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Recrystallization to constant specific activity of estradiol-laC synthesized in vitro from testosterone-14C by the rat pineal gland 
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Crystallization Solvent system Specific activity (cpm/mg) 
Estradiol Estrone ~ 

Initial 218 197 
1 Chloroforul-ethyl acetate (1:1) 204 201 
2 Chloroform 215 200 
3 Chloroform-ethyl acetate (2:1) 209 204 
Final nlother liquor -- 207 196 

Estradiol-like material was oxidized to estrone before crystallization. 

Material and methods. Adul t  Wis t a r  male ra t s  were 
killed b y  decap i t a t ion  and  groups  of 20 pineals  were 
homogenized  in 1 mt  of Krebs -Ringer  b i ca rbona te  buffer  
p H  7.4 conta in ing  a N A D P H - g e n e r a t i n g  system% The 
homogena te  was incuba ted  for 2 h wi th  0.5 ~Ci of tes tos-  
terone-4-1~C (sp. act.  56 Ci/mole) a t  37~ under  a 95% 
oxygen-  5% carbon dioxide a tmosphere .  Incuba t ions  were 
s topped  by  freezing on dry  ice and the  s teroids  were 
ex t r ac t ed  into d i e thy le the r  af ter  add ing  100 txg each of 
es t radiol  and  es t rone as carriers.  The ex t rac t s  were 
evapora t ed  and  the  residue was pa r t i t i oned  be tween  1 M 
N a O H  and  toluene to  yield a crude phenol ic  fract ion.  
Phenol ic  ex t rac t s  were ch roma tog rapked  ill t he  following 
th in  layer  c h r o m a t o g r a p h y  sys tems :  a) ch loroform-e thy l  
acetate ,  75 : 25 ; b) chloroform-ethanol ,  90:10 ; c) benzene-  
e thanol ,  80:20. The radioac t ive  mater ia l  behav ing  like 
es t radiol  was  recrysta l l ized to cons t an t  specific ac t iv i ty  
af ter  add ing  10 mg of the  au then t i c  s teroid.  In  one 
expe r imen t  th is  mater ia l  was sub jec ted  to  a mild oxida t ion  
wi th  0.5% ch romium t r ioxide  in 95% acetic acid 9 and 
was recrysta l l ized to  cons t an t  specific ac t iv i ty  af ter  add ing  
10 mg of estrone.  

Results and discussion. Phenol ic  ex t rac t s  of ra t  p ineal  
homogena tes  prev ious ly  incuba ted  wi th  testosterone-~4C 
and sub jec ted  to  th in- layer  c h r o m a t o g r a p h y  exh ib i t ed  
two peaks  of r ad ioac t iv i ty  w i th  t he  ch roma tograph ic  
behav ior  of es t radiol  and es t rone (Rf - -  0.25 and  0.46 in 
sy s t em a, 0.52 and 0.67 in sys t em b, and 0.41 and  0.54 ill 
sys tem c). In  3 d i f fe rent  exper iments ,  t he  convers ion of 
t e s tos te rone  into phenol ic  s teroids  ranged f rom 0.19 to 
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0.27% for es t radiol  and f rom 0.02 to  0.04% for es t rone;  
no correct ions  for losses were made.  Est radiol - l ike  mater ia l  
was recrysta l l ized to cons t an t  specific ac t iv i ty  as un- 
modif ied  estradiol  or af ter  ox ida t ion  to es t rone  (Table); 
the  r ad ioac t iv i ty  recovered f rom ch ro ma t o g rams  as 
endogenous ly  formed es t rone  (less t h a n  350 cpm) did no t  
allow fur ther  ident i f icat ion.  

There  is scan ty  knowledge concerning the  me tabo l i sm 
of t e s tos te rone  ill p ineal  cells, a l l -Tes tos te rone  adminis te r -  
ed in vivo 2 or added  in v i t ro  to  the  incuba t ion  m e d i u m  ~ 
becomes concen t ra ted  wi th in  the  pinealocytes ,  in which  
i t  is metabol ized  by  5 c~-reductase into 5 a -d ihydro tes tos -  
terone and  5a-andros taned io l ;  in add i t ion  17fl-reductase 
is p resen t  in pineal  cells since andros tened ione  and 5~- 
andros taned ione  were de tec ted  ill the  incuba tesL  Da ta  
p resen ted  herein  indica te  t h a t  a romat i za t ion  of androgens  
also occurs in the  ra t  p ineal  gland. The convers ion of 
t es tos te rone  into 5~-reduced me tabo l i t e s  and into estro- 
gens by  bra in  s t ruc tures  involved in gonadot rop ic  regula- 
t ion  has been repor ted  ]~ Therefore  t he  pineal  g land 
resembles  these  areas as far as the  me tabo l i sm of tes tos-  
te rone  is concerned.  Moreover,  the  p resen t  results  offer 
add i t iona l  suppor t  to  the  hypo thes i s  ~, 7 t h a t  the  pineal  is 
an androgen  t a rge t  t issue in brain.  

Rdsumd. Des homog6nats  de glande pineale  de ra t  
male  m6tabol is6rent  de la tes tos t6rone-C 14 in v i t ro  en 
cestradiol-C 14 et  en oestrolle-C 1.. Les m6tabol i tes  fu ren t  
identifi6s ch ro n l a t o g rap h i q u emen t  et  darts le cas de 
l 'cestradiol  pa r  reeris tal t isat ion ~ act ivi t6  sp4cifique cons- 
t an te .  La convers ion de la tes tos t6rone  en cestradiol rut  
de 0.19-0.27 % et  en cestrone de 0.02-0.04%. Ces r6sul ta ts-  
ci i nd iquen t  que la pin6ale ressemble  ~ d ' au t res  r6gions du 
cerveau soumises au contr61e de la s6cr6tion de gonado-  
t ropines.  
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C h a n g e s  in S e r u m  Leve l s  of G o n a d o t r o p i n s  and T e s t o s t e r o n e  in the  Male  Rat  in R e s p o n s e  
to  F a s t i n g ,  S u r g e r y  and Ether  

It has recently become apparent that some of the 
procedures commonly used in endocrine studies on 
animals, such as ether anesthesia, fasting and surgery, 
may affect the hormone levels being studied. Surgery 
or frequent blood sampling has been reported to depress 
serum luteinizing hormone (LH) levels in rats 1,2 and 

stress factors associated with restraint appear to depress 
serum testosterone levelsa. Stress of a more acute nature 
resulting from exposure to ether appears to elevate serum 
gonadotropin levels in rats ~,~ and may lead to reduced 
testosterone secretionK Short periods of fasting have 
been found to depress serum levels of gonadotropins 
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EIfects of fasting, surgery and ether anesthesia on serum levels of LH, FSH and testosterone in male rats 

EXPEEIENTIA 30/10 

LH (ng/ml) ~, b, ~ FSH (ng/ml) ~, h Testosterone (ng/ml) a 

Surgery Fasted No ether Ether No ether Ether No ether Ether 

None No 15.3 ~ 2.6 ~ 23.0 4- 3.9 272 4- 14 266 • 11 4.35 • 0.86 4.95 zc 1.40 

Yes 12.3 -4- 2.3 16.5 • 2.7 192 • 14 204 • 12 2.65 ~ 0.50 2.26 4- 0.23 

Sham No 13.6 • 2.3 19.1 4- 4.3 243 4- 10 273 -- 18 4.62 4- 1.44 4.18 4- 0.75 

castration Yes 6.9 • 2.1 5.5 4- 1.1 184 4- 15 213 4- 11 2.46 • 0.71 3.66 • 1.08 

a Ether P < 0.05. b Fasting P < 0.01. o Surgery P < 0.01. a Fasting P < 0.05. ~ Mean ~ S.E., 12 rats/group. 

w i t h o u t  a f fec t ing  t e s t o s t e rone  levelsT, s while  p ro longed  
s t a r v a t i o n  reduces  s e r u m  levels of F S H ,  L H  and  t e s to -  
s te rone  7, o. 

Th e  p r e s e n t  e x p e r i m e n t  was  des igned  to  d e t e r m i n e  t he  
effects  of su rgery ,  exposu re  to  e t he r  a n d  fas t ing ,  e i ther  
a lone or in c o m b i n a t i o n  w i t h  each  other ,  on s e r u m  levels 
of LH,  F S H  a n d  t e s t o s t e rone  in ma l e  ra t s .  

Mater ials  and methods. Male L o n g - E v a n s  r a t s  f rom our  
own co lony  were used  in t h i s  s t u d y .  Groups  of 12 an ima l s ,  
2-21/2 m o n t h s  old, were a s s igned  in repl ica tes  of 2 to a 
2 • 2 • 2 factor iaI  e x p e r i m e n t .  The  fac tors  s tud ied  were 
s h a m  cas t ra t ion ,  f a s t i ng  a n d  e the r  anes thes i a .  The  r a t s  
were a s s igned  to  t r e a t m e n t  g roups  a n d  p laced in cages  
(2 ra t s /cage)  in t h e  morn ing .  I n  t he  ear ly  a f te rnoon ,  food 
was  r e m o v e d  f ro m fas ted  a n i m a l s  and  s h a m  c a s t r a t i o n  
was  p e r fo rm ed  u n d e r  e the r  anes thes i a .  2 d a y s  la te r  a t  
10.00 h, t h e  r a t s  were decap i t a t ed .  A n i m a l s  rece iv ing  t he  
e the r  t r e a t m e n t  were p laced  in an  e the r  ja r  un t i l  un -  
consc ious  an d  t h e n  r emoved ,  al lowed to pa r t i a l l y  rega in  
consc iousness  ( a t t e m p t i n g  to  crawl) and  t h e n  were 
decap i t a t ed .  A n  ~ t t e m p t  was  m a d e  to  exci te  t he  a n i m a l s  
as l i t t le  as poss ible  a n d  to  decap i t a t e  t h e m  qu ick ly  a f t e r  
r e m o v a l  f r o m  cages.  T r u n k  blood was  col lected a n d  
al lowed to clot. S e r u m  was  f rozen a n d  la te r  a s s a ye d  
for LH,  F S H  an d  t e s tos t e rone .  

S e r u m  L H  levels  were m e a s u r e d  b y  t he  ov ine -ov ine  
r a d i o i m m u n o a s s a y  descr ibed  b y  •ISWtgNDER et  al. 1~ 
F S H  c o n c e n t r a t i o n s  were d e t e r m i n e d  u s ing  t h e  double  
a n t i b o d y  r a d i o i m m u n o a s s a y  d i s t r i b u t e d  b y  t h e  N a t i o n a l  
I n s t i t u t e  of Ar th r i t i s  a n d  Metabol ic  Diseases  (NIAMD),  
N I H .  Th e  s t a n d a r d s  used  in t he  L H  a n d  F S H  a s s a y s  were 
N I A M D - r a t - L H - I R P - 1  a n d  N I A M D - r a t - F S I - t - R P - 1 ,  re- 
spec t ive ly .  S e r u m  levels of t e s t o s t e r o n e  were d e t e r m i n e d  
by  r a d i o i m m u n o a s s a y  10 us ing  an  a n t i s e r u m  p r o d u c e d  in 
r abb i t s  i m m u n i z e d  w i th  t e s t o s t e r o n e - 6 - c a r b o x y - m e t h y l -  
ox ime  c o n j u g a t e d  to  bov ine  s e r u m  a lbumin .  T h e  d a t a  
were s t a t i s t i ca l ly  ana lyzed  b y  fac tor ia l  ana lys i s  of 
v a r i a n c e  11. 

Results  and discussion. T h e  resu l t s  are s u m m a r i z e d  in 
the  Table .  R a t s  t h a t  h a d  been  a n e s t h e t i z e d  w i th  e the r  
had  h ighe r  (P  < 0.05) levels  of b o t h  L H  and  F S H  t h a n  
ra t s  t h a t  h a d  n o t  been  exposed  to  e ther .  F a s t e d  r a t s  
h a d  lower levels  (P  < 0.01) of b o t h  L H  a n d  F S H  t h a n  
n o n - f a s t e d  ra t s .  F a s t i n g  also r e su l t ed  in  r educed  (P  < 0.05) 
t e s t o s t e ro n e  levels. Su rge ry  lowered s e r u m  levels of L H  
(P  < 0.01) b u t  did  no t  s ign i f i can t ly  a l te r  t he  levels  of 
F S H  or t e s tos t e rone .  The re  were no s ign i f i can t  in ter -  
ac t ions  n o t ed  which  sugges t s  t h a t  each  fac to r  ac t ed  
i n d e p e n d e n t l y  to p roduce  i ts  effect  on h o r m o n e  secre t ion  
a n d / o r  release. 

Th e  r educed  s e r u m  L H  and  F S H  levels as a r esu l t  of 
f a s t i ng  conf i rm an  earl ier  r epor t  f r om th i s  l a b o r a t o r y  7. 

A l t h o u g h  in a p rev ious  s t u d y  12 a n  effect  of su rge ry  on 
s e r u m  L H  levels in a du l t  ma le  r a t s  could  no t  be de tec ted ,  
t he  p r e se n t  s t u d y  clear ly  d e m o n s t r a t e s  t h a t  su rge ry  in 
a d u l t  males ,  as in fema.lesl,  13 a n d  i m m a t u r e  ma les  1 
does depress  L H  levels. 

The  a c u t e  s t ress  i nduc e d  by  e the r  r e su l t ed  in e l eva ted  
levels  of b o t h  F S H  a nd  L H .  DUNN et  al. 4 p r e v ious ly  
r epor t ed  a s imi la r  L H - r e s p o n s e  to  e the r  a nd  e leva ted  
levels of b o t h  L H  a nd  F S H  were r epor t ed  by  AJIKA 
et  al. 5 for ova r i ec tomized  females  exposed  to ether .  T h u s  
it  would  a ppe a r  t h a t  s e r u m  g o n a d o t r o p i n  levels  t h a t  h a v e  
been  m e a s u r e d  in e x p e r i m e n t s  where  e the r  a n e s t h e s i a  
was  used  are p r o b a b l y  ar t i f ic ia l ly  h igh.  

F a s t i n g  in t he  p r e se n t  s t u d y  was  effect ive  in r educ ing  
s e r u m  t e s to s t e rone  levels. Since b o t h  su rge ry  a nd  f a s t i ng  
depressed  L H  levels b u t  on ly  t he  l a t t e r  af fected tes to-  
s terone,  t he  effect  of f a s t i ng  on t e s t o s t e rone  was  pre-  
s u m a b l y  no t  a r esu l t  of t he  r educed  L H  levels. A l t h o u g h  
w i t h  t ime ,  t he  r educed  L H  levels of f a s t ed  r a t s  would  
u n d o u b t e d l y  h a v e  c o n t r i b u t e d  to  a r e d u c t i o n  in tes to-  
s t e rone  secret ion,  d u r i n g  t he  f a s t i ng  per iod i m p o s e d  in 
th i s  s t u d y ,  t he  drop  in t e s t o s t e r o n e  levels p r o b a b l y  
r e p re se n t e d  a d i rec t  r e sponse  of t he  t e s tes  to fas t ing .  

I t  was  conc luded  t h a t  each  of t he  fac tors  s t u d i e d  does 
inf luence  t he  levels  of one or more  of t he  r e p roduc t i ve  
ho rmone s .  A l t h o u g h  no i n t e r a c t i ons  were found  a m o n g  
the  fac tors  s tud ied ,  some  of t hese  fac tors  could i n t e r ac t  
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w i t h  s t r a i n ,  sex ,  s e a s o n  or  age ,  c h a r a c t e r i s t i c s  w h i c h  o f t e n  
v a r y  f r o m  one  e x p e r i m e n t  to  a n o t h e r  ~4. 
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WENDER, Dr. J. S. D. WINTER, Dr. L. E. REICttERT JR., and the 
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Rdsumd. C h e z  d e s  r a t s  m ~ l e s  a n 6 s t h 6 s i 6 s  5, l ' S t h e r  a v a n t  
la  d 6 c a p i t a t i o n ,  o n  a o b s e r v 6  u n e  a u g m e n t a t i o n  d u  n i v e a u  
s ~ r i q u e  de  L H  e t  de  F S H ,  s a n s  e f f e t  s u r  le n i v e a u  d e  
t e s t o s t 6 r o n e .  L ' i n t e r v e n t i o n  c h i r u r g i c a l e  s u b i e  2 j o u r s  
a v a n t  le sac r i f i ce  a f a i t  d i m i n u e r  s e u l e m e n t  Ie n i v e a u  de  
L H .  L e s  n i v e a u x  de  L H ,  de  F S H  e t  de  t e s t o s t 6 r o n e  o n t  
6 g a l e m e n t  d i m i n u 6  a p r g s  2 j o u r s  d ' a b s e n c e  de  n o u r r i t u r e .  
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Absence of Sulphation Factor (Somatomedin) Activity in Preparations of Colony Stimulating 
Factor and Nerve Growth Factor 

T h e  t e r m  s o m a t o m e d m  (SM) h a s  b e e n  p r o p o s e d  for  a 
f a c t o r  o r  g r o u p  of  f a c t o r s  in  s e r u m  w h i c h  a r e  g r o w t h  
h o r m o n e  d e p e n d e n t  a n d  w h i c h  s t i m u l a t e  t h e  in  v i t r o  
i n c o r p o r a t i o n  of 3~S i n t o  c a r t i l a g e  p r o t e o g l y c a n  ~. T h e  
in  v i t r o  e f f ec t s  of  SM, w h i c h  a r e  n o t  s p e c i e s  spec i f i c  3, do 
n o t  a p p e a r  to  be  l i m i t e d  to  c a r t i l a g e  as  p a r t i a l l y  p u r i f i e d  
p r e p a r a t i o n s  h a v e  a lso  b e e n  s h o w n  t o  h a v e  i n s u l i n - l i k e  
a c t i v i t y  3. I n  a d d i t i o n ,  r e c e n t  r e p o r t s  i n d i c a t e  t h a t  SM 
s t i m u l a t e s  t h e  g r o w t h  of  s e v e r a l  ce l l - l ines  in  c u l t u r e  4-6. 

A s  i t  w a s  of  i n t e r e s t  t o  l e a r n  w h e t h e r  o t h e r  g r o w t h  
f a c t o r s  p r e s e n t  in  s e r u m  s h a r e d  s o m e  of  t h e  b i o log i ca l  
e f f ec t s  :of SM, we  h a v e  s t u d i e d  t h e  e f f ec t s  of  m o u s e  n e r v e  
g r o w t h  f a c t o r  (NG F )  (u  L a b o r a t o r i e s ;  K5740)  
a n d  c o l o n y  s t i m u l a t i n g  f a c t o r  (CSF)  o n  t h e  in  v i t r o  
i n c o r p o r a t i o n  of  35S i n t o  e m b r y o n i c  c h i c k  ca t i l age .  

C o l o n y  s t i m u l a t i n g  f a c t o r  w a s  p r e p a r e d  f r o m  p r e g n a n t  
m o u s e  u t e r u s  b y  t h e  m e t h o d  of  BRADLEY ~. C o l o n y  
s t i m u l a t i n g  a c t i v i t y  w a s  a s s a y e d  b y  a m o d i f i c a t i o n  of  
the method of BRADLEY and METCALF s using mouse bone 
marrow culture in semi-solid agar. Equal volumes of 
0.6% agar and double-strength modified Eagle's medium 
were mixed with mouse bone marrow cells to give a final 
cell-count of 2 • 105/ml. 1 ml aliquots of this mixture 
were added to plastic petri dishes containing test material. 
The number of colonies were counted after 7 days incuba- 
tion at 37~ in an atmosphere of 5% CO2-95~ air. 
Observations were made in duplicate. Approximately 
200 colonies were formed when 0.05 ml of the CSF 
extract was used. 

Proteoglycan synthesis was studied by incubating 
pelvic cartilages from ll-day chick embryos with 35S for 
18 h at 37 ~ Six cartilages, incubated in groups of three 
in 1 ml medium, were used for each observation. The 

m e d i u m  c o n t a i n e d  d i l u t e  h u m a n  s e r u m  in  s o m e  e x p e r i -  
m e n t s .  F u r t h e r  d e t a i l s  of  t h e  m e t h o d  a r e  p u b l i s h e d  
e l s e w h e r e  9. 

W e  f o u n d  t h a t  a d d i t i o n  of 0.1 m l  of  t h e  p r e p a r a t i o n  of  
m o u s e  C S F  h a d  no  s i g n i f i c a n t  e f f ec t  on  t h e  i n c o r p o r a t i o n  
of  8~S i n t o  c h i c k  pe lv i s ,  e i t h e r  in  t h e  a b s e n c e  of  s e r u m  or  
in  t h e  p r e s e n c e  of  2 . 5 %  or  4 0 %  s e r u m  (Tab l e  I).  S i m i l a r l y ,  
N G F  a t  c o n c e n t r a t i o n s  of 10 U / m l - 1 0 0 0  U / m l  h a d  n o  
e f f ec t  on  t h e  i n c o r p o r a t i o n  of  35S i n t o  ca r e i l age  (Tab l e  I I ) .  
I n  a d d i t i o n ,  N G F  a t  c o n c e n t r a t i o n s  of  u p  to  1 0 0 0 U / m l  
d i d  n o t  s t i m u l a t e  c o l o n y  f o r m a t i o n  b y  m o u s e  b o n e -  
m a r r o w  cei ls  in  a g a r  c u l t u r e  or  i n h i b i t  t h e  a c t i v i t y  of  C S F  
( T a b l e  I I I ) .  
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Table I. Effect of colony st imulating factor prepared from mouse uterus on 8aS incorporation into chick pelvic cartilage 

Experiment Test sample a~S incorporation ~= SEM (cpm • 10-a/mg cartilage) 
0 ~ 10% �9 40% 

1 0.1 mlCSF 5.7 i 0.5 - -  --  
Control 9.0 4- 1.4 - -  --  

2 0.1 ml CSF 23.7 i 0.9 37.1 --- 1.8 
Control 23.9 4- 2.1 35.9 -t- 3.8 

Six cartilages were used for each observation. Incubation volume = 1 inl. ~ Serum concentration in medium. 


