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Biological  Character izat ion of a N e w  and Highly  
Potent  Synthet ic  Analogue  of Cort icotrophin  

D u r i n g  t he  las t  decade  research  on  adrenocor t i co-  
t r oph i c  h o r m o n e  ha s  deve loped  ve ry  successfully.  The  
chemica l  s t r u c t u r e  of th i s  h o r m o n e  wh ich  has  39 amino  
acids in  a s t r a i g h t  cha in  was e luc ida ted  in 1954 b y  
BELL 1'2. I n  1963 SEHWYZER 3 succeeded in syn thes i z ing  
th i s  pep t ide  which ,  g iven  subcu taneous ly ,  showed  a bio- 
logical  a c t i v i t y  of 115 I U / m g  4 in t he  classical  a d r e n a l  
ascorbic  acid dep le t ion  test .  Dur ing  t he  pa s t  few years  
m a n y  a t t e m p t s  h a v e  been  m a d e  to localize t he  p a r t i c u l a r  
sequence  of a m i n o  acids w i t h i n  the  whole  molecule  re- 
sponsible  for biological  ac t iv i ty ,  i.e. s t i m u l a t i o n  of 
ad r ena l  s tero id  syn thes i s  and  secret ion.  B y  s t u d y i n g  
f ragments ,  o b t a i n e d  b o t h  b y  hydro lys i s  of h igh ly  pur i f ied  
n a t u r a l  h o r m o n e  and  b y  synthes is ,  t he  d i scovery  was 
m a d e  t h a t  on ly  t he  f i rs t  N - t e r m i n a l  19-24 amino  acids are 
necessa ry  to o b t a i n  ac t i v i t y  in the  r ange  of t h a t  of the  
n a t u r a l  ho rmone .  //1-24 co r t i co t roph in  w i t h  106 I U / m g ,  
was mos t  p o t e n t  5,6. M a n y  pep t ides  w i th  a s l igh t ly  modi -  
fied amino  acid sequence  h a v e  also been  synthes ized ,  b u t  
none  showed a n  a c t i v i t y  super ior  to  t h a t  of the  n a t u r a l  
ho rmone .  

Three  modi f i ca t ions  of the  n a t u r a l  sequence  were in- 
t r o d u c e d  for t he  fol lowing reasons  in t he  syn thes i s  b y  
BOISSONNAS, GUTTMANN, and  PLESS 7 of t he  pep t i de  D- 
serinel-norleucine~-valinamide~5-fl- l- 25-corticotrophin. (a) 
In  o rder  to  increase  t he  res i s tance  aga ins t  d e g r a d a t i o n  b y  
aminopep t idases ,  D-serine was s u b s t i t u t e d  for L-serine a t  
t he  N- t e rmina l .  (b) To increase  the  res i s tance  aga in s t  
d e g r a d a t i o n  b y  ca rboxypep t idases ,  v a l i n a m i d e  was sub-  
s t i t u t e d  for a spa rag ine  in pos i t ion  25. (c) Since i t  is 
k n o w n  t h a t  t he  ox ida t ion  of m e t h i o n i n e  to m e t h i o n i n e -  
su lphoxide  resu l t s  in i n a c t i v a t i o n  s, m e t h i o n i n e  in pos i t ion  
4 was s u b s t i t u t e d  b y  i ts  isologue nor leucine.  

The  a im of th i s  s t u d y  was the  biological  cha rac t e r i za -  
t ion  of th is  pen t acosapep t ide ,  n a m e d  DW-75.  

Methods. The  des ign of t he  3 m e t h o d s  of s t a n d a r d i z a -  
t ion  descr ibed be low was a 6-poin t -assay  w i t h  r a n d o m i z e d  
d i s t r i bu t i on  of an ima l s  and  t issue samples .  I n  each  test ,  
t he  p e n t a c o s a p e p t i d e  was compared  d i rec t ly  w i t h  the  
3rd I n t e r n a t i o n a l  W o r k i n g  S t a n d a r d  9. S ta t i s t i ca l  ana-  
lysis, i.e. ca l cu la t ion  of t he  ac t iv i ty  inc lud ing  f iducial  
l imits,  was pe r fo rmed  as r e c o m m e n d e d  b y  t he  Br i t i sh  
P h a r m a c o p o e i a  196310. All ac t iv i t ies  were expressed  in 
I n t e r n a t i o n a l  U n i t s  (IU) per  m g  pep t ide  (free base) .  

Adrenal ascorbic acid depletion in vivo (SAYERS t e s t  
s.c.) n .  The  as say  was pe r fo rmed  as laid down  in the  
Br i t i sh  P h a r m a c o p o e i a  1963 and  U.S .P .  17. On ly  male  
r a t s  weighing  140 160 g, h y p o p h y s e c t o m i z e d  24 h pre-  
viously,  were used. The  pep t ide  and  s t a n d a r d  were  ad-  
min i s t e red  s u b c u t a n e o u s l y  in 3 loga r i thmica l ly  spaced  

doses in  t he  r ange  100-1000 mil l i -U/100 g b o d y  weight .  
E x a c t l y  3 h l a t e r  the  ad rena l s  were r e m o v e d  u n d e r  e t h e r  
anaes thes ia ,  a n d  the i r  ascorbic  acid c o n t e n t  e s t i m a t e d  
us ing  t he  m e t h o d  descr ibed  b y  t h e  Br i t i sh  P h a r m a c o p o e i a  
19631~ I n  each  single assay,  6 -8  an ima l s  pe r  dose were 
u sed ,mak ing  a t o t a l  of 40 a n i m a l s  pe r  dose in t he  comple t e  
s t a n d a r d i z a t i o n  of th i s  pep t ide .  

Corticosterone release in vitro. The  e s t i m a t i o n  of a c t i v i t y  
based  on  t h e  in v i t ro  release of cor t i cos te rone  f rom 
q u a r t e r e d  r a t  ad rena l s  was  pe r fo rmed  b y  t he  m e t h o d  
or ig ina l ly  descr ibed  b y  SAFFRAN and  SeriALLY ~2. Loga-  
r i t hmica l l y  spaced  doses ( IU/ml)  of t he  pep t ide  a n d  of 
t he  s t a n d a r d  were added  to  f resh ly  dissected ad rena l s  of 
male  r a t s  and  i n c u b a t e d  for  1 h in a modif ied  Krebs -  
R inge r  so lu t ion  a t  37~ in a Dubnof f  shaker .  Cort ico- 
s te rone  was e x t r a c t e d  f rom the  m e d i u m  b y  m e t h y l e n e -  
chlor ide and,  a f t e r  h a v i n g  been  t r ans fe r r ed  to su lphur ic  
acid, measu red  f luo romet r i ca l ly  w i t h  an  A m i n o - B o w m a n -  
S p e c t r o p h o t o f l u o r o m e t e r  ~3. I n  each  assay  t h e  ad rena l s  of 
12 ra t s  were used. 

Lipolytic activity in vitro. The  mob i l i za t ion  of free f a t t y  
acids (FFA) f rom adipose t i ssue  b y  t he  p e n t a c o s a p e p t i d e  
was q u a n t i t a t i v e l y  de t e rmined .  F re sh ly  dissected r a t  
e p i d i d y m a l  f a t  pads  were weighed  a n d  i n c u b a t e d  in 
modif ied  K r e b s - R i n g e r  so lu t ion  a t  37~ in a Dubnof f  
shaker .  Af te r  r enewal  of t he  med ium,  3 l oga r i t hmica l ly  
spaced  doses of t he  pep t ide  and  of the  s t a n d a r d  ( IU/ml)  
were added ,  p roceed ing  for  a f u r t h e r  60 min.  The  l i be ra t ed  
F F A  were e x t r a c t e d  a n d  e s t i m a t e d  b y  t i t r a t i o n  ~4. Pa lmi -  
t in ic  acid was used as reference  s t a n d a r d  and  t he  va lues  
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o b t a i n e d  were ca lcu la ted  i n / , E q / g / h .  In  order  to  o b t a i n  
c o m p a r a t i v e  values,  t he  p o t e n c y  of the  pep t ide  was cal- 
cu la t ed  a n d  expressed  also in IU.  

Results and discussion. T he  p e n t a c o s a p e p t i d e  desc r ibed  
above  h a d  an  a c t i v i t y  of 625.0 I U / m g  (F.L. 82 .2-121 .6%)  
as  e s t i m a t e d  b y  t he  ascorbic  acid dep le t ion  as say  s.c. 
Th i s  va lue  is r e m a r k a b l e  w h e n  c o m p a r e d  w i th  t he  va lues  
o b t a i n e d  for  s y n t h e t i c  ill-a0 a n d  fl1-~4 cor t i co t roph in .  The  
ac t iv i t i es  of these  pep t ides  a n d  the i r  s t r u c t u r a l  d i f ferences  
are shown  in t he  Figure.  Th i s  new s y n t h e t i c  pep t ide  is 
s h o w n  to  be  a l m o s t  6 t imes  more  p o t e n t  t h a n  fl-cortico- 
t r o p h i n  i tself  4 a n d  i ts  fl1-24 sequence  5. 

E s t i m a t i o n  of cor t i cos te rone  release in v i t ro  is used as 
a d i rec t  c r i te r ion  of ad rena l  s t imula t ion .  Lipoly t ic  a c t i v i t y  
in  v i t ro  is a n  i n h e r e n t  e x t r a a d r e n a l  effect  of cor t ico-  
t roph in .  

The  ac t i v i t y  of t he  p e n t a c o s a p e p t i d e  as d e t e r m i n e d  b y  
these  2 m e t h o d s  is g iven  in t h e  Table.  

The  va lue  o b t a i n e d  in t he  cor t i cos te rone  t e s t  was  a l m o s t  
twice  t h a t  o b t a i n e d  in t he  l ipolyt ic  a c t i v i t y  test .  

De ta i l ed  s tud ies  of t he  p e n t a c o s a p e p t i d e  h a v e  been  
m a d e  to assess i ts  c apac i t y  to  s t i m u l a t e  cor t icos te ro id  
secre t ion  in vivo.  Deta i l s  of these  s tudies  will be pub l i shed  
separa te ly .  I t  m a y  be  br ie f ly  men t ioned  t h a t  in these  
s tudies ,  t he  p e n t a c o s a p e p t i d e  b y  d i f fe ren t  rou tes  of ad-  
m i n i s t r a t i o n  was aga in  shown  to be super ior  to  n a t u r a l  
hormone .  

ACTH activity in vitro of D-serinel-norleucine4-valinamide~S-/~-1-25 - 
eortieotrophin 

Methods Potency Fiducial 
I U/rag limits in % 
peptide (P - 0.05) 

T h e  o u t s t a n d i n g  ac t i v i t y  of th i s  pep t ide  induced  us to  
t e s t  i ts  eff icacy in h u m a n s .  Since the  ascorbic  acid deple- 
t ion  assay,  r e c o m m e n d e d  b y  m o s t  Pha rmacopoe i a s ,  is 
genera l ly  emp loyed  for the  s t a n d a r d i z a t i o n  of ACTH used 
the rapeu t i ca l ly ,  i t  was of g r ea t  i m p o r t a n c e  to a sce r t a in  
how far  t he  p o t e n c y  of the  new pep t ide  e s t i m a t e d  b y  t he  
ascorbic  acid dep le t ion  t e s t  is r e la ted  to  h u m a n  dosage.  

3 h e a l t h y  male  vo lun t ee r s  received b y  i.v. i n j ec t ion  on  
a l t e r n a t e  days  25 and  50 I U  of t he  new pep t ide  (cor- 
r e spond ing  to 40 and  80 #g  respect ive ly)  and  t h e  same 
dosage of a commerc ia l  co r t i co t roph in  p repa ra t i on .  The  
s u b s e q u e n t  u r i n a r y  excre t ion  of 17-hydroxycor t i cos te ro ids  
and  17-ketos teroids  was e s t i m a t e d  and  t a k e n  as a cri- 
t e r ion  of t he  effect. I n  these  p r e l i m i n a r y  studies,  calcu-  
l a t ing  the  va lues  as a 4 -po in t  assay,  t he  fol lowing f igures  
were o b t a i n e d :  17-hydroxycor t i cos te ro ids  840 I U / m g  a n d  
17-ketos teroids  580 I U / m g .  These  f igures  conf i rm the  
h igh  p o t e n c y  of th i s  pep t ide  in h u m a n s .  A deta i led  cl inical  
s t u d y  emp loy ing  a wider  dosage r ange  wi th  f r e q u e n t  
b lood s tero id  e s t ima t ions  has  been  pe r fo rmed  b y  JENNY 
et  al. 15. 

The  above  d a t a  c lear ly  d e m o n s t r a t e  the  r e m a r k a b l e  
ac t i v i t y  of D-serine1-norleucine4-valinamide25-fl-l-25-cor- 
t i c o t r o p h i n  in b o t h  an ima l  a n d  h u m a n  exper iments .  

Zusammen/assung. E i n  A C T H - A n a l o g o n :  D-Serl-Nle 4- 
(Val-NH2)25-f l - l -25-Cort icotrophin wurde  t i e r expe r imen-  
te l l  sowie o r i en t i e rend  h u m a n p h a r m a k o l o g i s c h  u n t e r -  
sucht .  Das  P e n t a c o s a p e p t i d  (DW-75) zeigt  auf  G r u n d  de r  
S u b s t i t u t i o n  yon  3 A m i n o s g u r e n  eine gegent iber  P e p t i d e n  
mi t  na t t i r l i che r  Sequenz  b e a c h t l i c h  e rh6h te  ACTH-  
Akt iv i t / i t .  

W. DOEPFNER 

Biological and Medical Research Division, Sandoz Ltd., 
Basel (Switzerland), May 13, 7966. 

Corticosterone release in vitro 275.0 
(SAFFRAN and SCHALLY) 12 

Lipolytie activi ty in vitro 148.0 

78.4-127.6 

80.8-123.7 1~ M. JENNY, A. F. MULLER, and R. S. MACH, Experientia 22, 528 
(1966). 

The Adrenocort icotropic  Action of a N e w  
Synthetic  Pentacosapept ide  

Since t he  desc r ip t ion  in 1954 b y  BELL e t  al. t,2 of t he  
s t r u c t u r a l  f o r m u l a  of ad renocor t i co t rop ic  h o r m o n e  
(ACTH), va r ious  po lypep t ides  w i th  cor t ico t ropic  ac t ion  
h a v e  been  syn thes i zed  3-8. T he  po lypep t ides  m a d e  up  of 
19-25 amino  acids h a v e  an  effect  c o m p a r a b l e  to  t h a t  of 
a n  A C T H  e x t r a c t e d  f rom pi tu i ta r ies ,  are well  t o l e r a t e d  
and  do no t  a p p e a r  to  exe r t  an  an t igen ic  effect  TM. BOIS- 
SONNAS et  a1.17 h a v e  recen t ly  syn thes ized  a p e n t a c o s a -  
pep t ide  w i th  3 modi f i ca t ions  of the  usual  s e q u e n c e  of 
n a t u r a l l y  occur r ing  ACTH-D-ser ine l -nor leucine4-val in-  
amideZ~-~- l -25-cor t icot ropin  (DYV 75). The  p h a r m a c o -  
logical s tud ies  of DOEPFNER TM h a v e  shown  t h a t  th i s  
po lypep t ide  has  a n  ad renocor t i co t rop ic  effect  in v i t ro  a n d  
in v ivo  in the  ra t .  Th i s  s t u d y  was u n d e r t a k e n  to show t h a t  
th i s  po lypep t ide  has  also a n  ad renocor t i co t rop ic  ac t ion  in  
m a n .  

Methods. D W  7519 was g iven  b y  a single i.v. or i.m. or  
s.c. i n j ec t ion  in doses of 5, 10, 25 and  125 U (correspond-  

ing to 8, 16, 40, 200 #g of pep t ide)  a t  8 a.m. in p a t i e n t s  
w i th  no  ev idence  of e n d o c r i n o p a t h y  or of cardiac,  hepa t i c  
or r ena l  failure.  4 -6  p a t i e n t s  were used a t  each  dose level.  
In  o rde r  to  e l im ina t e  t he  endogenous  secre t ion  of ACTH,  
all p a t i e n t s  rece ived  2 m g  of d e x a m e t h a s o n e  ora l ly  8 h 
before beg inn ing  t he  tes t ,  a n d  a f u r t h e r  2 mg  were g iven  
a t  t he  t ime  of t he  D W  75 in jec t ion .  Blood  was t a k e n  for  
p l a s m a  s te ro id  e s t i m a t i o n  i m m e d i a t e l y  p r io r  to  t he  in- 
j ec t ion  and  a f t e r  1, 2 and  4 h. The  p l a s m a  steroids were 
measu red  b y  the  m e t h o d  of PETERSON et  al. 2o. 

Results. In  52 con t ro l  sub jec t s  who h a d  received no  
d e x a m e t h a s o n e ,  t h e  p l a s m a  s te ro id  level  a t  8 a.m. was 
15.6 • 4.6 #g/100 ml. I n  p a t i e n t s  rece iv ing  d e x a m e t h a -  
sone, t h e  level  was  2.7 z~ 2.2 #,g/100 ml  a t  8 a.m.,  a n d  
th i s  level  r e m a i n e d  p rac t i ca l ly  c o n s t a n t  t h r o u g h o u t  the  
d a y  w i t h o u t  d iu rna l  va r i a t ion .  

The  in jec t ions  of D W  75, a d m i n i s t e r e d  i.v., i.m. a n d  
s.c., were  wel l  to le ra ted .  The  changes  in s teroid levels 
o b t a i n e d  are s h o w n  in t he  T a b l e  and  in  t h e  Figure.  The  
resul t s  are t he  a r i t h m e t i c  m e a n  w i t h  s t a n d a r d  dev i a t i on  
of a g roup  of 4 -6  pa t i en t s .  The  n u m b e r  of p a t i e n t s  in  each  


