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Solubility o f  t h e  H y p o t h a l a m i c  H o r m o n e s  T S H -  

R e l e a s i n g  F a c t o r  ( T R F )  a n d  L H - R e l e a s t n g  Factor 
(LRF) in Organic and Alcoholic Solvents 

R e c e n t  e v i d e n c e  f r o m  t h i s  l a b o r a t o r y  h a s  b e e n  a c c u m u -  
l a t i n g  i n  f a v o r  o f  t h e  c o n c e p t  t h a t  t h e  h y p o t h a l a m i c  Protocol 
h o r m o n e  T R F  ( T S H - r e l e a s i n g  f a c t o r )  i s  n o t  a s i m p l e  No. 
p o l y p e p t i d e ~ - ~ .  W e  h a v e  r e c e n t l y  r e p o r t e d  ~ o n  h i g h  
r e s o l u t i o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  ( N M R )  s p e c t r a  o f  
T R F ;  t h e s e  s p e c t r a  w e r e  o b t a i n e d  i n  D~O. D u r i n g  t h e  
c o u r s e  o f  t h e s e  s t u d i e s  i t  b e c a m e  n e c e s s a r y  t o  i n v e s t i g a t e  7865 (a) 
t h e  p o s s i b i l i t y  o f  u s i n g  d e u t e r a t e d  s o l v e n t s  o t h e r  t h a n  D~O 18-h 
t o  e x p l o r e  i n  m o r e  d e t a i l  t h e  c o m p l e t e  r e s o n a n c e  s p e c t r u m ,  extractions 
A s  a p r e r e q u i s i t e  t o  t h e  c o n t e m p l a t e d  N M R  s t u d i e s ,  w e  
w e r e  l e d  t o  i n v e s t i g a t e  t h e  s o l u b i l i t y  o f  p u r i f i e d  T R F  i n  
( n o n - d e u t e r a t e d )  o r g a n i c  s o l v e n t s .  R e s u l t s  o b t a i n e d  w i t h  
CHCta ,  m e t h a n o l  a n d  p y r i d i n e  s u g g e s t e d  f u r t h e r  s t u d i e s  
o n  t h e  s o l u b i l i t y  a n d  e x t r a c t a b i l i t y  o f  T R F  a n d  L R F  7876 (a) 
( L H - r e l e a s i n g  f a c t o r )  in  t h e s e  a n d  r e l a t e d  s o l v e n t s ,  e a r l i e r  26-h 
r e p o r t s  in  t h e  l i t e r a t u r e  h a v i n g  a l r e a d y  s h o w n  t h e  extractions 
p o s s i b i l i t y  o f  e x t r a c t i n g  L R F  o r  T R F  w i t h  p h e n o l  o r  
g l ac i a l  a c e t i c  a c i d  ~-~ a t  v a r i o u s  s t a g e s  o f  p u r i f i c a t i o n .  

I t  is  t h e  p u r p o s e  o f  t h i s  n o t e  t o  r e p o r t  o n  t h e s e  r e c e n t  
o b s e r v a t i o n s .  

Materials and methods. (A) Puri f ied  preparations of 
T .RF and L R P ,  F o r  t h e  s t u d i e s  o n  t h e  s o l u b i l i t y  o f  T R F  
i n  o r g a n i c  s o l v e n t s ,  w e  u s e d  a p u r i f i e d  p r e p a r a t i o n  w i t h  7888 (a) 
a spec i f i c  a c t i v i t y  o f  80 U / m g  s, p r e p a r e d  t h r o u g h  s t a g e  3 
o f  t h e  p u r i f i c a t i o n  s e q u e n c e  d e s c r i b e d  i n  x. S o l v e n t s  u s e d  
w e r e  F i s h e r  C e r t i f i e d  R e a g e n t  g r a d e .  A l i q u o t s  c o n t a i n i n g  
1.5 m g  d r y  w e i g h t  o f  t h e  T R F  p r e l S a r a t i o n  w e r e  e x t r a c t e d  
a t  3 8 o c  f o r  18 a n d  26 h r e s p e c t i v e l y  in  1.0 m l  c h l o r o f o r m  
a n d  p y r i d i n e ,  a n d  i n  a b s o l u t e  m e t h a n o l  f o r  3 h a t  r o o m  
t e m p e r a t u r e .  E a c h  m i x t u r e  w a s  t h e n  c e n t r i f u g e d  i n  1.0 
m l  a t  2000 g fo r  5 - 1 5  m i n ,  t h e  s u p e r n a t a n t  w a s  d r a w n  of f  

7409 (a) 
and %he residue was washed twice with I ml portion of 
solvent. The combined supernatants were concentrated 
to dryness in vacuo at 45 °C. Extracts and residues were 
redissolved in 0.9~/o saline for the bioassays. All bioassays 
were 4-point assays, with 2 doses (5 U and 15 U) of the 7897 (b) 
T R F  p r e p a r a t i o n  u s e d  in  t i l e  v a r i o u s  e x t r a c t i o n  p r o c e d u r e s  
v s  2 e q u i v a l e n t  d o s e s  o f  e x t r a c t s  a n d  r e s i d u e s .  T h e  a s s a y  
for  T R F  is t h e  c u r r e n t  v e r s i o n  o f  t h e  i n  v i v o  m e t h o d  
d e s c r i b e d  p r e v i o u s l y  ~, see  a l so  x0. P a r t i t i o n  b e t w e e n  
d i e h l o r o m e t h a n e  a n d  w a t e r  w a s  s t u d i e d  u s i n g  a p r e p a r a -  
t i o n  o f  h i g h l y  p u r i f i e d  T R F  (15,000 U / m g ) ~ ;  t h e  b i o a s s a y  
in  t h i s  c a s e  w a s  c o n d u c t e d  a t  1 d o s e  l e v e l  o n l y .  

F o r  s t u d i e s  o n  t h e  s o l u b i l i t y  o f  L R F  in" o r g a n i c  s o l v e n t s  
we  u s e d  a p u r i f i e d  p r e p a r a t i o n  c o r r e s p o n d i n g  t o  s t a g e  1 
of  t h e  s e q u e n c e  d e s c r i b e d  i n  L A l i q u o t s  o f  240  m g  of  t h i s  7917 (b) 
L R F  p r e p a r a t i o n  w e r e  e x t r a c t e d  i n  20 m l  c h l o r o f o r m  o r  
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Table I. (a) Studies on solubility of purified T R F  in chloroform, 
methanol,  pyridine and partit ion between water]dichloromethane; 
(b) studies on the extraction of T R F  from crude s tar t ing materials  

by  absolute or 90 % methanol  

Trea tments  No. Adjusted P 
of mean 4- S.E. 
ani- 
mals 

Saline control 5 2.357 4- 0.014 
T R F  S 1 5 2.428 4- 0.013 ** 
T R F  S~ 5 2.483 :]: 0.013 ** 
CHC13 extract  UI 5 2.368 4- 0.013 - 
CHC1 a extract  U s 5 2.435 4- 0.014 ** 
Pyridine extract  X I 5 2.349 4- 0.013 
Pyridine extract  X 2 5 2.358 4- 0.013 - 

Saline control 5 2.379 4- 0.019 
T R F  S 1 5 2.527 4- 0.019 ** 
T R F  S~ 5 2.589 4- 0.019 ** 
CHC18 extract  U 1 5 2.460 ± 0.019 * 
CHCI a extract  Us 5 2.558 4- 0.019 ** 
CHCI 8 residue V, 5 2.443 :h 0.019 - 
CHCI S residue V 8 5 2.520 :J: 0.019 ** 
Pyridine residue A,° 5 2.500 4- 0.019 ** 
Pyridine residue A S 5 2.585 4- 0.019 ** 

Saline control 5 2.303 :J: 0.013 
T R F  S t 5 2.368 4- 0.013 ** 
T R F  S S 5 2.430 4- 0.013 ** 
Absolute methanolex t rac t  A 1 5 2,357 :k 0.013 * 
Absolute me thano lex t rac t  A S 5 2.426 t :  0.013 ** 
Absolute methanolres idue B 1 5 2.306 4- 0.013 - 
Absolute methanolres idue B S 5 2.289 4- 0.013 - 
Pyridine residue C, a 5 2.378 4- 0.013 ** 
Pyridine residue C S 5 2.423 ::k 0.013 ** 

Saline control 5 2.283 4- 0.017 
T R F  o 5 2.445 4- 0.017 ** 
Dichloromethane phase ~ 5 2.313 4- 0.018 - 
Aqueous phase e 5 2.451 :[: 0.017 ** 

Saline control 5 2.219 ~ 0.027 
Absolute methanol  extract  A 1 5 2.288 4- 0.026 - 
Absolute methanol  extract  A~ 5 2.382 4- 0.026 ** 
Absolute methano lex t rac t  5 2.298 ~ 0.026 - 
boiled B, 

Absolute me thano lex t rac t  5 2,410 ± 0.029 ** 
boiled B S 

2 N  HOAe extract  C 1 3 2.396 4- 0.033 ** 
2 N  HOAc extract  C S 4 2.450 ± 0.030 ** 
2 N HOAc extract  boiled D 1 4 2.310 =k 0.029. - 
2 N  HOAc extract  boiled D~ 5 2,506 i 0.026 ** 

Saline control 5 2.190 4- 0.018 
90%methanol  extract  U 1 5 2.281 4- 0.018 * 
90% methanol  extract  U S 5 2.331 4- 0.018 ** 
9 0 0  methanol  residue X, 5 2.245 4- 0.018 - 
90% methanol  residue X2 5 2.255 :t: 0.019 - 
Absolute methanol  residue Pit  5 2.272 ± 0.018 * 
Absolute methanolres idue  Ps 5 2.363 4- 0.018 ** 

Adjusted mean i S,E, = abridged log10 of the mean value of the 
radioactivity (c/rain) measured in the 2nd blood sample after 
eovariance ad jus tment  to radioactivity of 1st blood sample, calcu- 
lated as in 18. S.E., s tandard error. P, probability of statistical 
difference when compared to the control group by  the  multiple 
comparison test  of DUN~ETT18; --, not  significant; * 0.05 level; 
• * 0.01 level. Exper imental  t rea tments  admirdstered at  2 dose-levels 
with equal geometric intervals in each experiment,  for calculating 
potency ratios in 4-point assays (not reported here); the subscripts 
1 and s (such as in S D S~) refer respectively to the low and high dose; 
o residue from the 18-h.pyridine extraction from experiment 7865; 
a residue from the 26-h pyridine extraction from experiment 7876; 
e t reatments  at 1 dose level (0.5/~g TRF,  15,000 Ulmg) ; ~ residue 
from the absolute methanol  extraction from experiment 7897. 
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m e t h a n o l  a t  room t e m p e r a t u r e  for  2 h. Af t e r  cen t r i fuga-  
t i on  a t  2000 g for  10 rain, ex t r ac t s  a n d  res idues  were  
dr ied and  redissolved in 0 .01N acet ic  acid in  phys io -  
logical saline for t he  bioassays .  The  assay  ut i l ized to  
assess L R F  ac t iv i ty  is t he  ovar ian  ascorbic  acid dep le t ion  
m e t h o d  modif ied  f rom PARLOW and  ca lcula ted  as in n ;  
the  2 ovaries  are r e m o ved  3 h a p a r t  and  the  ascorbic  acid 
c o n t e n t  of t he  second o v a r y  is a d j u s t e d  b y  covar iance  to  
t he  ascorbic  acid c o n t e n t  of t he  f i rs t  ovary .  

(B) Crude preparations o/ T R F  and L R F .  For  the  
s tud ies  on e x t r a c t a b i l i t y  of T R F  and  L R F  f rom crude  
s t a r t i n g  mater ia l ,  t he  2 N acetic  acid e x t r a c t  of t he  ace tone  
p o w d e r  of 2,000 sheep  h y p o t h a l a m i c  f r a g m e n t s  p r e p a r e d  
as in  ~ was  used.  The  e x t r a c t i o n  was  carr ied  o u t  a t  room 

Table II. (a) Solubility of purified LRF in chloroform, absolute 
methanol and 90% methanol; (b) extraction of LRF from crude 

starting material by absolute or 900 methanol 

Protocol Treatments No. Adjusted P 
No. of mean 4- S,E. 

ani- 
mals 

7868 (a) 

7896 (a) 

7904 (b) 

7915 (b) 

Saline control 5 150.76 -I- 3.16 
LRF control 5 116.80 4- 3.15 ** 
CHCI n extract X~ 5 145.45 4- 3.18 - 
CHC1 n extract Xz 5 143.10 ± 3.15 - 
CHCI s residue A I 5 120.12 ± 3.16 ** 
CHC1 a residue A n 5 112.01 4- 3.26 ** 

Saline control 5 160.00 4- 4.41 
LRF control 5 132.34 4- 4.48 ** 
Absolute methanol extract A 1 5 124.09 ~ 4.42 ** 
Absolute methanol extract A, 5 112.71 4- 4.42 ** 
Absolute methanol residue B 1 5 151.25 4- 4.45 - 
Absolute methanol residue B n 5 154.06 4- 4.45 - 

Saline control 
Absolute methanol extract X I 
Absolute methanol extract X n 
Absolute methanol extract 
(boiled) U, 

Absolute methanol extract 
(boiled) U~ 

2 N HOAc extract PI 
2N HOAc extract Ps 
2N HOAc extract (boiled) Q1 
2N HOAc extract (boiled) Qn 

5 143.52 ± 6.05 
5 135.37 4- 6.00 
5 123.91 4- 6.22 
5 136.17 4- 6.07 

5 122.34 4- 6.12 

5 93.51 4- 6.02 
5 98.62 =5 6.08 
5 121.54 ~ 6.00 
5 99.31 4- 6.00 

Saline control 5 137.08 ± 5.13 
90% methanolextract U 1 4 105.12 4- 5.74 ** 
90% methanol extract U 2 5 103.05 ~= 5.13 ** 
90% methanol extract 3 111.38 4- 7.19 * 

(boiled) A 1 
90% methanol extract 2 108.77 4- 8.66 * 

(boiled) A n 
90% methanol residue B, 5 133.12 4- 5.17 - 
90% methanolresidue B i 5 115.81 4- 5.13 * 
90% methanol residue 5 123.06 4- 5.20 - 

(boiled) C 1 
90% methanol residue 4 127.36 4- 6.10 - 
(boiled) C~ 

Adjusted mean 4- S.E. = mean of ovarian ascorbic acid content 
(in ~/g ascorbic acid) of second ovary adjusted by covariance to the 
ascorbie acid content of first ovary (see 10). S.E., standard error. 
P, probability of statistical significance when compared to the saline 
control group by the multiple comparison test of DUNNETT; --, not 
significant; *, 0.05 level; **, 0,01 level. Explanations for subscripts 
as in Table I. 

t e m p e r a t u r e  for  12 h, us ing I00 ml  of ch loroform,  abso lu te  
m e t h a n o l  or  aqueous  m e t h a n o l  (90%) for  10 g of d r y  
powder .  The  b ioassays  for T R F  and  L R F  were s imi lar  to  
those  descr ibed  above  in (A); L R F  and  T R F  act iv i t ies  
were  assayed  a t  doses co r respond ing  to  2 and  6 h y p o -  
t h a l a mi c  f r a g m e n t s / a s s a y  animal .  

All ca lcula t ions  for all b ioassays  r e p o r t e d  here  are 
h a n d l e d  b y  e lect ronic  c o m p u t e r s  (IBM 7094) using t h e  
p r o g r a m  E X B I O L  w r i t t e n  by  SAKIZ or i ts  modi f ica t ion  
EXBIOL in the case of LRF assays. 

Results and discussion. I t  can  be seen f r o m  t h e  resul ts  
p r e s e n t e d  in Table  I t h a t  pur i f ied  T R F  (80 U/rag) is 
pa r t i a l l y  soluble in chloroform,  h i g h l y  soluble in abso lu te  
m e t h a n o l  and  comple t e ly  insoluble  in pyr id ine .  O t h e r  
resul ts  in Table  I show t h a t  T R F  a c t i v i t y  can  be  e x t r a c t e d  
b y  abso lu te  m e t h a n o l  f rom the  c rude  2 N  acet ic  acid 
e x t r a c t  of t h e  ace tone  p o w d e r  of sheep  h y p o t h a l a m i c  
f ragments .  The absence  of s ignif icant  di f ference be tween  
the  resul ts  o b t a i n e d  w i t h  boiled (15 min  in boi l ing water)  
vs  non-boi led  e x t r a c t  would  ind ica te  t h a t  l i t t le,  if any,  
T S H  is p re sen t  in  t he  ex t r ac t s  a t  the  re la t ive ly  smal l  
quan t i t i e s  admin i s t e red ,  as i t  would  be  expec ted  t h a t  
boi l ing would  i nac t i va t e  T S H  on the  basis  of m a n y  d a t a  
ava i lab le  in t h e  l i t e ra ture  and  conf i rmed  in th i s  l abora -  
to ry .  Table  I shows  also t h a t  h igh ly  pur i f ied  T R F  is n o t  
e x t r a c t a b l e  f rom w a t e r  b y  d i ch lo rome thane .  

The  resul ts  p re sen ted  in  Table  I I  show t h a t  L R F  is n o t  
soluble in ch loroform (all t he  ac t iv i ty  be ing  recovered  in 
t he  residue) and  t h a t  i t  is h igh ly  soluble in abso lu te  
me thano l .  On the  o the r  hand ,  absolu te  m e t h a n o l  does 
no t  appea r  to  be a choice so lven t  to  e x t r a c t  L R F  f rom 
crude s t a r t i ng  ma te r i a l ;  aqueous  m e t h a n o l  (90%) being 
m u c h  more  eff icient  in th is  respect .  

In  t he  p a s t  we h a v e  used aqueous  m e t h a n o l  ex t r ac t ion  
for C R F  f rom c rude  h y p o t h a l a m i c  e x t r a c t s  x* and  also 
f rom crude pos te r io r  p i t u i t a r y  ex t rac t .  The  resul ts  
r epo r t ed  here  show t h a t  so lubi l i ty  in  organic  or  alcoholic 
so lven t s  m a y  also be  used  to  a d v a n t a g e  a t  some s tage  of 
the  pur i f ica t ion  of T R F  and  L R F  ~4. 

* R~sumd. L ' h o r m o n e  h y p o t h a l a m i q u e  T R F  (TSH-  
- re leasing factor)  est  soluble dans  l 'a lcool  m6thy l ique  

90%, pa r t i e l l emen t  soluble duns  l 'alcool m6thy l ique  
* absolu ou le ch loroforme;  TRF n ' e s t  pas  soluble duns  la 
** pyr id ine .  Le chlorure  de m6thyI6ne  (d ichlorom6thane)  
, ,  n ' e x t r a i t  pas  le T R F  d ' u n e  so lu t ion  aqueuse  (pr6para t ion  
. h a u t e m e n t  purifi6e, 15 000 U/rag).  L ' h o r m o n e  h y p o t h a l a -  
** mique  L R F  (LH-re leas ing factor)  n ' e s t  pus soluble duns  

le ch loroforme mats  es t  soluble dana l 'a lcool  m6thy l ique  
absolu ou ~ 90%. 
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