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ABSTRACT 

A cytochemical sec t ion-b ioassay  of t h y r o t r o p i n  has  been developed 
which r e t a i n s  t h e  s e n s i t i v i t y  of t h e  earlier segment-assay p U / m l )  
and al lows a c o n s i d e r a b l e  i n c r e a s e  i n  t h e  r a t e  a t  which t h e s e  
within-animal b ioassays  c a n  be done, The index of  p r e c i s i o n  (n=23) 
was 0.11+0.06; i n t r a - a s s a y  v a r i a t i o n  was 1 .3%;  i n t e r - a s s a y  v a r i a t i o n  
was 10.9+64,. F i d u c i a l  l i m i t s  (p=O.95) ranged from 65-15W t o  78-127%. 
The s y s t e m  is a l s o  capable  of d e t e c t i n g  t h y r o i d - s t i m u l a t i n g  immuno- 
g l o b u l i n s .  

The cytochemical segment-assay of t h y r o i d  s t i m u l a t o r s  (1) is  w e l l  

e s t a b l i s h e d  ( e . g .  2 ,  3, 4 ) .  I t  depends on measuring t h e  l a b i l i e a t i o n  

of t h e  lysosornal membranes i n  t h e  f o l l i c l e - c e l l s  of guinea-pig t h y r o i d  

maintained i n  v i t r o ,  i n  short- term organ  c u l t u r e  and exposed t o  graded 

c o n c e n t r a t i o n s  of t h e  s t i m u l a t o r .  The change i n  t h e  f u n c t i o n a l  s ta te  

of t h e  lysosomal membranes is q u a n t i f i e d  by microdens i tomet r ic  

measurement of t h e  increased  per . e a b i l i t y  of t h e s e  membranes t o  t h e  
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2 CHAYEN ET AL. 

chromogenic s u b s t r a t e ,  l e u c i n e  2-naphthylamide, which is c leaved  by 

t h e  in t ra lysosomal  arylamidases  ( 5 ) .  The l i m i t  of  s e n s i t i v i t y  of 

t h e  cytochemical segment-assay of t h y r o t r o p i n ,  of about pU/ml, 

is a t  least  1000 times as g r e a t  as t h a t  of t h e  e q u i v a l e n t  r a d i o -  

immunoassay (about 0 . 5  pU/ml)  so t h a t  i t  h a s  been used t o  assay  low 

normal c i r c u l a t i n g  l e v e l s  (0.1-0.5 p U / m l )  as w e l l  a s  t o  e x p l o r e  t h e  

pathophysiology of  sub-normal l e v e l s  (2 ,  4 ) .  Thus t h e  advantages of 

t h i s  assay are: (i) it can  measure low normal c i r c u l a t i n g  l e v e l s  of 

t h y r o t r o p i n  (TSH) t h a t  are c u r r e n t l y  below t h e  l i m i t  of d e t e c t i o n  by 

radioimmunoassay; ( i i )  i t  measures t h e  b i o l o g i c a l l y  a c t i v e  hormone 

only ,  so al lowing t h e  d i s t i n c t i o n  o f  immunoreactive (but  b i o l o g i c a l l y  

i n a c t i v e )  hormone i n  c e r t a i n  cases of h y p o p i t u i t a r y  hypothyroidism 

( 6 ,  7 ,  8 ) ;  (iii) i t  c a n  be  used t o  d e t e c t  t h y r o i d  s t i m u l a t o r s  such  

as thyro id-s t imula t ing  immunoglobulins (TsI) even i f  they  are not  of 

t h e  t y p e  known a s  LATS (3, 9) .  

The drawback t o  t h i s  segment-assay is t h a t ,  being a 

within-animal assay ,  f o u r  segments are r e q u i r e d  for e s t a b l i s h i n g  t h e  

c a l i b r a t i o n  dose-response graph f o r  t h e  t h y r o i d  t i s s u e  of t h a t  

animal, and two more must b e  used for each sample t o  be  assayed ,  a t  

two d i f f e r e n t  c o n c e n t r a t i o n s ,  t o  e s t a b l i s h  p a r a l l e l i s m  of response .  

Y e t  i t  is rare t o  b e  a b l e  t o  c u t  more t h a n  s i x  segments, c o n t a i n i n g  

uniform and normal f o l l i c l e s ,  from t h e  t h y r o i d  gland of a normal 

guinea-pig. Making such g lands  g o i t e r o u s  is not h e l p f u l ,  because 

t h e  cells become less respons ive .  The poor through-put of t h e  

segment-assay (2  or 3 a week) s t u l t i f i e d  i t s  a p p l i c a t i o n  t o  t h e  many 

c l i n i c a l  and r e s e a r c h  problems t o  which i t  was uniquely  s u i t e d .  
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CYTOCHEMICAL BIOASSAYS OF THYROTROPIN 3 

Furthermore,  a much f a s t e r  assay was needed f o r  t h e  b ioassay  of 

t h y r o t r o p i n - r e l e a s i n g  hormone f o r  which a two-stage, s e n s i t i v e  assay ,  

based on t h e  assay of TSH r e l e a s e d  from segments of a p i t u i t a r y  gland 

i n  v i t r o ,  had been devised  (10) .  -- 
This  caamunicat ion d e s c r i b e s  a method, and i t s  v a l i d a t i o n ,  f o r  a 

cytochemical  sec t ion-assay  of t h y r o i d  s t i m u l a t o r s  developed along t h e  

l i n e s  of t h e  e a r l i e r  sec t ion-assay  f o r  c o r t i c o t r o p i n  (11). 

METHOD 

The method which w a s  f i n a l l y  devised  was as fo l lows .  The t h y r o i d  

gland was removed from a female guinea-pig which had been k i l l e d  by 

asphyxia t ion  i n  n i t r o g e n .  The animals  were of the  H a r t l e y  s t r a i n ,  

weighing about  300 g ,  t h e  thyro id  gland of heavy animals  becoming t o o  

c y s t i c  and unresponsive.  Gent ly  and e x p e d i t i o u s l y ,  t h e  two l o b e s  

were f r e e d  of connec t ive  t i s s u e  and f a t .  Each was b i s e c t e d  and 

placed on t h e  l e n s - t i s s u e  on t h e  metal-mesh t a b l e  used f o r  Trowel1 

adul t -organ  maintenance c u l t u r e  (12,  1 3 ) ;  t h e  normal Trowell T-8 

medium, pH 7 . 6 ,  was added t o  t h e  v i t r e o s i l  d i s h ,  i n  which t h e  t a b l e  

s t o o d ,  t o  r e a c h  up t o  t h e  l e v e l  of t h e  l e n s - t i s s u e .  I n  t h i s  way t h e  

t h y r o i d  segments were f e d  w i t h  culture-medium by c a p i l l a r i t y  through 

t h e  l e n s - t i s s u e ,  without  be ing  immersed i n  t h e  medium. The 

c u l t u r e - p o t s  were s e a l e d  and t h e  atmosphere i n s i d e  t h e  p o t s  w a s  

rep laced  by 95% oxygen:5$ carbon d i o x i d e .  The t h y r o i d  segments were 

maintained i n  v i t r o  a t  37OC for 5 h.  

A t  t h e  end of this per iod  t h e  segments were c h i l l e d  t o  -7OOC i n  

n-hexane ( ' f r e e  from aromatic hydrocarbons '  g rade ,  b o i l i n g  range  

+67-7OoC); a f t e r  30 sec, or up t o  6 0  sec, t h e  c h i l l e d  segments were 
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4 CHAYEN ET AL. 

removed from t h e  hexane wi th  co ld  forceps  and p laced  i n  pre-cooled 

g l a s s  tubes  for s t o r a g e  a t  -7OOC. 

s t o r e d  f o r  up t o  2 days;  t h e r e a f t e r  i t  showed marked l o s s  of 

responsiveness  t o  t h y r o i d  s t i m u l a t o r s .  During t k i s  time it was 

sec t ioned  a t  12 pm i n  a B r i g h t ' s  c r y o s t a t  equipped with a n  automatic  

c t t t j n g  d e v i c e  which c o n t r o l l e d  t h e  r a t e  a t  which t h e  s e c t i o n s  were 

c u t  and so ensured a cons tan t  t h i c k n e s s  of s e c t i o n s  (14, 15) .  T h i s  

th ickness  was found t o  be opt imal :  i t  was j u s t  l a r g e r  than  t h e  he ight  

of t h e  f o l l i c l e - c e l l s  (and t h e r e f o r e  assumably t h e  t h i c k n e s s  of t h e s e  

This  c h i l l e d  t i s s u e  could be  

cel ls)  so i n c r e a s i n g  t h e  p o s s i b i l i t y  of having i n t a c t  c e l l s  w i t h i n  

t h e  s e c t i o n s .  I t  was found h e l p f u l  t o  c u t  a r ibbon of t h r e e  s e c t i o n s  

and mount t h i s  t r i a d  on t h e  s l i d e ,  t h e  middle s e c t i o n  being f r e e  of 

d i s t o r t i o n .  The methods of c h i l l i n g ,  s e c t i o n i n g  and t r a n s f e r r i n g  t h e  

s e c t i o n s  on t o  g l a s s  s l i d e s  were t h o s e  descr ibed  i n  d e t a i l  by Chayen 

e t  a l .  (16) .  -- 
The s e c t i o n s  had t o  be processed a s  soon as p o s s i b l e  a f t e r  they  

They were d r i e d  a t  37OC for 10 min, dur ing  which t i m e  had been c u t .  

they were c l ipped  i n  d u p l i c a t e ,  back-to-back, i n t o  a l o o s e - f i t t i n g  

l i d  of a hormone-reaction chamber (Fig. 1).  The c l i p s  were so 

arranged t h a t ,  when t h e  l i d  was placed i n  p o s i t i o n  on t h e  chamber, 

each p a i r  of s l i d e s  f i t t e d  i n t o  a n  i n d i v i d u a l  w e l l  c u t  i n  t h e  Perspex 

base of t h e  chamber. A groove c u t  i n t o  t h e  v e r t i c a l  back of  t h e  l i d ,  

next  t o  each c l i p ,  f a c i l i t a t e d  t h e  p r e c i s e  o r i e n t a t i o n  of t h e  s l i d e s .  

I t  was h e l p f u l  t o  mount t h e  s e c t i o n s  towards one end of t h e  s l i d e s  t o  

ensure  t h a t  t h e  s e c t i o n s  f i t t e d  i n t o  t h e  w e l l  and so would be covered 

by t h e  medium. 
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6 CHAYEN ET AL. 

Each of t h e  f i r s t  f o u r  w e l l s  conta ined  one of f o u r  l o g a r i t h m i c a l l y  

graded c o n c e n t r a t i o n s  of t h e  s tandard  p r e p a r a t i o n  of  t h e  hormone o r  

o t h e r  s t i m u l a t o r  (e .g .  MRC Research A s tandard  a t  

i n c l u s i v e ) .  The next  two wells conta ined  t h e  d i l u t i o n  of t h e  f i r s t  

plasma t o  be assayed (e .g .  a t  1/100 and 1/1000 d i l u t i o n s ) ;  t h e  next  

two wells contained d i l u t i o n s  of t h e  second plasma, and so on.  A 

q u a l i t y - c o n t r o l  sample could be included i n  another  two w e l l s .  

t o  10-1 pU/ml  

The main problem i n  developing t h i s  sec t ion-assay  was t o  p r e s e r v e  

the  i n t e g r i t y  of t h e  s e c t i o n s  a t  pH 7 . 6  w h i l e  no t  o v e r s t a b i l i z i n g  t h e  

cel ls  so t h a t  they ,  and t h e  lysosomal membranes, could  not  respond t o  

t h e  s t i m u l a t o r .  Consequently a l l  t h e  samples, whether of t h e  s tandard  

prepara t ion  of  t h e  s t i m u l a t o r  o r  of t h e  plasma t o  be assayed ,  were 

d i l u t e d  i n  t h e  fo l lowing  medium. F i r s t l y ,  a 0.1% aqueous s o l u t i o n  of 

gum t r a g a c a n t h  (Hadassah Export Co., P.O. Box 614, Teheran, I r a n )  was 

prepared and l e f t  t o  s tand  o v e r n i g h t  a t  r o o m  tempera ture ,  wi th  c o n s t a n t  

s t i r r i n g ,  t o  achieve e f f e c t i v e  ' s o l u t i o n '  or d i s p e r s i o n  of  t h e  gum. To 

120 m l  of  T-8 medium were added 30 m l  of  t h i s  s o l u t i o n ,  t o  achieve  a 

f i n a l  concent ra t ion  o f  t h e  gum t r a g a c a n t h  of 0.0240. Anhydrous sodium 

a c e t a t e  (615 ma) was added t o  t h e s e  150 m l  of  s o l u t i o n ,  g i v i n g  a f i n a l  

molar i ty  of 0 .05  M. Both of t h e s e  were inc luded  t o  h e l p  s t a b i l i z e  t h e  

s e c t i o n s .  

Trowel l ' s  T-8 medium c o n t a i n s  s u f f i c i e n t  b i c a r b o n a t e  t o  e q u i l i b r a t e  

with 596 carbon d i o x i d e  t o  a pH of 7 .6 .  Because t h e  sec t ion-assay  medium 

w i l l  be  used i n  t h e  normal atmosphere p r e v a i l i n g  i n  t h e  hot-room, some 

of t h e  b icarbonate  must be removed so t h a t  t h e  medium e q u i l i b r a t e s  t o  

t h e  same pH a g a i n s t  t h e  atmosphere i n  t h e  l a b o r a t o r y .  T h i s  i s  achieved 
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CYTOCHEMICAL BIOASSAYS OF THYROTROPIN 7 

by t h e  a d d i t i o n  of hydrochlor ic  a c i d .  General ly  it s u f f i c e d  t o  add 2 . 4  

m l  of  1 N  hydrochlor ic  a c i d  t o  t h e  1 5 0  m l  of  medium (which conta ined  120 

m l  of T-8 medium: t h i s  appl ied  t o  t h e  T r o w e l l ' s  medium s u p p l i e d  by 

Gibco Europe, and probably t o  t h a t  from o t h e r  s o u r c e s ) .  T h i s  a d d i t i o n  

of a c i d  t o  t h e  medium caused t h e  i n d i c a t o r ,  i n  t h e  medium, to  change t o  

a yellow c o l o u r .  The medium was l e f t  a t  37OC i n  a l a r g e  c o n i c a l  f l a s k ,  

w i t h  a cotton-wool plug as a s t o p p e r ,  and a g i t a t e d  o c c a s i o n a l l y  t o  

a s s i s t  t h e  e q u i l i b r a t i o n .  A f t e r  about  30 min t h e  c o l o u r  of t h e  

i n d i c a t o r  r e v e r t e d  t o  normal, showing t h a t  t h e  pH had s t a b i l i z e d  a t  

about pH 7 .6 .  This  was t h e n  checked by t h e  u s e  of a pH-meter. 

When t h e  s e c t i o n s  were c l i p p e d  i n  t h e  l i d ,  and t h e  w e l l s  f i l l e d  

a p p r o p r i a t e l y ,  t h e  l i d  was placed on the  Perspex base so t h a t  a l l  t h e  

s e c t i o n s  were immersed s imul taneous ly  i n t o  t h e  a p p r o p r i a t e  medium. 

T h i s  was done i n  a hot-room, a t  37 C .  A f t e r  t h e  r e q u i r e d  t i m e  (90 

sec for t h e  assay of TSH) t h e  l i d  was l i f t e d  and placed on t h e  

cytochemical-react ion t rough,  so plunging t h e  s e c t i o n s  s imul taneous ly  

i n t o  t h e  cytochemical chromogenic reaction-medium. This  medium 

c o n s i s t e d  of t h e  fol lowing:  

0 

0 . 1  M a c e t a t e  b u f f e r ,  pH 6 . 1  100 m l  

0.85% sodium c h l o r i d e  80 m l  

0 .02  M potassium cyanide  1 0  m l  

l e u c i n e  2-naphthylamide hydrochlor ide  (Sigma) 80 mg 

d i s s o l v e d  i n  10  m l  of d i s t i l l e d  water .  

The pH was ad jus ted  t o  pH 6 . 5  and t h e  medium warmed t o  37OC. 

j u s t  b e f o r e  t h e  s o l u t i o n  was poured i n t o  t h e  t rough,  100  mg of F a s t  

b lue  B ( z i n c  s a l t ;  Serva)  were d i s s o l v e d  i n  t h e  medium. 

Then, 
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CHAYEN ET AL. 

The  s e c t i o n s  were r e a c t e d  a t  37OC for 6 min and t h e n  plunged i n t o  

a second t rough c o n t a i n i n g  0.85% sodium c h l o r i d e .  They were then  

t r a n s f e r r e d ,  for about 5 min a t  room temperature ,  to a b a t h  conta in ing  

an 0 . 1  M s o l u t i o n  of copper s u l p h a t e  t o  c h e l a t e  t h e  reac t ion-product .  

Each s e c t i o n  w a s  t h e n  mounted under a c o v e r - s l i p  i n  t h e  water -so luble  

F a r r a n t s '  s o l u t i o n  which had been a d j u s t e d  t o  pH 6.5 w i t h  sodium 

a c e t a t e .  (The method has  been descr ibed  by Chayen e t  a l . ,  16 ,  and 

Bitensky and Chayen, 5.) 

The react ion-product  in i n d i v i d u a l  t h y r o i d - f o l l i c l e  ce l l s ,  

normally one cel l  from each of a t  least  ten f o l l i c l e s  per  s e c t i o n ,  

was measured i n  t h e  middle  s e c t i o n  of each t r i a d ,  by means of e i t h e r  

a Vickers ME5 or a Barr and Stroud GN2 scanning and i n t e g r a t i n g  

microdensitometer (as discussed  by Bi tensky ,  17)  at 550 run, wi th  a 

x l00  oil-immersion o b j e c t i v e ;  t h e  scanning s p o t  w a s  0 . 2  pm i n  t h e  

plane of t h e  specimen. 

RESULTS 

The time-course of t h e  response of t h e  ce l l s ,  i n  s e c t i o n s ,  t o  TSH 

a t  10-1 and t o  

a c t i v i t y  a t  90 sec exposure t o  t h e  hormone (F ig .  2) .  Samples of sera, 

obtained from p a t i e n t s  w i t h  Graves' d i s e a s e ,  and t e s t e d  at 1 : l O O  

d i l u t i o n ,  showed maximal s t i m u l a t i o n  a t  3.5 min and minimal a c t i v i t y  a t  

pU/ml showed m a x i m a l  lysosomal naphthylamidase 

90 sec. I n  s e c t i o n s  exposed t o  t h e  medium a lone ,  t h e  a c t i v i t y  decreased 

over t h e  f i r s t  60 sec and remained low dur ing  t h e  subsequent 2.5 min. 

With a s tandard  per iod  of exposure t o  t h e  hormone of 90 sec, TSH 

-4 gave a l i n e a r  log-dose response over t h e  range of 1 0  t o  10-1 p U / m l .  
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FIGURE 2 .  Time-course of t h e  lysosomal naphthylamidase response  i n  
s e c t i o n s  exposed t o  a s i n g l e  z o n c e n t r a t i o n  of e i t h e r  (i) TSH ( c r o s s e s )  
or (ii) a serum ( d i l u t e d  1 : l O  ) c o n t a i n i n g  LATS (open c i rc les ) ,  
compared with t h e  response t o  t h e  v e h i c l e  a lone  ( f i l l e d  c i r c l e s ) .  

absorp t ion  ( R e 1  Abs) recorded i n  20 t h y r o i d  f o l l i c l e  cells ,  is shown 
i n  each of t h e  d u p l i c a t e s  used for each t i m e .  

The mean naphthylamidase a c t i v i t y ,  denoted by t h e  mean r e l a t i v e  

D i l u t i o n s  of normal plasma, a t  1 : l O O  and 1 : l O O O  c o n c e n t r a t i o n s ,  gave 

p a r a l l e l  responses  (F ig .  3 ) .  The a d d i t i o n  of an ant ibody s p e c i f i c  t o  

human TSH reduced t h e  concent ra t ion  of TSH-activity i n  t h e  p l a s n a  from 

0.4 p U / m l  to 0.003 p U / m l .  

To 0 . 8  m l  of a plasma which had been assayed as c o n t a i n i n g  TSH a t  

1 .4  p U / m l  were added a n  a d d i t i o n a l  1 0  pU of t h e  PRC Research A s t a n d a r d  

p r e p a r a t i o n  of TSH (0.2 m l  c o n t a i n i n g  50 pU/ml). The plasma was t h e n  

assayed aga in  a t  d i l u t i o n s  of 1 : l O O  and 1:lOOO; i t  was found t o  

c o n t a i n  1 2  p U / m l ,  so g i v i n g  a recovery of t h e  added TSH of 108%. 
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1b-L 1 b-3 lb-" if 
MRC-A TSH uUlML 

FIGURE 3. The standard ca l ib ra t ion  response-graph of the  mean lysosomal 
naphthylamidase a c t i v i t y  (Re1 Abs) induced by increasing concentrations 
of a standard p r e  a ra t ion  of TSH (c rosses ) .  The plasma ( f i l l e d  c i r c l e s ) ,  

x-axis), gave a p a r a l l e l  response; t h e  concentration of TSH in these  two 
d i l u t i o n s  of the  sample can be read off t he  calibration-graph. Bars 
ind ica t e  the  mean value in  each of t h e  dup l i ca t e  sec t ions .  

a t  1:102 and 1 : l O  9 d i l u t i o n s  (not r e l a t e d  t o  the  c a l i b r a t i o n  on t h e  

The e f f e c t  of a standard preparation of l u t e i n i s i n g  hormone 

(LH; MRC standard 68/40) w a s  t es ted  i n  t h i s  assay sys t em at 

concentrations of 7.7 m U / m l  and 77 p U / m l .  The former gave a c t i v i t y  

equivalent t o  t h a t  of TSH a t  Z X ~ O - ~  pU/ml which was neut ra l ized  by 

the  antibody spec i f i c  t o  human TSH; t h e  a c t i v i t y  of t he  lower 

concentration was undetectable.  

To estimate intra-assay va r i a t ion ,  f i v e  or six sec t ions  were 

measured for each poin t  i n  four  separa te  assays.  

of variance in 23 samples was 1.38 with values ranging from 0 . 5  t o  

2.8%. The inter-assay va r i a t ion  (n = 17) w a s  10.9kSqb (mean and standard 

The mean coe f f i c i en t  
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CYTOCHEMICAL BIOASSAYS OF THYROTROPIN 11 

d e v i a t i o n ) .  The index o f  p r e c i s i o n  (n = 23) was 0.11f0.06 (SD). The 

s l o p e  (b)  w a s  3.8k0.8 (mean and s tandard  d e v i a t i o n ;  n = 20) .  There was 

acceptab le  p a r a l l e l i s m  of t h e  response  t o  samples of plasma, t e s t e d  a t  

two d i l u t i o n s ,  w i t h  t h e  response t o  t h e  s t a n d a r d  p r e p a r a t i o n  of  t h e  

hormone, as shown by t h e  c o e f f i c i e n t  of v a r i a n c e  between t h e  two 

d i l u t i o n s ,  i n  20 assays ,  being only 8.2f6.4g.  The  f i d u c i a l  l i m i t s  

( p  = 0.95) ranged from 65-150% t o  78-127s. 

DISCUSSION 

The new sec t ion-b ioassay  appears  t o  r e t a i n  a l l  t h e  advantages of t h e  

More- ear l ier  segment-assay and allows many more samples t o  be assayed .  

over ,  s i n c e  each sample, as w e l l  a s  t h o s e  f o r  t h e  s t a n d a r d  c a l i b r a t i o n -  

graph,  a r e  a l l  assayed on se r ia l  s e c t i o n s  of t h e  same p i e c e  of t h y r o i d -  

t i s s u e ,  i t  is f e a s i b l e  t o  u s e  human t i s s u e  f o r  t h i s  assay .  Even though 

much human t h y r o i d - t i s s u e ,  removed a t  o p e r a t i o n ,  may be too d i s e a s e d  t o  

be s u i t a b l e  for such work, t h e  specimens can  b e  checked h i s t o l o g i c a l l y  

t o  f i n d  one block of a c c e p t a b l e  t i s s u e .  This  can  be of some 

advantage when it is r e q u i r e d  t o  test human plasma f o r  t h e  presence  

of t h y r o i d - s t i m u l a t i n g  immunoglobulins which might be  suspec ted  of 

being s p e c i e s - s p e c i f i c .  I t  is a f u r t h e r  advantage of t h i s  a s s a y ,  as 

of t h e  ear l ier  segment-bioassay, that t h y r o i d - s t i m u l a t o r s  o t h e r  t h a n  

t h y r o t r o p i n  c a n  a l s o  be d e t e c t e d  and measured by t h e  same procedure;  

a t  s u i t a b l e  c o n c e n t r a t i o n s  t h e  long-act ing s t i m u l a t o r s  can  be 

d i s t i n g u i s h e d  from TSH by t h e  longer  time r e q u i r e d  t o  e x p r e s s  t h e i r  

a c t i v i t y  (18). 
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