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Discussion.  Was t ing  of the  M L A  af ter  cas t ra t ion  can 
be p reven ted  by  tes tos te rone  8 and a series of papers  h a v e  
shown t h a t  androgens,  in add i t ion  to the i r  responsibi l i ty  

for d e v e l o p m e n t  and  ma in t enance  of the  male  accessory 
sex organs,  s t imula te  an  increase in body  weight  and 
g rowth  4. Indeed  the  increase in weigh t  of the  M L A  of 
cas t ra ted  male  animals  af ter  tes tos te rone  has  been sug- 
gested and wide ly  used as a biological  indica tor  of the  
myo t rop ic  ac t i v i t y  of androgens  s. However ,  the  use of 
the  M L A  as a tes t  for anabol ic  ac t iv i ty  in cas t ra ted  male  
animals  has  been cri t icized s and the  lack of a s t andard  
m e t h o d  which would  al low de t e rmina t ion  or compar ison  
of the '  re la t ions of myo t rop i c  and  androgenic  effects of 
anabol ic  steroids, has m a d e  the rapeu t i ca l  appl icat ions  
diff icult  7. The  persis tence of the  M L A  in female  ra ts  has  
fhe  charac te r  of a qua l i t a t ive  f inding and m a y  help to 
f ind new methods  of eva lua t ion  of androgenic  and myo-  
t rophic  act ions of anabol ic  steroids.  

Zusammenlassung. Tes tos te ronapp l ika t ion  bei  neuge-  
borenen weibl ichen R a t t e n  (1 m g  Tes tos te ron  p rop iona t  
zweimal  w6chent l ich  s.c.) f i ihr t  zur  E r h a l t u n g  des M. 
l eva tor  ani, der  normalerweise  sich bei beiden Geschlech- 
tern  gleichart ig  entwickel t ,  bei fo r t l aufender  R e d u k t i o n  
v o m  18. Tag  der  E m b r y o n a l e n t w i c k l u n g  an. Die M6glich,  
kei t  der  E r h a l t u n g  des Muskels als Tes t  f l i t  die W i r k u n g  
anaboler  Steroide wird diskut ier t .  
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Cross section of the largest part of MLA in a female rat I and 2 
months after birth. During this time testosterone propionate 1 mg 

was injected s.c. twice weekly. 
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Presence of Calcium Ions as a Requisite for the 
in vitro St imulat ion of TSH-Release  by Hypo-  

thalamic TRF 

We have  recent ly  unde r t aken  a series of exper iments  
to explore  t he  mechanisms  of act ion of the  hypo tha l amic  
factor T R F  (TSH-releas ing factor) when  i t  s t imula tes  
aCUtely t he  secret ion of adenohypophys ia l  T S H  ( thyroid-  
s t imula t ing  hormone) .  Thus, we have  a l ready  observed  
tha t  ne i ther  cyc loheximide  nor ac t inomyc in -D p reven t  
the in v i t ro  release of T S H  induced by  T R F ,  in condi t ions  
in which we could demons t r a t e  t he  efficacy of the  ant i -  
biotics to inhib i t  pro te in  and R N A  synthesis  X, ~. I n  v i v o  
we have  shown 8 t h a t  T R F  in jec ted  i.v. s t imula tes  release 
of T S H  in an  ex t r eme ly  rap id  manner ,  evidence for in- 
creasing p lasma T S H  concent ra t ion  being observed  less 
than 120 sec fol lowing in jec t ion  of the  hypo tha l amic  
ulaterial.  These  results  h a v e  led us to several  work ing  
hyPotheses consider ing a possible effect of T R F  on the  
Cellular m e m b r a n e  po ten t i a l  in its s t imula t ing  release of 
TSH.  One of the  corollaries of these  hypotheses  would  

be t h a t  a l t e ra t ion  of the  K+, Ca++ and Mg++ concent ra-  
t ions of the  incuba t ion  mil ieu should modi fy  the  a c t i v i t y  
(release of T S H )  of the  med ia to r  (TRF) .  

The  results  presented  here  will show t h a t  indeed the  
effect of T R F  in s t imula t ing  the  release of T S H  when  
added to p i t u i t a r y  tissues incuba ted  in vitro1, * can  be 
comple te ly  p reven ted  by  pr ior  incuba t ion  of the  p i t u i t a r y  
in Ca++-free medium.  E x p e r i m e n t s  in which  Ca++ is re- 
added  to  the  m e d i u m  show fur ther  t h a t  the  responsive-  
ness to T R F  is res tored when  Ca ++ is re - in t roduced  in the  
incuba t ion  fluid. 

Materials and methods. (1) Incubation o/ the pituitary 
glands. The  an ter ior  p i t u i t a ry  gland of ra ts  (males, body  
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we igh t  100-110 g) is r ap id ly  r e m o v e d  a f t e r  decap i t a t i on  
and  spl i t  a t  t h e  i s t h m u s  in 2 ident ica l  halves .  E a c h  half  
goes to  1 of 2 P y r e x  20 ml  beakers  con ta in ing  2.0 ml  of 
incuba t ion  fluid equ i l ib ra ted  wi th  95% O~-5% CO2; 3 
p i tu i ta r ies  are  s imilar ly  p repared .  Thus,  2 popu la t ions  of 
p i t u i t a r y  ha lves  are  ob t a ined ;  t h e y  are ident ica l  in origin 
a n d  prac t ica l ly  of  iden t ica l  weight ,  as  conf i rmed  a t  t h e  
end  of each incuba t ion .  W e  have  shown earl ier  a,s t h a t  
th i s  des ign is t h e  on ly  one  which  so far  has  been  d e m o n -  
s t r a t e d  to  al low a val id  compar i son  be tween  con t ro l  a n d  
e x p e r i m e n t a l  t i ssues  regard ing  secre t ion  of p i t u i t a ry  
h o r m o n e s  in t he  s h o r t - t e r m  incuba t ion  sys tem.  The  
incuba t ions  are run in a Dubnof f  metabo l ic  shaker  a t  100 
strokes]rain,  37°5C, in  a w a t e r - s a t u r a t e d  a t m o s p h e r e  of 
95% O~-5% CO v The  du ra t i on  of t h e  var ious  s tages  
of incuba t ion  var ied  wi th in  t h e  series of e x p e r i m e n t s  and  
will be ind ica ted  for  each  expe r imen t .  W h e n  col lected for 
T S H  assay a t  t he  d i f fe rent  t imes  selected for each exper i -  
men t ,  t he  incuba t ion  fluids were  s to red  in po lyp ropy lene  
tubes  a t  - 20 °C. 

(2) Incubation fluids. The  basic  ' con t ro l '  i ncuba t ion  
fluid is t h e  solut ion k n o w n  as K r e b s - R i n g e r  b i ca rbona t e  
glucose, descr ibed  in  UMBgEIT e t  a l . t  ~Vhen t h e  mo la r i t y  
of one  of the  ions was  var ied  f r o m  th is  con t ro l  med ium,  
i so tonic i ty  w i th  t he  cont ro l  m e d i u m  was  m a i n t a i n e d  by  
a l te r ing  the  so lu t ion ' s  mola r i ty  of NaC1. 

(3) Bioassay [or T S H  and statlstical calculations. The  
m e t h o d  used  was  t h a t  of MCK~NZlE as p rac t i ced  in  th is  
l a b o r a t o r y ' ;  ca lcula t ions  for s ta t i s t i ca l  anMysis  as in ~, 
all f luids be ing assayed  for T S H  concen t r a t i on  in comple te  
4-poin t  assays.  For  the  T S H  assays  all i ncuba t ion  fluids 
were  d i lu ted  to  the  p r o p e r  concen t r a t i on  in 1% bov ine  
se rum a lbumin.  

(4) TSH-releasing/actor, TRF .  A single p r e p a r a t i o n  of 
pur i f ied  T R F  ( i00 U/mg)  of ov ine  or igin was  used  in th i s  
series of  expe r imen t s .  I t  co r responds  to  t he  mate r ia l  of 
s tage  3 of the  sequence  descr ibed  in s. I n  all exper iments ,  
t he  dose  of T R F  used was  2.0 pg  d ry  we igh t  added  to  the  
incuba t ion  s y s t e m in 0.1 ml  0.9% NaC1. 

Results. I n  th i s  series of expe r imen t s ,  t h e  mi n i ma l  dose 
of T S H  U S P  Refe rence  S t a n d a r d  t h a t  was  cons i s t en t ly  
s igni f icant ly  d e t e c t e d  in t h e  b ioassay  was  40 microuni ts ,  
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Time in min Treatments TSH released TIN TSH released, mU/incubation 
N T N T 

Protocol No. 8009 

0 KR KR 
10 KR O Ca ++ 
30 KR O Ca ++ 
50 KR + TRF O Ca ++ + TRF 
70 end 

Protocol No. 8017 

0 KR O Ca ++ 
10 KR O Ca ++ 
30 KR 0 Ca++ 
50 KR O Ca ++ 
70 KR + TRF O Ca ++ + TRF 
90 end 

Protocol No. 8037 

0 KR KR 
15 KR O Ca++ 
35 KR O Ca++ 
75 KR + TRF O Ca++ + TRF 
95 KR KR 

125 KR KR + TRF 

145 end 

Protocol No. 8040 

0 KR O Ca ++ 
60 KR + TRF O Ca ++ + TRF 
8O KR KR 

100 KR + TRF 

120 end 

1.09 (0.73-1,71} 0,96 0.80 

0.52 (0.27-0.83) 2.10 0.83 

0.36 (0.17-0.59) 1.96 0.60 

0.45 (0.24-0.63) 3.12 

< 0.6 

1.2 

2.20 
2.0 (1.36-4.27)" 

with changes every 10 rain between 0 and 60 rain 
0.55 (0.28-0.88) 1.4 < 0.6 

1.90 
2.55 (i.75-5.t) • 

N, T, normal control, treated experimental pituitary, respectively. KR, regular Krebs-Ringer bicarbonate glucose medium. O Ca ++, incubatiOr~ 
medium free of Ca ++. Treatments, indicates the various additions or fluids added at the time indicated. TSH released, corresponds to the 
amount of TSH measured in the incubation fluids aS the end of the incubation period starting at the time shown in the same horizontal row. 
% the ratios reported here with their true confidence limits represent the ratios of the amount of TSH released by the same pituitaries in 
response to TRF in presence of Ca ++ to that observed in Ca++-free medium. 
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with a linear response up to 0.2 mflliunits. I n  the experi- 
ments reported here, various dilutions of the experimental 
fluids were used depending on the amounts  of expected 
TSH released in the fluids, this having been appreciated 
usually in preliminary experiments. As shown in the 
Table, the results are expressed as ratios of the amounts  
of TSH released by the experimental pituitaries (T, 
treatment) over tha t  released by  the control pituitaries 
(N, normal). These ratios are obtained by complete 4- 
point assays between T and N fluids ; thus true confidence 
limits can be calculated for these ratios. As an indication 
of the amounts  of TSH involved in these experiments, 
approximate values (milliunits of TSH) released during 
the incubation are also reported from calculations in 3- 
point assays. 

Duration of incubations and times of addition of treat- 
ments are reported in details in the Table. The 4 multiple 
experiments reported here with somewhat different de- 
signs gave confirmatory results. From the first experiment 
(protocol No. 8009) it  can be seen that  incubation in 
Ca++-free medium did not  modify, per se, secretion of 
TSH; addition of T R F  stimulated acute release of TSH 
from the tissues incubated in IZrebs-Ringer, whereas the 
effect v~as~cOmpletely prevented in the pituitaries incu- 
bated irt Ca++-free medium. The results obtained from the 
secon6 experiment (protocol No. 8017) with a similar 
design, ¢~ere identical. In  the third and fourth experiments 
(protocol ~:'o. 8037 and No. 8040), with closely related 
designs, the response to T R F  usually observed was 
obtained in the control group, whereas it  was again 
greatly diminished in absence of Ca ++ . The pituitaries 
were then re-incubated in regular Krebs-Ringer; when 
T R F  was added to the tissue previously incubated in 
Ca++-free medium, TSH-release was stimulated, thus 
demonstrating t h a t  the prior altered response to T R F  
was not  due to irreversible alterations to the pi tui tary 
tissue caused by the prolonged incubation in absence of 
Ca++. 

Discussion. I t  would appear from the results presented 
here tha t  Ca ++ plays an important  and necessary role in 

the int imate mechanisms whereby hypothalamic T R F  
stimulates acutely the release of TSH. Similar results in 
the past have been interpreted as involving Ca++ in the 
'stimulus-secretion coupling' 9,10 for electrical stimulation, 
high K environment,  locally elevated concentrations of 
acetytcholine and the secretory activity of the tissues to 
which these various electrical or chemical informations 
were applied 9-n. The results reported here are compatible 
with the concept that  the same hypothesis may apply 
to the adenohypophysial tissue and a specific mediator of 
its secretion, one of the hypothalamic releasing factors. 
A possible role of Ca++ as implicated in the secretion of 
the adenohypophysis had been anticipated some years 
ago by DOUGLAS and POISNER l~,ls. 

Rdsumd. L'incubat ion in vitro de fragments d'hypo- 
physe (rat) duns le liquide de Krebs-Ringer sans calcium 
(Ca ++) inhibe Faction du facteur hypothalamique T R F  
(TSH-releasing factor) qui normalement  stimule la s6cr6- 
t ion de l 'hormone thyr6otrope (TSH). La r6-introduction 
de l ' ion Ca++ (2.54 mM) r6tablit  la r6ponse (sgcr6tion de 
TSH) au facteur TRF.  
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Potassium-Induced Stimulation of Thyrotropin 
Release in vitro. Requirement for Presence of 

Calcium and Inhibition by Thyroxine 

We have shown in a previous note tha t  calcium.ions 
(Ca++) are necessary for the hypothalamic hormone T R F  
(thyrotropin-releasing factor) to stimulate in vitro the 
secretion of thyrotropin (TSH) 1 With availability of the 
above results and in keeping with the hypothesis presented 
in 1 that  led us to investigate the possible requirement for 
Ca++ on the action of TRF,  we decided to study the 
effects of elevating potassium (K+) content  in the fluid 
of the in vitro pi tui tary incubation, on TSH secretion. 
The results presented below will demonstrate tha t  K+ 
can stimulate the in vitro secretion of TSH, that  this 
effect, like t ha t  of TRF,  requires the presence of Ca++ 
and also that  it  can be inhibited by pre-incubation with 
thyroxine. 

Materials and methods. The methods for incubation of 
the pituitaries, for the bioassays of TSH and their 
statistical analysis, for the characterization of the T R F  
Used here, have all been described in detail in a previous 

note 1. The solutions of L-thyroxine Na (Calbiochem. Los 
Angeles, California) used here were prepared freshly in 
alkalinized 0.9~o NaC1 for each experiment, at  a concen- 
trat ion of 27.0/~g/ml. At the end of the incubation period, 
fluids were diluted with the proper medium so tha t  the 
same concentrations of electrolytes were achieved in the 
fluids from controls and treated tissues to be injected in 
the animals used in the TSH assay. 

Results. (1) E/leers o/high K+ on TSH-release. Several 
experiments were conducted with various designs as 
reported in the Table. All studies show that  when the K + 
molarity of the incubat ion fluid is raised to 25 meq3 or 
above (protocol Nos. 7973, 7990a, 7998, 8029, 8002a), 
release of TSH takes place. 

(2) E][ects of high K+ On TSH-release in absence o[ Ca ++. 
The release of TSH induced by elevated K+ (25 meqfl) 
is completely abolished when Ca++ is omitted from the 
incubation fluid (protocol Nos. 8017, 8026). The response 
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