
CHAPTER I I I

M A T E R IA L S  AND METHODS

M a t e r i a l s

1 .  A n im a l

F i f t e e n  m a le  c y n o m o lg u s  m o n k e y s  ( M a c a c a  f a s c i c u l a r i s )  

w e r e  r a n d o m l y  s e l e c t e d  f r o m  4 0  m a le  m o n k e y s  i n  t h e  P r i m a t e  B r e e d i n g  

C o l o n y  o f  B i o l o g y  D e p a r t m e n t ,  C h u l a l o n g k o r n  U n i v e r s i t y .  T h e s e  m o n k e y s  

w e r e  o r i g i n a t e d  f r o m  D on  H o i  L o r d ,  S am u t  S o n g k r a m  P r o v i n c e  a n d  b o r n e d  

i n  t h e  B r e e d i n g  C o l o n y  e x c e p t  n o . 7 0 4 ,  93  a n d  5 6 .  ( T a b l e  1 ) .

T h e y  w e r e  h o u s e d  i n d i v i d u a l l y  i n  e a c h  g a l v a n i z e d  i r o n  

c a g e .  T h e  p h o t o p e r i o d  w a s  0 6 0 0 - 1 8 0 0  h  l i g h t .  T e m p e r a t u r e  a n d  h u m i d i t y  

w e r e  s l i g h t l y  f l u c t u a t e d  a c c o r d i n g  t o  t h e  s e a s o n .  T h e  a n i m a l s  w e r e  

f e d  d a i l y  i n  t h e  m o r n i n g  w i t h  m o n k e y  cho w  ( p u r c h a s e d  f r o m  P o k p h a n  

A n im a l  F e e d  C o . ,  L t d . ,  T h a i l a n d )  a n d  s u p p le m e n t e d  i n  t h e  a f t e r n o o n  

w i t h  f r e s h  f r u i t s ,  v e g e t a b l e s  a n d  o c c a s i o n a l l y  c h i c k e n  b o i l e d  e g g s .  2

2 .  C h e m i c a l  R e a g e n t s  a n d  I n s t r u m e n t s

S e e  a p p e n d i x  I ,  I I  a n d  I I I



52

T a b l e  1 H i s t o r y  a n d  a d m i n i s t r a t i o n  d o s e s  o f  m o r p h in e  h y d r o c h l o r i d e  

i n  s t u d i e d  m a le  c y n o m o lg u s  m o n k e y s .

G r o u p  o f  M o n k e y  n o . A g e  a t  s t u d y B . w . D o s e  o f  m o r p h in e

a n im a l ( y r / m t h ) ( k g ) ( m g / k g / d a y )

1 . P u b e r t a l  M o n k e y s

5 2 2 5 / 4 6 . 0 0 3 . 0

523 4 / 0 5 . 7 5 3 . 0

524 4 / 0 5 . 2 0 3 . 0

2 .  A d u l t  M o n k e y s

2 . 1 ) 93 1 3 /5 8 . 9 0 1 . 5

504 1 3 / 0 5 . 8 0 1 .5

507 1 2 / 0 6 . 0 5 1 . 5

5 1 2 1 1 /1 6 . 8 0 1 . 5

2 . 2 ) 5 0 5 1 1 / 8 7 . 2 0 3 . 0

509 1 0 /1 1 8 . 7 0 3 . 0

511 1 0 /3 6 . 7 5 3 . 0

2 . 3 ) 5 0 6 1 2 / 0 6 . 5 0 6 . 0

508 1 1 /1 1 6 . 5 0 6 . 0

7 0 4 1 2 / 6 5 . 6 0 6 . 0

3 .  U n t r e a t e d  C o n t r o l  M o n k e y s

3 . 1 )  p u b e r t a l  c o n t r o l

5 2 5  4 / 1  5 . 4 5

3 . 2 )  a d u l t  c o n t r o l

1 3 / 8  8 . 156
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M e t h o d s

1 .  D o s a g e s  a n d  t r e a t m e n t  s c h e d u l e s

1 .1  T h e  s t u d y  o f  c h r o n i c  e f f e c t  o f  m o r p h in e

F ro m  t h e  f e m a le  d a t a  ( S e t t h e e t h a m ,  1 9 9 2 )  t h e  l o w e s t  

e f f e c t i v e  d o s e  o f  m o r p h in e  i n  l o n g - t e r m  t r e a t m e n t  o n  t h e  t u r n o v e r  

r a t e  w a s  1 . 6  m g / k g / d a y .  H o w e v e r  i t  h a s  b e e n  n o t i c e d  t h a t  t h e  m a le s  

h a s  a  h i g h e r  t h r e s h o l d  a n d  l o w e r  s e n s i t i v i t y  t o  t h e  d r u g  t r e a t m e n t  

( G o l d s t e i n  e t  a l ,  1 9 7 4 ) .  T h e r e f o r e ,  i n  t h i s  s t u d y ,  t h e  l o w e s t  d o s e  

o f  m o r p h in e  a d m i n i s t r a t i o n  w a s  1 . 5  m g / k g / d a y  a n d  d u p l i c a t e d  t o  3 . 0  

a n d  6 . 0  m g / k g / d a y  r e s p e c t i v e l y .

A n i m a l s  w e r e  d i v i d e d  i n t o  3 e x p e r i m e n t a l  g r o u p s  ะ

1) P u b e r t a l  m o n k e y  g r o u p

T h e  p u b e r t a l  s t a g e  i n  m a le  c y n o m o lg u s  m o n k e y  

i n d i c a t e d  b y  d e s c e n t  o f  t h e  t e s t e s  i n t o  t h e  s c r o t a l  s a c  ( S t e i n e r  a n d  

B r e m n e r ,  1 9 8 1 ) ,  a n d  i n  som e m o n k e y s  t h e  s e x u a l  s k i n  b e c a m e  a  r e d d i s h  

c o l o u r  ( S a d e ,  1 9 6 4 ) ( F i g u r e  6 ) .  U s u a l l y  i n  m a le  c y n o m o lg u s  m o n k e y s ,  

t h e  b e g i n i n g  a g e  o f  p u b e r t a l  m a l e s  w a s  a b o u t  4 . 0  y e a r s  ( V a r a v u d h i  e t  

a l . ,  1 9 8 2 ) .  T r e a t m e n t  s c h e d u l e  w a s  s e p a r a t e d  i n t o  3 p e r i o d s  ; 

p r e t r e a t m e n t ,  t r e a t m e n t  a n d  p o s t t r e a t m en t  p e r i o d s .

- P r e t r e a t m e n t  p e r i o d

A n i m a l s  w e r e  a d m i n i s t e r e d  0 . 5  m l p h y s i o l o g i c a l  

s a l i n e  a t  1 2 0 0 - 1 3 0 0  h  b y  s u b c u t a n e o u s  r o u t e  f o r  24  d a y s  a s  a  p l a c e b o  

f o r  r e g a r d  t h e  e f f e c t  o f  i n j e c t i o n  o n  h o r m o n a l  c h a n g e s  i n  t r e a t m e n t  

p e r i o d .  F o u r  m i l l i l i t e r s  o f  b l o o d  s a m p le  w as  c o l l e c t e d  o n  t h e  s e c o n d  

d a y  o f  s a l i n e  i n j e c t i o n  a n d  f o l l o w i n g  w i t h  o n c e  a  w e e k  c o l l e c t i o n .
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T h e  t u r n o v e r  r a t e  s t u d y  w a s  s t a r t e d  ๐ท t h e  t h i r d  d a y  o f  s a l i n e  

i n j e c t i o n  a n d  m e a s u r e d  t e n  d a y s  i n t e r v a l  t h e r e a f t e r .

- T r e a t m e n t  p e r i o d

M o r p h i n e  h y d r o c h l o r i d e  s o l u t i o n  i n  d o s e  3 . 0  m g/ 

k g / d a y  w a s  s u b c u t a n e o u s l y  i n j e c t e d  t o  m o n k e y s  a t  1 2 0 0 - 1 3 0 0  h  f o r  74  

d a y s .  T h e  f i r s t  b l o o d  c o l l e c t i o n  o f  t r e a t m e n t  p e r i o d  w a s  t a k e n  d u r i n g  

2 0  h o u r s  a f t e r  m o r p h in e  i n j e c t i o n  ( a t  0 8 0 0 - 0 9 0 0  h  o f  t h e  s e c o n d  d a y  

o f  t r e a t m e n t  p e r i o d ) .  A f t e r  t h a t ,  b l o o d  c o l l e c t i o n  a n d  t h e  t u r n o v e r  

r a t e  d e t e r m i n a t i o n  w e r e  i n t e r m i t t e d  a s  p r e t r e a t m e n t  p e r i o d .

- P o s t t r e a t m e n t  p e r i o d

A n i m a l s  w e r e  t r e a t e d  w i t h  0 . 5  m l p h y s i o l o g i c a l  

s a l i n e  a s  p r e t r e a t m e n t  p e r i o d ,  s i n c e  t h e  m o r p h in e  t u r n o v e r  i n  f e m a le  

c y n o m o lg u s  m o n k e y  t r e a t e d  w i t h  1 . 6  a n d  3 . 2  m g / k g / d a y  m o r p h i n e  s h o w e d  

a  s u d d e n  r e c o v e r y  a f t e r  t h e  d r u g  w i t h d r a w a l  ( S e t h e e t h a m ,  1 9 9 2 ) .  I n  

o r d e r  t o  f o l l o w  t h i s  p h e n o m e n a  i n  m a le  m o n k e y ,  t h e  t u r n o v e r  r a t e  w as  

a r r a n g e d  t o  m e a s u r e  o n  t h e  s e c o n d  d a y  a n d  t h e  b l o o d  c o l l e c t i o n  w as  

m oved  t o  t h e  t h i r d  d a y  o f  p o s t t r e a t m e n t  p e r i o d .  2

2 )  A d u l t  m o n key  g r o u p

I n  t h e  c a s e  o f  m a le  c y n o m o lg u s  m o n k e y ,  

t e s t o s t e r o n e  l e v e l  r e a c h e d  a  c o n s i s t e n t  p l a t e a u  a t  a b o u t  5 . 0  y e a r s  

o l d  w h i c h  w a s  a  s i g n  o f  a d u l t  m o n k e y .  A t  t h e  o n s e t  o f  t h e  s t u d y ,  t h e  

a g e  o f  a d u l t  m a l e s  a v e r a g e d  1 1 .7 5  + 0 . 3 3  y e a r s .  M o n k e y s  w e r e  d i v i d e d  

i n t o  3 s u b - g r o u p ,  e a c h  g r o u p  i n c l u d e d  4 ,  3 a n d  3 m o n k e y s  a n d  t r e a t e d  

c o n c o m i t a n t l y  w i t h  1 . 5 ,  3 . 0  a n d  6 . 0  m g / k g / d a y  m o r p h in e  h y d r o c h l o r i d e ,  

r e s p e c t i v e l y .  T h e  s c h e d u l e  o f  t r e a t m e n t  w a s  q u i t e  d i f f e r e n t  i n  e a c h
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s u b - g r o u p .  I n  a d u l t  m a l e s  t r e a t e d  w i t h  3 . 0  m g / k g / d a y  m o r p h i n e  i t  w a s  

s i m i l a r  w i t h  i n  p u b e r t a l  g r o u p  s o  t h a t  t h e  d a t a  b e t w e e n  t h e s e  g r o u p s  

c o u l d  b e  c o m p a r e d  i n  r e s p o n s e  f o r  t h e  sam e  d o s e  o f  m o r p h i n e .  

T h e r e f o r e ,  t h e  r e m a i n i n g  e x p l a n a t i o n  s c h e d u l e  w a s  u s e d  f o r  t h e  s u b ­

g r o u p  o f  a n i m a l s  t r e a t e d  w i t h  1 . 5  a n d  6 . 0  m g / k g / d a y  m o r p h in e  

h y d r o c h l o r i d e  o n l y .

- P r e t r e a t m e n t  p e r i o d

M o n k e y s  w e re  i n j e c t e d  0 . 5  m l s a l i n e  a t  1 2 0 0 - 1 3 0 0  

h  f o r  30  d a y s .  B l o o d  s a m p le s  w e r e  c o l l e c t e d  p e r i o d i c a l l y  i n  e v e r y  

w e e k  a n d  t h e  t u r n o v e r  r a t e  w a s  d e t e r m i n e d  i n  e v e r y  t e n  d a y s ,  

r e s p e c t i v e l y .

- T r e a t m e n t  p e r i o d

M o n k e y s  w e r e  a d m i n i s t e r e d  m o r p h in e  h y d r o c h l o r i d e  

s o l u t i o n  b y  s u b c u t a n e o u s  i n j e c t i o n  i n  d o s e s  1 . 5  a n d  6 . 0  m g / k g / d a y  b y  

t h e  d u r a t i o n  o f  130  d a y s  a n d  110  d a y s  i n  e a c h  g r o u p ,  r e s p e c t i v e l y .  

T h e  t im e  i n t e r v a l s  o f  b l o o d  c o l l e c t i o n  a n d  t u r n o v e r  r a t e  

d e t e r m i n a t i o n  w e r e  t h e  sam e a s  p r e t r e a t m e n t  p e r i o d .

- P o s t t r e a t m ent p e r i o d

S a l i n e  w as  i n j e c t e d  f o r  6 3  a n d  58  d a y s  a f t e r  

d r u g  w i t h d r a w a l  i n  e a c h  s u b - g r o u p  t h a t  w as  t r e a t e d  w i t h  1 . 5  a n d  6 . 0  

m g / k g / d a y  m o r p h i n e ,  r e s p e c t i v e l y .  B l o o d  c o l l e c t i o n  a n d  t u r n o v e r  r a t e  

s t u d y  w e r e  i n t e r m i t t e d  a s  p r e t r e a t m e n t  p e r i o d .

3 )  C o n t r o l  g r o u p

N o r m a l  p u b e r t y  a n d  a d u l t  m a le  m o n k e y s  w e r e  

s e l e c t e d  t o  c o l l e c t  t h e  b l o o d  s a m p le  f o l l o w i n g  t r e a t m e n t  g r o u p s
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s c h e d u le s . They were d a i ly  in je c te d  w ith  0 .5  ml p h y s io lo g ic a l s a l in e

th ro u g h o u t the  o nse t o f  s tu d y . The tu rn o v e r  r a te  d e te rm in a t io n  was

o m it te d .

A l l  b l o o d  s a m p l e s  w e r e  a n a l y z e d  f o r  P R L ,  T S H ,  T 4 , 

E 2 > T  a n d  c o r t i s o l  c o n c e n t r a t i o n s  b y  r a d i o im m u n o a s s a y  t e c h n i q u e s .

T h e  s t u d i e d  s c h e d u l e s  w e r e  s h o w n  i n  f i g u r e  7 .

F i g u r e  6  A ) T h e  p u b e r t a l  m a le  c y n o m o lg u s  m o n k e y  a t  4 . 0  y e a r s

o l d .  B ) T h e  a p p e a r a n c e  o f  r e p r o d u c t i v e  o r g a n s  d u r i n g  i n f a n c y  s t a g e  

( 1 9  m o n t h s ) .  C ) T e s t i c u l a r  d e s c e n t  d u r i n g  p u b e r t a l  s t a g e  ( a t  4 . 0  

y e a r s  o l d )  D )T h e  i n c r e a s e  i n  t e s t i c u l a r  s i z e  w i t h  a  r e d d i s h  s c r o t a l

s k i n  i n  a d u l t  s t a g e .
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T h e  s t u d y  p r o t o c o l  i n  A )  a d u l t  a n d  p u b e r t a l  m o n k e y s  t r e a t e d  
w i t h  3 ~ 0  m g / k g / d a y  m o r p h in e  h y d r o c h l o r i d e B )  a d u l t  m o n k e y s  
t r e a t e d  w i t h  1 . 5  m g / k g / d a y  m o r p h in e  h y d r o c h l o r i d e  a n d  c )  
a d u l t  m o n k e y s  t r e a t e d  w i t h  6 . 0  m g / k g / d a y  m o r p h i n e  
h y d r o c h l o r i d e ,  r e s p e c t i v e l y .
A b b r e v i a t i o n  ะ +  : 0 . 5  m l  s a l i n e  i n j e c t i o n

: m o r p h in e  h y d r o c h l o r i d e  a d m i n i s t r a t i o n  
B ะ b lo o d  s a m p l e  c o l l e c t i o n  
T  : t u r n o v e r  r a t e  d e t e r m i n a t i o n
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1 .1 .1  Drug a d m in is t r a t io n
A ll monkeys were in je c te d  su b c u ta n e o u s ly  

w ith  s a l in e  o r  m orphine h y d ro c h lo r id e  s o lu t io n  a t  1200-1300 h around 
th e  i s c h i a l  c a l l o s i t i e s  a re a s  o f  th e  b u t to c k  which has a  th ic k  
a d ip o se  t i s s u e  la y e r  (Hartman and S tr a u s ,  1971). For a v o id in g  th e  
r i s k  o f  d eep e r i n j e c t io n  th a t  means m uscular r o u te ,  th e  n ee d le  
no.26G X 1/2" was u sed . However, th e  p h a rm ac o k in e tic s  e f f e c t  o f 
m orphine by subcu tan eou s and m uscu lar ro u te  were n o t so  p a r t i c u l a r l y  
d i f f e r e n t  (Brunk and Del l e , 1974; Iwamoto and K la a sse n , 1977).

I t  i s  k eep in g  in  mind th a t  m orphine 
d e p re s s e s  r e s p i r a t i o n ,  p r i n c i p a l ly  by re d u c in g  th e  s e n s i t i v i t y  o f  th e  
b ra in  stem  r e s p i r a to r y  c e n te r s  to  a r t e r i a l  carbon  d io x id e  te n s io n  
(PaC02) (A d r in i , 1970). I n i t i a l l y ,  r e s p i r a to r y  r a t e  i s  a f f e c te d  
more th an  t i d a l  volum e, but a s  th e  dose o f  m orphine i s  in c re a s e d , 
p e r io d ic  b re a th in g  and apnea o c c u r. I t  i s  im p ortan t n o t to  use o th e r  
r e s p i r a to r y  d e p re s s a n ts ,  e . g . ,  a n a e s th e t ic  d ru g s , w ith  m orphine u n t i l  
th e  f u l l  e x te n t  o f  th e  m orphine r e s p i r a to r y  d e p re s s io n  i s  m a n ife s t,  
more th an  0 .5 -1  hour when i t  has been g iv en  by in t ra m u s c u la r ly  o r 
su b c u ta n e o u s ly  (Wood-Smith and s te w a rd , 1964; Wood and Wood, 1982). 
T h e re fo re , a n a e s th e t iz a t io n  w ith  ketam ine h y d ro c h lo r id e  which i t s  
e f f e c t  o f  hypoxic  o r  h y p e rc a rb ic  s t im u la t io n  o f  r e s p i r a t i o n  i s  no t 
s e r io u s ly  a f f e c te d  fo llo w in g  u su a l d o se s , sh o u ld  be u sed  w ith  g re a t  
c a u t io n  in  any s i t u a t i o n  o f  m orphine tre a tm e n t (Gilman e t  a l . ,  1985). 
A d d it io n a l ly ,  to  o b se rv e  th e  re sp o n s iv e n e ss  to  any d ru g s th e  
d is c r im in a te d  tim es o f  i n je c t io n  were u sed . At 0800-0900 h, a l l  
monkeys were a n a e s th e t iz e d  w ith  ketam ine h y d ro c h lo r id e  b e fo re  each  
b lo od  c o l l e c t i o n  and a t  1200-1300 h th ey  were a d m in is te re d  e i t h e r
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s a l in e  o r  morphine s o lu t io n .

F ig u re  8  S ubcutaneous in j e c t i o n  o f  m orphine h y d ro c h lo r id e  
around  th e  i s c h ia l  c a l l o s i t i e s  a r e a s .

1 .1 .2  Blood c o l l e c t i o n
F a s t in g  b loo d  sam ple were drawn from th e  

a n a e s th e t iz e d  male monkeys which were k ep t in  r e s t r a i n i n g  c h a i r s  
(F ig u re  9 ) .  The a n a e s th e t ic  drug  was ketam ine h y d ro c h lo r id e  u s in g  
in  th e  dose 5.0 mg/kg i.m . o r lower depend ing  on th e  e x p e rien c e  in  
each  monkey. The r e s t r a i n i n g  c h a i r  and monkey cag es were p la c e d  in  a 
same room fo r  m in im izing  env ironm en ta l changes and s t r e s s f u l  e f f e c t s .  
To m inim ize th e  e f f e c t  o f  p o s s ib le  d iu rn a l  f l u c tu a t io n s  in  endogenous 
hormone r e l e a s e ,  a l l  b lood  sam ples were c o l le c te d  betw een 0800-0900 h 
by fem oral v e n ip u n c tu re . Blood serum was s e p a ra te d  im m edia tely  a f t e r  
th e  b lood  c l o t t i n g  a t  th e  room tem p e ra tu re  by c e n t r i f u g a t io n  a t  1 0 0 0  

xg 20 m in u tes . Serum was then  a l iq u o a te d  and s to r e d  a t  -20 °c u n t i l  
hormonal a s sa y s  by RIA te c h n iq u e s . A ll sam ples from an in d iv id u a l  
s u b je c t  fo r  any g iv en  hormone were run  in  th e  same a s s a y .
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F ig u re  9 A dult male monkey k eep in g  in  th e  r e s t r a i n i n g  c h a i r .

1 .1 .3  M etabo lic  tu rn o v e r  r a t e  s tu d y
The m e tab o lic  tu rn o v e r  r a t e  i s  th e  r a t e  o f 

d ru g  d e g ra d a tio n  and e x c re t io n  in  th e  whole body (Goodman and N oble, 
1968). The c o n c e n tra t io n  o f  d rug  in  th e  sy s tem ic  c i r c u l a t i o n  w il l  be 
r e l a t e d  to  th e  c o n c e n tra t io n  o f  d ru g  a t  i t s  s i t e  o f  a c t io n .  The 
c l i n i c i a n  u s u a l ly  w ants to  m a in ta in  s t e a d y - s t a t e  c o n c e n tra t io n s  o f  a 
d rug  w ith in  a  known th e r a p e u t ic  ra n g e . T h e re fo re , th e  e l im in a t io n  
r a t e  ( r a t e  fo r  m etabo lism  and e x c re t io n  o f  th e  d ru g) i s  th e  most 
im p ortan t concep t to  be co n s id e red  when a r a t io n a l  regim en fo r  drug  
a d m in is t r a t io n  i s  to  be d es ig n ed  (Gilman e t  a l . ,  1985).

For tu rn o v e r r a t e  s tu d y , 0 .5  ml r a d io a c t iv e  
m orphine s o lu t io n  was a d m in is te re d  by a  b o lu s  in tra v e n o u s  in j e c t io n  
in to  saphenous v e in  o f  male monkeys. Then, 1 ml venous b lood  sam ples
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were tak en  f r e q u e n t ly  a t  5, 15, 30, 60, 120, 240, and 360 m inu tes 
from th e  r a d ia l  v e in  in to  th e  h e p a r in iz e d  s y r in g e s .  B lood plasm a was 
s e p a r a te d  by c e n t r i f u g a t io n  a t  1000 xg 20 m in u te s . Four hundreds 
m i c r o l i t e r s  b lo o d  plasm a was p ip e t t e d  in to  a  c o u n tin g  v ia l  and 
r e c o n s t i tu t e d  w ith  s c i n t i l l a t i o n  f l u i d .  The m ixer was th en  coun ted  
in  th e  b e ta  c o u n te r  a t  l e a s t  1 hour to  o b ta in  1 0 , 0 0 0  cpm count o f 
th e  b lood  plasm a c o l l e c t e d  a t  5 m in u tes .

The semi lo g a r i th m ic  p lo t  o f  cpm count v e rsu s  
tim e appeared  to  in d ic a te  th a t  m orphine d e c re a se d  in  a manner o f 
m u ltie x p o n e n tia l  k in e t i c s  in  male cynomolgus monkeys. The p o in t  
c o n c e n tra t io n s  in  plasm a were f i t t e d  to  a  b ie x p o n e n tia l  e q u a tio n  
a f t e r  in tra v e n o u s  d o se s .

c = Ae- ^  + Be- ^

T h is  fu n c t io n  i s  c o n s is te n t  w ith  s ta n d a rd  
two-com partm ent open p h a rm aco k in e tic  model. The q u a n t i ty  c 

r e p r e s e n ts  p lasm a m orphine c o n c e n tra t io n  a t  tim e t  a f t e r  th e  end o f 
th e  i n j e c t io n .  The c o e f f i c i e n t s  A, B and th e  e x p o n e n t s , a a re  h y b rid  
q u a n t i t i e s .  The y - in t e r c e p t  o f  th e  two s t r a i g h t  l in e s  d i r e c t l y  
p ro v id e  th e  v a lu e  o f  th e  c o n s ta n ts  A and B. The c o n s ta n ts  06 and & 
which a re  th e  r a t e  c o n s ta n ts  fo r  d i s t r i b u t i o n  and e l im in a t io n ,  
r e s p e c t iv e ly  can be d i r e c t l y  c a lc u la te d  from s lo p e s  o f  th e  two 
s t r a i g h t  l in e s  (F ig u re  1 0 ). T h e re fo re , th e  v a lu e s  o f  th e s e  c o n s ta n ts  
can  be d e te rm in ed  from th e  h a l f - l i v e s  o f  th e  two e q u a tio n s  (S ta n s k i,  
G re e n b la t t  and L ow enste in , 1978; Gilman e t  a l . ,  1985)
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06 = 0 .6 9 3  /  1 1/ 2 «. 

p> = 0 .6 9 3  /  1 1/ 2 ,

W h i le ,  1 1/ 204 i s  

1 1/2>=> i s

a n  a p p a r e n t  d i s t r i b u t i o n  h a l f - l i f e  

a n  a p p a r e n t  e l i m i n a t i o n  h a l f - l i f e

P la sm a  s p e c if ic  a c t iv ity  
( C P  M)

Time (min)

F ig u r e  10 P la s m a  cpm c o u n t - t im e  c u rv e  f o l l o w i n g  in t r a v e n o u s  

a d m i n i s t r a t i o n  o f  r a d io a c t i v e  m o r p h in e  s o l u t i o n  t o  

m a le  c y n o m o lg u s  m o n k e y s .
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1 .1 .4  T e s t ic u la r  m easurem ents
T e s t ic u la r  m easurem ents were o b ta in e d  w ith  a 

s l i d i n g  c a l i p e r ,  in  a  manner s im i la r  to  th a t  u sed  by S ad e(1 96 4). The 
tim e o f  m easurem ents c a r r i e d  o u t d u r in g  th e  b loo d  sam ple c o l l e c t i o n s .  
To e lim in a te  in c lu s io n  o f  th e  ep id id y m is  and su rro u n d in g  t i s s u e ,  
th e  s c r o t a l  sac  was s t r e tc h e d  d u r in g  m easurem ent. T e s t i s  s i z e  was 
tak en  to  be le n g th  p lu s  b re a d th  on th e  l e f t  t e s t i c l e  o n ly  to  account 
fo r  p o s s ib le  in f lu e n c e  o f  b i l a t e r a l  asym m etry. L eng th  i s  th e  lo n g es t 
d ia m e te r o f  th e  t e s t i s  p a r a l l e l  to ,  b u t e x c lu d in g , th e  ep id id y m is . 
B read th  i s  th e  g r e a t e s t  la te r a l - m e d ia l  d ia m e te r and a ls o  exc lu d ed  th e  
ep id id y m is  (F ig u re  11).

The av erag e  o f  m easurem ents in  ev e ry  months
were a ls o  c a lc u la te d  in  c o r r e la t i o n  w ith  age and body w e ig h t.

F ig u re  11 T e s t ic u la r  s i z e  was tak en  to  be le n g th  (A) p lu s
b re a d th  (B) on th e  l e f t  t e s t i s .
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1 .2  The s tu d y  o f  a c u te  e f f e c t  o f  m orphine
From th e  lo n g -te rm  tre a tm e n t o f  m orphine, hormonal 

a n a ly s e s  o f  b lo od  sam ples c o l l e c te d  w ith in  2 0  h o u rs a f t e r  th e  d rug  
i n j e c t i o n  was u n ab le  to  compare w ith  r e s u l t s  o f  lo n g -te rm  m orphine 
t re a tm e n ts  in  fem ale cynomolgus monkeys from w hich b lood  sam ples 
were c o l l e c te d  ap p ro x im a te ly  1 hour a f t e r  d a i ly  m orphine 
a d m in is t r a t io n  (S e tth ee th a m , 1992). In  o rd e r  to  a s s e s s  i f  m orphine 
e x e r t  an a d v e rse  e f f e c t  to  any hormonal le v e ls  e a r l i e r  th an  2 0  h o u rs , 
t h i r t e e n  male monkeys which were s tu d ie d  in  th e  p re v io u s ly  d e s c r ib e d  
experim en t were d iv id e d  in to  4 g roups and t r e a t e d  th e  same d o ses o f 
m orphine a s  th e  s tu d y  o f  c h ro n ic  e f f e c t .  The s tu d y  has been done 
a f t e r  s e v e ra l  months o f  m orphine w ith d raw a l. T h is  a c u te  s tu d y  a ls o  
compared w ith  norm al a d u lt  monkeys ( n o .519 and 520) whom n ever have 
e x p e r ie n c e s  o f  m orphine tre a tm e n t b e fo re .  They w ere t r e a t e d  w ith  
morphine h y d ro c h lo r id e  in  dose 3 .0  o r  6 .0  mg/kg.

A ll monkeys were a n a e s th e t iz e d  w ith  ketam ine 
h y d ro c h lo r id e  b e fo re  th e  f i r s t  b loo d  w ithd raw al f o r  k eep in g  the  
monkey c o n d it io n  a s  in  th e  c h ro n ic  e f f e c t  s tu d y . O n e - m i l l i l i t e r  b lood  
sam ples were tak en  f r e q u e n t ly  a t  - 1 ,  - 0 .5 ,  0 , 0 .2 5 , 0 .5 ,  1, 1 .5 , 2 .5 , 
4 .5 ,  6 .5  and 10 h ou rs o f subcu tan eou s m orphine in j e c t i o n  from th e  
r a d ia l  v e in  o f  th e  monkeys r e s t r a in e d  in  a squeeze cag e . Blood serum 
was s e p a ra te d  im m ediately  a f t e r  th e  blood c l o t t i n g  a t  th e  room 
tem p e ra tu re  by c e n t r i f u g a t io n  a t  1000 xg 20 m in u te s . Samples from 
each  s u b je c t  were an a ly zed  fo r  PRL, TSH, T4 , t e s to s te r o n e  and 
c o r t i s o l  le v e ls  in  th e  same a ssa y  to  m inim ize in te r a s s a y  v a r ia t io n .
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T a b le  2 The a d m in is t r a t io n  doses o f  m orphine h y d ro c h lo r id e  f o r

a cu te  response  in  monkeys p re v io u s ly  s tu d ie d  in  th e

c h ro n ic  e f f e c t .

Monkey no. M orphine dose 
(mg/kg)

B.w.

(kg)
T o ta l  dose 

(mg)
Day a f t e r  morphine 
w ithd raw al

1. P u b e r ta l  Monkeys
522 3 .0 7 .2 21.6 457
523 3 .0 6 .5 19.5 459
524 3 .0 5 .6 16.8 459

2. A dult Monkeys
93 1 .5 9 .2 13.8 68

504 1.5 5 .8 8 .7 68

507 1 .5 7.1 10.6 68

512 1.5 7 .2 10.8 67
505 3 .0 6.8 20.4 456
509 3 .0 7 .6 22.8 454
511 3 .0 6 .7 20.1 457
506 6.0 6 .9 4 0 .4 99
508 6.0 6.6 3 9 .6 85
704 6.0 4 .9 29.4 69
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2 .  H o rm o n a l d e t e r m in a t i o n s

S e rum  s a m p le s  w e re  a n a ly z e d  f o r  h o rm o n a l l e v e l s  o f  TSH , 

P R L , T 4 , E2 , t e s t o s t e r o n e  a n d  c o r t i s o l  b y  u s in g  r a d io im m u n o a s s a y

t e c h n iq u e s  ( R I A ) . T h e  r e l i a b i l i t y  o f  R IA  i s  a s s e s s e d  b y  f o u r  m a in  

c r i t e r i a  ะ s p e c i f i c i t y ,  s e n s i t i v i t y ,  p r e c i s i o n  a n d  a c c u r a c y  ( C h a r d ,  

1 9 7 8 ; T h o r e l l  a n d  L a r s o n ,  1 9 7 8 ) .

S p e c i f i c i t y  ะ

S p e c i f i c i t y  i s  th e  a b i l i t y  o f  t h e  a s s a y  t o  m e a s u re  o n e  

s p e c i f i c  co m p o u n d  a n d  n o  o t h e r .  T h e  i d e n t i f i a b l e  m a t e r i a l  w i t h  

p h y s i c o c h e m ic a l l y  s i m i l a r  t o  t h e  l i g a n d  t h a t  c a n  i n t e r f e r e  th e  a s s a y  

b y  r e a c t i n g  d i r e c t l y  w i t h  th e  b in d e r  i s  c a l l e d  a  c r o s s - r e a c t i n g  

m a t e r i a l .  T he  m o s t common w a y  o f  p r e s e n t i n g  t h e  s p e c i f i c i t y  i s  t o  

c o m p a re  t h e  a m o u n t o f  t h e  c r o s s - r e a c t i n g  m a t e r ia l  u n d e r  s t u d y  w h ic h  

y i e l d s  50  p e r c e n t  i n h i b i t i o n  o f  b i n d i n g  ( x )  w i t h  th e  a m o u n t o f  

s t a n d a r d  g i v i n g  th e  sam e i n h i b i t i o n  ( y ) ,  a n d  th e n  t o  e x p r e s s  th e  

p o t e n c y  o f  th e  c r o s s - r e a c t i n g  m a t e r i a l  a s  a  p e r c e n ta g e  o f  t h e  

s t a n d a r d .

P e r c e n t  c r o s s - r e a c t i v i t y  = y / x  X 100 

S e n s i t i v i t y  ะ

S e n s i t i v i t y  i s  d e f i n e d  a s  t h e  m in im a l  d e t e c t i o n  l i m i t  o f  

a n  a s s a y .  I t  m ay r e f e r  t o  t h e  l e a s t  c o n c e n t r a t i o n  o f  u n l a b e l l e d  

l i g a n d  w h ic h  c a n  b e  d i s t i n g u i s h e d  f r o m  a  s a m p le  c o n t a i n i n g  n o  

u n l a b e l l e d  l i g a n d .  I t  c a n  b e  d e t e r m in e d  b a s e  o n  t h e  c o n f id e n c e  

l i m i t s  t o  t h e  z e r o  s t a n d a r d  e s t i m a t e ,  o n  t h e  o t h e r  h a n d ,  t h e  

c o n f id e n c e  l i m i t s  t o  s t a n d a r d  e s t i m a t e .  I t  i s  t h a t  t h e  s e n s i t i v i t y
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o f  a n  a s s a y  i s  c r i t i c a l l y  d e p e n d e n t  o n  t h e  p r e c i s i o n  o f  th e  a s s a y .

P r e c i s i o n  ะ

P r e c i s i o n  w h ic h  o f t e n  r e f e r s  t o  a s  r e p r o d u c i b i l i t y  i s  a  

m e a s u re  o f  th e  v a r i a t i o n  o b s e r v e d  b e tw e e n  r e p e a te d  d e t e r m in a t i o n  o f  

th e  sam e s a m p le .  I t  i s  u s u a l l y  e x p r e s s e d  a s  t h e  c o e f f i c i e n t  o f  

v a r i a t i o n .  I n t r a a s s a y ,  w i t h i n - a s s a y ,  v a r i a t i o n  r e f e r s  t o  p r e c i s i o n  

w i t h i n  a n  i n d i v i d u a l  a s s a y  r u n  a n d  i n t e r a s s a y ,  b e tw e e n - a s s a y ,  

v a r i a t i o n  r e f e r s  t o  p r e c i s i o n  f r o m  d i f f e r e n t  s e t s  o f  a s s a y s  o f  th e  

sam e s a m p le .  F o r  m o n i t o r i n g  th e  p r e c i s i o n ,  t h e  p o o l  s a m p le  s h o u ld  b e  

s e t  u p  a n d  t h e i r  c o n c e n t r a t i o n  s h o u ld  r e p r e s e n t  h ig h ,  m e d iu m  a n d  lo w  

v a lu e s  i n  th e  a s s a y .  T h is  p r o v id e s  a n  o n - g o in g  c h e c k  o f  p r e c i s i o n  a t  

d i f f e r e n t  p a r t s  o f  t h e  s t a n d a r d  c u r v e .

A c c u r a c y  ะ

A c c u r a c y  i s  t h e  d e g r e e  t o  w h ic h  th e  e s t im a t e

a p p r o x im a te s  th e  t r u e  v a lu e .  I t  i s  e x p r e s s e d  a s  t h e  c o r r e l a t i o n  

c o e f f i c i e n t  b e tw e e n  th e  d e te r m in e d  a n d  a d d e d  v a lu e s .

P r o l a c t i n ( P R L )  a s s a y

I n  1 9 7 1 , H w an g , G u y d a  a n d  F r i e s e n  s u c c e s s e d  i n

e x t r a c t i o n  o f  hum an p r o l a c t i n  (h P R L ) f r o m  f r a c t i o n s  o f  p i t u i t a r y  

e x t r a c t s  o b t a in e d  f r o m  th e  p u r i f i c a t i o n  o f  g r o w t h  h o rm o n e . T h e r e f o r e ,  

t h e  d e v e lo p m e n t  o f  R IA  f o r  hPRL h a s  b e e n  d e m o n s t r a te d  ( G u ig le y  a n d  

H a n e y , 1 9 8 0 )  a n d  i s  now  r e a d i l y  a v a i l a b l e  a s  m an y  k i t s .  A z u k iz a w a ,  

e t  a l . ( 1 9 7 6 )  a n d  M e lm e d , e t  a l . ( 1 9 7 9 )  e v a lu a t e d  m o n k e y  PRL l e v e l  b y  

t h e  d o u b le  a n t i b o d y  m e th o d  u s in g  t h e  NIAMDD k i t  f o r  hum an PR L o r  

u s in g  hum an PRL a s  s t a n d a r d  (W a rd la w  e t  a l . ,  1 9 8 0 ) .  A t  h e r e ,  PRL
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l e v e ls  o f  male cynomolgus monkey (mPRL) were determ ined by u sin g  the  
homogenous radioimmunoassay. These homogenous PRL a ssa y  (L’ Hermite, 
1973) u sin g  monkey sample competed w ith  hPRL to  antiserum  o f  hPRL. 
Quadri and S p ies (1976) p resented  the p a r a lle lism  in  the  
im m u n oreactiv ities o f  human PRL standard w ith  PRL o f  rhesus monkey 
from p itu ita r y  e x tr a c t ,  postpartum plasma and p u r if ie d  monkey PRL. 
PRL a ssa y  in  th is  procedure fo llow ed  the D ia g n o stic  Products 
C orporation (DPC), USA and la t t e r  m odified  by u sin g  the h a lf  
red u ction  o f  sample and reagents volume.

Reagents preparation  ะ
1. P r o la c t in  antiserum

The antiserum  to  hPRL has been produced in  the  
rab b it and provided in a ly o p h iliz e d  from. I t  has been r e c o n s titu te d  
by adding 10 ml d i s t r i l l e d  water and mixed by g e n tle  v e r s io n . A fter  
r e c o n s t itu t io n  the so lu t io n  could  be s ta b le  a t 2 -8  °c for at le a s t  
30 d ays.

2 . ^ ^ I -p r o la c t in
The iod in ated  hPRL has been p u r if ie d  by a f f i n i t y  

chromatography u sin g  monoclonal a n t ib o d ie s . I t  was a ls o  su p p lied  in  
ly o p h iliz e d  from and d is so lv e d  by adding 10 ml d i s t i l l e d  w ater. The 
s o lu t io n  could  be s ta b le  at 2-8 °c and to  be used u n t i l  the  
e x p ir a tio n  date marked on the v ia l .

3 . hPRL standard
The standards have been prepared in  human serum 

str ip p ed  o f  PRL by a f f i n i t y  chromatography. They rep resen t 0 , 5 , 10,
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20, 50, 100 and 200 ng/ml in  terms o f  WHO F ir s t  In tern a tio n a l 
R eference P rep aration  o f  hPRL fo r  RIA, n o .75/504 (1 s t  IRP 75/504). 

The term the more recen t o f  Second In tern a tio n a l standard fo r  PRL, 
n o .83/562, they have v a lu es o f 0, 115, 230, 460, 1150, 2300 and 4600 

mlU/L (2nc*IS 83/562), were used . In term ediate standard p o in ts  
could  be o b ta in ed  by mixing c a lib r a to r s  in s u ita b le  p roportion . At 
le a s t  30 m inutes p r io r  to  u se , r e c o n s t itu te d  the zero  standard w ith  
6.0 ml d i s t i l l e d  water and each o f  the remaining standard w ith  3.0 ml 
d i s t i l l e d  w ater. The so lu t io n s  have been s ta b le  at -20 °c fo r  at 
le a s t  30 days a f te r  r e c o n s t itu t io n .

4 . P r e c ip ita t in g  so lu t io n
The p r e c ip ita t in g  s o lu t io n  c o n s is te d  o f  goat a n t i ­

rab b it gamma g lo b u lin  (second antibody) and p o ly e th y len e  g ly c o l (PEG) 
in s a l in e .  The p r e c ip ita t in g  s o lu t io n  was su p p lied  in  liq u id  form, 
ready to  be used and PEG was h e lp fu l fo r  sep a ra tio n  o f  bound form 
from free  form. The reagent sto red  at 2-8 ๐c  and mixed w ell b efore  
u se.

Assay procedure :

One hundreds m ic r o lite r s  o f  zero standard was p ip e tte d  
in to  the NSB and B0  tubes and 100 ul o f  each o f  the remaining 
standard, q u a lity  co n tro l and unknown samples in to  the corresponding  
la b e led  tu b es. 125J_P££ 50 1!! was added to  each tube and g e n tly
mixed. F i f t y  m ic r o lite r s  o f PRL antiserum  was added to  a l l  tubes  
except the NSB and Tc tu b es. Incubation  was done at room
tem perature for  3 hours and fo llo w ed  by adding 500 u l o f  co ld  and 
w ell mixed p r e c ip ita t in g  so lu t io n  to  a l l  tubes and votexed . The
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p r e c ip ita te d  bound form was separated  from fr e e  form by 
c e n tr ifu g a tio n  at 3000 xg for  15 m inutes. The supernatant was 
decanted and the r e ta in in g  p r e c ip ita te  o f  each tube was counted for  
1 minute by gamma-counter.

Thyrotropin(T:SI) assay
The p a r tic u la r  problem o f  TSH a ssa y  was a s u f f i c ie n t  

s e n s i t i v i t y  to  d e te c t  euthyroid  le v e ls  o f  TSH in unextracted  serum 
w ith  optim al p r e c is io n  (Pekary, Hershman and Parlow, 1975). This i s  
due to  , in  p a r t, TSH e x h ib ite d  the low con cen tra tion  (0 .5 - 5 .0  uiu/m l 
in  man ะ Pekary 5 Hershman and Parlow 1975; 0 .2 - 6 .8  u iu /m l in  rhesus 
monkey ะ Wherry e t  a l . ,  1970 ; Azukizawa e t a l . ,  1976; Melmed e t a l . ,  
1979 and 6 .3  + 0 .3  uiu/m l in cynomolgus monkey ะ Ren e t a l . ,  1988) 
o f  normal th yro id  fu n ctio n . T herefore, most TSH k i t s  appeared to  
have d i f f i c u l t y  measuring c o r r e c t ly  in  the low end o f  the normal 
range (Musto, P izz o la n te  and chesarrone, 1984). Pekary, Hershman and 
Parlow (1975) developed  a hTSH RIA fo r  improvement in  s e n s i t i v i t y  and 
r e l i a b i l i t y  o f  a ssa y  by u sin g  o f  a new h ig h - s p e c i f ic i t y ,  h igh -  
a f f i n i t y  antibody to  hTSH but i t  s t i l l  could be c r o ss -r e a c te d  w ith  
mTSH o f rhesus monkey p itu ita r y  homogenate. A lso , another experiment 
(Wherry e t  a l . ,  1970) su ccessed  in  d eterm ination  mTSH by means o f  
RIA u sin g  the double antibody technique and y et dem onstrated a 
p a r a lle l  c r o s s - r e a c t iv i t y  w ith  hTSH to  antibody to  human TSH. These 
leaded many in v e s t ig a to r s  (Azukizawa e t a l . ,  1976; Melmed e t  a l . ,  
1979; Ren e t a l . ,  1988) measured mTSH by RIA em ploying the human TSH 
k i t .  In th is  a ssa y , monkey TSH was measured by RIA u sin g  the human 
TSH k i t  from In sta r  C orporation, USA and la t t e r  minor m o d ifica tio n  
by red u ction  the sample and reagen ts volume (F igure 12). The
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d ilu t io n  curve o f  serum from hypothyroidism  monkey con ta in in g  a high  
le v e l  o f  TSH was p a r a lle l  w ith  the standard curve o f  human TSH 
(Suw anprasert, 1991).

Reagents p rep aration  ะ
1. TSH antiserum

TSH antiserum  was a v a ila b le  for u sin g  in  liq u id  form. 
One v ia l  con ta in ed  14 ml o f  rab b it anti-hTSH serum, normal rab b it  
serum, g e la t in  in  b a rb ita l b u ffered  s a l in e  and in er t red c o lo r in g  
w ith  0 .0 2  M sodium a z id e  as a p r e se r v a tiv e .

2. 125I-TSH
The s o lu t io n  was ready to  use c o n s is t in g  o f  

approxim ately 3 uCi tra cer  in  5 ml o f  g e la t in  in  b a r b ita l b u ffered  
s a l in e  and in e r t b lue co lo r in g  w ith  0 .002  M sodium a z id e .

3 . hTSH standard
Each v ia l  contained  hTSH in  2 ml (excep t the zero  

standard co n ta in in g  4 ml) o f  b a r b ita l s a l in e ,  bovine serum albumin 
w ith  0 .0 2  M sodium a zid e  as a p r e se r v a tiv e . The standards was 
c a lib r a te d  w ith  Medical Research C ouncil (MRC) WHO human p itu ita r y  
TSH 68/38  at 0 , 2 , 5 , 10, 20 and 50 u iu /m l, r e s p e c t iv e ly .

4 . P r e c ip ita t in g  so lu t io n
P r e c ip ita t in g  s o lu t io n  conta ined  130 ml o f  goat a n t i -  

rab b it serum and a water so lu b le  polymer in phosphate b u ffer  w ith
0 .0 2  M sodium a z id e  as a p r e se r v a t iv e . To ensure a homogeneous 
m ixture, i t  should  be mixed throughly b efore  u se .
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5. hTSH n o n -s p e c if ic  b in d in g  reagent
The terra n o n -s p e c if ic  b inding u su a lly  denoted the  

occurrence o f  ad sorp tion  o f  fr e e  rad io lig a n d  to  any kinds o f  s o l id  
m a te r ia l. In some a ssa y , th is  was easy  to  perform by not adding any 
antiserum  to  the tube and rep lace  by adding n o n -s p e c if ic  b inding  
reagent (T h orell and Larson, 1978). The s o lu t io n  contained  normal 
rab b it serum, g e la t in  in b a r b ita l b u ffered  s a l in e  and in ert red 
c o lo r in g  w ith  0 .0 2  M sodium azid e as a p r e se r v a tiv e .

6 . hTSH q u a lity  con tro l
hTSH c o n tr o ls  were c a lib r a te d  at 3 find 17 u iu /m l, 

r e s p e c t iv e ly .  They contained  human TSH in b a rb ita l b u ffered  s a l in e ,  
bovine serum albumin w ith  0 .0 2  M sodium azid e as a p r e se r v a tiv e .

A ll so lu t io n s  were kept at 2-8 °c.

Assay procedure ะ
One hundreds m ic r o lite r s  o f  hTSH zero  standard was 

a liq u o ted  to  the NSB and B0  tubes and 100 u l o f  each o f  the 
rem aining standard, q u a lity  con tro l and unknown sam ples in to  the 
corresponding la b e lle d  tubes in d u p lica ted  s e t s .  F i f t y  m ic r o lite r s  o f  
rab b it anti-human TSH serum was added to a l l  tu b es, except the Tc 
and NSB tu b es, and the NSB tubes were con ta in ed  50 ul o f  non­
s p e c i f i c  b in d ing  reagent in stea d , g e n tly  m ixing each tube. A fter  
in cu b ation  for  1 hour in  a 37 ๐c  water b ath , 50ul o f  125 J-hTSH 
was added to  a l l  tubes and fo llo w ed  g en tly  m ixing each tube. 
Incubation  in a 37 °c water bath continued  fo r  2 hours, then 500 u l 
o f  w ell-m ixed  p r e c ip ita t in g  antiserum  reagent was added to  a l l  tubes 
except Tc tubes and vortex  mixed. A ll tubes a llow ed  to  incubate at
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37 °c fo r  at le a s t  5 m inutes and then cen tr ifu g ed  (excep t Tc tu bes) 
at 1000 xg for  15 m inutes. The supernatants were decanted and 
trapped the rim o f  each tube in to  absorbent paper to  remove any 
adhering su pernatant. The p r e c ip ita te d  was counted in a gamma
counter for 1 m inute.

T h y r o x in ^ )  assay
Thyroxin concentraton  in  monkey serum was determ ined by 

u sin g  human T4 k i t ,  a t f i r s t  in rhesus monkey (Azukizawa e t  a l . ,  
1976) and then in  cynomolgus monkey (Ren e t a l . ,  1988). To a ccu ra te ly  
measure T4 in  u n extracted  serum i t  was n ecessary  in  the presence  
o f  b lo ck in g  agen ts to  prevent the b in d ing  to  th yro id  hormone-binding 
p ro te in . This was accom plished by u sin g  b a r b ita l b u ffer  and
8-a n i l in o - l -n a th a le n e  s u lfo n ic  a c id  (ANS) to  in h ib it  b in d ing  to  
th yroxin  b inding prealbumin (TBPA) and th yroxin  b inding g lo b u lin  
(TBG), r e s p e c t iv e ly .  The p o lyeth y len e  g ly c o l was p r e fe r e n t ia l ly  used  
as an a id  for second antibody to  sep arate  bound from free  form 
(Mitsuma e t a l . ,  1972). This a ssa y  procedure fo llow ed  the m odified
p rotoco l from D ia gn o stic  Products C orporation (USA) by the PEG-
a cc e le r a te d  d ou ble-an tibod y  method.

Reagents preparation  ะ
1. T4 antiserum

The antiserum  was h ig h ly  s p e c i f i c  fo r  T4 , w ith  
very  low c r o s s r e a c t iv i ty  to o th er compounds. N eith er  p ro te in ,  
lip em ia , b il ir u b in  nor hem olysis had any e f f e c t  on the a ssa y . T4 
antiserum  was provided in  ly o p h iliz e d  form, r e c o n s t itu t io n  by adding 
10 ml d i s t i l l e d  water and mixing by g e n tle  in v ersio n  b efore  u se . the
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s o lu t io n  could not be freezed .

2. 125I-T 4
1 2 5 I-T4 was su p p lied  in  ly o p h iliz e d  form w ith  

the b lo ck in g  agen ts to  prevent b in d ing  o f  ra d io la b e led  T4 to  
th yro id  hormone-binding p r o te in s . I t  was d is s o lv e d  w ith  11 ml 
d i s t i l l e d  water b efore  use and s ta b le  u n t i l  the ex p ira tio n  date  
marked on the v i a l .

3 . hT4 standard
hT4 standards con ta in ed  0 , 1, 4 , 10, 16 and 24 u g /d l  

o f T4 or e q u iv a le n tly  to  0 , 1 2 .9 , 5 1 .5 , 129, 206 and 309 nmol/1 
(m u ltip ly  by 12.87 for  con vertin g  from u g /d l to  n m ol/1 ). The 
standards were su p p lied  in  liq u id  form, ready to  u se .

4 . P r e c ip ita t in g  so lu t io n
One v ia l  o f  p r e c ip ita t in g  s o lu t io n  c o n s is t in g  o f  

goat a n ti-r a b b it  gamma g lo b u lin  (second antibody) and d ilu te d  PEG in  
s a l in e ,  was su p p lied  in liq u id  form ready to  u se . s in c e  a f in e  
p r e c ip ita te  could form a f te r  r e f ig e r a t io n , the p r e c ip ita t in g
s o lu t io n  was throughly mixed before u se , w ithout foaming.

A ll o f  reagents cou ld  be s ta b le  a t 2-8 °c at le a s t
30 days.

Assay procedure ะ
The a ssa y  procedure was performed by the seq u en tia l  

a d d itio n  o f  10 u l o f  the zero standard in to  the NSB and Bq tubes
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and 10 u l o f  rem aining standard, q u a li ty  co n tro l and unknown monkey 
serum in to  the tubes prepared in  d u p lic a te , 50 u l o f  12^I-T4 and 
T4 antiserum  to  a l l  tu b es, except the NSB and Tc tubes fo r  T4 
antiserum . The a ssay  mixture was a g ita te d  in a vortex  mixer and 
incubated fo r  20 m inutes at room tem perature. A fter  incub ation  the  
antibody-bound hormone was separated  by the a d d it io n  o f  500 u l o f  
co ld  p r e c ip ita t in g  s o lu t io n . The re a c tio n  m ixture was a g ita te d  in  
v ortex  m ixer, incubated at room tem perature for 5 m inutes, and 
cen tr ifu g e d  at 3000 xg for 15 m inutes. The supernatant was decanted  
o f f .  The in v erted  tubes were standed on absorbent papers for 10 
m inutes and then trapped g en tly  and b lo tte d  the rims to  remove a l l  
resid u a l d r o p le ts . The r e ta in in g  p r e c ip ita te  o f  each v ia l  was then  
counted fo r  1 minute in  a gamma-counter.

T esto steron e(T ) assay
A ll o f  s t e r o id  hormones had a low m olecular weight and 

they were prepared ch em ica lly  m ateria l o f  v ir t u a l ly  one hundreds 
percent p u r ity  (Work and Work, 1978). The non-immunogenic s te r o id  
hormones, c a l le d  hapten, most were w id ely  used for con ju gation  w ith  
the o th er  p ro te in s  as albumin to  induce antibody produ ction . The 
s i t e  o f  linkage between the hapten and the p ro te in  must be done to  a 
s p e c i f i c  part o f  the s te r o id  to  ach iev e  s u f f i c ie n t  s p e c i f i c i t y  o f  
r e s u lt in g  antiserum , where there i s  a fam ily  o f  ch em ica lly  r e la te d  
compounds w ith  h ig h ly  d if f e r e n t  b io lo g ic  a c t iv i t y .  The goal was that 
the b inding s i t e  o f  the s te r o id  hormones to  antibody co in cid ed  w ith  
the part o f  the b io lo g ic a l ly  a c t iv e  s i t e  (T h orell and Larson, 1978).
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T esto stero n e  d eterm ination  was e s ta b lish e d  in  the 
d if f e r e n t  procedures on sample prep aration  (e x tr a c te d  and u nextracted  
serum) and antibody production  from d is t in g u ish e d  te s to s te r o n e  
con ju gatio n . The a ssay  o f  te s to s te r o n e  had a le s s  o f  sp e c ie s  
s p e c i f i c i t y .  T h erefore , we could ev a lu a te  the hormonal le v e ls  in  
human (R o sen fie ld , Jones and Fang, 1977; Ketupanya, 1978), rhesus  
monkey (Goodman e t  a l . ,  1974; G ilbeau e t a l . ,  1984), cynomolgus 
monkey (M eusy-D essolle  and Dang, 1985; Weinbauer e t  a l . ,  1989) and 
rat (C icero e t a l . ,  1975; B a r t le t t  e t  a l . ,  1989) by u sin g  the s im ila r  
rea g en ts . In t h is  a ssa y  te s to s te r o n e  o f  cynomolgus monkey competed 
w ith  ( 1 ,2 ,6 ,7 - % )  te s to s te r o n e  (purchased from Amersham, England) 
to  mouse antibody to  testosterone-3CM 0-BSA (obta in ed  from WHO RIA 
Reagent Programme) and fo llow ed  WHO method.

Reagents p reparation  ะ
1. T esto steron e  antiserum

T esto stero n e  antibody was produced in  mouse by 
monoclonal antibody technique in response to  testosterone-3CM 0-BSA  
con ju ga te . I t was provided in ly o p h iliz e d  form. This fr e e ze  d ried  
antiserum  was s ta b le  for sev era l years i f  s to red  at 4 °c. The 
content o f  one b o t t le  o f  antiserum  was r e c o n s t itu te d  w ith  10 ml 
b u ffer  ร b efore  use w ith  a f in a l  d i lu t io n  in 1 ะ 2 1 0 , 0 0 0 . 2

2. T esto steron e  tracer
Stock s o lu t io n  ( 1 ,2 ,6 ,7 - % )  te s to s te r o n e  that was 

provided in  the con cen tra tio n  o f  9 .2 5  MBq(250 uCi) was tra n sferred  to  
a volu m etric  f la s k  and f i l l e d  up w ith  to lu en e  ะ eth an ol (9 :1 ) to  25 
ml. T his sto ck  s o lu t io n  w ith  con cen tra tion  o f  370 KBq (10 u C i/m l),
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was stored  in a dark b o t t le  at -2 0  ๑c .

Working so lu t io n  ะ One hundred f i f t y  m ic r o lite r s  o f  
sto ck  s o lu t io n  was tra n sferred  in to  a b o t t le  and evaporated the  
s o lv e n t . R ed isso lv ed  the remaining resid u e  w ith  15 ml b u ffer  ร. This 
s o lu t io n  con ta in ed  3 .7  KBq/ml (100 n C i/m l).

3. T esto steron e  standard
C a r e fu lly  tra n sferred  3 X  100 u l the sto ck  s o lu t io n  

( in  e th an o l) a t a con cen tration  o f  220 nmol/1  to  the b o t t le s  
provided . These a liq u o ts  were sto red  at 4 ๐c  u n t i l  needed. When 
req u ired , 10 ml b u ffer  ร was added to  100 u l o f  e th a n o lic  so lu t io n  
and heated  to  40 ๐c  in  the water bath fo r  30 m inutes. A fter  th a t , the  
s o lu t io n  was mixed v ig o ro u s ly  and allow ed to  coo l to  4 ๐c  b efore  
u se . This s o lu t io n  (s o lu t io n  B) conta ined  te s to s te r o n e  as a
con cen tra tion  o f  2 .2  nmol/1 or 2 ,200  fm ol/m l. The s o lu t io n  B was 
d ilu te d  in  a s e r ia l  s e t  to  ob ta in  the fo llo w in g  dose le v e ls  o f  the  
standard ะ 1100, 550, 275 ,138 , 69, 34 and 17 fm o l/5 0 0 u l.

4 . Recovery tra cer
Recovery tra cer  was prepared fo r  m onitoring the 

recovery  o f  e x tr a c t io n . One hundred m ic r o lite r s  o f  s to ck in g  tracer  
was tra n sferred  to  a v i a l ,  evaporated the so lv e n t and r e d is so lv e d  in  
1 . 0 ml b u ffer  ร.

5 . Sample preparation
The sample was ex tra c ted  w ith  d ie th y l e th er  b efore  

hormonal a ssa y . B asal c ir c u la t in g  le v e ls  o f  s te r o id  hormones were in
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the low picogram or even femtogram range. The advantages o f  an 
e x tr a c t io n  were con cen tra tion  o f  the endogenous ligan d  from oth er  
m a te r ia ls , improvement o f  s p e c i f i c i t y ,  and avoidance o f  damage to  
endogenous ligand  or tra cer  w ith  p o te n t ia l ly  damaging enzymes in  the  
sample (Chard, 1978).

5 .1  E xtractio n  o f  unknown serum and q u a lity  con tro l 
Ten m ic r o lite r s  o f  unknown serum and q u a lity  

con tro l were a liq u o te d  in to  cone tubes and r e c o n s t itu te d  w ith  5 ml 
o f  fresh  d ie th y l e th e r . Each tube was mixed by v ortex  mixer fo r  1 
minute and allow ed e th er  to  s e t t l e .  Then, tubes were dipped in  95 % 
eth an ol con ta in in g  ch ip s o f  dry ic e .  The aqueous layer  was freezed  
and th e above e th er  layer  was decanted to  the a ssa y  tube. The e th er  
was evaporated to  dryness in a d r i-b lo c k  h ea ter . T herefore, the  
rem aining res id u a l was red isso lv e d  w ith  500 u l b u ffer  ร and l e f t  ร - 

พ  m inutes then vortex  mixed again . This so lu t io n  was ready to  be 
used fo r  a ssa y .

5 .2  E xtraction  o f  recovery
Ten m ic r o lite r s  o f  pool serum and 10 u l o f  

recovery  tra cer  were p ip e tted  in to  cone tubes in  d u p lic a te , mixed 
and allow ed the tra cer  to  e q u il ib r a te  w ith  the serum binding  
p r o te in s  about 30-60 m inutes at room tem perature. Then the m ixing  
reagent was e x tra c ted  w ith  d ie th y l e th er  the same as the unknown 
serum and decanted e th er  layer to  the counting v i a l .  A fter  dryness  
o f  e th e r , the e x tr a c t  was r e c o n s titu te d  w ith  500 u l o f  b u ffer  ร and 
added s c i n t i l l a t i o n  f lu id .  Each v ia l  was counted in  b eta -co u n ter  fo r  
5 m inutes. Recovery o f  e x tr a c tio n  c a lc u la te d  by d iv id in g  the sample
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recovery  counts by the recovery to ta l  counts (10  u l recovery  tra cer  
and 500 u l b u ffer  ร ) .

Assay procedure ะ
The v ar iou s reagents were added to  y ie ld  a f in a l  volume 

o f  900 u l the e x tra c ted  unknown sample and q u a lity  con tro l and 
s e r ia l  d ilu t io n  o f  standard in  500 u l o f b u ffer  ร in  a ssa y  tubes 
were added 100 u l antiserum , except NSB tubes were performed w ith  
600 u l b u ffer  ร . A ll tubes were added 100 u l te s to s te r o n e  tr a c e r .  
The rea c tio n  m ixture was a g ita te d  in  vortex  m ixer, incubated at 4 °c 

for  18-24 hours. The sep a ratio n  o f  antibody-bound hormone was 
performed in an ic e  bath by a d d itio n  o f  200 u l co ld  charcoal 
su sp en sion  which s t ir r e d  con tin u ou sly  w ith  a m agnetic s t i r r e r .  Each 
tube was mixed, incubated for 15 m inutes at 4 °c, then cen tr ifu g ed  
at 1500 xg for 15 m inutes. The supernatant was decanted  to  counting  
v ia l  and r e c o n s t itu te d  w ith  s c i n t i l l a t i o n  f lu id  then counted in b e ta -  
counter for  5 m inutes in  each a f te r  a llo w in g  the v ia l s  to  stand  at 
room temperature for  a t le a s t  1 hour.

E stra d io l(E 2 ) assay
E stra d io l determ ination  in  the a ssa y  was performed by 

tw o-tim e e x tr a c tio n  o f  serum, s in c e  e s tr a d io l  l e v e ls  in  male monkey 
were very  low in  the range 40-100 pg/ml (M eusy-D essolle  and Dang, 
1985), the tw o-tim e e x tr a c tio n  could  con cen trate  and recover much 
more hormone from sample (F igure 13). Many rep o rts  (M eusy-D essolle  
and Dang, 1985; T angpraprutigu l, Cholvanich and Varavudhi, 1987)
e s ta b lis h e d  the measurement o f  E2 con cen tra tion  in  cynomolgus monkey 
which competed w ith  E2 tra cer  to  rab b it antiserum  to  e s t r a d io l - 6-
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c p m

F i g u r e  13 C h e c k i n g  f o r  t h e  m a x i m u m  e x t r a c t i o n  o f  5 0 0  u l  p o o l e d  
m o n k e y  s e r u m  m i x e d  w i t h  10 u l  ^ H - e s t r a d i o l  ( 1 0 , 0 0 0  c p m )  b y  
v a r i o u s  v o l u m e s  o f  d i e t h y l  e t h e r .
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CMO-BSA. This a ssa y  fo llow ed  WHO(1990) method.

Reagents p rep aration  ะ
1. E stra d io l antiserum

E stra d io l antiserum  was generated  in  the rab b it to  
estradiol-6-CM 0-BSA. Each b o t t le  was provided in  ly o p h iliz e d  fora  
and con ta in ed  enough antiserum  fo r  100 t e s t s .  I t  was r e d isso lv e d  
w ith  10 ml b u ffer  ร for 5-10 minutes and mixed again  b efore  u se . The 
f in a l  concent rat ion  was 1 :2 1 0 , 0 0 0 .

2 . E stra d io l tra cer  -
The stock  so lu t io n  (co n cen tra tio n  370 KBq or 10 u C i/ 

ml) was prepared from e s tr a d io l  tra cer  [ (2 , 4 , 6 ,7 -% ) e s tr a d io l]  
in  amounts o f  9 .2 5  MBq (250uCi) by mixing w ith  25 ml o f  to lu en e  ะ 
e th a n o l(9 :1 ) .  Working so lu t io n  was prepared by evap oration  o f  150 u l 
stock  s o lu t io n  and r e d isso lv e d  in  15 ml b u ffer  ร fo r  30 m inutes. The 
f in a l  con cen tra tion  conta ined  3 .7  KBq/ml (100 n C i/m l).

3 . E stra d io l standard
One hundred m ic r o lite r s  a liq u o t o f  s to ck  s o lu t io n  

(150 nm ol/1) was added 10 ml b u ffer  ร and heated at 40 °c fo r  30 

m inutes. The s o lu t io n  was allow ed to  cool to  4 °c and mixed 
v ig o ro u s ly  b efore  u se . This s o lu t io n  conta ined  1 .5  nmol/1 or 1 ,500  
fmol/ml E2 and was s ta b le  at 4 ๐c  fo r  2 -3  weeks. Seven s e r ia l
d i lu t io n s  o f  standard E2 as 750, 375, 187, 93, 46 , 23 and 11 fm o l/
500 u l were prepared.



83

4 . Recovery tracer
Recovery tra cer  was prepared fo r  m onitoring the 

recovery  o f  e x tr a c t io n . One hundred m ic r o lite r s  o f  s to ck in g  tra cer  
was tra n sferred  to  the v i a l ,  evaporated  the so lv e n t and r e d isso lv e d  
in  1 ml b u ffer  ร.

5. Sample preparation
5 .1  E xtraction  o f  unknown serum and q u a lity  co n tro l 

(tw o-tim e e x tr a c t io n )
F ive  hundred m ic r o lite r s  o f  unknown serum and 

q u a li ty  con tro l were p ip e tted  in to  cone tu b es, in  d u p lic a te , and 
r e c o n s t itu te d  w ith  5 ml fre sh  d ie th y l e th e r . Each tube was mixed by 
vortex  mixer for 1 minute and a llow ed  e th er  to  s e t t l e .  Then, a l l  
tubes were dipped in  95 % ethanol con ta in in g  ch ip s o f  dry ic e .  The 
aqueuos layer was freezed  and the above e th er  layer was decanted to  
the a ssa y  tube. Moreover, samples were repeated  e x tr a c tio n  w ith  5 ml 
d ie th y l e th er  and poured over the f i r s t  one to  assay  tube the eth er  
was evaporated  to  dryness in  a d r i-b lo c k  h ea te r . T herefore, the  
rem aining resid u e  was red isso lv e d  w ith  500 ml b u ffer  ร and l e f t  for  
5-10 m inutes then v ortex  mix a ga in . This s o lu t io n  was ready to  be 
used for a ssa y .

5 .2  E xtraction  o f  recovery
F ive hundreds o f  pool serum and 10 u l o f  

recovery  tra cer  were p ip e tted  a t once in to  cone tu b es , mixed and 
allow ed  the tra cer  to  e q u il ib r a te  about 30-60 m inutes at room 
tem perature. Then the mixing reagent was e x tra c ted  in  the same 
procedure as the unknown serum e x tr a c t io n  and decanted  e th er  layer
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to  a counting  v i a l ,  evaporated to  d ryn ess. The e x tra c t was 
r e c o n s t itu te d  w ith  500 u l b u ffer  ร and added s c i n t i l l a t i o n  f lu id .  
Each v ia l  was counted in  b eta -co u n ter  fo r  5 m inutes. C a lcu la tio n  o f  
recovery  o f  e x tr a c t io n  was the same as te s to s te r o n e  procedure.

Assay procedure ะ
The v ar iou s reagents were mixed to  y ie ld  a f in a l  volume 

o f  900 u l .  The e x tra c ted  unknown sample and q u a lity  co n tro l and 
seven s e r ia l  d i lu t io n s  o f  standard in  500 u l o f  b u ffer  ร were added 
w ith  100 u l antiserum , except NSB tubes were performed w ith  600 ul 
b u ffer  ร . A ll tubes were added 100 u l e s tr a d io l  working tr a c e r . The 
r e a c tio n  mixture was a g ita te d  in  v ortex  m ixer, incubated at 4 °c 

for  18-24 hours. In an ic e  bath , 200 u l co ld  charcoal suspen sion  
which s t ir r e d  co n tin u o u sly  w ith  a m agnetic s t ir r e r  was added, mixed, 
incubated for  15 m inutes at 4 °c and then cen tr ifu g ed  at 1500 xg 
fo r  15 m inutes. The supernatant was decanted to  counting  v i a l ,  
r e c o n s t itu te d  w ith  s c i n t i l l a t i o n  f lu id  5 ml and counted in b e ta -  
counter fo r  5 m inutes a f te r  incub ation  in  the dark room at le a s t  1 
hour.

C o r tiso l a ssa y
C o r tiso l con cen tration  was h igh in  the range 12-14 .8  u g / 

dl in  man (T o lis ,  H ickey and Guyda, 1975; T aylor, Dluhy and W illiam , 
1983). T herefore the determ ination  o f  hormonal co n cen tra tio n  d id  
not con sid er to  e x tr a c t  the sample from the in te r fe r in g  su b stan ces  
p resen t in  serum. The assay  procedure which fo llo w ed  WHO(1990) 
method was a sim ple n o n -ex tra c tio n  method. C o r tiso l a sso c ia te d  in  
v ir t u a l ly  in stan tan eou s w ith  c o r t is o l-b in d in g  g lo b u lin  (CBG). At
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37 ๐c  the ra te  o f  d is s o c ia t io n  was a ls o  rapid  (h a lf  l i f e  10 
secon ds) so that o n ly  a sh ort incubation  tim e (5 -15  m inutes) was 
needed (Slaunw hite and Sandberg,1970). Then, the a ssa y  was performed 
w ith  d is s o c ia t io n  o f  c o r t is o l  from CBG o f  which the denature was 
made a t 60 °c for  30 m inutes.

Reagents preparation  :

1. C o r tiso l antiserum
The antiserum  was rab b it antiserum  which ra ised  

a g a in st co r tiso l-2 1 -h em isu cc in a te-B S A . I t  was provide in  ly o p h iliz e d  
form and contained  enough antiserum  fo r  100 t e s t s .  Ten m ic r o lite r s  
b u ffer  ร was added to  each b o t t le .  A fter  r e c o n s t itu t io n , the 
s o lu t io n  was a llow ed  to  stand 5-10 m inutes and mixed again  b efore  use

2. C o r tiso l tracer
The sto ck  so lu t io n  o f  (1 ,2 ,6 ,7 - % )  c o r t i s o l  (370 KBq 

or 10 uCi) was prepared by d ilu t in g  tra cer  s o lu t io n  in  amounts o f
9 .2 5  MBq(250 uCi) w ith  25 ml to lu en e ะ e th a n o l(9 : l  v /v )

Working so lu t io n  was prepared by tr a n sfe r r in g  150 ul 
sto c k  so lu t io n  in to  a b o t t le  and evaporating  the s o lv e n t . A fter  
d ry n ess , 15 ml b u ffer  ร was added and r e d isso lv e d  fo r  30 m inutes. 
T his working tra cer  s o lu t io n  was s u f f i c ie n t  for one a ssa y  o f 100 
tubes and conta ined  3 .7  KBq/ml (100 n C i/m l).

3. C o r tiso l standard
C o r tiso l standard was provided in  e th a n o lic  s o lu t io n  

at a con cen tra tion  o f  6 .0  umol/1 for one ampoule. E th a n o lic  so lu t io n
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was tra n sferred  3 X  100 u l to  each b o t t le  and sto red  a t 4 ๐c  u n t i l  
needed. When req u ired , 10 ml b u ffer  ร was added and heated  to  40 ๐c  
for 30 m inutes. The so lu t io n  was mixed v ig o ro u s ly  and allow ed to  
coo l to  4 ๐c  b efo re  u se . I t  conta ined  60 nmol/1 or 60 pmol/ml 
c o r t i s o l  and was s ta b le  a t 4 ๐c  fo r  a t le a s t  2-3 weeks, s ix  s e r ia l  
d ilu t io n s  (1 :1 ) was prepared as 6000, 3000, 1500, 750, 375 and 187 
fmol/1 0 0  u l .

4 . Sample preparation
From a sim ple n o n -ex tra c tio n  method, 15 u l o f  

unknown serum and q u a lity  co n tro l was mixed w ith  1 ml d i s t i l l e d  
w ater. The m ixing reagent was incubated at 60 °c  fo r  30 m inutes. 
A fter  in cu b ation , the so lu t io n  was allow ed to  coo l down and vortex  
mixed w ell b efore tr a n sfe r r in g  each 100 ul a liq u o t to  d u p lic a te  assay  
tu b es.

Assay procedure ะ
One hundreds m ic r o lite r s  o f  unknown serum and q u a lity  

co n tro l which was prepared by a sim ple n o n -ex tra c tio n  method and 100 
ul o f  s ix  s e r ia l  standards were p ip e tte d  in  the a ssay  tu b es, in  
d u p lic a te . Then, 100 u l antiserum  and 400 u l b u ffer  ร was added to  
each tu be, except NSB tubes were performed w ith 600 u l b u ffer  ร. A ll 
tubes were added 100 u l c o r t is o l  working tracer  and v ortex  mix. The 
a ssa y  mixer was incubated at 4 °c for 18-24 hours. In ic e  bath , 
200 u l o f  co ld  charcoal su spen sion  which s t ir r e d  con tin u o u sly  was 
mixed and incubated at 4 °c fo r  30-35 m inutes. The bound form was 
separated  by c e n tr ifu g a tio n  at 1500 xg for 15 m inutes. The 
supernatant was q u ick ly  decanted to  a cou ntin g  v ia l  and
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r e c o n s t itu te d  w ith  5 ml s c i n t i l l a t i o n  f lu id .  The m ixing reagent was 
l e f t  a t le a s t  1 hour b efore  counting  in  b eta -co u n ter .

S t a t i s t i c a l  A n a lysis

The r e s u lt s  are exp ressed  as the mean + SE. S tu d en t’s t 
t e s t  was used to  determ ine the d if fe r e n c e s  between p a ir s  o f means. 
With th ree  or more means, a n a ly s is  o f  variance was used f i r s t .  The 
observed s ig n if ic a n c e s  were then confirm ed w ith  LSD t e s t ,  p v a lu es  
o f  <0.05 were con sid ered  s ig n i f ic a n t .
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Table 3 V a lid a tion s*  o f  the radioimmunoassay fo r  s te r o id  hormones
(e s tr a d io l-1 7 B , te s to s te r o n e  and c o r t i s o l ) .

e s tr a d io l  17-B te s to s te r o n e c o r t i s o l

Recovery o f  e x tr a c tio n 80.49+ 1.18 82.97  ± 1 .64 -

(mean + SE)
In te r -a s sa y  p r e c is io n 8 .7  for 2 4 .7 10.3 fo r  8 .9 10.1 fo r  237.

(%CV) pg/ml ng/ml ng/ml
In tr a -a ssa y  p r e c is io n 5 .7  for 93 .7 6 .0  fo r  13.0 5 .4 3  fo r  375.

( % c v ) pg/ml ng/ml ng/ml
Accuracy 0.963 0.961 0 .976
S e n s i t iv i t y 2 .17  pg/ml 0 .2 9  ng/ml 9 .65  ng/ml

* The cro ss  r e a c tio n  o f  the antiserum  w ith  the o th er  su b stan ces  
were te s te d  by WHO Matched Reagent Programme (1 9 86 ).
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Table 4 V a lid a tion s*  o f  the radioimmunoassay fo r  p ro te in  hormones 
(p r o la c t in  and th yrotrop in ) and th yrox in .

p ro la c tin th yrotrop in thyroxin

In te r -a s sa y  p r e c is io n 9 .2  for 1677.1 4 .7  fo r  15.8 10.3 fo r  17.5
(%cv) mlU/L mIU/L u g/d l

6 .0  for 141.4 9 .0  fo r  3 .6 6 .9  fo r  5 .2
mIU/L mIU/L u g/d l

7 .7  for 9 9 .6 13.3 fo r  2 .7 1 1 .0  fo r  1 .8
mIU/L mIU/L u g/d l

In tr a -a ssa y  p r e c is io n 9 .2  for 1946.5 5 .6  fo r  18.2 8 .7  for 2 3 .6
(%cv) mIU/L mIU/L u g/d l

4 .6  for 228 .0 10.6  fo r  3 .1 3 .8  fo r  11.4
mIU/L mIU/L u g/d l

7 .2  for  157.7 10.8 fo r  2 .3 7 .2  fo r  3 .9
mIU/L mIU/L u g/d l

Accuracy 0.992 0 .997 0 .993
S e n s i t iv i t y 14.83 mIU/L 0 .4 8  mIU/L 0 .5  u g /d l

* The cro ss  r e a c tio n  o f  the antiserum  w ith  the o th er su b stan ces  
were te s te d  by D ia gn o stic  Products C orporation , LA (1992) for  PRL and 
T4 and by INCSTAR C orporation, USA (1990) for TSH.
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