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Abstract--The effect of a dopaminergic agonist, CB-154 (2-Br-g-ergocryptine), on the hepatic steroid 
metabolism in normal male and female rats, and in hypophysectomized male animals bearing an 
implanted pituitary under the kidney capsule, has been investigated. The serum levels of the four 
pituitary hormones LH, FSH, prolactin and growth hormone, were also measured. In normal animals, 
CB- 154 reduced the serum level of prolactin without significantly affecting levels of LH, FSH or growth 
hormone and without masculinizing hepatic steroid metabolism of female rats or feminizing hepatic 
steroid metabolism of male rats. Implantation of a pituitary gland from age-matched female rats in 
hypophysectomized male rats caused an increase in prolactin and growth hormone levels in serum 
and a shift towards a more feminine type of steroid metabolism. Treatment with CB-154 reduced the 
prolactin level without affecting LH, FSH or growth hormone levels and without masculinizing hepatic 
steroid metabolism. In conclusion, the drug, CB-154, causes a marked and selective decrease in 
circulating prolactin levels without affecting the sex differentiation of hepatic steroid metabolism thus 
indicating that these two parameters are not related. A certain correlation between growth hormone 
levels and degree of femininity of steroid metabolism was seen but the significance of this is debatable. 

In recent  years,  a t tent ion has been focused  on the 
control  of the sexual  differences of  hepatic  steroid 
metabol ism by the pituitary gland [ 1-10] and a novel  
pituitary ho rmone  has been postulated to be in- 
vo lved  in this regulat ion using data  obtained f rom in 
vitro exper iments  [7, 11]. It has, however ,  p roved  
difficult to rule out  the known pituitary hormones  as 
effectors  in this regulatory mechan i sm using in vivo 
techniques  such as inject ion of  the var ious hor- 
mones  mainly due to the short half-life in serum of 
these proteins [12-15]. 

Consequen t ly  another  approach was necessary ,  
namely the use of  drugs which select ively  affect the 
secret ion of  one of  the pituitary hormones .  We have  
employed  the dopaminerg ic  agonist ,  2-Br-~-ergo- 
crypt ine (CB-154) [16, 17] as a se lect ive  inhibitor of  
prolactin secret ion,  and studied the effects  of  this 
drug on hepat ic  steroid metabol i sm and pituitary 
hormone  secret ion f rom both pituitary glands in situ 
and glands implanted under  the kidney capsule of  
hypophysec tomized  male rats. 

Implantat ion of a pituitary gland under the kidney 
capsule of  male rats is known to feminize  the pattern 
of  hepat ic  steroid metabol i sm [3, 5, 6, 18] and in- 
c rease  the serum level of  prolactin and growth 
hormone[18 ,  19], but the funct ional  relat ionship 
be tween  these  observa t ions  is not clear.  

In this paper  we have  a t tempted  to answer  the 
q u e s t i o n - - w h a t  effect  does  CB-154 have  on sex 
differentiat ion of  hepat ic  steroid metabol i sm and 
how does  this corre la te  with its effect  on serum 
levels  of  pituitary ho rmones?  

MATERIALS AND METHODS 

Animals of  the Sprague -Dawley  strain (Anti- 
c imex,  S tockholm,  Sweden)  were  used throughout  
the study. The  rats were  rece ived  at 6-7 weeks  old 
and housed in a light- and tempera ture-cont ro l led  
animal room (lights on 06.00-20.00 at 23 °C ± 1 °). All 
animals were  given food and water  ad libitum excep t  
af ter  hypophysec tomy  when water  was replaced by 
5% (w/v) g lucose-0 .9% (w/v) sodium chloride 
solution. In exper iment  1, male and female  rats (7 
weeks  old) were  i.m. injected twice  daily with 20 #g 
of  CB-154 in 100 #1 of  70% (v/v) ethanol  in water  
for  1 week  prior to incubation.  Control  animals were  
injected similarly with solvent  only. In exper iment  
2, hypophysec tomy was carr ied out on rats,  6 weeks  
of  age, by the parapharyngeal  route  under  e ther  
anaes thes ia  2 weeks  prior to incubation.  One week  
before  incubation the animals were  divided into 
three groups and a fresh pituitary f rom an age- 
matched  female  rat was inserted under  the renal 
capsule  of  the animals in two of the groups;  of these 
groups one was treated with two daily doses  of  
20 #g CB-154 for  7 days whilst  the o ther  group 
rece ived  only solvent  (100 #1 70% (v/v) ethanol  in 
water)  during this period. A third exper iment ,  
whereby  C B- 154 was injected into hypophysec tom-  
ized male animals in the same manner  as descr ibed 
above ,  was pe r fo rmed  to ascertain the effects  on 
hepat ic  steroid metabol ism of C B-154 which are not 
mediated  by the pituitary gland. 

On the morning of  incubation,  a blood sample was 
taken f rom each animal.  The blood was al lowed to 
coagulate  at 4 ° and the serum col lec ted  and stored 
at 20 ° until analyzed for  pituitary hormones .  Af te r  
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blood sampling the animals  were  killed by cervical  
d is locat ion and the livers quickly exc i sed  and put in 
ice-cold Bucher  med ium 120]. The appea rance  of  the 
pituitary graft  was  checked  in the r e spec t ive  rats and 
only rats showing  accep tab le  t ransp lan ta t ions  (by 
gross  morphologica l  examinat ion)  were  used.  The 
liver was  homogen ized  and separa ted  into cytosol  
and microsomal  f rac t ions  by fract ional  centr i fuga-  
tion as desc r ibed  previously .  The two f rac t ions  were  
then incubated  with 4-[4- '4C]androstene-3,17-dione 
(New England Nuclear ,  sp. act.  = 57.5 m C i . m -  
mole -1) (cytosol  and mic rosomes)  and 5c/.-[4-14Cl- 

androstane-3c~,17fl-diol (mic rosomes  only) (pre- 
pared  as already desc r ibed  [21 ]) in the same manne r  
as in earl ier  publ icat ions[21,221.  The incubat ion 
products  have been identified during previous  
s tudies  [21,221. 

Protein de te rmina t ions  were  p e r f o r m e d  accord ing  
to the me thod  of  Lowry  et HI. [23] and e n z y m e  
activi t ies e x p r e s s e d  as nmoles  of  p roduc t  
f o r m e d / m i n / m g  protein.  

Rad io immunoassay  for  LH,  F S H ,  growth  hor- 
mone  and prolact in was  p e r f o r m e d  using the kits 
supplied by the Rat Pituitary H o r m o n e  Distr ibut ion 
Program of the Nat ional  Inst i tute  of  Arthri t is ,  Me- 
tabol ism and Digest ive Diseases  to w h o m  we are 
grateful  for  this service .  A modificat ion of  the assay 
technique  r e c o m m e n d e d  by the N I A M D D  was  used  
as previously  desc r ibed  [24]. Means  and S.D. were  
calculated in all expe r imen t s  and statistical analysis  
was p e r f o r m e d  using S tuden t ' s  ' t '  tes t  and,  in the 
case  of  expe r imen t  2, Duncan ' s  multiple range 
test .  The level of  significance was  set at 
P < 0.05. 

RESULTS AND DISCUSSION 

The fol lowing en zy me  activi t ies could be calcu- 
lated f rom the amoun t  of  metabol i tes  fo rmed  in 
the incubat ions:  5~-reductase ,  6fl-, 7c~- and 16c~- 
hydroxy lase  and 17fl-hydroxysteroid ox idoreduc-  
tase (in microsomal  f rac t ion ,  act ive on 4-andro- 
s tene-3,17-dione) ,  5f l - reductase (in cytosol  f ract ion,  
act ive on 4-androstene-3 ,17-dione)  and the 2~-, 
2fl-, 7c~- and 18-hydroxylase (active on 5c~-andro- 
stane-3~,  17fl-diol) activit ies.  

As can be seen f rom expe r imen t  1 (Table I), 
inject ion of  CB-154 into normal male and female  
animals  had cer tain effects  on liver s teroid 
m e t a b o l i s m - - a n  increase  of the 5~-reductase  and 
6f l -hydroxylase  (P < 0.05) (active on 4-andros tene-3 ,  
17-dione) and a dec rease  of  the 7~-hydroxylase  
activi t ies (active on 5~-androstane-3~,17fl-diol)  
(P < 0.05) in the female  rat and a dec rease  in the 
16cc-hydroxylase (active on 4-andros tene-3 ,  
17-dione) (P < 0.01) and the 2c¢- and 2f l -hydroxylase  
activi t ies (active on 5c¢-androstane-3c~,17fl-diol) 
(P < 0.05) in the male rat. When  compar ing  these 
resul ts  with those  obta ined for  the normal animals,  
the changes  seen could not be in te rpre ted  as sig- 
nificant t endenc ies  towards  a more  mascul ine  
pat tern  in the f emales  or a more  feminine  pat tern  in 
the male animals  af ter  CB-154 t rea tment .  Of  the 
pituitary h o r m o n e s  s tudied only prolactin was sig- 
nificantly af fec ted  in both sexes  by CB-154 treat- 
ment  (a dec rease  of approximate ly  75 per cent  in 
se rum concen t ra t ion  in both sexes) .  This is an 
ex p ec t ed  effect  of  CB-154 cons ider ing  its effect  on 
the dopaminerg ic  nerve  sys t em in the brain [16, 17] 

Table 1. The effect of CB-154 on the hepatic steroid metabolism of normal male and 
female rats 

Female Male 

Enzyme activity Saline CB-154 Saline CB-154 

Active on 4-androstene-3,17-dione 
5cx-reductase 26.1 ± 4.5 43.9 ± 9.9* 12.4 ± 3.4 14.9 ÷ 5.2 
16c~-hydroxylase N.D. N.D. 1.22 ± 0.12 0.60 _+ 0.20t 
6fl-hydroxylase 0.26 ± 0.01 0.52 ± 0.17" 0.91 ± 0.48 0.87 + 0.31 
7c~-hydroxylase 0.48 ± 0.04 0.65 + 0.17 0.48 ± 0.24 0.60 ± 0.05 
17fl-HSR 0.54 ± 0.05 0.46 ± 0.06 I. 10 ± 0.09 1.02 ± 0.20 
5fl-reductase 0.17 ± 0.03 0.22 _+ 0.03 1.16 ± 0.28 1.01 ± 0.21 
Active on 5c~-androstane-3~,17fl-diol 
2~-hydroxylase N.D. N.D. 0.28 ± 0.08 0.12 + 0.03* 
2fl-hydroxylase N.D. N.D. 0.17 ± 0.04 0.08 + 0.02* 
7c~-hydroxylase 0.85 ± 0.08 0.52 ± 0.09* 0.37 + 0.04 0.32 ± 0.02 
18-hydroxylase N.D. N.D. 0.43 ± 0.10 0.22 ± 0.14 
Hormone 
LH 109 + 26 143 ± 31 132 ± 21 107 + 12 
FSH 213 ÷ 57 358 ± 107 360 _+ 84 322 + 36 
Prolactin 52 ± 5 12 ± 25 56 ± 31 14 + 2* 
Growth hormone 23 ± 16 21 +_ 20 9 ± 2 12 + 9 

In vitro activities of the enzymes present in microsomal and cytosol fractions of the liver 
were measured using 4-[4-~4C]androstene-3,17-dione and 5ct-[4-t4C]androstane-3ct,17fl-diol 
as substrates. All activities were measured in the microsomes except for the 5#-reductase. 
Enzyme activities are expressed as nmoles of product formed min-' mg protein-' (mean ± 1 
S.D., n = 4). Hormone concentrations are expressed as #g 1 -I (mean ± 1 S.D., n - 4). 
*P < 0.05; tP < 0.01 ; ~P < 0.001 as compared to appropriate control value. 
17fl-HSR 17fl-hydroxysteroid oxidoreductase. 
N.D. - not detected (< 0.05 nmoles product rain -t mg protein-~). 
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Table 2. The effect of CB-154 on the hepatic steroid metabolism of hypo- 
physectomized rats bearing an implanted pituitary from a female rat under the 

kidney capsule 

Hypox d' + PT§ 
Enzyme activity Hypox d' Hypox ~ + PT§ + CB-154 

Active on 4-androstene-3,17-dione 
5c¢-reductase 2.6 -+- 0.4 18.9 _+ 4.7:~ 15.7 + 3.1~ 
16c~-hydroxylase 1.26 + 0.07 0.43 _+ 0.15~ 0.35 -+ 0.05:~ 
6fl-hydroxylase 1.63 ~ 0.30 0.46 _+ 0.21~ 0.06 +_ 0.20¢ 
7~-hydroxylase 0.52 + (I.03 0.48 +_ I). 13 0.47 + 0.09 
17fl-HSR 2.02 + 0.38 1.46 t 0.37 1.13 ± 0.47* 
5fl-reductase 0.47 + 0.09 0.20 +_ 0.12" 0.27 + 0.17 

Active on 5c~-androstane-3cc, 17fl-diol 
2~-hydroxylase 0.12 + 0.08 N .D.* N.D.* 
2fl-hydroxylase 0.07 + 0.03 N.D.* N.D.* 
7c~-hydroxylase tl.50 + 0.t/9 (/.63 + 0.14 1/.66 ~: 0.18 
18-hydroxylase 1/.65 + 0.18 0.23 + 0.09* 0.42 _+ 0.12 

Hormone 
LH 25 25 25 
FSH I(XJ 100 100 
Prolactin 7 _+ 2§§ 88 _+ 25t 9 _+ 4§§ 
Growth hormone 17 _+ 5 28 -+ 5* 30 + 5* 

§ No significant differences were found in enzyme activities between the groups 
hypox d' + PT and hypox d' + PT + CB-154 according to Student's ~t' test. 

§§ Prolactin values in hypox d' and hypox d' + PT + CB-154 were not significantly 
different (P > 0.05) according to Duncan's multiple range test. 
For further information, see Table 1. Values which are commonly underlined are 
not significantly different from each other (P>  0.05} according to Duncan's 
multiple range test. 
Hypox - hypophysectomized. 
PT - bearing pituitary implant. 

and  the  a p p a r e n t  c o n n e c t i o n  b e t w e e n  this  ne rve  
s y s t e m  and  the  con t ro l  of p ro lac t in  sec re t ion  [25, 
26]. 

In e x p e r i m e n t  2 (Table  2) the  inf luence of  CB-154 
on the  effect  of  imp lan ta t ion  of  an  adu l t -de r ived  
pi tu i tary  g land  on  hepa t i c  s t e ro id  m e t a b o l i s m  in 
the  h y p o p h y s e c t o m i z e d  adul t  male  rat  was  
inves t iga ted .  

The  h y p o p h y s e c t o m i z e d  an imal s  s h o w e d  a sim- 
ilar pa t t e rn  of  s t e ro id  m e t a b o l i s m  as the  con t ro l  male  
an imal s  in e x p e r i m e n t  1 e x c e p t  for  a d e c r e a s e d  
ac t iv i ty  of  the  5c~-reductase. A l though  the  two ex- 
p e r i m e n t s  are  not  d i rec t ly  c o m p a r a b l e ,  t hese  da ta  
conf i rm tha t  the  p i tu i tary  g land  in the  male  does  not  
play a m a j o r  role in the  con t ro l  of  hepa t ic  s te ro id  
m e t a b o l i s m [ 2 ,  4-6].  Imp lan t a t i on  of a f emale -  
de r ived  pi tu i tary  g land u n d e r  the  k idney  capsu le  of 
h y p o p h y s e c t o m i z e d  male  ra ts  c a u s e d  a m a r k e d  
c h a n g e  in the  me tabo l i c  pa t t e rn .  The re  was a g rea te r  
than  7-fold i nc rease  in 5~- reduc ta se  ac t iv i ty  
(P < 0.001) and  s ignif icant  d e c r e a s e s  in the  6fl- and  
16cx-hydroxylase (ac t ive  on  4 -andros tene-3 ,  
17-dione; P < 0.01 and  < 0.001, r espec t ive ly ) ,  the  
5f l - reduc tase  ( P < 0 . 0 5 )  and  the  2cc-, 2fl- and  18- 
h y d r o x y l a s e  ac t iv i t ies  (ac t ive  on  5c~-androstane-3~, 
17fl-diol; P < 0.05 in each  case) .  All of  these  changes  
are  ind ica t ive  of  a m o v e  t ow ar ds  a more  f emin ine  
type  of  me tabo l i sm.  This  ef fec t  of  an  imp lan ted  
pi tu i tary  has  p rev ious ly  been  d e m o n s t r a t e d  in male  
r a t s [5 ,  18]. Acco rd ing  to S t u d e n t ' s  ' t '  tes t ,  t he re  
were  no  s ignif icant  d i f fe rences  b e t w e e n  the  two 
g roups  bea r ing  p i tu i ta ry  graf ts .  S ta t i s t ica l  ana lys i s  
us ing  D u n c a n ' s  mul t ip le  r ange  tes t  i nd ica ted  tha t  

CB-154 fu r t he r  d e c r e a s e d  the  16c~-hydroxylase and  
17f l -hydroxysteroid  o x i d o r e d u c t a s e  act iv i t ies  and  
inc reased  the  6f l -hydroxylase  (ac t ive  on  4-andro-  
s tene-3 ,17-dione)  and  18-hydroxylase  (ac t ive  on 
5c~-androstane-3c~, 17fl-diol) act ivi t ies .  CB-154 t reat-  
men t  of  male ,  h y p o p h y s e c t o m i z e d  rats  ( expe r imen t  
3, Table  3) caused  an  inc rease  of  5~- reduc tase  ac- 
t ivi ty w i thou t  c o n c o m i t a n t  changes  in any  of  the  
o the r  e n z y m e s  s tudied.  This  effect  is not  seen  in the  
p r e sence  of ec topic  pi tu i tary  t i ssue  p robab ly  due  to 
the  a l ready ra i sed  level of 5~x-reductase caused  by 
the  imp lan ted  pi tui tary gland.  T h e s e  da ta  indica te  
tha t  only  the  5~- reduc tase  act iv i ty  is a f fec ted  by 
CB-154 in the  a b s e n c e  of an  in tac t  p i tu i tary  and  all 
o the r  effects  would  s eem to be indirect .  

P i tu i tary  h o r m o n e  levels  were  low in the  hypo-  
p h y s e c t o m i z e d  an imal s  (Table  2) as would  be ex- 
pec ted  if comple t e  h y p o p h y s e c t o m y  had  been  
pe r fo rmed .  L H  and  F S H  were  be low the  level of  
de tec t ion  ( < 25 and  < 100/zg/l,  respec t ive ly) ,  while  
pro lac t in  levels  were  7 +_ 2/~g/l and  g rowth  h o r m o n e  
levels  17 _+ 5/zg/l.  The  c o m p a r a t i v e l y  high g rowth  
h o r m o n e  level is poss ib ly  due to the  p r e s e n c e  of an 
ex t ra -p i tu i ta ry  source  of  the  h o r m o n e .  Implan ta t ion  
of  a p i tu i tary  g land  u n d e r  the  k idney  capsu le  resu l t s  
in inc reases  in the  levels  of  p ro lac t in  (12-fold in- 
c rease ;  P < 0.01) and  g rowth  h o r m o n e  (165 per  cen t  
inc rease ;  P < 0.05) bu t  no  de t ec t ab l e  L H  or  F S H .  
T h e s e  resu l t s  are  in a g r e e m e n t  wi th  p rev ious  pub-  
l ica t ions  on  the  p r o d u c t i o n  of  h o r m o n e s  by an  ec- 
topic pi tu i tary  g land  [19]. T r e a t m e n t  of the  an imal s  
imp lan ted  wi th  a pi tu i tary  g land  wi th  C B-t  54 had  no  
s ignif icant  effect  excep t  for  a d e c r e a s e  in the  
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Table 3. The effect of CB-154 on the hepatic steroid 
metabolism of hypophysectomized male rats 

Enzyme activity Hypox E' Hypox 6' + CB-154 4. 

Active on 4-androstene-3,17-dione 
5c~-reductase 0.85 _+ 0.08 1.34 + 0.12 ~ 
16~-hydroxylase 0.77 + 0.22 0.70 -+ 0.13 
6fl-hydroxylase 0.80 + 0.08 1.00 +_ 0.08 
7ct-hydroxylase 0.50 _+ 0.09 0.60 + 0.08 
17fl-HSR 0.62 _+ 0.03 0.69 + 0.05 

* For further information see Tables 1 and 2. 

p ro lac t in  level (P < 0.01) (Table  2) which  is e x p e c t e d  
for  this  c o m p o u n d [ 1 6 ,  17]. It t hus  appea r s  tha t  
C B- 154 has  a d i rec t  ac t ion  on the  imp lan t ed  pi tu i tary  
and  r educes  the  pro lac t in  sec re t ion  of  the  implant  
w i thou t  affect ing g rowth  h o r m o n e  sec re t ion  or he- 
pat ic  s te ro id  me tabo l i sm.  The  f e m i n i n e  type  of he- 
patic s te ro id  m e t a b o l i s m  a p p e a r e d  to be pos i t ive ly  
co r re l a t ed  to the  s e rum level of g rowth  h o r m o n e .  
Tes t s  on  g rowth  h o r m o n e  us ing  an  in vitro assay  
for  c o m p o u n d s  caus ing  f emin iza t ion  of s te ro id  
me tabo l i sm[1  1] have ,  h o w e v e r ,  p r o v e d  negat ive .  
The  re l a t ionsh ip  b e t w e e n  g rowth  h o r m o n e  levels  
and  f emin ine  hepa t ic  s tero id  m e t a b o l i s m  may  be 
co inc iden ta l  r a the r  than  causal  in th is  case  a l t hough  
g rowth  h o r m o n e  has  been  impl ica ted  in the  con t ro l  
of  hepa t ic  s tero id  [10] and  drug m e t a b o l i s m  [27]. 

In s u m m a r y ,  the  dopam i ne r g i c  agonis t ,  2-Br- 
~ -e rgocryp t ine  (CB-154),  has  a m a r k e d  ef fec t  on  the  
c i rcu la t ing  level of  pro lac t in  re leased  f r o m  the  
p i tu i tary  in situ or unde r  the  k idney  capsu le  in the  
ra t  whi le  not  inf luencing the  g r o w t h  h o r m o n e  level  
or  sex d i f fe ren t ia t ion  of  hepa t ic  s te ro id  me tabo l i sm.  
T h e r e  is a pos i t ive  co r re l a t ion  b e t w e e n  g rowth  hor-  
m o n e  levels  and  degree  of f emin in i ty  of hepa t ic  
s t e ro id  m e t a b o l i s m  but  insuff icient  da ta  are  ava i lab le  
to  conc lude  tha t  this  is a causal  re la t ionsh ip .  
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