b lood  
per fus ion  (descr ibed in de ta i l  e lsewhere  6) and  i ts  depen-  
dency  u p o n  pG1 concen t r a t i on .  In  order  to  clar i fy w h e t h e r  
pC1 also m a y  be  func t iona l ly  r e l a t ed  to  ac tua l  s e rum 
ca lc ium a n d  gas t r in ,  these  p a r a m e t e r s  were  m e a s u r e d  in 
i n t a c t  a n d  ad rena l ec t om i zed  rats .  

Materials. 3 groups  of ma le  S P F  W i s t a r  rats ,  approx .  
200 g b o d y  wt.  (Mus R a t t u s  G m b H . ,  B r u n n t h a l / G e r m a n y )  
were r a n d o m l y  d iv ided  in to  in tac t ,  s h a m - o p e r a t e d  
( l apa ro tomy  only) a n d  ad rena l ec tomized  animals ,  1 moie- 
t y  se rv ing  as control .  The  o the r  ha l f  was  s t ressed b y  t he  
r e s t r a i n t  t e c h n i q u e  ~ a t  r o o m  t e m p e r a t u r e  for 24 h. Food  
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