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all  cells. I t  is i n t e r e s t i ng  to no t e  t h a t  t heophy l l i ne  de-  
pressed  immuno log i ca l  phagocytos i s ,  where  as levamisole  
s t i m u l a t e d  3. T h e o p h y l l i n e  i nh ib i t s  phosphod ie s t e r a se  a n d  
m a y  t h u s  increase  in t r ace l lu l a r  cyclic adenos ine  mono-  
p h o s p h a t e  (cAMP). H a d d e n  e t  al.* also d e m o n s t r a t e d  t h a t  
levamisole  increased  cel lular  levels of cyclic guanos ine  
m o n o p h o s p h a t e  a n d  decreased  levels of cyclic A M P  in 
mouse  l ymphocy te s ,  a n d  cor re la ted  th i s  w i t h  increased  
respons iveness  in  v i t ro  to  p h y t o h a e m a g g l u t i n i n .  I t  t he re -  
fore seems possible  t h a t  levamisole  could ac t  b y  mod i fy ing  
nuc leo t ide  levels  t h r o u g h  a c t i v a t i o n  of phosphod ie s t e r -  
ase3~ W e  the re fore  s tud ied  t he  effect  of levamisole  on  
phosphod ie s t e r a se  ac t iv i ty .  
W e  used 10 female  mice  as source of l iver  phosphod ie s t e r -  
ase. The  l iver  of each  mouse  was homogen ized  in 0.25 M 
sucrose c o n t a i n i n g  1 m M  E D T A ,  cen t r i fuged  a n d  t he  

Phosphodiesterase activity of mouse liver 

Number of Phosphodiesterase activity 
experiment (nmoles cAMP bydrolyzed/mg/30 rain) 

without levamisole with levamisole 

1 1395 1365 
2 1465 1475 
3 1425 1450 
4 1355 1375 
5 1389 1370 
6 1405 1395 
7 1375 1410 
8 1365 1380 
9 1386 1340 

10 1435 1380 

Mean4- 1399.50 1394 
S.D. 33.85 40.87 

s u p e r n a t a n t  was used as e n z y m e  source. P h o s p h o d i e s t e r -  
ase a c t i v i t y  of t he  h o m o g e n a t e s  was e s t i m a t e d  b y  us ing  
a p rocedure  p rev ious ly  descr ibed  wh ich  is based  on  
m e a s u r e m e n t  of t he  d i s a p p e a r a n c e  of t r i t i a t e d  cyclic 
(3H) A M P  5. The  f r a c t i o n a t i o n  of t he  t r i t i a t e d  aden ine  
nuc leo t ides  was o b t a i n e d  b y  c h r o m a t o g r a p h y  on a l u m i n a  
column.  Dup l i ca t e  samples  w i t h  a n d  w i t h o u t  levamisole  
were assayed  for phosphod ie s t e r a se  ac t iv i ty .  P ro t e in  con-  
c e n t r a t i o n  of t he  l iver  h o m o g e n a t e s  was d e t e r m i n e d  colo- 
m e t r i c a l l y  b y  t he  p rocedure  of L o w r y  e t  al. ~. Levamiso le  
solut ions  were p r e p a r e d  each  d a y  before  use in 50 m M  
Tris-HC1 buffer  p H  7.6. 
As s h o w n  in t he  tab le ,  t he  levels of phosphod ie s t e r a se  
a c t i v i t y  of mouse  l iver  d id  n o t  change  s igni f icant ly  in  t he  
P resen t  of va r ious  c o n c e n t r a t i o n s  of levamisole.  The  
m e a n  levels of phosphod ie s t e r a se  a c t i v i t y  of mouse  l iver  
was  1399.50 nmoles  of cyclic nuc leo t ide  hyd ro lyzed  pe r  
m g  p r o t e i n  pe r  30 min ,  a t  37~ I n  the  presence  of 10 .3 
to  10 .7 M levamisole  t he  e n z y m e  a c t i v i t y  was 1394 nmoles  
c A M P / m g  p ro te in /30  min.  
P r e - i n c u b a t i o n  of homogena te s ,  a t  37 ~ for 30 min,  w i t h  
d i f fe ren t  c o n c e n t r a t i o n s  of levamisole  before  assaying,  
gave  no  a l t e r a t ions  on  e n z y m e  ac t iv i ty .  However ,  t h e r e  
was a cons iderab le  increase  in t he  level of phosphodies -  
te rase  a c t i v i t y  w h e n  we a d d e d  imidazole.  
I t  is c lear  f rom our  d a t a  t h a t  levamisole  does no t  af fec t  
t he  phosphod ie s t e r a se  a c t i v i t y  in  vi t ro.  I t  seems w o r t h  
i nves t i ga t i ng  w h e t h e r  levamisole  m a y  s t i m u l a t e  i n t r a -  
cel lular  phosphod ie s t e r a se  a c t i v i t y  in vivo.  
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N e u r o e n d o c r i n e  e f f ec t s  of a n o n - s t e r o i d a l  c o m p o u n d  of t e s t i c u l a r  o r i g i n  1 
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Summary. The  effects  of t he  c o m p o u n d  ( + ) - l , 4 - d i p h e n y l b u t a n e - 2 ,  3-diol (DPB,  s y n t h e t i z e d  in the  testes)  on gonado-  
t r o p i n  secre t ion h a v e  been  s tud ied  in c a s t r a t e d  ma le  ra ts .  D P B ,  w h e n  in jec ted  subcu t aneous ly ,  does n o t  modi fy  s e r u m  
levels of L H  a n d  F S H .  On t h e  con t r a ry ,  t he  local i m p l a n t a t i o n  of D P B  in t he  m e d i a n  eminence  of t he  h y p o t h a l a m u s  
resul t s  in  a s ign i f ican t  e leva t ion  of s e r u m  F S H .  I t  is sugges ted  t h a t  D P B  m a y  p l a y  a physio logica l  role in t he  con t ro l  
of F S H  release. 

The  m e c h a n i s m s  w h i c h  con t ro l  g o n a d o t r o p i n  secre t ion  in 
male  an ima l s  are st i l l  con t rovers ia l .  Tes to s t e rone  is gen-  
era l ly  be l ieved  to  suppress  t he  secre t ion  of L H  a f t e r  
h a v i n g  been  c o n v e r t e d  in t he  a n t e r i o r  p i t u i t a r y  and  in 
t h e  b r a i n  in to  5~-andros tan-17f l -o t -3-one (d ihydro te s to -  
s terone,  DHT)  and  5~-andros tan-3~ ,  17~-diol 4-~. A n d r o -  
gens also exe r t  a n  i n h i b i t o r y  effect  on  F S H  release 5-s. 
Th i s  effect  is p r o b a b l y  l inked  to  t he  ' a r o m a t i z a t i o n '  to  
es t rogens,  a process  w h i c h  occurs  b o t h  in t he  p e r i p h e r y  
a n d  in  t he  cen t r a l  n e r v o u s  s y s t e m  (main ly - in  t h e  h y p o -  
t h a l a m u s  a n d  in t h e  l imbic  s t ruc tures )  9,10. The  poss ib i l i ty  
t h a t  a p ro te ic  f ac to r  ( Inh ib in )  o r ig ina t ing  in t he  tes t i s  
m i g h t  specif ical ly i n h i b i t  F S H  secre t ion  has  r ecen t l y  
been  r ev ived  11-15. 

The  non- s t e ro ida l  c o m p o u n d  ( + ) - l , 4 - d i p h e n y l b u t a n e -  
2, 3-diol (DPB)  ha s  been  i so la ted  f rom bul l  and  r a t  tes-  
t i cu la r  t i ssue  le a n d  f rom dog s p e r m a t i c  ve in  bloodlT, ls. 
The  a m o u n t s  of th i s  c o m p o u n d  h a v e  b e e n  shown  to  be  
h igher  in  t h e  t e s t e s  of sexua l ly  m a t u r e  an imal s  t h a n  in  
those  of p r e p u b e r a l  onesl~. The  p r e sen t  s t u d y  was a imed  
a t  i nves t i ga t i ng  w h e t h e r  D P B  m i g h t  exe r t  any  a c t i v i t y  
on  g o n a d o t r o p i n  secret ion.  
Materials and methods. 3 t y p e s  of e x p e r i m e n t s  were per-  
formed.  E x p e r i m e n t  1: A d u l t  ma le  r a t s  of the  Sprague  
D a w l e y  s t r a i n  ( ini t ia l  we igh t  200 g 4- 12) were c a s t r a t e d  
and  D P B  (dissolved in sesame oil) was  a d m i n i s t e r e d  sub-  
c u t a n e o u s l y  in 2 da i ly  doses of 50 ~g / ra t  for 8 days  begin-  
n ing  t h e  d a y  of cas t r a t ion .  T r e a t m e n t s  were pe r fo rmed  a t  
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8.30 a .m.  a n d  a t  1.30 p .m .  T r e a t e d  a n i m a l s  a n d  t h e  re- 
spec t i ve  con t ro l s  were  killed a t  5.00 p . m .  on  d a y s  1, 2, 3, 
4, 6 a n d  8. E x p e r i m e n t  2: D P B  w a s  a d m i n i s t e r e d  sub -  
c u t a n e o u s l y  for  4 d a y s  a t  a da i l y  dose  of 3 m g / r a t  to  
c a s t r a t e d  ma le  r a t s  b e g i n n i n g  21 d a y s  a f t e r  c a s t r a t i o n .  
T r e a t m e n t  w a s  p e r f o r m e d  in t h e  m o r n i n g  a n d  t h e  a n i m a l s  
were  sacr i f iced in t h e  a f t e r n o o n  of t h e  f o u r t h  day .  
E x p e r i m e n t  3: D P B  w a s  s t e r e o t a x i c a l l y  p laced  e i the r  in 
t he  m e d i a n  e m i n e n c e  of t h e  h y p o t h a l a m u s  or  in t h e  
a n t e r i o r  p i t u i t a r y  of a d u l t  ma le  r a t s  c a s t r a t e d  21 d a y s  
be fore  i m p l a n t a t i o n .  E x p e r i m e n t a l  a n d  s h a m - i m p l a n t e d  
a n i m a l s  were  killed 5 d a y s  a f t e r  i m p l a n t a t i o n  in t he  
a f t e r n o o n .  S e r u m  levels of L H  a n d  F S H  were  m e a s u r e d  
b y  specific r a d i o i m m u n o a s s a y s  tg, ~0. 
Results and discussion. F i g u r e  1 s u m m a r i z e s  t he  r e su l t s  of 
E x p e r i m e n t  1. I t  is e v i d e n t  t h a t  t he  ch ron ic  s y s t e m i c  
a d m i n i s t r a t i o n  of D P B  in i t i a t ed  a t  t he  t i m e  of c a s t r a t i o n  
does  n o t  p r e v e n t  t he  inc rease  of s e r u m  levels of L H  or 
F S H  induced  b y  g o n a d e c t o m y .  A m i n o r  b u t  i n s ign i f i can t  
i n h i b i t o r y  effect  on  L H  release w a s  o b s e r v e d  on  d a y s  3 
a n d  4. Also t h e  s y s t e m i c  a d m i n i s t r a t i o n  of a m u c h  la rger  

1 This work has been supported by grants of the Ford Foundation, 
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dose  of D P B  to  c a s t r a t e d  a n i m a l s  w a s  p r o v e d  inef fec t ive  
in r e d u c i n g  s e r u m  levels of  e i the r  L H  or  F S H  (Expe r i -  
m e n t  2, f igure  2). 
I t  is a p p a r e n t  f r o m  f igure  3 t h a t  m e d i a n  e m i n e n c e  im-  
p l a n t s  of D P B  s ign i f i can t ly  inc rease  s e r u m  F S H  levels 
a b o v e  t h o s e  r eco rded  e i t he r  in n o n - i m p l a n t e d  c o n t r o l s  or  
in s h a m - o p e r a t e d  an ima l s .  S e r u m  L H  t i t e r s  w e r e  n o t  
s i gn i f i can t ly  a l t e r ed  b y  m e d i a n  e m i n e n c e  i m p l a n t s  of 
D P B .  I n t r a p i t u i t a r y  i m p l a n t s  of t h e  c o m p o u n d  also 
s e e m  to  inc rease  s e r u m  F S H ,  b u t  t h e  e l e v a t i o n  o b s e r v e d  
is n o t  s ign i f i can t  a t  t h e  s t a t i s t i c a l  a na ly s i s  (f igure 3). 
S e r u m  levels of L H  are  n o t  a l t e red  b y  i n t r a p i t u i t a r y  
i m p l a n t s  of D P B .  
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Fig. 1. Effect of (+)-l,4-diphenylbutane-2,3-diol, DPB (50 [xg/rat 
twice daily for 8 days) on serum LH and FSH levels of adult cas- 
trated ~ rats. Treatment initiated on the same day of castration. 
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Fig. 2. Effect ol (+)-l,4-diphenylbutane-2,3-diol, DPB (3 mg/rat 
per day for 4 days) on serum LH and FSH levels of adultd' rats cas- 
trated 21 days before the initiation of treatment. 
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Fig. 3. Effect of median eminence and of intrapituitary implants of 
(+)-l,4-diphenylbutane-2,3-diol (DPB) on serum LH and FSH 
levels of adult~ rats castrated 21 days before implantation. Sacrifice 
5 days after implantation. 

These results,  a l though  pre l iminary ,  suggest  t h a t  D P B  
migh t  s t imula te  F S H  release ac t ing  on the  h y p o t h a l a m u s  
and possibly on the an te r ior  pi tui tary .  This  effect  is not  
accompanied  by  re levan t  changes  of L H  secretion Since 
D P B  is a na tura l  secre tory  p ro d u c t  of the  tes t is  ~- l s ,  a 
physiological  role of this  c o m p o u n d  in t he  control  of F S H  
secret ion may  be pos tu la ted .  The effect  of D P B  on the  
h y p o t h a l a m i c - p i t u i t a r y  axis m i g h t  be expla ined by  the  
an t i androgen lc  proper t ies  of this co mp o u n d  14. Ant i -  
androgens  have  been previous ly  repor ted  to increase 
gonado t rop in  output ,  e i ther  w h e n  given sys temical ly  21 or 
w h e n  placed in the  median  eminence  of the  hypo tha l a -  
mus 22 
The nega t ive  results  ob ta ined  af ter  sys temic  inject ions of 
D P B  migh t  be due to several  reasons.  Firs t  of all the  
compound  has  a shor t  half-life 16. Moreover,  sys temical ly  
admin i s t e red  D P B  is rap id ly  con juga ted  wi th  glucuronic 
acid is. I t  is no t  k n o w n  at  p re sen t  w h e t h e r  the  glucuronic 
der iva t ive  re ta ins  biological ac t iv i ty ,  and w h e t h e r  it is 
able to cross the  b lood-bra in  barrier.  

21 R. Von Berswordt-Wallrabe and F. Neumann, NeuroendocrillO- 
logy 2, 107 (1967). 

22 J.M. Davids0n, in: Frontiers in Neuroendocrinology, 1969, p. 
343. Ed. W. F. Ganong and L. Martini. Oxford University Press, 
New York 1969. 

A n t a g o n i s t i c  ac t ion  of E and F s er i e s  p r o s t a g l a n d i n s  u p o n  m i n e r a l o c o r t i c o i d  p r o d u c t i o n  
by  the  h u m a n  a d r e n a l  

K. V. H o n n  and W. Chavin 

Departments o[ Radiology and Biology, Wayne State University, Detroit (Michigan 48202, USA), 
20 September 7976 

Summary. At  long t ime  intervals ,  t he  E and  F pros tag land ins  exer t  an tagonis t ic  effects  on a ldos terone  p roduc t ion  
in vi tro.  At  shor t  in tervals  the  E p ros tag land ins  t end  to  mimic the  inh ib i tory  effect  of t he  P G F  series. 

The E and  F p ros tag land ins  an tagonis t ica l ly  modu la t e  
cAMP levels and  cort isol  secret ion b y  the  h u m a n  adrena l  1 
and  have  an tagonis t ic  effects on ovar ian  s teroidogenesis  2. 
This a n t a g o n i s m  appears  to be basic to s teroidogenic  pro-  
cesses. Aldos te rone  secret ion is under  b o t h  s t imu la to ry  
and  inh ib i to ry  control2-5,  b u t  the  evidence for p ros ta -  
g landin  i nvo lvemen t  is l imi ted  and con t r ad i c to ry  6, 7. The 
p resen t  s t u d y  demons t r a t e s  t h a t  E and  F series p ros ta -  
glalldins are an tagonis t ic  in t he  contro l  of minera locor t i -  
coid product ion .  

Methods and materials. 4 adu l t  h u m a n  female adrena l  
glands ob ta ined  a t  surgery  were immed ia t e ly  placed in 
cold (0-4~ K reb ' s  Ringer  b i ca rbona te  buffer,  K R B G A  
(pH 7.4, 200 mg glucose/dl,  0.5% serum a lbumin  frac- 
t ion  V). Glands  were diced (2 • 3 mm) and  p re incuba t ed  
(37~ ill K R B G A  for 45 rain. These dice t h e n  were incu- 
b a t e d  (1 ml  K R B G A ;  37~ 95% 0 2 + 5% CO2) in a 
Dubnof f  metabol ic  shaker  for 1-32 rain. The dice were 
exposed  to  p ros tag land ins  E v E 2, FI= or F2~ (1, 10, 100 
Fg/ml), p ros t ag l and in  vehicle (2% e thanol  in KRBG A ) ,  
or K R B G A  alone.  Aldos te rone  secre t ion into the  incuba-  
t ion  m e d i u m  was q u a n t i t a t e d  by  R I A  s. P r o t e i n s  were 
d e t e r m i n e d  9 and the  d a t a  ca lcula ted  as ng a ldos te rone /mg 
p ro te in  and  expressed  as per  cen t  control .  A m i n i m u m  of 

4 repl icates  were used per  d a t u m  point .  Da ta  were 
analyzed by  analysis  of  var iance  and S t u d e n t ' s  t - tes t .  Dif- 
ferences were accepted  as s ignif icant  when  p < 0.05. 
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