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f indings in. W-e shah  here  only  give a p re l iminary  repor t  on 
the  syntheses  of t he  compounds  I I ,  I I I ,  and  V (Fig. 1-3) ; 
de ta i led  papers  are to  appea r  elsewhere. 

H.  KAPPELER and R.  SCHWYZER 

ForschungsIaboratorien der CIBA Akliengesellschafl, 
Pharmazeutische Abteilung, Basel, June ;, 1960. 

Zusammen/assung 

Ein ige  Pept ide ,  s t rnk ture l l  fi~hnlich den  gemeinsamen  
Aminosi~uresequenzen der  drei  H y p o p h y s e n h o r m o n e  
ACTH,  ~- und fl-MSH, wurden  synthet is ier t .  Sic zeigen 
eine sehr  schwache  W i r k u n g  auf  die Melanophoren (V 
wurde  n ich t  gepriift) ; das  H e p t a p e p t i d  ( I I I )  bes i tz t  keine 
ACTH-Akt iv i t~ i t .  Die  drei  Verb indungen  I I ,  I I I  und V 
vergr6ssern  die ACTH-Aussch i i t t ung  im  in vitro-Versuch 
y o n  SAFFRAN, SCHAI.LY und BENFEV ~ stark.  D a m i t  s ind 
die ersten syn the t i schen  Pep t ide  m i t  dieser C R F - A k t i v i -  
t a t  gefunden.  

Adrena l ine -Noradrena l ine  
Content  of the S u b m a x i l l a r y  Gland of the Cat 

I t  has  been  suggested t h a t  some sym pa th i com ime t i c  
amines,  e . g .  t y ramine ,  exe r t  the i r  effect  by  release of 
adrena l ine-noradrena l ine  (BURN and  RAND 1). I n  t he  pre- 
sent  exper iments ,  the  effect  on  the  adrenal ine-noradre-  
nal ine con ten t  of t he  submaxi l l a ry  gland caused by  infu- 
sion of t y r a m i n e  has  been studied.  

Methods. Ten  cats  were used for t he  exper iments .  One 
series consis ted of three  no rma l  cats.  I n  a series of f ive 
cats,  t h e  effect  of an  in t r avenous  infusion of t y r a m i n e  was 
s tudied.  I n  two  cats,  the  super ior  cervical  gangl ion of one 
side was excised 3 weeks before the  exper iment .  

t h e  e s t ima t ion  of the  ca techols  was m a d e  one or  two  days  
later .  

Estimation o/ adrenaline-noradrenaline ~. The noradre-  
nal ine and adrenal ine  con ten t  of the  homogena tes  was 
e s t ima ted  according to the  f luorometr ic  m e t h o d  descr ibed 
by  BERTLER, CARLSSON, and ROSENGREN a. The  simplif ied 
ex t r ac t i on  v a r i a n t  of t he  procedure  was used. A sl ight  
er ror  is a d m i t t e d l y  in t roduced  hereby,  especial ly since the  
glands  were  no t  weighed,  in order  to reduce the  t ime  de lay  
be tween  r emova l  and  homogeniza t ion .  The  error  intro-  
duced  is, however ,  only  of the  order  of 1%, even  if i t  is 
assumed t h a t  t h e  weigh t  of an  organ weighing abou t  1 g 
can  be e s t ima ted  by  s ight  n o t  b e t t e r  t h a n  wi th in  =[: 0.5 g. 
T h e  e lu t ion  was made  wi th  g ml  1 N HC1 and  the  es t ima-  
t ion  made  on 2 ml  of the  eluate.  

F u r t h e r  technica l  detai ls  are  g iven below. 
Results. The normal submaxillary gland was found to 

con ta in  only  smal l  amoun t s  of adrena l ine  in compar i son  
wi th  t he  amoun t s  of noradrenal ine .  The  two  no rma l  glands 
f rom a single an ima l  were v e r y  s imilar  in the i r  noradrena-  
line con t en t  (Table), and therefore  the  effect  of t y r a m i n e  
infusion or  of gang l ionec tomy on the  noradrena l ine  con- 
t e n t  could  be s tudied on pairs  of glands,  using one gland 
as a control .  

In/usion o/ tyramine was s ta r ted  a f te r  one g land  had  
been  r e m o v e d  and  homogenized .  A cannu la  was t ied into  
the  secre tory  d u c t  of the  remain ing  gland.  Each  an imal  
was t h e n  g iven  150 mg of t y r amine  in t r avenous ly  dur ing  
a p p r o x i m a t e l y  1 h. A t  a cons tan t  ra te  of infusion, the  
secre tory  ra te  declines. I n  order  to keep up a secret ion the  
ra te  of  infusion was increased in t e rmi t t en t ly .  I n  spi te  of  
this,  t he  g land  can  no t  be  m a d e  to  secrete for a long t ime.  
A t  the  end of  infusion,  w h e n  the  g land was removed ,  there  
was no secret ion in any  of the  cases even  though  huge 
doses were g iven  (up to  10 mg/min) .  

The  infusion was found to  lower the  noradrena l ine  con- 
t e n t  of t h e  g land to  some 50% (Table). 

Excision o/the superior cervical ganglion caused a com-  
ple te  d isappearence  of noradrenal ine ,  while adrenal ine  was 
found in seemingly  normal  quan t i t i e s  (Table). 

Cat. No. 

6 
7 
8 
9 

L0 

Expressed in ~tg, the noradrenaline and, within brackets 

Procedure 

Normal glands 

Right  superior cervical ganglion excised 3 
weeks earlier 

Left gland removed before and right gland 
removed after infusion ot tyramine 

the adrenaline content of the submaxillary gland of the cat. 

Right gland 

0.71 (0.04) 
0.78 (0) 
0.69 (0) 

Mean value: 0.73 (0.01) 
o (o,o6) 
o (0,06) 

Mean value : 0 (0,06) 
0.49 (0,06) 
0.59 (0.02) 
o.51 (0.02) 
0.40 (0.07) 
0.48 (o.o5) 

Mean value: 0.49 (0.04) 

Left gland 

0.71 (0.10) 
0.74 (0.06) 
0.66 (0) 
0.70 (0.05) 
0.45 (0,07) 
1.24 (0.06) 
0.85 (0.07) 
1.16 (0.04) 
1.29 (0) 
0.85 (o) 
1.01 (0) 
0.91 (0) 
1.04 (0.01) 

I n  the  acute  exper iment ,  t he  cats  were g iven chloralose 
(80 mg/kg) a f te r  p re l imina ry  e ther  anesthesia.  To facili- 
t a te  a qu ick  remova l ,  t he  glands  were dissected, leaving 
nerves,  vessels, and secre tory  duc t  in tac t .  The  excised 
gland was i m m e d i a t e l y  p u t  in to  a cooled homogenizer  
con ta in ing  10 cm 3 of ice - chi l led 0.4 N perchlor ic  acid. 
The  h o mogena t e  was k e p t  in a deep-freeze (-- 20°C) unt i l  

1 j .  H. BURN and M. J. RAND, J, Physiol. 144, 314 (1958). 
2 1 am greatly indebted to Drs. A. BERTLER, A. CARnSSOS, and 

E. ROSSSCREN for facilities to make the estimations. 
a A. BSRTLER, A. CARLSS0N, and E. ROS~SOREN, Acta physiol. 

scand, t4, 273 (1958). 
4 R. STR6~t~LAD, Acta physiol, scand. 36, 154 (1956). 

B. C. R. STRSMBL^D, Brit. J. Pharmacol., in press. 
N. EMMt~LIN and J. E~GSTR6M, J. Physiol., in press. 
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Discussion. The  decrease in the  noradrena l ine  con t en t  
of the  submaxi l l a ry  gland following an infusion of ty ra -  
mine  suppor ts  the  hypothes is  t h a t  t y r a m i n e  causes a re- 
lease of  noradrenal ine .  I t  m a y  therefore  wel l  be t h a t  the  
effects  of t y r amine  are  exe r t ed  v i a  a release of  noradre-  
naline.  The  t o t a l  d isappearence  of  noradrena l ine  f rom the  
gland,  as well  as of t he  secre tory  response to  t y r a m i n e  
(STROMBLAD 4, a) a f te r  r emova l  of t he  s y m p a t h e t i c  supply ,  
is also consis tent  wi th  such a mode  of  ac t ion  of ty ramine .  

At  the  end of the  infusion of t y ramine ,  no secre tory  res- 
ponse was obta ined,  b u t  the  g land was found to  re ta in  
some 50% of  i ts  noradrenal ine .  1No exp lana t ion  can be 
g iven;  b u t  ,it could be po in ted  ou t  t h a t  t he  sympa the t i c  
innerva tes  also the  vessels of the  g land and therefore  the  
remain ing  noradrena l ine  could be associated wi th  te rmi-  
nals a round  the  vessels. On electr ical  s t imula t ion  of the  
sympa the t i c ,  t he  ne rve  t e rmina l s  in con t ac t  w i th  t he  
secre tory  cells seem to  be more  easi ly dep le ted  of t rans-  
m i t t e r  t h a n  those  in con tac t  wi th  t he  vessels (EMMELIN 
and  ENGSTR6M s). 

The  figures for the  adrena l ine  con t en t  of t he  glands  were  
low and  va r i ed  m u c h  more  t h a n  those  for t he  noradrena-  
line conten t .  I t  is, however ,  of in te res t  to  no te  t h a t  adre-  
nal ine was p resen t  in a p p a r e n t l y  no rma l  quan t i t i e s  af ter  
excision of the  super ior  cervical  ganglion.  I t  could be t h a t  
adrenal ine  is located outs ide  the  nerve  t e rmina l s  in the  
submaxi l l a ry  gland.  

B .  C. R .  STROMBLAD 

Institute of Physiology, University o/ Lund (Sweden), 
May  27, 1960. 

Zusammen[assung 

Der  Norad rena l ingeha l t  in de r  Submaxi l lar i sdr i i se  de r  
Ka t ze  n a h m  nach  der  Infus ion v o n  T y r a m i n  ab, wodurch  
die Auffassung un te r s t i i t z t  wird,  dass diese Subs tanz  
durch  Fre i se tzung  yon  Noradrena l in  wirkt .  Sympa th i sche  
Gangl ionek tomie  ve ru r sach te  das  vol ls t i indige Verschwin-  
den y o n  Noradrena l in  in tier Drtise. 

I n  V i v o  U p t a k e  o f  D o p a m i n e  and 
5 -Hydroxytryptamine  by A d r e n a l  

Medul lary  Granules  

In  1953 the  adrena l ine  and noradrena l ine  of the  adrena l  
medul la  were shown to  be  localized wi th in  in t race l lu lar  
granules  of  a b o u t  t he  same size as mi tochondr i a  b u t  no t  
ident ica l  w i th  these  1,2. Subsequen t  observa t ions  8,4 in- 
d ica te  t h a t  also ca techol  amines  in o the r  t issues are  k e p t  
in s imilar  part icles.  I n  s tudies  of  this  s torage  mechan ism,  
the  adrena l  medul la  is of ten  the  t issue of choice, because 
i t  is easy to isolate and prepare .  However ,  i t  has  t he  draw- 
back  of a comparab ly  slow tu rnover ,  which makes  in- 
ves t iga t ions  of t he  kinet ics  of the  s torage  mechan i sm 
difficult .  

I n  an  a t t e m p t  to ove rcome  the  diff iculty,  we h a v e  s tud-  
ied the  up t ake  of ca techol  amines  of t he  ca techol  amine  
conta in ing  granules af ter  admin i s t r a t ion  of 3 ,4-dihydroxy-  
phenyla lan ine  (DOPA). This  amino  acid pene t ra t e s  in to  
the  cell, where  i t  is deca rboxy la ted  to dopamine  by  means  
of DOPA-decarboxy lase .  This  enzyme  is loca ted  in t he  
cy top lasmic  sap  5. I t  was observed  t h a t  m o s t  of t he  new- 
fo rmed  dopamine  was p resen t  in t he  g ranu la r  f rac t ion  
af te r  d i f ferent ia l  cent r i fugat ion .  The  procedure  is br ief ly  
descr ibed below. 

L-DOPA in a dose of 100 mg /kg  was adminis te red  i. v. 
in to  rabbi t s  weighing a b o u t  2 kg. The  animals  were  kil led 
a t  va ry ing  in te rva ls  of t i m e  af te r  t he  inject ion.  The  adre-  
nals were  rap id ly  r emoved ,  and  the  adrena l  medul la  was 
dissected free f rom cort ical  t issue.  The  medul la  was homo-  
genized in ice-cooled 0.3 M sucrose in a P o t t e r - E l v e h j e m  
homogenizer .  F r o m  the  homogena t e  three  fract ions were  
prepared  b y  means  of d i f ferent ia l  cen t r i fuga t ion  accord-  
ing to HILLARP et al. 1: (1) t he  low speed sed iment ,  con-  
t a in ing  cell  nuclei  and  cell debris,  (2) the  h igh  speed 
sediment ,  con ta in ing  the  mi tochondr i a  and  ca techol  amine  
s tor ing granules,  (3) the  h igh  speed superna tan t ,  contain-  
ing the  cy toplasmic  sap. The  ca techol  amine  con ten t s  of 
the  fract ions were de te rmined  as p rev ious ly  descr ibed s. 
As will be seen in the  Table ,  the  g ranu la r  f rac t ion con- 
t a ined  3.7 ptg dopamine  30 min  af te r  t he  admin i s t r a t ion  
of D O P A ,  whereas  less t h a n  I tzg was localized in  t he  
cy top lasmic  sap. The  newly- fo rmed  dopamine  is thus  
rap id ly  t a k e n  up  b y  the  granules.  I n  t he  k idney  cor tex,  
however ,  which  is r ich in  DOPA-deca rboxy l a se  b u t  lacks 
ca techol  amine  s tor ing granules,  mos t  of t he  dopamine  
formed was found in t he  cy top lasmic  sap. P r e t r e a t m e n t  
of t h e  animals  w i t h  reserpine impa i red  t h e  up t ake  of 
dopamine  b y  adrena l  medu l l a ry  granules  a f te r  D O P A  
adminis t ra t ion .  Thus  the  p r i m a r y  effect  of reserpine 
which is known to  deple te  the  body  stores of ca techol  
amines  ~-° m a y  be its in te rac t ion  wi th  the  up take  of 
ca techol  amines  by  the  granules.  

In-vivo uptake of dopamine and 5-hydroxytryptamine by adrenal 
medullary granules after administration of DOPA and 5-hydroxy- 
t ryptophan respectively (~g per pair of adrenals. Each value re- 
presents the  mean  of two determinations. DA: dopamine; NA: nor- 
adrenaline; A: adrenaline; 5-HT: 5-hydroxytryptamine;  5-HTP:  

5-hydroxytryptophan). 

DA NA A 5-HT 

DOPA, 100 mglkg Cytoplasmic sap 0.8 0.9 8.2 - -  
(30 min) Granules 3.7 4.8 72 - -  

DOPA, 100 rag/ks Cytoplasmic sap 1.4 2.7 14.5 - -  
(1 h 5 Granules 5.4 15.5 127 - -  

Reserpine, 5mg]kg Cytoplasmic sap 1.5 2.0 11.6 - -  
(3 h) + D O P A ,  Granu les  2.0 -0 .5  69 - -  
100 mg]kg (30 rain5 

Reserpine, 5mg/kg Cytoplasmic sap 4,0 1.3 1.1 - -  
(20 h )+DOPA,  Granules 0.8 1.0 1.9 - -  
(30 min) 

5-HTP, 100 mg/kg Cytoplasmic sap 0.45 
(1 h) Granules 1.40 

Control Cytoplasmic sap 0.0 0.2 6.7 0.0 
Granules 0.3 1.2 105.3 0.0 
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