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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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Ulcer index (UI), oxygen partial pressure (pO2), immunoassayable Glucagon (pG1) and Gastrin (G), totaI serum calcium (Cat) and protein 
(TP) in rats without (C) and following stress (S) 

Groups Stress U.I. pO 2 G pG1 Ca t TP 
h mm Hg pg/ml pg/ml mg/100 ml g/100 ml 

1. Intact (C) 24 0 19.08 137 135 10.49 6.74 
(19) 0.34 17 13 0.14 0.18 

(16) (18) (20) (19) (14) 
2, Intact (S) 24 20.75 9.77 119 333 8:60 6.13 

(18) 0.40 12 67 0.20 022 
(19) (18) (19) (20) (13) 

3. Sham-operated (C) a 24 0 18.58 162 170 10.37 6.51 
(17) 0.27 13 19 0. l l  0.18 

(19) (18) (19) (19) (19) 
4. Sham-operated (S)a 24 19.85 9.92 96 506 ~ 8.71 6.04 

(18) 0.20 5 79 0.15 0.17 
(20) (20) (19) (20) (14) 

5. Adrenaleetomized (C) a 6-8 8.03 15.42 c 405 ~ 284 ~ 10.86 6.58 
(17) 0.37 56 41 0.12 0.33 

(22) (18) (17) (16) (10) 
6. Adrenalectomized (S)a 6-8 13.70 8.55 a 165 678 b 10.31 ~ 5:94 

(19) 0.32) 20 95 0.17 0.22 
(19) (13) (91) (11) (5) 

Mean i SEN. (), Number of animals. ~ p < 0.05; b < 0.01; ~ < 0.001 (Student's t-test: 3 vs 1; 5 vs I; 4 vs 2; 6 vs 2. a Laparotomy only 
and adrellalectomy 10 days before experiments. 

( n o r m a l  l a b o r a t o r y  d ie t ,  A l t r o m i n  G m b H . ,  L a g e / G e r m a -  
ny)  a n d  d r i n k i n g  w a t e r  were  w i t h h e l d  24 h p r i o r  to  t h e  
e x p e r i m e n t s  (cont ro ls ) .  A f t e r  s t r e s s  p r o c e d u r e ,  all  a n i m a l s  
were  a n e s t h e t i z e d  b y  p e n t o b a r b i t a l - N a ,  f i x e d  on  a h e a t e d  
(37 ~ o p e r a t i n g  t a b l e  a n d  l a p a r o t o m i z e d  in  o r d e r  t o  ex-  
pose  gas t r i c  su r f a c e  a n d  a l low b l e e d i n g  f r o m  t h e  ao r t a .  

Methods.  D e t e r m i n a t i o n  of  p O  2 w a s  d o n e  b y  po la ro -  
g r a p h y ,  a p p l y i n g  a 25 ~xm p l a t i n u m  e l e c t r o d e  ( T r a n s i d y n e  
G e n e r a l  Corp. ,  M i c h i g a n / U S A ) .  F i n a l  i n d i v i d u a l  va l ue s  
w e r e  e s t a b l i s h e d  b y  r e c o r d i n g  24 s ing le  v a l u e s  o u t  of  4 
t o p o g r a p h i c a l l y  f i x e d  r eg ions  w i t h i n  t h e  g l a n d u l a r  s t o m a c h  
on  a S e r v o g o r  r eco rde r ,  a n d  c a l c u l a t i o n  of  m e a n  va lues .  

M e a s u r e m e n t  of  pG1 a n d  G were  d o n e  b y  r a d i o i m m u n o -  
a s s a y  s . T h e  f o r m e r  w a s  se t  up  u s i n g  t h e  h i g h l y  spec i f ic  
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Relationship between plasma glucagon and gastric perlusion as 
indicated by pO 2 in stressed rats (�9 and controls (X). Numbers 
denote duration of stress in h in 4 groups of animals not delineated in 
this report. 

a n t i b o d y  30 K 9, t h e  l a t t e r  b y  a c o m m e r c i a l l y  a v a i l a b l e  k i t  
( I s o t o p e n d i e n s t  W e s t  G m b H . ,  F r a n k f u r t / G e r m a n y )  a n d  
H u m a n  G a s t r i n  I as  s t a n d a r d .  S e p a r a t i o n  of  b o u n d  a n t i -  
b o d y  f r o m  free  h o r m o n e  b y  a d d i t i o n  of  0.5 m l / t u b e  c h a r -  
coa l  d e x t r a n  m i x t u r e  10. I n t r a  a n d  i n t e r  a s s a y  coe f f i c i en t  
o5 v a r i a t i o n  were  9.0 a n d  13.2 (pG1), 8.4 a n d  12.5 (G) 
r e s p e c t i v e l y .  S e r u m  Ca w a s  d e t e r m i n e d  b y  E D T A - t i t r a -  
t i o n  u s i n g  Ca lce in  as i n d i c a t o r  (Marius,  K i p p  & Zoonen ,  
S c h 6 n b e r g / G e r m a n y )  ; t o t a l  p ro t e i n ,  u s i n g  b i u r e t  r e a g e n t .  

Results  and discussion. (Table)  1. S t r e s s  i n d u c e d  m u c o -  
sal  les ions .  A l t h o u g h  in  t h i s  s t r e s s  m o d e l  f o r m a t i o n  of  
c lass ica l  u lcers  occu r s  in a f ew  cases  on ly ,  a n d  t e n d s  to  
r e su l t  in  m u c o s a l  l e s ions  of  v a r y i n g  s t e e p n e s s ,  q u a n t i t a t i v e  
h i s to log ica l  e x a m i n a t i o n  ( u n p u b l i s h e d )  d e m o n s t r a t e s  t h a t  
t h e  u lcer  i n d e x  (UI) ,  a c c o r d i n g  to  BRODIE a n d  HANSON ~, 
c a n  be  a c c e p t e d  as  a r e l i ab le  c r i t e r i u m  of  gas t r i c  l e s ions  
d u e  to  s t ress .  I n  i n t a c t  a n d  s h a m - o p e r a t e d  r a t s ,  zero  U I  
is a s s o c i a t e d  w i t h  n e a r l y  e q u a l  pO~ (19.08 vs  18.58). B o t h  
s t r e s s  a lone  a n d  a d r e n a l e c t o m y  a lone  s e v e r e l y  i nc r ea se  
U I  a n d  r e d u c e  ga s t r i c  p e r f u s i o n ,  t h e  n a d i r  of  p O  2 b e i n g  
o b s e r v e d  in  a d r e n a l e c t o m i z e d  r a t s  f o l l owing  s t ress .  

2. G lucagon ,  g a s t r i n  a n d  ca lc ium.  C o m p a r e d  w i t h  
c o n t r o l  g roups ,  pG1 in  s t r e s s e d  a n i m a l s  w a s  d e f i n i t e l y  
e l e v a t e d .  Th i s  r e su l t  is in  a c c o r d a n c e  w i t h  t h e  r e c e n t  
v i e w  t h a t  c a t e c h o l a m i n e s  a re  p o t e n t  s t i m u l i  t o  t h e  cr 
cells  11,12. Moreove r ,  t h e  f i n d i n g  t h a t  h i g h e s t  pG1 occu r s  in  
a d r e n a l e c t o m i z e d  r a t s  d u r i n g  s t r e s s  w o u l d  be  c o n s i s t e n t  
w i t h  t h e  a s s u m p t i o n  t h a t  e x t r a - a d r e n a l  sources  of  ca t e -  
c h o l a m i n e s  m i g h t  c o n t r i b u t e  to  r e l ease  of  pG1. R e g r e s s i o n  
a n a l y s i s  o f  p e r f u s i o n  d a t a  f a v o u r s  t h e  a f o r e m e n t i o n e d  

8 ]~. AGUILAR-PARADA, A. M. ]~ISENTRAUT and R. H. UNGER, Am. J. 
reed. Sci. 257, 415 (1969). 
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Metab. 25, 1375 (1965). 
11 j .  IVERS~N, J. clin. Invest. 52, 2102 (1973). 
12 N. J. A. VAUGHAN, S. R. BLOOM, O. OGA'vVA, P. M. BIRCHAM and 

A. V. ]~DWARDS, Experientia 29, 805 (1973). 
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hypo thes i s  t h a t  pG1 would indeed be involved in depres-  
sion of gastric blood flow (Figure). 

Imm unoas sayab l e  G, on the  o ther  hand,  t ends  to  
decline dur ing  stress (control  vs stress,  Table) bu t  in- 
creases marked ly  af ter  adrena lec tomy.  I n t h e  l ight  of 
greater  sens i t iv i ty  of adrena lec tomized  ra ts  to  ulcerogenic 
factors,  it  would be of in te res t  to  discover  whe the r  there  
is a feed-back mechan i sm no t  ye t  descr ibed between 
gastrin(s) and subs tances  der ived f rom the  adrenals.  As 
indica ted  by  serum calcium in the  i n t ac t  and sham-  
opera ted  groups dur ing stress, it  seems to  us t h a t  a 
hypocalcemic  pr inciple  is l ikely to be s t imula ted  f rom 
normal  adrenals  to en te r  general  c irculat ion and suppres-  
se ac t iv i ty  of gastrin(s) p roduc t ion  si tes ~3. Al though  
earlier work  by  KAPLAN et al. ~4, t5 suggested a role for the  
adrenals  in calcium homeostas is ,  our p resen t  repor t  
is, we believe the  f i rs t  to deal wi th  a funct ional ly  re la ted  

t r ias  of f indings leading to  gastric ulcers originally induced 
by  stress s i tua t ions :  hyperglucagonemia ,  hypocalcemia  
and reduced  gastr ic  mucosal  blood supply.  

Fu r t h e r  expe r imen t s  are under  way to  e lucidate  the  
pa thophys io logica l  va l id i ty  of each single pa ramete r ,  
wi th  special respect  to actual  p la sma  gastrin(s).  I n  addi-  
t ion,  t h e y  m a y  help to f ind out  w h a t  k ind of t h e r a p y  
should be envisaged in the  presence  of s tress ulcer in 
humans .  

Zusammen/assung. U n t e r  Zwangsha l tung  entwickeln  
in takte ,  scheinoper ier te  und  adrena lek tomier te  R a t t e n  
eine Drosselung der  Magenperfus ion und  unterschied l ich  
h~ufig Nekrosen und  Eros ionen  in der  Magenmukosa .  
Dieses P h g n o m e n  ist yon e inem erhebl ichen Anst ieg an 
Pankreasg lucagon  beglei tet ,  wg&rend Gastr in  un te r  
Stress eher  abf~illt. 
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Act ion  of L -Dopa  on the Gonads  of Male  Rats  

Melatonin (5 -methoxy-N-ace ty l t r ip tamine)  is a hormone  
secreted by  the  pineal  gland (LERNER1), which  has a 
decolorant  ac t ion on tile skin of amph ib i ans  1, an anti-  
gonadot roph ic  act ion (WURTMAN et a].2), a h y p o t h e r m a l  
act ion (BARCHAS et al.3), and  a hypno t i c  act ion (MAI~C- 
ZYNSKI4). I t  has  been shown t h a t  L-Dopa produces  an 
increase of mela ton in  secret ion by  the  pineal  gland 
(WuRTMAN et  al.5). In  th is  paper ,  we have  t r ied  to  s tudy  
the  effect of t he  admin i s t r a t ion  of L-Dopa on the  gonads  
of male rats.  

Materials and methods. 39 male  rats ,  Wis t a r  s train,  
200-250 g, were used ; 300 mg/kg  of L-])opa hydrochlor ide  
were admin i s t e red  s.c. to  a group of 20 rats,  3 t imes  a 
week for 1 mon th .  Ano the r  group of 19 ra ts  was used as 
control ;  these  ra t s  received dist i l led wa te r  on the  same 
days  and  by  the  same route.  Af ter  30 days,  the  ra ts  were 
killed and the i r  testicles,  seminal  vesicles and p ros ta t e  
removed.  The calculat ion of resul ts  was made  using 
S t u d e n t ' s  t-test .  

Results. The admin i s t r a t i on  of L-Dopa to  male ra ts  
d iminished  the  weight  of testicles,  seminal  vesicles and 
p ros t a t e  (Table). 

Discussion. WURTMAN et al.2, 5 d e m o n s t r a t e d  the  in- 
h ib i to ry  act ion of mela ton in  on the  g rowth  and  weight  of 
sexual  organs of ra t s  and hamste rs .  RABAD3~N 6 has also 
observed an inh ib i to ry  act ion of mela ton in  on the  weight  
of pros ta te ,  seminal  vesicles and ovaries  of rats.  The 
results  ob ta ined  appear  to  be due to  the  act ion of L-Dopa 
on the  pineal  gland,  as WURTMA_N et al. v have  demons t ra -  
t ed  t h a t  s.c. admin i s t r a t i on  of 300 mg/kg  of L-Dopa to  
ra t s  produces  an  increase of the  mela ton in  con ten t s  in the  
pineal  gland. The increase of level of mela tonin  would be 
responsible  of the  decreased weight  of testicles,  seminal  
vesicles and pros ta tes .  

Resumen. La adminis t rac i6n  de 300 mg/kg  L-Dopa, a 
ra tas  machos,  por  via subcut~nea,  t res  dlas a la semana  
du ran te  un rues, p roduce  una  d isminucidn  s ignif icat iva - 
del peso de testlculos,  veslculas seminales  y pr6s ta ta .  

F.P. I:{ABAD~N and C. MARTiNEZ ROLD2{N 

Departamento de Investigacidn, Seccidn de Farmacologla, 
Laboratorios Made S.A., Apartado 535, Madrid (Spain), 
77 January 7974. 

Action of L-Dopa on the weight of sexual organs of male rats 

Treatment Testicles (each) Prostate Seminal vesicles 

Control 1637.73 2c 40.825 136.105 • 10.55 281 :j_ 17.431 

L-Dopa 1418.6 =E 43.973 92.2 =L 5.826 229.3 4- 12.276 
(p < 0.001) (p < 0.005) (p < 0.01) 

Mean values in mg • S.E.M. The figures in brackets show the 
statistical significance. 
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