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Hypothalamic and Cerebral Cortical Inhibitors of a Melanocyte-St imulat ing Substance Secreted by 
the Pars Distalis of the Frog Pituitary Gland 

Complete  da rk  a d a p t a t i o n  by  the  frog requires  secre- 
t ions  f rom b o t h  the  pars  distal is  and  the  pars  in t e rmed ia  ~. 
As a consequence  of t he  grea ter  re la t ive  impor t ance  of 
me lanocy te - s t imu la t ing  ho rmone  (MSI[) secre ted  by  t h e  
pars  in te rmedia ,  the  inves t iga t ion  of the  neuro-endocr ine  
contro l  of background  a d a p t a t i o n  has  centered  on the  
re la t ionship  of the  pars  in t e rmed ia  and the  hypo tha l amus .  
The h y p o t h a l a m u s  exer ts  an inh ib i to ry  control  on M S I t  
secre t ion f rom the  pars  i n t e rmed ia  ~-~, p robab ly  t h ro u g h  
the  secret ion of a chemical ly  unident i f ied  MSII  inh ib i t ing  
fac tor  (MIF) 7 s. 

Regu la t ion  of the  secret ion of me lanocy te - s t imu la t ing  
subs tances  (MSS) f rom the  pars  distal is  has  no t  been  
inves t iga ted .  This  s t u d y  was conduc ted  to  de t e rmine  
w h e t h e r  or no t  t he  frog h y p o t h a l a m u s  con ta ins  factors  
which  could regula te  the  secre t ion of the  MSS by  the  
pars  distalis.  

2]4aterials and methods. Male frogs (Rana pipiens, 
30-50 g, S te inhi lber  and Sons, Oshkosh,  Wis., USA) were 
m a i n t a i n e d  wet  and  i l lumina ted  on a l ight  (L) or da rk  (I)) 
background  for 48 h a t  22-26 ~ At t he  end of the  48 h 
background  adap ta t ion ,  t he  frog t issues were  collected, 
p repa red  and employed  in the  2 h in v i t ro  frog skin assay 
for MSS and  in the  in v i t ro  assay of h y p o t h a l a m i c  (II) 
and  cort ical  (C) ex t rac t s  (X) for an inh ib i to r  of MSS 
secret ion f rom the  pars  distal is  7. 

Results. The pars  distalis  secre ted  s ignif icant  amou n t s  
of MSS in v i t ro  ( T a b l e I ;  none  vs I)DD; 7~<0.01).  
Aqueous  ex t rac t s  of the  cerebral  cor tex  and h y p o t h a l a m u s  
of l ight  and  dark  a d a p t e d  frogs d id  no t  s t imula te  the  
frog skin s ignif icant ly  (Table I ; none  vs CXL,  HXI , ,  CXl)  
and  I [X1) ;  NSD,  all comparisons) .  The ex t rac t s  of b o t h  
the  cerebral  cor tex  and  h y p o t h a l a m u s  s ignif icant ly  inhi-  
b i t ed  the  secre t ion  of the  MSS f rom the  pars  d i s t a l i s  
(Table I ;  P D D  vs P D D C X L ,  P D I ) H X L ,  P l ) D C X I )  and  
P D D H X D ;  P < 0 . 0 1 ,  all comparisons) .  There  was no 
s ignif icant  difference in the  inh ib i to ry  ab i l i ty  of e i ther  

the  cerebral  or h y p o t h a l a m i c  ex t rac t s  (Table I ; P D D C X L  
vs P D D t I X L ;  N S D  and  P D I ) C X D  vs P l ) D H X D ;  NS1)) 
or of t he  ex t r ac t s  f rom e i ther  l ight  or dark  a d a p t e d  frogs 
( P D I ) C X L  vs P D I ) C X D ;  N S D  and  P D I ) H X L  vs 
P D I ) H X D  ; NSD).  

The second expe r imen t  was designed to  de t e rmine  if 
the  inh ib i t ion  indica ted  by  the  resul ts  of the  f i rs t  experi-  
m e n t  was an inhibi t ion of MSS secret ion f rom the  pars  
distal is  or an inh ib i t ion  of t he  ac t ion  of MSS on the  
melanocy tes  of the  frog skin t. The  frog skin f ragments ,  
the  h y p o t h a l a m i c  and  cort ical  ex t rac t s  and  all of the  
pa r t e s  distal is  were incuba ted  for 2 h s imul taneously ,  
bu t  separate ly .  At  the  end of the  2 h pre -assay  equi l ibra-  
t ion  period,  the  pa r t e s  dis tal is  were r emo v ed  f rom the  
beakers  into which  t h e y  had  secreted the  MSS, t he  ex t r ac t  
equ iva len t  of one h y p o t h a l a m i c  or cort ical  f r a g m e n t  was  
added  to t he  beaker  and  f inal ly a f r ag men t  of skin was 
added  to  measure  the  effect  of t he  ex t rac t s  on the  ac t ion  
of the  MSS. The beakers  con ten t s  were i ncuba ted  for 
ano the r  2 h. Thus,  the  ex t rac t s  were no t  p e r m i t t e d  to  
in terfere  wi th  the  secretion of MSS, only  the  action of 
MSS. 

The MSS secre ted  by  the  pars  distal is  caused a signifi- 
can t  increase in the  MI score (Table II ;  none  vs MSS;  
t ) < 0 . 0 1 ) .  The cort ical  ex t r ac t  added  to  t he  MSS did 
no t  i n t e r f e re  w i th  the  ac t ion  of the  MSS on the  skin 
(Table I I ;  MSS vs M S S C X L ;  NSD),  whereas  the  addi t ion  
of h y p o t h a l a m i c  ex t r ac t  to MSS resul ted  in a s ignif icant  
increase in t he  MI score (Table II; MSS vs M S S H X L ;  
P <  0.05) ind ica t ing  t h a t  t he  h y p o t h a l a m i c  ex t r ac t  o f  
the  l ight  ad ap t ed  frog conta ins  a MSS t h a t  ac ts  d i rec t ly  
on the  melanocyte .  

Discussion. The resul ts  of th is  s t u d y  ind ica te  t h a t  t he  
pars  distal is  does con ta in  a me lanocy te - s t imu la t i ng  sub- 

Table II. The effect of extracts of the frog hypothalamus and cere- 
bral cortex on the action of frog pars distalis MSS 

Table I. The effect of extracts of the frog hypothalamus and cerebral 
cortex on the secretion of melanoeyte-stilnulating substance (MSS) 
from the pars distalis 

Group Treatment No. of Mean MI 
.No. components ~ observations score t' 

Group Treatment No. of Mean MI 
No. components �9 observations score b 

1 None 12 1.38 
2 MSS 12 3.12 
3 MSSCXL 12 3.44 
4 MSSHXL 12 4.18 

1 None 6 1.10 
2 PI)D 6 4.30 
3 CXL 6 1.48 
4 HXL 6 1.85 
5 CXD 6 1.25 
6 IIXD 6 2.17 
7 P1)DCXL 6 2.68 
8 PDDHXL 6 2.73 
9 PDDCXI) 6 2.03 

10 PDDHXD 5 ~ 1.97 

Key to treatment component abbreviations: MSS, melanoeyte- 
stimulating substance secreted by frog pars distalis of dark adapted 
frogs; CXL and ItXL, extracts (X) of the cortex (C) and hypothal- 
anms (H) of light (L) adapted frogs. Treatment beakers of group 1 
contained only 3.1 ml of frog Ringer's solution and a piece of frog 
skin. The treatment beakers of all other groups contained 3.1 ml 
frog Ringer's solution, a piece of skin and the indicated treatment 
components, b See text for siglfifieanee of difference between means. 

Key to treatment component abbreviations: PDD, pars distalis 
(PD) of dark (D) adapted frogs; CXL, HXL, CXD and IIXD, 
extracts (X) of the cortex (C) and hypothalamus (II) of light (L) 
and (l)) adapted frogs. Treatment beakers of group 1 contained only 
3.1 ml of frog Ringer's solution amt a piece of frog skin. The treat- 
ment beakers of all other groups contained 3.1 ml frog Ringer's 
solution, plus a piece of frog skin and the indicated treatment 
components. All beakers were incubated for 2 h. b See text for 
significance of differences between means, o One observation lost. 
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stance of unknown ident i ty .  Avai lable  indirect  evidence 
would suggest t ha t  the  MSS is not  A C T H  1 because 
(1) A C T H  is only about  1-2/100 as ac t ive  as M S H  in s t imu-  
lat ing melanin  dispersion 9,10, (2) corticoids do not  influence 
background adap ta t ion  a l though they  are known to 
inhibi t  A C T H  secret ion n and (3) it  is difficult  to under-  
s tand the  surv iva l  a d v a n t a g e  of ac t iva t ing  the  adrenals  
each t ime  the  frog is required to d a r k  adapt ,  and vice 
versa. Fur thermore ,  our results suggest an inhib i tory  
regulat ion of the  secretion of the  frog MSS, whereas 
A C T E  secretion ill the  m a m m a l  is regulated by  a releasing 
factor.  Since the  regulat ion of MSS secretion appears  to 
be inhibi tory  and similar  studies have  provided  ident ical  
evidence for the  inh ib i tory  regula t ion of M S H  secretion 
by  the  pars  in te rmedia  7, s i t  is possible t h a t  the  melano-  
cy te-s t imula t ing  substance of the  pars  distalis is MSH.  

The presence of a MSS in the  hypo tha l amus  has been 
repor ted  previous ly  7,s,12 and we ~ have  suggested tha t  
the  accumula ted  MSS is indicat ive  of a feedback control  
loop in which the  circulat ing MSS regulates the  secretion 
of the  inhibi tor  to M S H  secretion. The  lack of MSS in 
the  cort ical  ext rac ts  lends fur ther  suppor t  to this sug- 
gestion. The  abi l i ty  of cort ical  ext rac ts  to inhibi t  MSS 
secretion could be due to the  catecholamines  found in 
the  bra in  4. 

Fu r the r  s tudy  of the  neuroendocr ine  control  of frog 
background adap ta t ion  will require the  de te rmina t ion  
of the  iden t i ty  of the  MSS of the  pars distalis and the  
ident i ty  of the  inhibi t ing substance(s) of the  hypo tha lamus  
and cortex.  

Zusammen/assung. Nachweis,  dass die  pars distalis der 
Hypophyse  des Leopardfrosches Rana pipiens eine Me- 
lanozyten  s t imul ierende Substanz enth~ilt, die in v i t ro  
abgesonder t  wird. W&sserige E x t r a k t e  aus H y p o t h a l a m u s  
und Kor t ex  des Frosches h e m m e n  die Ausscheidung der 
die Melanozyten s t imul ierenden Substanz in vi tro.  
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In Vitro Metabolism of Progesterone by the Adrenals of Spontaneously Hypertensive Rats 

Spontaneous  hyper tens ion  (SH) has been induced in 
rats  by prolonged inbreeding or  cross-breeding 1,~. The  
incidence of hyper tens ive  disease in these rats  was re- 
por ted  original ly to be as high as 100%, and according 
to LAVERTY and SMIRK s the  levels of blood pressure 
become progressively higher  wi th  successive generations.  
The  et iology of SH is unknown,  a l though is no t  depen- 
dent  on high salt  intake, unl ike o ther  forms of experi-  
menta l ly  produced hyper tension,  such as hyper tens ion  
induced by  high saline intake, by  adrenal  regenerat ion,  
and by  adminis t ra t ion  of deoxycor t icos terone  (DOC)4, 5. 
Bi la tera l  ad rena lec tomy lowers the  blood pressure in 
bo th  normal  and SH rats  bu t  does not  modi fy  the  pre- 
opera t ive  pressure difference be tween  t i le 2 groups ~. 

W e  have  compared  the  conversion of labelled progeste- 
rone by  incuba ted  adrenal  glands f rom normal  and SH 
rats in order  to establish whether  the  cort icosteroid bio- 
synthet ic  pa t t e rn  differs in the  2 groups. 

Materials and methods. S H  rats, Wis ta r  descendants,  
were generously donated  by  Dr. C. T. HANSEN, N I H .  
Female  first  generat ion descendants  f rom these animals  
were used, and Wis ta r  female  rats  of s imilar  weight  
obta ined f rom a local breeder served as controls.  Tile 
mean  blood pressure of the  hyper tens ive  rats  was 200 
4 r a m  t t g  (SE;  n = 6). The  animals  were decapi ta ted  
af ter  N e m b u t a l  anesthesia  (5 rag/100 g) and the  adrenals  
quar tered,  pre incubated  for 45 rain and then  incubated  
for 4 h in 2 ml  Krebs-Ringer  b icarbonate  glucose sup- 
p lemented  medium,  under  an a tmosphere  of 95% O s - 
5 % C O  2, in the  presence of 4 . 8 4 •  of 4-14C - 
progesterone (SA 2 m C / m g ,  New Eng land  Nuclear).  
Incuba t ions  were per formed in quadrupl icate .  The  media  
were ext rac ted  3 t imes  wi th  d ichloromethane,  t i le 
ext rac ts  were chromatographed  in the  to luene-propylene 
glycol sys tem 7 and the  eff luent  conta ining DOC and 
progesterone was developed in the  Bush B3 sys tem s. The  
rad ioac t iv i ty  present  in the  steroid fract ions correspond- 
ing to 18-hydroxycor t icosterone (18-OH-B), aldosterone,  

18-hydroxydeoxycor t icos terone  (18-OH-DOC), corticos- 
terone, DOC and unmetabol ized  progesterone,  was 
measured by  l iquid scint i l lat ion counting,  af ter  der iva t ive  
format ion  and mul t ip le  chromatography .  The  methods  
used for steroid pur i f ica t ion have  been published else- 
whereg, 1~ All the  repor ted  values  have  been corrected 
for procedural  losses f rom the  recovery,  at  the  last  s tage 
of purification,  of non-radioac t ive  s tandards  added im- 
m e d i a t e l y  after  incubation.  The  recovery  of 18-OH-B 
was assumed to equal  t ha t  of 18-OH-DOC, since no pure  
s tandard  was available.  

Results and discussion. Table  I gives the  organ weights  
of rats  of approx ima te ly  the  same body  weight  (SH 
214 • 4 g, controls 238 Jc 2 g, n = 6). No significant  dif- 
ferences were observed in kidney,  t h y m u s  or adrenal  
weight ,  bu t  the  hear t  weights  were increased in SH rats  
(P < o.ool). 

Table  I I  presents  the  per  cent  r ad ioac t iv i ty  recovered 
in 6 steroid fractions,  which was r emarkab ly  similar for 
bo th  groups of rats.  These results are in marked  contras t  
wi th  previous findings on o ther  forms of exper imenta l  
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