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Rat Mammary Cancer Inhibition by a Prolactin Suppressor, 2-Bromo-a-Ergokryptine (CB 154) 

E v i d e n c e  is accumula t ing  t h a t  p ro lac t in  p lays  a ma jo r  
role in m a m m a r y  gland carcinogenesis  (for rev iew see 
BOOT 1), a t  leas t  in l abo ra to ry  roden t s  ~-e. In  these  an imals  
e x p e r i m e n t a l  resul ts  show t h a t  p rocedures  which  inh ib i t  
p ro lac t in  secre t ion  will  also reduce  the  g rowth  of m a m m a -  
ry  t u m o u r s  or cause t h e m  to  regress.  Cer ta in  ergot  alka-  
loids can be used as pharmacolog ica l  tools  to  reduce  pro-  
lac t in  secret ion.  Ergocornine~ and  2-bromo-m-ergocryp- 
t ine  (CB 154)s inh ib i t  l ac ta t ion  in ra ts .  H o r m o n e  assays  
have  revea led  t h a t  ergocornine  inh ib i t s  p ro lac t in  release 
in ra t s  9, and  ergocornine  as well  as CB 154 have  been  
shown to  reduce  p ro lac t in  c o n t e n t  of t he  p i t u i t a r y  in 
t u m o u r b e a r i n g  ra ts  and  mice  ~°,lx. Ergocornine~°-~2 and  
CB 15411-1s are also effect ive in inh ib i t ing  the  g rowth  of 
7, 12 -d ime thy l -benz (a )an th racene  (DMBA)- induced m a m -  
m a r y  t u m o u r s  in ra t s  and  the  d e v e l o p m e n t  of m a m m a r y  
hype rp l a s t i c  a lveolar  nodules  in C3H/He  mice.  In  these  
r a t  s tudies ,  the  ergot  alkaloid t r e a t m e n t  was  begun  w h e n  
t u m o u r s  h a d  a t t a i n e d  a ce r ta in  size. We  were in t e res t ed  
to know w h a t  effect  CB 154 would  have  if t r e a t m e n t  was 
s t a r t e d  a t  t he  t i m e  of t u m o u r  induct ion .  

Mater ia l s  and  methods. 80 female  C F E  ( = O F A )  ra ts  
(SPF,  Sandoz),  8 weeks old and  of ca. 180 g b o d y  weight ,  
were used.  T h e y  were  given Nafag-194 pel le ts  and  wa te r  
ad l ib i tum,  and  were  kep t  in rooms  l igh ted  ar t i f ic ial ly  12 h 
a day.  They  were d iv ided  in to  4 groups  and  t r e a t ed  as 
ind ica ted  in t he  Table.  

M a m m a r y  t u m o u r s  were induced  b y  the  i.v. in jec t ion  
of a clear aqueous  solut ion of 7, 12-d imethylbenz(a)an-  
t h racene  ( D M B A ) ;  D M B A  was  ob t a ined  f rom Th. 
S c h u c h a r d t  (Munich). The  solut ion h a d  the  fol lowing 
compos i t ion :  17.5 m g  DMBA,  0.7 ml  d i m e t h y l  sulfoxide 
(DMSO) ; 0.7 ml  Tween  80, w a t e r  ad 7.0 ml. Of th is  solu- 
t ion,  t he  ra t s  received 1 ml  each on 2 successive days  in to  
t he  ta i l  vein, resul t ing  in a t o t a l  dose of 5 mg  D M B A  per  
ra t  (if the  in jec t ion  is given slowly, 5 mg  D M B A  - 2 ml  of 
the  solut ion - can  also be  g iven in one appl icat ion) .  The 

aqueous  solut ion m i g h t  be easier to  in jec t  t h a n  the  re- 
cen t ly  p r o p o s e d  solut ion in DMSO alone 14 

A so lu t ion  of CB 154 was p repa red  b y  add ing  60 mg  of 
t a r t a r i c  ac id  and  1 ml  of e thano l  (96%) to  60 mg  of CB 
154, w a t e r  was  t h e n  a d d e d  to  make  100 ml. Of th is  solu- 
t ion,  r a t s  rece ived 1 ml/100g b o d y  weight  i.p. ( =  6 m g  
CB 154 per  kg) daily,  e x c e p t  Sundays ,  s t a r t ing  on t h e  d a y  
of the  second D M B A  appl ica t ion .  

Body  weigh ts  g iven  in t he  Table  have  been ob ta ined  by  
sub t r ac t ing  the  a p p r o x i m a t e  t u m o u r  weigh t  f rom t h e  to-  
ta l  weight  of the  rat ,  t he  a p p r o x i m a t e  t u m o u r  weigh t  (g) 
was t aken  as two  t h i r d s  of t he  l eng th  × w i d t h  × e s t ima ted  
d e p t h  in cm. E v a l u a t i o n  of t u m o u r  g rowth  was done  by  
mul t ip ly ing  2 t r a n s v e r s e  d i a m e t e r s  of t he  t u m o u r s  to  ob-  
ta in  a p a r a m e t e r  ( 'area ')  of the i r  size; the  resul ts  of these  
measurements ,  which  were  t a k e n  every  week, are expressed  
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Group Treatment No. Day 
of 
rats 

Average No. of No. of Average 
body rats rats with tumor size 
weight surviving tumors per living 
(g) (%) (%) rat ('cm 2') 

q- S.E.M. 

A Solvent of DMBA i.v. 
days 0 and 1 

DMBA i.v. 

2.5 mglkg days 0 and 1 

C CB 154 i.p. 
6 mg/kgld days 1-80 

DMBA (as B) 
+CB 154 i.p. 
6 mg/kg/d 
days 1-80 (8 rats) 
days 1-100 (12 rats) 

63 239 19 0 (0) 0 
20 119 269 19 0 (0) 0 

175 271 18 2 (11) 0.27 --V 0.22 
243 280 17 (85) 1 (6) 0.88 
63 245 20 9 (45) 0.86 q- 0.33 

20 119 267 19 17 (89) 8.7 q- 2.4 
175 308 18 17 (94) 9.7 q- 2.5 
243 279 5 (25) 5 (100) 17.8 4- 5.1 

63 240 20 0 (0) 0 
20 119 267 19 0 (0) 0 

175 284 19 0 (0) 0 
243 313 16 (80) 0 (0) 0 

63 253 19 3 (16) 0.16 4- 0.092 (19) 
20 119 278 19 14 (74) 3.5 4- 1.33 (40) 

175 293 19 16 (84) 5.5 i 1.5 (57) 
243 326 161 (80) 16 (100) 13.5 4. 2.9 (76) 

In brackets: tumor size in % of group B. x Chi square test: p < 0.005 compared to group B. 2 t-test: p <  0.0125 compared to group B. at- 
t e s t :  p < 0.05 compared to group B. 
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as cm 2. The  sum of t he  sizes of all  t umour s  of each ra t  was 
used in t he  Table,  i r respect ive  of the  n u m b e r  of tmnour s  
per  animal .  Only the  d a t a  of days  63, 119, 175, and 243 
are  given in the  Table.  

The  first  D M B A  in jec t ion  was given on March  4; t he  
expe r imen t  was t e r m i n a t e d  N o v e m b e r  2, thus  i ts  du ra t ion  
was 243 days.  

Results. The following points  emerge,  among  others,  
f rom the  figures in the  Table.  B o d y  weight  increase is no t  
d iminished b y  t r e a t m e n t  wi th  D M B A  or CB 154 or  both.  
Mor ta l i ty  of the  D M B A  t rea ted  rats  dur ing the  whole ex- 
pe r imen t  is cons iderably  reduced by  CB 154 (p < 0.005, 
W-test,  for group D, compared  to group B). 

Tumours  were first  de tec ted  a t  abou t  40 days  a f te r  
DMBA.  The  a r i thmet ic  m e a n  of the  t ime  of appearance  
of the  first  t u m o u r  in those  ra ts  which developed tu-  
mours  was 74.5 days  for group B and 105.6 days  for group 
D ;  this  difference is s ta t i s t ica l ly  s ignif icant  ( p < 0 . 0 1 ,  
t-test). 50% of the  D M B A - t r e a t e d  ra ts  show tumour s  70 
days  af ter  D M B A  in group B, and af ter  100 days  in group 
D. All  D M B A - t r e a t e d  rats  of groups B and D surv iv ing  to  
the  end of the  exper iment  developed tumours .  I t  should be 
no ted  t h a t  in group A which  rece ived  only the  so lvent  
of DMBA,  2 ra ts  developed spontaneous  tumours ,  whi le  
there  were no t umour s  in t he  animals  which were t rea ted  
wi th  CB 154 for 80 days  (group C). 

The  size of the  t umour s  (as defined in methods)  a t  differ- 
en t  t imes  is a p a r a m e t e r  of t u m o u r  growth.  The  last  co- 
l u m n  in the  Tab le  indicates  t h a t  the  mean  t u m o u r  size in 
t he  CB 154-treated group is less t han  50% of t h a t  of the  
D M B A  contro l  up to a t  least  119 days.  The  difference be- 
tween  the  t u m o u r  sizes of t he  D M B A  controls  (group B) 
and t h a t  of the  ra ts  t r ea ted  wi th  CB 154 (group D) is sta- 
t i s t ica l ly  s ignif icant  for d a y  63 (p < 0.0125) and for day  
119 (p < 0.05) only. Turnouts  were  a lways  excized and 
weighed when  tumour -bea r ing  an imals  died dur ing  the  
expe r imen t  or  were kil led a t  the  end of the  expe r imen t ;  
the  a r i thmet ic  mean  of this  we igh t  was 101 g for group B, 
and 38.9 g for group D. This  difference is no t  significant,  
due to the  large va r i a t ion  of t u m o u r  weights(t-te§t,  0.05 
<p<0.10). 

W h e n  ra ts  which  had rece ived  5 mg  of. D M B A  were 
t rea ted  wi th  CB 154 for days  1-80 a t  a dose of 1 m g / k g /  
day  only, t u m o u r  inhibi t ion  was b u t  minimal .  

Discussion. This  s tudy  demons t ra t e s  t ha t  CB 154 a t  a 
dai ly  dose of 6 mg /kg  i.p. s ignif icant ly  inhibi ts  DMBA-  
induced t u m o u r  growth,  for a t  least  as long as t he  com- 
pound  is given. T r e a t m e n t  of the  ra ts  w i th  the  ergot  alka-  
loid was not  accompanied  by  an inhibi t ion  of ne t  body  
weight  increase. Decreased food consumpt ion  will, as has  
been shown ~5, reduce  the  growth  of carc inogen- induced 
m a m m a r y  t umour s  in rats.  The  observed reduc t ion  in 
mor t a l i t y  of CB 154-treated an imals  can p robab ly  be 
a t t r i bu t ed  par t i a l ly  to t u m o u r  inhibi t ion  since it  is assumed 
t h a t  most  of the  ra ts  in group B died f rom t u m o u r  g rowth  
or  f rom infect ion of u lcera ted  turnouts.  

A l though  CB 154 t r e a t m e n t  c lear ly  de layed  t u m o u r  
appearance,  reduced tu rnout  growth,  and increased sur- 
v ival ,  all  the  DMBA- t r ea t ed  animals  su rv iv ing  to t he  end 
of the  expe r imen t  had  tumours .  Thus,  despite  beginning  
t r e a t m e n t  w i th  CB 154 24 h af ter  t he  first  dose of DMBA,  
CB 154 did no t  p ro tec t  t he  animals  f rom t u m o u r  induc-  
t ion.  Our  d a t a  are consis tent  with,  and ex tend  the  resul ts  
of HEusoN et  al. 13 who in a 6 week  s tudy  in animals  w i th  
well  deve loped  DMBA- induced  t umour s  showed t h a t  CB 
154 increased the  n u m b e r  of regressing tumours  and  re- 
duced the  n u m b e r  of progressing and of newly  formed neo- 
plasms.  A s imilar  inhibi t ion  of DMBA-indueed  m a m m a r y  
tumours  was obta ined  in rats  by  NAGASAWA and ]~¢[EITES x0 
using the  s t ruc tu ra l ly  re la ted  ergocornine.  

When,  in our  s tudy,  t r e a t m e n t  wi th  CB 154 was s topped 
af ter  80 or  100 days,  t u m o u r  growth  inhib i t ion  ceased. 
This  f inding is consis tent  wi th  the  concept  t h a t  CB 154 
depresses m a m m a r y  tun lour  g rowth  b y  depressing, re- 
vers ib ly  pro lac t in  secretion. I n  m a m m a r y  tumour -bea r ing  
mice ~xTANAI and NAGASAWA 1. found t h a t  t he  pro lac t in  
con ten t  of an ter ior  p i tu i ta r ies  was reduced af ter  3 weeks 
dai ly  t r e a t m e n t  w i th  CB 154. HEUSON et  al. x8 observed 
t h a t  m a m m a r y  tumour -bea r ing  ra ts  t r ea ted  wi th  CB 154 
dai ly  for 6 weeks showed a persis tence of (inactive) cor- 
pora  lutea,  a phenomenon  which is best  in te rpre ted  as a 
funct ional  sign of prolonged prolac t in  suppression x6. CB 
154 inhibi ts  pro lac t in  secret ion se lect ively:  S T t t  con ten t  
in an ter ior  p i tu i tar ies  of t rea ted  mice was found unchanged  
a f te r  prolonged t r e a t m e n t  wi th  t he  drug  x1,12, and gona- 
do t ropin  secret ion as judged  by  vag ina l  smears  was more  
regular  in CB 154 t r ea ted  tu rnout -bear ing  mice 12 and 
rats  x~ than  in un t rea ted  controls.  

Us ing  ergocornine,  NAGASAWA and 1ViEITES z° demons-  
t r a t ed  a 50% reduc t ion  of se rum prolac t in  in m a m m a r y  
tumour -bea r ing  rats,  while  PEARSON et  al. 5 showed t h a t  
ova r i ec tomy  plus ad rena lec tomy  per formed in s imilar  ra ts  
reduced serum prolac t in  by  more  t h a n  50% also, and a t  
the  same t ime  ful ly repressed m a m m a r y  tumours .  I n  such 
rats,  p ro lac t in  secret ion could again be increased by  per-  
phenazine,  and p re l imina ry  da ta  suggest  t h a t  th is  was 
accompanied  by  fu r ther  t u m o u r  g rowth  despi te  the  ab-  
sence of s teroid-producing glands ~. 

I t  should be added tha t  CB 154 does no t  inhib i t  g rowth  
of sarcoma 37 in mice, even  in suble thal  dosesl~; this  
t r ansp lan tab le  t u m o u r  is der ived f rom a m a m m a r y  tu-  
m o u r  of a mouse, and is no longer  ho rmone  dependent .  CB 
154 also has no cy tos ta t i c  effect in cell cul tures ;  in con- 
cent ra t ions  up to  10 rag/1 the  drug  does no t  inh ib i t  mul-  
t ip l ica t ion  of P-815 m a s t o c y t o m a  cells in v i t ro  17. 

I t  is stil l  uncer ta in  as to  whe ther  p ro lac t in  is concerned 
in the  deve lopmen t  of h u m a n  breas t  cancer;  b u t  i t  is now 
wel l  es tabl ished t h a t  pro lac t in  p lays  an essent ial  role in 
cer ta in  m a m m a r y  tumours  of ra ts  and  mice,  t h a t  CB 154 
depresses prolact ic  secret ion and t h a t  i t  inhibi ts  g rowth  
of pro lac t in  dependen t  turnouts.  I t  is therefore  pos tu la ted  
t h a t  CB 154 migh t  be useful in the  t r e a t m e n t  of m a m m a r y  
cancer  in man.  

Zusammenfassung. 2-Br-~-Ergokrypt in  ( = C B  154) wur-  
de tggl ich w~ihrend 80-100 Tagen,  beg innend  m i t  der 
Carcinogenappl ikat ion,  D M B A -  (5 mg  i .v . ) -behandel ten  
weibl ichen R a t t e n  in d e r  Dosis 6 mg /kg  i.p. verabre icht .  
CB 154 bewirk te  ein verz6ger tes  Ersche inen  und ein lang- 
sameres Wachsen  der M a m m a - T u m o r e n  sowie eine ve t -  
minder te  Todesra te  der  carc inogenbehandel ten  Ra t t en .  

H.  ST~.HELIN, B. BURCKHARDT-VISCHI~R 
and E.  FL/]ICKIGER 

Biological and Medical Research Division, 
Sandoz Ltd., CH-dO02 Basel (Switzerland), 
78 May  1971. 

15 L. GROPPER and N. B. SmMKIN, Cancer Res. 27, 26 (1967). 
16 E. BILLETER and E. FL0CKmER, Experientia 27, 464 (1971). 
~ H. STXHELIN, unpublished observations. 


