
CHAPTER IV

RESULTS

General Apperances

A ll o f  experim ental male monkeys were h ea lth y  throughout the 
study p eriod . Every time a f te r  drug in je c t io n , monkeys were rewarded 
by food . T h erea fter , approxim ately 1 week, monkey ex h ib ite d  a 
lea rn in g  behavior how to  r ec iev e  the drug p a r t ic u la r ly  when morphine 
was in je c te d  (F igure 14). They turned th e ir  b u ttock s c lo s e  to  the 
cage-door and c a l le d  for the drug in je c t io n .  However, they always 
denied  to  r e c e iv e  ketamine h ydrochloride due to  some in c id en ces o f  
adversed e f f e c t ;  for in sta n ce , nausea, v o m ittin g , body tem bling and 
unpleasant symptoms were occurred a f te r  a n a e s th e t iz a t io n . During 
morphine treatm en t, some monkeys (no. 522, 523, 509, 511 and 704) 
e x h ib ite d  a th rea ten in g , nervous and a g g r ess iv e  b eh av iors, 
p a r t ic u la r ly  in  pubertal monkey no. 523 b it  h is  own knees. 
D ram atica lly , monkeys in je c te d  high dose o f  morphine (6 .0  mg/kg/day) 
showed a s ig n i f ic a n t  weight lo s s  and anorexia  symptom b eg in ing  
approxim ately day-15 and not la t te r  than day-44 o f  treatm ent p er iod .

Morphine c e s s a t io n  was c o r r e la te d  w ith  withdrawal symptoms. 
They u su a lly  commemces about 20 hours a f te r  the la s t  dose o f  
morphine in je c t io n  w ith  yawning, drow sin ess and lessen ed  p h y sica l 
a c t iv i t y .  Then fo llow ed  a ty p ic a l symptom o f  lo s s  o f  a p p e t ite ,
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nervous and ra th er  a g g ress iv e  and some monkeys (n o .522 and 523) 
in ju red  th em self around th e ir  k nees, o f  in t e r e s t ,  monkey n o .504 
trea ted  w ith  1 .5  mg/kg/day morphine showed an e x c e s s iv e  h a ir  lo s s  
around back and fro n t leg  reg io n s . The p rev iou s s ig n s  and symptoms 
reached th e ir  peak at 1-4 days and they  d ec lin ed  over the next 7-10  
days. As ex p ected , the v io le n t  o f  withdrawal symptoms was depended 
upon the dose o f  morphine tr e a te d . A fter  s u c c e s s fu l w ithdrawal, 
monkeys could  be a b le  to  eat norm ally, regained  th e ir  w eigh ts and 
p resented  the p ic tu r e  o f  w ell b ein g . C onsiderable ga in  o f  weight was 
found w ith in  1 month a f te r  term in ating  morphine in je c t io n .

F igure 14 Learning behavior o f monkey n o .523. He p resen ted  h is  l e f t  
b uttock  in  fron t o f  the cage ready fo r  a ccep tin g  morphine 
in je c t io n  at day-62 o f  treatm ent p eriod .
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The Study o f  Acute E ffe c t  o f  Morphine H ydrochloride

1. The e f f e c t  on serum PRL le v e ls
R esu lt from fig u re  15 and 16 showed th at serum p r o la c tin  

l e v e ls  in creased  s ig n i f i c a n t ly  in  a dose-dependent manner a f te r  
morphine in je c t io n  compared to  pretreatm ent b a se lin e  v a lu e s . The 
higher dose o f  morphine a d m in istra tion  produced a g rea ter  degree in  
PRL r e le a s e .  In a l l  anim als, a prompt r i s e  o f  serum PRL le v e ls  
occurred as e a r ly  as 15 minutes a f te r  morphine in je c t io n  and reached  
a maximum valu e o f  4144.25 + 657 .59  mIU/L w ith in  30 m inutes. Serum 
PRL le v e ls  remained h igher them 1,000 mIU/L over 4 hours in  a l l  
treatm ent groups. The same dose o f  morphine trea tm en t(3 .0  mg/kg/day) 
caused a d is t in c t  d iffe r e n c e  in  response o f  PRL le v e ls  between adult 
and pubertal monkeys. The response in  pubertal monkeys was s im ila r  
to  that evoked by the lower morphine dose (1 .5  mg/kg/day) trea ted  in 
a d u lts .

The maximal PRL response , a t le a s t  in  p a r t, depended upon 
the basal PRL l e v e ls .  As in monkey n o .509 and n o .704, the 
pretreatm ent v a lu es  were h igher than the o th er monkeys com patible  
w ith  a g rea ter  degree o f  PRL response to  morphine in je c t io n . In 
th ese  monkeys, serum PRL le v e ls  during 10 hours a f t e r  morphine 
in je c t io n  were s t i l l  exceeded b a se lin e  le v e ls .  2

2 . The e f f e c t  on serum te s to s te r o n e  le v e ls
The e f f e c t  o f  s in g le  in je c t io n  o f  morphine on serum 

te s to s te r o n e  l e v e ls  are shown in  fig u r e  17 and 18. As can be 
seen , morphine s ig n i f i c a n t ly  reduced serum te s to s te r o n e  le v e ls  in  a
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Figure 15 S e r u m  p r o l a c t i n  l e v e l s  i n  e a c h  m o n k e y  a f t e r  
i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) ,  
6 . 0 ( D )  m g / k g ,  r e s p e c t i v e l y  a t  t i m e  0 .
A , B  a n d  D ะ a d u l t  m a l e  m o n k e y s :  c ะ p u b e r t a l

s u b c u t a n e o u s  
3 . 0 ( B . C )  a n d

m a l e  m o n k e y s
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Figure 16 M e a n ( ± S E )  s e r u m  p r o l a c t i n  l e v e l s  i n  e a c h  m o n k e y  g r o u p  
a f t e r  s u b c u t a n e o u s  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  
1 . 5 ( A ) ,  3 . 0 ( B . C )  a n d  6 . 0 ( D ) '  m g / k g ,  r e s p e c t i v e l y  a t  t i m e  0A.'b a n d  D ะ a d u l t  m a l e  m o n k e y s ;  c ะ p u b e r t a l  m a l e  m o n k e y s  

E  ะ X + S E  o f  p r ê t r e a t m e n t  v a l u e s .
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Figure 17 S e r u m  t e s t o s t e r o n e  l e v e l s  i n  e a c h  m o n k e y  
s u b c u t a n e o u s  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  
3 . 0  ( b 7 c ) a n d  6 . 0  ( D )  m g / k g ,  r e s p e c t i v e l y  a t  
c o m p a r e d  t o  s a l i n e - i n j e c t e d  c o n t r o l ( E ) .
A.B a n d  D ะ a d u l t  m a l e  m o n k e y s ;  c ะ p u b e r t a l  m a l e

a f  t e r  
1 . 5 ( A ) ,  
t i m e  c

m o n k e y s .



Te
st

os
te

ro
ne

 (n
g/

m
l) 

Te
st

os
te

ro
ne

 (n
g/

m
t) 

Te
st

os
te

ro
ne

 (n
g/

m
l) 

Te
st

os
te

ro
ne

 (n
g/

m
l)

96

Figure 18 M e a n ( + S E )  s e r u m  t e s t o s t e r o n e  l e v e l s  i n  e a c h  m o n k e y  g r o u p  
a f t e r  s u b c u t a n e o u s  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  
1 . 5 ( A ) ,  3 . 0 ( B . c ) a n d  6 . 0 ( D )  m g / k g ,  r e s p e c t i v e l y  a t  t i m e  0 
c o m p a r e d  t o  s a l i n e - i n j e c t e d  c o n t r o l ( E ) .
A . B  and__D ะ a d u l t  m a l e  m o n k e y s :  c ะ p u b e r t a l  m a l e  m o n k e y s .  

E  ะ X '+SE o f  p r e t r e a t m e n t  v a l u e s .
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d ose-resp on se manner. The lowered te s to s te r o n e  le v e ls  reach a nadir  
w ith in  6 .5 -1 0 .0  hours. The low est dose o f  morphine in je c t io n  (1 .5  mg/ 
kg) to  ad u lt monkeys caused s lo w ly  redu ction  from and e a r ly  
increment to  the b asa l v a lu e s . The redu ction  was in i t ia t e d  w ith in  
1 .5 -2 .5  hours to  a peak le v e l o f  d ep ressio n  o f  2 .5  ± 0 .8  ng/ml at
6 .5  hours from pretreatm ent le v e l  o f  11.5  + 1 .2  ng/m l. The 
te s to s te r o n e  le v e l  was grad u a lly  in creased  to , but l e s s  than, the 
basal le v e l  a t 10 .0  hours (8 .5  ± 3 .0  n g /m l). A fter  acu te morphine 
a d m in istra tio n  in  dose 3 .0  mg/kg to  ad u lt m ales, te s to s te r o n e  v a lu es  
began to  f a l l  w ith in  0 .5 - 1 ,0  hour. The low est con cen tra tion  
happened at 6 .5  hours as in  monkeys trea ted  1 .5  mg/kg morphine. But 
the nad ir le v e l  was lower in  t h is  group (1 .2  + 0 .3  v s  2 .3  + 0 .8  
n g /m l). However, the le v e l  was a ls o  g ra d u a lly  in creased  at 10.0  hours 
and lower than monkey trea ted  w ith  1 .5  mg/kg morphine (3 .6  + 1 .2  vs
8 .5  + 3 .0  n g /m l). Adult males rece iv ed  the h ig h est dose o f  morphine 
( 6 .0  m g/kg), the le v e ls  o f  te s to s te r o n e  in i t ia t e d  to  d ecrease  as 
e a r ly  as a t 0 .2 5  hour and fu rth er d e c lin e  could be seen  as la s t  as 
1 0 .0  hours a f te r  morphine in je c t io n .

At the same dose o f  morphine (3 .0  mg/kg) g iven  to  puberty and 
ad u lt males induced a dram atic d if fe r e n t  response in  te s to s te r o n e  
l e v e ls .  In puberty, the te s to s te r o n e  redu ction  was slow er (1 .5  hours 
p o s t - in je c t io n )  but more su sta in ed  d e c lin e  u n t i l  the la s t  blood  
c o l le c t io n  was ev id en ced . In s a l in e - in j e c t e d  co n tro l group, ad u lt  
male e x h ib ite d  a c o n s is te n t ly  h igh  te s to s te r o n e  l e v e l s ,  w h ile  in  
pubertal male the te s to s te r o n e  le v e ls  were p r o g r e ss iv e ly  d e c lin e  
during the f i r s t  2 .5  hours o f  in je c t io n  and g ra d u a lly  in c r ea se ,
th e r e a fte r .
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3. The e f f e c t  on serum c o r t i s o l  le v e ls
As in  f ig u r e  19 and 20, a c le a r  d iu rn al v a r ia t io n  

o f  serum c o r t is o l  le v e ls  was seen . In a l l  monkey groups, the p eriod  
o f  low est le v e ls  was between 1800-1900 h or a t 10 .0  hours a f te r  
morphine in je c t io n . L evels between 0700-0800 h or 1 .0  hour p rio r  
morphine in je c t io n  were s ig n i f i c a n t ly  h igher than le v e ls  during 1800- 
1900 h (p <0.05 , 564.13 ± 23.20  v s .  191.22 ± 18.07 n g /m l). The
pretreatm ent v a lu es  o f  serum c o r t i s o l  var ied  g r e a t ly  among monkeys 
groups. As compared to  a s a l in e  in je c te d  c o n tr o l, the b asa l v a lu es  
o n ly  in  ad u lt males trea ted  w ith  1 .5  and 6 .0  mg/kg morphine 
h ydrochloride r e s p e c t iv e ly  showed a n o n -s ig n if ic a n t  d if fe r e n c e .  
Whereas, the b asa l le v e ls  in  ad u lt (585.38  ± 42.01  ng/m l) and
puberta l (69 3 .46  + 54.30  ng/m l) monkeys tr e a te d  w ith  3 .0  mg/kg
morphine were s ig n i f i c a n t ly  h igher than in con tro l monkeys (481 .50  
±18.90  n g /m l). T herefore, v a lu es obta ined  during morphine 
treatm ent were con sidered  as changes from b a se lin e  v a lu es  as 
p red ic ted  in fig u r e  21. During f i r s t  hour o f  morphine treatm ent, 
c o r t i s o l  le v e ls  were rather h igh , then, f e l l  s t e a d i ly  below the  
b asa l l e v e ls .  In adu lt monkeys tr e a te d  w ith  1 .5  and 3 .0  mg/kg 
morphine showed a minimum le v e ls  w ith in  2 .5  hours (294 .35  ± 42 .65  
ng/m l, p<0.01; 446 .33  ± 4 4 .0 4 , p<0.05 r e s p e c t iv e ly ) .  Morphine in
dose 3 .0  mg/kg a ls o  reduced a mean c o r t is o l  le v e l  o f  pubertal 
monkeys at 2 .5  hours but not s ig n i f ic a n t  (p>0.05) as compared w ith  
the s a l in e - in j e c t e d  c o n tr o l. There was no s ig n i f ic a n t  change in  any 
tim e p o in ts  in  a d u lts  tr ea ted  w ith  the high dose o f  6 .0  mg/kg 
morphine when compared to  the s a l in e - in je c te d  c o n tr o l.
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F igure 19 S e r u m  c o r t i s o l  l e v e l s  i n  e a c h  m o n k e y  a f t e r  s u b c u t a n e o u s  
i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) ,  3 . 0 ( B . C )  a n d  
6 . 0 ( D )  r n g / k g .  r e s p e c t i v e l y  a t  t i m e  0  c o m p a r e d  t o  s a l i n e -

A . B  a n d  D ะ a d u l t  m a l e  m o n k e y s :  c ะ p u b e r t a l  m a l e  m o n k e y s .
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F ig u re  20 M e a n ( + S E )  s e r u m  c o r t i s o ]  l e v e l s  i n  e a c h  m o n k e y  g r o u p  
a f t e r  s u b c u t a n e o u s  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  
1 . 5 ( A ) ,  3 . 0  ( B , c  ) a n d  6 . 0 ( D )  m g / k g .  r e s p e c t i v e l y  a t  t i m e  0 
c o m p a r e d  t o  s a l i n e - i n j e c t e d  c o n t r o l ( E ) .
A , B  a n d  D ะ a d u l t  m a l e  m o n k e y s ;  c  ะ p u b e r t a l  m a l e  m o n k e y s .  

E  ะ X + S E  o f  p r e t r e a t m e n t  v a l u e s .
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F ig u re  21 T h e  p e r c e n t a g e  c h a n g e  i n  a n  i n i t i a l  v a l u e  o f  c o r t i s o l  

c o n c e n t r a t i o n  a f t e r  s u b c u t a n e o u s  i n j e c t i o n  o f  m o r p h i n e  

h y d r o c h l o r i d e  1 . 5  ( A ) ,  3 . 0  (B ,c ) a n d  6 . 0  ( อ )  m g / k g ,

r e s p e c t i v e l y  c o m p a r e d  t o  s a l i n e - i n j e c t e d  c o n t r o l ( E ) .

A , B  a n d  อ  ะ a d u l t  m a l e  m o n k e y s ;  c  ะ p u b e r t a l  m a l e  m o n k e y s .
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4. The e f f e c t  on serum TSH le v e ls
T here w ere s i g n i f i c a n t  d i f f e r e n c e s  in  p re tre a tm e n t  v a lu e s  

among any monkey g ro u p s . The mean TSH le v e ls  in  a d u l t  monkey group 
t r e a t e d  w ith  1 .5  mg/kg morphine were h ig h e r  th an  in  th e  o th e r  g ro u p s, 
and a f t e r  th e  a d m in is t r a t io n  o f  m orphine h y d ro c h lo r id e  serum TSH 
le v e ls  were much more e le v a t io n  th an  p re tre a tm e n t  v a lu e s  
(0 .001< p< 0.05; e x cep t a t  2 .5  and 4 .5  h o u rs , p< 0.10) (F ig u re  22-24) 
In  c o n t r a s t ,  h ig h e r  d o ses o f  m orphine (3 .0  and 6 .0  mg/kg) showed no 
s i g n i f i c a n t  e f f e c t  on serum TSH le v e ls  in  a d u l t  male monkeys. I t ,  
how ever, ten ded  to  be h ig h e r  th an  th e  p re tre a tm e n t  v a lu e s  in  some 
t im e -p o in ts ;  a t  10 .0  hours o f  t r e a t e d  dose 3 .0  mg/kg and a t  1 .0  and
2 .5  h o u rs  o f  t r e a t e d  dose 6 .0  mg/kg (p < 0 .1 0 ). In  p u b e r ta l  m ales , 
serum  TSH le v e ls  were a ls o  in c re a s e  s i g n i f i c a n t l y  a t  2 .5  and 
10.0 h ou rs (p < 0 .0 5 ), r e s p e c t iv e ly .  When compared to  s a l in e - i n j e c t e d  
c o n t r o l ,  th e  s i g n i f i c a n t  r i s e  was ty p i c a l ly  found in  p u b e r ta l  ( a t
2 .5  and 10.0 h o u rs)  and in  a d u l t  ( a t  0 .5  h ou r) monkeys in je c te d  
su b c u ta n e o u s ly  w ith  1 .5  and 3 .0  mg/kg m orphine h y d ro c h lo r id e  
r e s p e c t iv e ly .  T here were no s i g n i f i c a n t  d i f f e r e n c e s  in  th e  o th e r  
a d u l t  monkey g roups a t  any tim e p o in ts  when compared to  the  s a l in e  
c o n t r o ls .

5 . The e f f e c t s  on serum T4  le v e ls
In  a l l  a d u l t  g ro u p s, th e  b a sa l serum  T4  le v e ls  were 

s i g n i f i c a n t l y  h ig h e r  th an  th e  s a l in e - c o n t r o l  (F ig u re  25 and 2 6 ). 
The v a lu e s  were a ls o  ten ed  to  be h ig h e r  b u t were n o t s t a t i s t i c a l l y  
s i g n i f i c a n t  (p<0 . 1 0 ) th an  th e  s a l in e - c o n t r o l  in  p u b e r ta l  monkeys. 
F o llo w in g  in j e c t i o n  o f  m orphine h y d ro c h lo r id e , a l l  monkeys e l i c i t e d  
a  s i g n i f i c a n t  in c re a s e  in  T4  le v e ls  when compared to  th e  p re tre a tm e n t
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•------- - no 93

- I  0  I 2 3 4 5  6 7  10

Ti me (hour)

F ig u re  22 S e r u m  t h y r o t r o p i n  l e v e l s  i n  e a c h  m o n k e y  a f t e r  s u b c u t a n e o u s  
i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) .  3 . 0 ( B , C )  a n d  
6 . 0 ( D )  m g / k g .  r e s p e c t i v e l y  a t  t i m e  0 c o m p a r e d  t o  s a l i n e -  

i n j e c t e d  c o n t r o l ( E ) .
A . B  a n d  D ะ a d u l t  m a l e  m o n k e y s ;  c ะ p u b e r t a l  m a l e  m o n k e y s .
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- 1------------- 1---------------I-------------- 1--------------- 1---------------.---------------1---------------1-------------- .— <1—1—
- I  0  I 2 3 4 5 6 7 10

F ig u re  23 M e a n ( ± S E )  s e r u m  t h y r o t r o p i n  l e v e l s  i n  e a c h  m o n k e y  g r o u p  
a f t e r  s u b c u t a n e o u s  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  
1 . 5 ( A ) .  3 . 0 ( R , C )  a n d  6 . 0 ( D ) ’ m g / k g .  r e s p e c t i v e l y  a t  t i m e  0 
c o m p a r e d  t o  s a l i n e - i n j e c t e d  c o n t r o l ( E )
A . B  a n d  D ะ a d u l t  m a l e  m o n k e y s :  c  : p u b e r t a l  m a l e  m o n k e y s .  

E  : X + S E  o f  p r e t r e a t m e n t  v a l u e s .
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T i m e ( h o u r )

T h e  p e r c e n t a g e  c h a n g e  i n  a n  i n i t i a l  v a l u e  o f  t h y r o t r o p i n  
c o n c e n t r â t i c n  a f t e r  s u b c u t a n e o u s  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  1 . 5  ( A ) .  5 . 0  ( E . C )  a n d  6 . 0  ( D )  m g / k g  .
r e s p e c t i v e l y  c o m p a r e d  t o  s a l i n e - i n j e c t e d  c o n t r o l ( E ) .
A . B  a n d  D ะ a d u l t  m a l e  m o n k e y s :  c ะ p u b e r t a l  m a l e  m o n k e y s .
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F i g u r e  25  Serum  t h y r o x i n  l e v e l s  i n  e a c h  m o n k e y  a f t e r  s u b c u t a n e o u s  
i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) .  3 . 0 ( B . C )  a nd  
6 . 0 ( D )  m g / k g ,  r e s p e c t i v e l y  a t  t i m e  0 c o m p a r e d  t o  s a l i n e -  
i n j e c t e d  c o n t r o l ( E ) .
A . B  and  D ะ a d u l t  m a l e  m o n k e y s :  c  ะ p u b e r t a l  m a l e  m o n k e y s .



107

c

F i g u r e  2 6  M e a n ( + S E )  s e r u m  t h y r o x i n  l e v e l s  i n  e a c h  m o n k e y  g r o u p  
a f t e r  s u b c u t a n e o u s  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  
1 . 5 ( A ) .  J . O ( B . C )  and  6 . 0 ( D )  m g / k g ,  r e s p e c t i v e l y  a t  t i m e  0 
c o m p a r e d  t o  s a l i n e - i n j e c t e d  c o n t r o l ( E ) .
A . B  a n d  D ะ a d u l t  m a l e  m o n k e y s :  c ะ p u b e r t a l  m a l e  m o n k e y s .  

B  ะ X+SE o f  p r e t r e a t m e n t  v a l u e s .
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v a l u e s  w i t h i n  2 . 5 - 6 . 5  h o u r s  ; a t  2 . 5 - 6 . 5  h o u r s ,  6 . 5  h o u r s ,  a n d  4 . 5  

h o u r s  ( p < 0 .0 5 )  i n  a d u l t  g r o u p s  t r e a t e d  w i t h  1 . 5 ,  3 . 0  a n d  6 . 0  m g /kg  

m o r p h in e ,  r e s p e c t i v e l y ,  a n d  a t  6 . 5  ( p < 0 .0 5 )  i n  p u b e r t a l  m o n k e y s . 

S a l i n e  i n j e c t i o n  a l s o  l e d  t o  a  s i g n i f i c a n t  i n c r e a s e  o f  s e ru m  T4  a t

2 . 5  h o u r s  ( p < 0 .0 1 )  a n d  a t  1 0 .0  h o u r s  ( p < 0 .0 5 ) .  S e ru m  T 4  l e v e l s  i n  

a n y  m o n k e y s  t r e a t e d  w i t h  1 .5  m g /k g  m o rp h in e  s h o w e d  a  s y n c h r o n o u s  

p a t t e r n  f o r  t h e  e n t i r e  t im e  o f  o b s e r v a t i o n ,  b u t  t h e  p a t t e r n s  w e re  

q u i t e  d i f f e r e n t  i n  t h e  o t h e r  m o n ke y  g r o u p s .  N e a r l y  a l l  m o n k e y s  

s h o w e d  a  s l i g h t  d e c l i n e  o f  s e ru m  T 4  c o n c e n t r a t i o n  t o w a r d  t h e  b a s a l  

l e v e l s  a t  t h e  l a s t  p o i n t  o f  b lo o d  c o l l e c t i o n  ( 1 0 . 0  h o u r s ) .

6 . T h e  a c u t e  e f f e c t  o f  m o r p h in e  h y d r o c h l o r i d e  o n  h o rm o n a l 

l e v e l s  i n  n a i v e  m o n k e y s

T h e  s t u d y  o f  a c u t e  e f f e c t  o f  m o r p h in e  h y d r o c h l o r i d e  on  

h o rm o n a l l e v e l s  i n c l u d i n g  T S H , T 4 , c o r t i s o l ,  P R L  a n d  t e s t o s t e r o n e  

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

m o n k e y s  ( F ig u r e  2 7 ) .  T h e r e  w e re  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  T 4 

l e v e l s  c o m p a re d  t o  b a s a l  v a l u e s  w h e re a s  TSH  l e v e l s  w e re

s i g n i f i c a n t l y  h i g h e r  t h a n  b a s a l  v a l u e s  a t  2 . 5 - 3 . 5  h o u r s  ( p < 0 .0 5 ) .  

T h e  c o r t i s o l  l e v e l s  s h o w e d  a  p r o g r e s s i v e  r i s e  p r i o r  t o  m o rp h in e  

a d m i n i t r a t i o n ,  w h ic h  w e re  s i g n i f i c a n t l y  h ig h e r  a t  t h i r d  s a m p le s  ( 0  

h o u r )  t h a n  a t  i n i t i a l  s a m p le s  ( - 1  h o u r ) .  F o l l o w i n g  m o rp h in e

i n j e c t i o n ,  c o r t i s o l  l e v e l s  w e re  g r a d u a l l y  d e c l i n e  w i t h  a  n a d i r  a t  3 . 5  

h o u r s  (p< 0 . 0 1 ) a n d  r e t u r n e d  t o  t h e  b a s a l  v a lu e s  a f t e r w a r d ,  s i m i l a r l y  

t o  t h e  r e c o v e r e d  m o r p h in e - a d d i c t i o n  m o n k e y s ,  P R L  l e v e l s  e x h i b i t e d  a  

p ro m p t  r i s e  a t  15 m in u t e s  p o s t - i n j e c t i o n  a n d  b e g a n  t o  d e c r e a s e  a t

1 .5  h o u r s .  B u t  t h e  l e v e l s  w e re  s t i l l  h i g h e r  t h a n  b a s a l  v a l u e s  a t  t h e  

l a s t  p o i n t s  o f  b l o o d  c o l l e c t i o n  ( a t  5 . 5  h o u r s )  ( p < 0 .0 1 ) .  F i n a l l y ,
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H o r m o n a l  p r o f i l e  i n  n a i v e  m o n k e y s  a f t e r  s u b c u t a n e o u s  
i n j e c t i o n  o f  3 . 0  m g / k g  ( n o . 5 1 9  a n d  n o . 5 2 0 ( 3 ) )  o r  6 . 0  m g / k g  
( n o . 5 2 0 ( 6 ) )  m o r p h i n e  h y d r o c h l o r i d e  a t  t i m e  0 .
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t e s t o s t e r o n e  l e v e l s  w e re  s i g n i f i c a n t l y  lo w e r e d  t h a n  b a s a l  v a l u e s  a t

2 . 5  h o u r s  ( p < 0 .0 1 )  w i t h  a  f u r t h e r  s u b s id e n c e  u n t i l  5 . 5  h o u r s .  O w in g  

t o  t h e  b lo o d  s a m p le s  c o l l e c t e d  i n  t h e s e  m o n k e y s  w e re  l a s t e d  a t  5 . 5  

h o u r s  w h ic h  w a s  s h o r t e r  t im e  t h a n  t h e  s t u d y  i n  r e c o v e r e d  m o r p h in e -  

a d d i c t i o n  m o n k e y s , h o w e v e r ,  t h e  p a t t e r n s  o f  h o rm o n a l c h a n g e s  w e re  

r e s e m b le .

C h r o n i c  E f f e c t  o f  M o r p h in e  H y d r o c h l o r i d e

F o r  t h e  c o n v e n ie n c e  d e t e r m in a t io n  a n d  u n d e r s t a n d in g ,  t h e  

h o rm o n a l l e v e l s  a f t e r  e a c h  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  i n  a n y  

m o n k e y s  w i l l  b e  c o m b in e d  a n d  d i s c u s s e d  b e f o r e h a n d  i n  t h e  t e r m s  o f  

m ean h o rm o n a l l e v e l s ,  a f t e r  t h a t ,  a l l  o f  a n y  m e a s u re d  h o rm o n a l 

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

t h e  i n t e r r e l a t i o n  o f  h o rm o n a l c h a n g e s .

1 . T h e  e f f e c t  o n  s e ru m  P R L  l e v e l s

M ean  s e u rm  P R L  l e v e l s  i n  a l l  m o n k e y  g r o u p s  d u r i n g  

p r e t r e a t m e n t  a n d  t r e a t m e n t  p e r i o d s  c o u ld  n o t  b e  o b s e r v e d  a n y  

p r o m in e n t  c h a n g e s  ( F ig u r e  2 8 ) .  W h e re a s  t h e  m ean v a l u e s  w e re  in c r e a s e d  

f o r  a  s h o r t  i n s t a n c e  ( 2 8 - 3 6  d a y s )  d u r i n g  w i t h d r a w a l  p e r i o d s ,  i t  w as 

i n i t i a t e d  a t  d a y - 1 1 5  a n d  d a y - 1 2 9  i n  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 ,  r e s p e c t i v e l y ,  a n d  a t  d a y - 1 6 3  i n  

m o n k e y s  t r e a t e d  w i t h  6 . 0  m g A g / d a y  m o rp h in e  h y d r o c h l o r i d e .  I t  i s  o f  

i n t e r e s t  t h a t  t h e  v a lu e s  o f  s t a n d a r d  d e v i a t i o n  i n  a d u l t  m o n key  g r o u p  

t r e a t e d  w i t h  3 . 0  m g / k g / d a y  m o rp h in e  h y d r o c h l o r i d e  a r e  r a t h e r  h ig h .  

S i n c e ,  t h e  b a s a l  P R L  l e v e l s  i n  m o n k e y  n o . 5 0 9  w e re  t y p i c a l l y  h ig h e r  

t h a n  t h e  o t h e r  m o n k e y s  ( r e f e r r e d  t o  t h e  a c u t e  e f f e c t  s t u d y ) .
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F i g u r e  2 8  M e a n ( + S E )  s e r u m  p r o l a c t i n  l e v e l s  t a k e n  20  h o u r s  a f t e r  e a c h  
i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) ,  3 . 0 { B , C )  a nd  
6 . 0 ( D )  m g / k g / d a y  r e s p e c t i v e l y  i n  e a c h  m o n k e y  g r o u p ,  a , ๖ 
a nd  c r e p r e s e n t e d  p r e t r e a t m e n t ,  t r e a t m e n t  a nd  p o s t t r e a t m e n t  
p e r i o d s ,  r e s p e c t i v e l y .  A ,  B a n d  D ะ a d u l t  m a l e  m o n k e y s ;  
c  ะ p u b e r t a l  m a l e  m o n k e y s ;  E ะ. s a l i n e - i n j e c t e d  c o n t r o l .
E  ะ X+SE o f  p r e t r e a t m e n t  v a l u e s .
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2. The e ffe c t  on serum tes tos te rone  leve ls

In  a d u lt monkeys, mean serum testoste rone  leve ls  tended 

to  be dec lin e  fo r  approxim ately 3 weeks du ring  abstinence periods 

in  the h igher doses o f morphine treatm ent (3 .0  and 6.0 mg/kg/day) 

(F igure  29). Moreover, the monkey group in je c te d  w ith  3.0 mg/kg/day 

morphine seemed to  e l ic i te d  a p ro tra c te d  drop o f tes tos te rone  leve ls  

(>20 hours) a f te r  the f i r s t  dose o f in je c t io n .  This detected dec line  

leve l was recovered to  the basal va lues, th e re a fte r . In  puberta l 

monkeys, mean serum testosterone le ve ls  were very flu c tu a te d  du ring  

treatm ent and e a r ly  w ithdrawal pe riods . The s ta t is t ic a l  ana lys is  o f 

these values was s ig n i f ic a n t ly  h igher than basal le ve ls  (p<0.05) 

on ly  in  the e a r ly  w ithdrawal pe riod  (11.52 + 2.42 vs 7.63 + 1.78 

ng/m l) a t day-101 to  day-129.

3. The e ffe c t  on serum TSH leve ls

There were no s ta t is t ic a l  changes in  mean serum TSH 

le ve ls  between any treatm ent periods in  n e a rly  a l l  ad u lt monkey 

groups (F igure 30), except in  a d u lts  trea ted  w ith  1.5 mg/kg/day 

morphine hyd roch lo ride , the posttreatm ent values were s ig n i f ic a n t ly  

h igher than treatm ent values (p<0.01; 5.40 + 0.46 vs 4.81 + 0.56

m lU /L). A lte rn a t iv e ly ,  the mean TSH values in  puberta l monkeys 

du ring  post treatm ent period  were s ig n i f ic a n t ly  h igher than both 

pretreatm ent (p<0.05; 4.39 ± 0.41 vs 3.88 + 0.77 mlU/L) and

treatm ent periods (p<0.005; 4.39 + 0.41 vs 3.76 + 0.52 m lU/L).

4. The e f fe c t  on serum T4  le ve ls

Mean serum T4  leve ls  du ring  treatm ent periods in  any 

groups were s l ig h t ly  increased (F igure  31). But o n ly  in  a d u lt
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Time (day)

F i g u r e  2 9  M e a n ( + S E )  s e r u m  t e s t o s t e r o n e  l e v e l s  t a k e n  20  h o u r s  a f t e r  
e a c h  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) ,  3 . 0 ( B , C )  
a nd  6 . 0 ( D )  m g / k g / d a y  r e s p e c t i v e l y  i n  e a c h  mo nkey  g r o u p ,  a , ๖ 
a n d  c  r e p r e s e n t e d  p r e t r e a t m e n t ,  t r e a t m e n t  a nd  p o s t  t r e a t m e n t  
p e r i o d s ,  r e s p e c t i v e l y .  A ,  B a nd  D ะ a d u l t  m a l e  m o n k e y s ;  
c  ะ p u b e r t a l  m a l e  m o n k e y s ;  E ะ s a l i n e - i n j e c t e d  c o n t r o l .
E  ะ X+SE o f  p r e t r e a t m e n t  v a l u e s .
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F i g u r e  3 0  M e a n ( + S E )  s e r u m  t h y r o t r o p i n  l e v e l s  t a k e n  20  h o u r s  a f t e r  
e a c h  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) ,  3 . 0 ( B , C )  
a n d  6 . 0 ( D )  m g / k g / d a v  r e s p e c t i v e l y  i n  e a c h  m o n k e y  g r o u p .  a , b  
a n d  c r e p r e s e n t e d  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 e n t  
p e r i o d s ,  r e s p e c t i v e l y .  A ,  B a nd  D ะ a d u l t  m a l e  m o n k e y s ;  
c  ะ p u b e r t a l  m a l e  m o n k e y s ;  E ะ s a l i n e - i n j e c t e d  c o n t r o l .
Eg ะ X+SE o f  p r e t r e a t m e n t  v a l u e s .
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A

F i g u r e  31 M e a n ( + S E )  s e r u m  t h y r o x i n  l e v e l s  t a k e n  20  h o u r s  a f t e r  e a c h  
i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) ,  3 . 0 ( B , C )  a nd  
6 . 0 ( D )  m g / k g / d a y  r e s p e c t i v e l y  i n  e a c h  m o n k e y  g r o u p .  a , b  
a nd  c r e p r e s e n t e d  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 e n t  
p e r i o d s ,  r e s p e c t i v e l y .  A ,  B a n d  D ะ a d u l t  m a l e  m o n k e y s ;  c ะ p u b e r t a l  m a l e  m o n k e y s ;  E ะ s a l i n e - i n j e c t e d  c o n t r o l .
El ะ X+SE o f  p r e t r e a t m e n t  v a l u e s .
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g r o u p  t r e a t e d  w i t h  6 . 0  m g / k g / d a y  m o rp h in e  s h o w e d  a  s i g n i f i c a n t l y  

h i g h e r  t h a n  p r e t r e a t m e n t  v a l u e s  ( p < 0 .0 5 ;  5 . 3 8  + 0 . 6 3  v s  3 . 9 8  +

0 .  34  u g / d l )  w h ic h  w e re  g r a d u a l l y  d e c l i n e  t o  t h e  b a s a l  l e v e l s  i n  t h e  

p o s t t r e a t m e n t  p e r i o d  ( 3 . 8 3  + 0 . 7 3  u g / d l ) .  T h e  lo 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  i n  a d u l t  m o n k e y s  ( 1 . 5  m g / k g / d a y )  c o n t in u e d  

t o  i n c r e a s e  ร 4  l e v e l s  u n t i l  t h e  p o s t t r e a t m e n t  p e r i o d  a n d  t h o s e  

v a l u e s  w e re  s i g n i f i c a n t l y  h i g h e r  t h a n  p r e t r e a t m e n t  v a l u e s  ( p < 0 .0 2 5 ;  

4 . 7 8  ± 0 . 3 6  v s  4 . 1 8  + 0 .4 8  u g / d l ) .  S u r p r i s i n g l y ,  m ean s e ru m  T 4  

l e v e l s  i n  a d u l t  a n d  p u b e r t a l  m o n k e y s  g iv e n  3 . 0  m g / k g / d a y  m o rp h in e  

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

( a t  d a y - 4 5 7  t o  d a y - 4 8 5  a n d  a t  d a y - 4 3 8  t o  d a y - 4 6 6  i n  a d u l t  a n d  

p u b e r t a l  m o n k e y s , r e s p e c t i v e l y )  a f t e r  a n  e x p e r im e n t a l  w i t h d r a w a l .  

T h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e s e  v a lu e s  s h o w e d  a  s i g n i f i c a n t l y  

lo w e r  t h a n  t h e  e a r l y  p o s t t r e a t m e n t  v a lu e s  ( p < 0 .0 0 5 )  a t  d a y - 1 0 1  t o  

d a y - 1 4 3 ,  p a r t i c u l a r l y  i n  p u b e r t a l  m o n k e y s  t h e s e  v a l u e s  w e re  a l s o  

lo w e r  th em  t h e  b a s a l  v a l u e s  ( p < 0 .0 0 5 ) .

5 . T h e  e f f e c t  o n  s e ru m  c o r t i s o l  l e v e l s

T h e  s u d d e n  in c r e a s e  o f  m ean c o r t i s o l  l e v e l s  c o u ld  b e  

f o u n d  i n  a l l  m o n ke y  g r o u p s  d u r i n g  w i t h d r a w a l  p e r i o d s  ( F i g u r e  3 2 ) .  o f  

i n t e r e s t ,  t h e  m o n k e y s  i n j e c t e d  i n  lo w e r  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  o c c u p ie d  a  lo n g e r  la g  t im e s  b e f o r e  h o rm o n a l e l e v a t i o n ;

1 , 4 4  a n d  57  d a y s  i n  a d u l t  m o n key  g r o u p s  g iv e n  6 . 0 ,  3 . 0  a n d  1 .5  m g/ 

k g / d a y  m o r p h in e ,  r e s p e c t i v e l y ,  a n d  4 4  d a y s  i n  p u b e r t a l  m o n k e y s .  I n  

c o n t r a s t ,  t h e  m ean h o rm o n a l l e v e l s  d u r in g  t r e a t m e n t  p e r i o d s  w e re  

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

v a l u e s .
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2 0  4 0  60  8 0  100. 120 140 160

Time (day)

F i g u r e  3 2  M e a n ( + S E )  s e r u m  c o r t i s o l  l e v e l s  t a k e n  20  h o u r s  a f t e r  e a c h  
i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) ,  3 . 0 ( B , C )  and  
6 . 0 ( D )  m g / k g / d a y  r e s p e c t i v e l y  i n  e a c h  m o n k e y  g r o u p ,  a , ๖ 
a n d  c  r e p r e s e n t e d  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 e n t  
p e r i o d s ,  r e s p e c t i v e l y .  A ,  B a n d  D ะ a d u l t  m a l e  m o n k e y s ;  c ะ p u b e r t a l  m a l e  m o n k e y s ;  E ะ s a l i n e - i n j e c t e d  c o n t r o l .
E  ะ X+SE o f  p r e t r e a t m e n t  v a l u e s .
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6 . T h e  e f f e c t  o n  s e ru m  E 2  l e v e l s

M ean  b a s a l  E 2  l e v e l s  i n  p u b e r t a l  m o n k e y s  w e re  n o t a b l y  

lo w e r e d  them  i n  a l l  a d u l t  m o n k e y s  ( F i g u r e  3 3 ) .  D u r in g  l a t e  t r e a t m e n t  

a n d  e a r l y  w i t h d r a w a l  p e r i o d s ,  m ean  E 2  l e v e l s  t e n d e d  t o  b e  

lo w e r  t h a n  t h e  b a s a l  v a lu e s  i n  a l l  a d u l t  m o n ke y  g r o u p s .  H o w e v e r ,  

t h e  s i g n i f i c a n t  c h a n g e s  c o u ld  o b s e r v e  o n l y  i n  t h e  m o n k e y s  r e c i e v e d  

i n  t h e  lo n g e r - t im e  o f  m o r p h in e  i n j e c t i o n  ( 1 1 0  a n d  130  d a y s  i n  d o s e s  

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

i n j e c t i o n  (7 4  d a y s  i n  d o s e  3 . 0  m g / k g / d a y ) .  T h e r e f o r e ,  t h e  

p r e t r e a t m e n t  v a l u e s  o f  m ean E 2  l e v e l s  w e re  s i g n i f i c a n t l y  h i g h e r  

t h a n  t r e a t m e n t  a n d  p o s t t r e a t m n e t  v a l u e s  i n  a d u l t  m o n k e y s  g i v e n  1 .5  

a n d  6 . 0  m g / k g / d a y  m o rp 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 .  I n  a d u l t  

m a le s  i n j e c t e d  6 . 0  m g / k g / d a y  m o r p h in e  t h e  t r e a t m e n t  v a lu e s  w e re  a l s o  

s i g n i f i c a n t l y  h i g h e r  t h a n  p o s t t r e a t m e n t  v a l u e s  ( 1 7 . 7 7  + 4 . 2 2  v s

8 . 8 6  ± 3 .7 1  p g / r a l ) .

I n t e g r a l  A l t e r a t i o n  i n  H o rm o n a l L e v e l s  D u r in g  C h r o n i c  M o r p h in e  

T r e a tm e n t

1 . A d u l t  m a le  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 rp h in e  

T h e  h o rm o n a l l e v e l s  i n  t h e s e  m o n k e y s  w e re  r a t h e r  

c o n s i s t e n t  a n d  t h e r e  w e re  som e s t a t i s t i c a l  d i f f e r e n c e s  i n  som e 

v a l u e s  o f  h o rm o n e s  ( F ig u r e  3 4 - 3 7 ) .  S e ru m  T 4  l e v e l s  t e n d e d  t o  

i n c r e a s e  d u r i n g  t r e a t m e n t  p e r i o d  i n  a l l  m o n k e y s . I n  m o n k e y  n o . 93  T 4 

l e v e l s  w e re  s i g n i f i c a n t l y  h i g h e r  i n  p o s t t r e a t m e n t  p e r i o d  t h a n  i n  

t r e a t m e n t  a n d  p r e t r e a t m e n t  p e r i o d s  ( p < 0 .0 5 ;  2 . 7 4  ± 1 . 0 6 ,  1 .8 5  +

0 .5 1  a n d  1 .7 8  + 0 . 5 6  u g / d l ) ,  r e s p e c t i v e l y .  H o w e v e r ,  E 2  a n d  P R L

l e v e l s  w e re  lo w e r e d  d u r i n g  t r e a t m e n t  p e r i o d  ( p < 0 .0 5 ) .  T h e  lo w e r e d
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F i g u r e  3 3  M e a n ( + S E )  s e r u m  e s t r a d i o l - 1 7 G  l e v e l s  t a k e n  20  h o u r s  a f t e r  
e a c h  i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5 ( A ) ,  3 . 0 ( B , C )  
a n d  6 . 0 ( D )  m g / k g / d a y  r e s p e c t i v e l y  i n  e a c h  m o n k e y  g r o u p .  a , b  
a n d  c  r e p r e s e n t e d  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 e n t  
p e r i o d s ,  r e s p e c t i v e l y .  A ,  B  a n d  D ะ a d u l t  m a l e  m o n k e y s ;  
c  ะ p u b e r t a l  m a l e  m o n k e y s ;  E ะ. s a l i n e - i n j e c t e d  c o n t r o l .
E£ ะ X+SE o f  p r e t r e a t m e n t  v a l u e s . '
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a b c

F i g u r e  34  P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a n d  h o r m o n a l  l e v e l s  
t a k e n  2 0  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  1 . 5  m g / k g / d a y  i n  a d u l t  m a l e  m o n k e y  n o . 5 0 4 .  
a .  D a n d  c  ะ r e p r e s e n t e d  p r e t r e a t m e n t ,  t r e a t m e n t  and  
p o s t  t r e a t m e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  : w a t e r y  e x c r e t i o n  f r o m  t h e  mammary g l a n d  
g  : m i l k y  e x c r e t i o n  f r o m  t h e  mammary g l a n d

Testosterone (ng/m
l) 

Thyroxine (ng/dl)
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a b c

F i g u r e  35  P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a nd  h o r m o n a l  l e v e l s  
t a k e n  20 h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  1 . 5  m g / k g / d a y  i n  a d u l t  m a l e  m o n k e y  n o . 5 0 7 .  
a .  b a nd  c ะ r e p r e s e n t e d  p r e t r e a t m e n t ,  t r e a t m e n t  a nd  
p o s t  t r e a t m e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  mammary g l a n d

Testosterone (ng/m
l) 

Thyroxine (ng/dl)
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Time (day)

F i g u r e  3 6  P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a nd  h o r m o n a l  l e v e l s  
t a k e n  20  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  1 . 5  m g / k s / d a y  i n  a d u l t  m a l e  m o n k e y  n o . 5 1 2 .  
a .  ๖ and  c  ะ r e p r e s e n t e d  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 e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  mammary g l a n d  
|£ ะ m i l k y  e x c r e t i o n  f r o m  t h e  mammary g l a n d

Testosterone (ng/m
l) 

Thyroxine (pg/01)
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Time (day)

F i g u r e  37  P a t t e r n s  o f  h o r m o n a l  l e v e l s  t a k e n  2 0  h o u r s  a f t e r  e a c h  
i n j e c t i o n  o f  m o r p h i n e  h y d r o c h l o r i d e  1 . 5  m g / k g / d a y  i n  
a d u l t  m a l e  m o n k e y  n o . 9 3 .  a ,  ๖ a n d  c  ะ r e p r e s e n t e d  
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 e n t  p e r i o d s ,  
r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  m a m m a ry  g l a n d  
IS ะ m i l k y  e x c r e t i o n  f r o m  t h e  m a m m a ry  g l a n d

Testosterone (ng/m
l) 

Thyroxine (|j(j/dl)
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t e s t o s t e r o n e  l e v e l s  i n  t h i s  m o n k e y  d u r in g  e a r l y  w i t h d r a w a l  p e r i o d  

w e re  p a r t i c u l a r l y  c o n c u r r e d  w i t h  t h e  c o r t i s o l  r i s e .

T h e r e  w e re  l a c k s  o f  c o r r e l a t i o n  b e tw e e n  P R L  a n d  c o r t i s o l ,  

T 4  a n d  T S H , a n d  E 2  a n d  t e s t o s t e r o n e  l e v e l s  i n  a l l  m o n k e y s . 

A d d i t i o n a l l y ,  a l l  m o n k e y s  c o u ld  b e  e x t r u d e d  w a t e r y  f l u i d  f r o m  t h e  

m am m ary g la n d .

2 .  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 rp h in e

Two o u t  o f  t h r e e  a d u l t  m o n k e y s  ( n o . 5 0 5  a n d  5 0 9 )  h a d  a  

s i g n i f i c a n t  d e c r e a s e  i n  TSH  a n d  T 4  l e v e l s  d u r i n g  t h e  l a s t

p o s t t r e a t m e n t  p e r i o d  ( a t  d a y - 4 5 7  t o  d a y - 4 8 5 )  ( F i g u r e  38  a n d  3 9 ) .  

T h e n  T 4 l e v e l s  sh o w e d  a  p o s i t i v e  c o r r e l a t i o n  w i t h  TSH  l e v e l s  i n  

m o n k e y  n o . 505  ( r  = 0 . 5 5 ,  p < 0 .0 5 )  a n d  n o . 5 0 9  ( r  = 0 . 7 1 ,  p < 0 . 0 1 ) .

T h e r e  w as  n o  s i g n i f i c a n t  c h a n g e  i n  T 4  l e v e l s  b u t  h a d  a  p r o g r e s s i v e  

r i s e  o f  T SH  l e v e l s  i n  m o n ke y  n o . 511  ( F ig u r e  4 0 ) .  T e s t o s t e r o n e

c o n c e n t r a t i o n  w a s  d e c r e a s e  d u r in g  e a r l y  t r e a t m e n t  p e r i o d  a n d  r e t u r n  

t o  n o rm a l l e v e l  t h e r e a f t e r  i n  m o n k e y  n o . 505  a n d  511  w h e r e a s  i t  w as 

s u b s id e d  u n t i l  t h e  e a r l y  p o s t t r e a t m e n t  p e r i o d  i n  m o n k e y  n o . 5 0 9 .  A l l  

m o n k e y s  sh o w e d  a  P R L  r i s e  d u r in g  e a r l y  p o s t t r e a t m e n t  p e r i o d .  T h e  

m a x im a l c o r t i s o l  l e v e l s  d u r i n g  p o s t t r e a t m e n t  p e r i o d  w e re  m o s t l y  

s y n c h r o n o u s  w i t h  t h e  t e s t o s t e r o n e  d r o p .  S u r p r i s i n g l y ,  t h e r e  w as  a  

lo n g  c o n t in u o u s  d u r a t i o n  o f  m i l k y  e x c r e t i o n  i n  m o n k e y  n o . 5 0 9 ,  a n d  

h i s  b a s a l  P R L  l e v e l s  w e re  h ig h e r  t h a n  t h e  o t h e r  m o n k e y s ,  w h i l e  i t  

w a s  w i t h o u t  a n y  e x c r e t i o n  f r o m  t h e  m am m ary g la n d  o f  m o n k e y  n o . 5 0 5 .





*

126

F i g u r e  3 9  P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a nd  h o r m o n a l  l e v e l s  
t a k e n  20  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  3 . 0  m g / k g / d a v  i n  a d u l t  m a l e  m o n k e y  n o . 5 0 9 .  
a .  b a nd  c  ะ r e p r e s e n t e d  p r e t r e a t m e n t ,  t r e a t m e n t  a nd  
p o s t t r e a t m e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  mammary  g l a n d  
E  ะ m i l k y  e x c r e t i o n  f r o m  t h e  mammary g l a n d

E
stradiol (pg/m

l) 
T

estosterone (ng/m
l)
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a b c

F i g u r e  4 0  P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a n d  h o r m o n a l  l e v e l s  
t a k e n  2 0  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  3 . 0  m g / k g / d a y  i n  a d u l t  m a l e  m o n k e y  r i o . 5 1 1 .  
a ,  ๖ a n d  c  ะ r e p r e s e n t e d  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 e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  m a m m a r y  g l a n d  
E  ะ m i l k y  e x c r e t i o n  f r o m  t h e  m a m m a r y  g l a n d

Testosterone (ng/rnl)
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A s  i n  a d u l t  m o n k e y s ,  t h e r e  w e re  lo w e r e d  s e ru m  T 4 

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

( a t  d a y - 4 3 8  t o  d a y - 4 6 6 ) ,  w h i l e  t h e  c o r t i s o l  l e v e l s  w e re  i n c r e a s e .  

( F i g u r e  4 1 - 4 3 ) .  T h e r e a f t e r ,  T4  l e v e l s  s h o w e d  a  n e g a t i v e  

c o r r e l a t i o n  w i t h  TSH  l e v e l s  ( r  = - 0 . 4 1 ,  0 . 1 2 5  a n d  - 0 . 4 4  i n  m o n ke y  

n o . 5 2 2 ,  5 23  a n d  5 2 4 ,  r e s p e c t i v e l y ) .  S e ru m  T 4  l e v e l s  t e n d e d  t o  b e  

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

r i s e  w a s  c o m p a t ib le  w i t h  t h e  t e s t o s t e r o n e  d r o p .

A l l  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  m o rp h in e  e x h i b i t e d  

w a t e r y  e x c r e t i o n  f r o m  t h e  mam m ary g la n d .  M a n k e y s  n o . 5 2 2  a n d  523  

s h o w e d  w a t e r y  e x c r e t i o n  i n t e r r u p t e d  w i t h  a  s h o r t  d u r a t i o n  o f  m i l k y  

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

m o rp h in e  w i t h d r a w a l .

3 .  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 rp h in e

A  t r a n s i e n t  d r o p  o f  c o r t i s o l ,  t e s t o s t e r o n e  a n d  E 2 

l e v e l s  w e re  f o u n d  i n  m o n ke y  n o . 5 0 6  a n d  508  d u r in g  e a r l y  t r e a t m e n t  

p e r i o d .  I n  c o n t r a s t ,  t h e r e  w e re  a  d e c l i n e  i n  t e s t o s t e r o n e  a n d  E 2 

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

m o n k e y s  ( F i g u r e  4 4 - 4 6 ) .  S e ru m  T 4  l e v e l s  w e re  in c r e a s e d  

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

w as  n o  a l t e r a t i o n  i n  TSH  l e v e l s .  T h e n ,  i t  r e s u l t e d  i n  a  l a c k  o f  

c o r r e l a t i o n  b e tw e e n  T 4  a n d  TSH  l e v e l s .  A l t e r n a t i v e l y ,  t h e r e  w as  a  

h ig h  p o s i t i v e  c o r r e l a t i o n  b e tw e e n  E 2  a n d  t e s t o s t e r o n e  l e v e l s  ( r  = 

0 . 5 4 ,  0 . 6 6  a n d  0 . 5 5  i n  m o n ke y  n o . 5 0 6 , 5 0 8  a n d  7 0 4 ,  r e s p e c t i v e l y ) ,  o f  

i n t e r e s t ,  m o n ke y  n o . 5 0 8  d i d  n o t  sh o w  a n y  e x c r e t i o n  f r o m  t h e  mam m ary 

g la n d  d u r i n g  t h e  e n t i r e  p e r i o d  o f  s t u d y .
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F i g u r e  41 P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a n d  h o r m o n a l  l e v e l s  
t a k e n  2 0  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  3 . 0  m g / k g / d a y  ; i n  p u b e r t a l  m a i e  m o n k e y  
n o . 5 2 2 .  a .  b  a n d  c  ะ r e p r e s e n t e d  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 e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  m a m m a r y  g l a n d  
Ei  ะ m i l k y  e x c r e t i o n  f r o m  t h e  m a m m a ry  g l a n d

Estradiol (pg/m
l) 

Testosterone (ng/m
l)
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Time (day)

F i g u r e  4 2  P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a n d  h o r m o n a l  l e v e l s  
t a k e n  20  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  3 . 0  m g / k g / d a y  i n  p u b e r t a l  m a l e  m o n k e y  
n o . 5 2 3 .  a .  b a.nd c ะ r e p r e s e n t e d  p r ê 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 e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  mammary g l a n d  
g  ะ m i l k y  e x c r e t i o n  f r o m  t h e  mammary g l a n d

Estradiol (pg/m
l) 

Tcstostorono (ng/m
l) 

Thyroxine (pg/dl)
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F i g u r e  4 3  P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a n d  h o r m o n a l  l e v e l s  
t a k e n  20  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  3 . 0  m g / k g / d a y  i n  p u b e r t a l  m a l e  m o n k e y  
n o . 5 2 4 .  a ,  b a n d  c ะ r e p r e s e n t e d  p r e t r e a t m e n t ,  t r e a t m e n t  
a nd  p o s t t r e a t m e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  mammary g l a n d  
E  ะ m i l k y  e x c r e t i o n  f r o m  t h e  mammary g l a n d

Estradiol (pg/m
l) 

Testosterone (ng/m
l)
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F i g u r e  4 4  P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a n d  h o r m o n a l  l e v e l s  
t a k e n  2 0  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  6 . 0  m g / k g / d a y  i n  a d u l t  m a l e  m o n k e y  n o . 5 0 6 .  
a ,  ๖ a n d  c  : r e p r e s e n t e d  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 e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  : w a t e r y  e x c r e t i o n  f r o m  t h e  m a m m a ry  g l a n d  
Ef ะ m i l k y  e x c r e t i o n  f r o m  t h e  m a m m ary  g l a n d

Testosterone (ng/m
l) 

Thyroxine (119,01)
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Figure 45 P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a n d  h o r m o n a l  l e v e l s  
t a k e n  2 0  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  6 . 0  m g / k g / d a y  i n  a d u l t  m a l e  m o n k e y  n o . 5 0 S .  
a .  b  a n d  c  ะ r e p r e s e n t e d  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 e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  m a m m a r y  g l a n d  
ES ะ m i l k y  e x c r e t i o n  f r o m  t h e  m a m m a r y  g l a n d

Estradiol (pg/m
l) 

T
 

, 
. 

,
r 

t 
Testosterone (ng/m

l)
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Figure 46 P a t t e r n s  o f  m e t a b o l i c  t u r n o v e r  r a t e  a n d  h o r m o n a l  l e v e l s  
t a k e n  2 0  h o u r s  a f t e r  e a c h  i n j e c t i o n  o f  m o r p h i n e  
h y d r o c h l o r i d e  6 . 0  m e / k g / d a y  i n  a d u l t  m a l e  m o n k e y  n o . 7 0 4 .  
a .  b  a n d  c ะ r e p r e s e n t e d  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 e n t  p e r i o d s ,  r e s p e c t i v e l y .

□  : w a t e r y  e x c r e t i o n  f r o m  t h e  m a m m a ry  g l a n d  
E  ะ m i l k y  e x c r e t i o n  f r o m  t h e  m am m ary  g l a n d

Tesloslerono (ngym
l)
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M etabolic Turnover o f  Morphine

When -^H-morphine was g iven  in tra v en o u sly , the e lim in a tio n  
h a l f - l i v e s  were 154-523 min~l (308.21  + 20.30  min- l)  and the turnover  
r a te s  were 0 .1 3 -0 .4 5  %min- l (0 .2 6  + 0 .0 8  %min"l) during pretreatm ent 
p er iod . A fter  ch ron ic  morphine treatm ent, the turnover r a te  were 
a lte r e d  in n ea r ly  a l l  monkeys, except adu lt monkey n o .506 in je c te d  
6 .0  m g/kg/day w ith  morphine for 110 days. He showed a c o n s is te n t  
le v e ls  throughout the study p er io d . Monkey n o .508 showed a sudden 
drop o f  turnover ra te  a f te r  morphine a d m in istra tio n  fo r  13 days w ith  
a gradual in crea se  to  pretreatm ent v a lu es a fterw ard . R esu lt in  
monkey n o .704 c o n f l ic t e d  w ith  the monkey n o .508, s in c e  the v a lu e  was 
higher in post t r e a tment period  (0 .2 6  + 0 . 0  %min- l )  than in
pretreatm ent (0 .2 0  + 0 .0 2  %min~l) and treatm ent p er iod s (0 .1 9  +
0 .0 5  %min- l ) ,  r e s p e c t iv e ly .  Turnover r a te s  were d e c lin e  in a l l  ad u lt 
monkeys trea ted  w ith  1 .5  mg/kg/day morphine fo r  13-43 days. The
turnover ra te  in  monkey that showed a preceded red u ction
p r e fe r e n t ia l ly  recovered  to  normal v a lu es e a r l ie r .  For example,
monkey n o .504 e x h ib ite d  the d e f in i t e  d e c lin e  on day-53 and returned
to  pretreatm ent v a lu e on day-123 whereas monkey n o .512 the n otab ly  
lowered valu e was observed on day-73 w ith  a recover found on day-203, 
r e s p e c t iv e ly .  Turnover r a tes  in ad u lt and pubertal monkeys trea ted  
w ith  3 .0  mg/kg/day morphine were a ls o  d ecreased  during treatm ent 
p er io d , then, returned to  normal le v e ls  in  some monkeys a f t e r  
morphine c e s s a t io n . In monkeys n o .511 and 524 the v a lu es  were unable 
to  in crea se  to  pretreatm ent le v e ls  u n t i l  the end o f  study o n se t .  
S im ila r ly , i f  the monkey showed an e a r l ie r  d e c l in e  in  turnover ra te  
v a lu e  they were a ls o  e a s ie r  returned to  pretreatm ent v a lu e . I t i s  o f
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in te r e s t  that turnover r a te s  in  ad u lt and pubertal monkeys tr e a te d  
w ith  3 .0  m g/kg/day morphine were h igher than the v a lu es in  ad u lt 
monkeys trea ted  w ith  1 .5  and 6 .0  mg/kg/day morphine. In turn , the  
b io lo g ic a l  h a l f - l i v e s  were sh orter  in  the f i r s t  o n es.

T e s t ic u la r  Measurements

A mean t e s t ic u la r  s i z e  and body w eight e l i c i t e d  a 
n o n s ig n if ic a n t a lt e r a t io n  in a l l  stud y  p eriod s in  ad u lt males which 
were g iv en  1 .5  m g/kg/day morphine h ydrochloride fo r  130 days (F igure  
4 7 ) . In adu lt monkeys trea ted  w ith  3 .0  m g/kg/day morphine for 74 
days showed a s l i g h t l y  decrease (p<0.05) in  a mean t e s t ic u la r  s iz e  
and body w eight during treatm ent p eriod  and con com itan tly  in crea se  
to  th e pretreatm ent v a lu es  a t the end o f  treatm ent and p osttreatm en t 
p eriod s (F igure 48 ) .  Further d e c lin e  in t e s t ic u la r  s i z e  and body 
weight were evid en ced  in monkeys trea ted  6 . 0  m g/kg/day morphine for  
110 days. The d e c lin e  in t e s t ic u la r  s i z e  were s ta r te d  on the th ird  
week o f  morphine treatm ent and la s te d  throughtout e n t ir e d  treatm ent 
p eriod  (Figure 4 9 ) . Withdrawal o f  morphine treatm ent f a i le d  to  
r esto red  the t e s t ic u la r  s i z e  prom ptly. I t  requ ired  as long as 57 
days for reaching the pretreatm ent v a lu e . On the o th er hand, the  
t e s t ic u la r  s i z e  and body w eight in  pubertal group trea ted  w ith  3 .0  
mg/kg/day morphine were not d ecrease  but trended to  be in crea se  
toward the end o f  treatm ent (F igure 5 0 ) . When compared w ith  the  
a d u lt s ,  the p u b er tie s  d isp la y ed  sm aller  t e s t ic u la r  s i z e  and 
in i t ia t e d  to  reach an adult va lu e a t about 4 .7 4  + 0 .6 5  y ears o ld .  
Averaged serum te s to s te r o n e  con cen tra tion  in puberta l males was a ls o  
le s s  than in  a l l  a d u lt m ales.
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Figure 47 M e a n ( + S E )  s e r u m  t e s t o s t e r o n e , t e s t i c u l a r  s i z e  a n d  b o d y  
w e i g h t  p r o f i l e s  i n  a d u l t  m a l e  m o n k e y s  l o n g - t e r m  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 i n e  h y d r o c h l o r i d e .  a . b  a n d  c 
r e p r e s e n t e d  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 1 1 r e a t m e n t  
p e r i o d s ,  r e s p e c t i v e l y .
E  ะ X + S E  o f  p r e t r e a t m e n t  v a l u e s .
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Figure 48 M e a n ( ± S E )  s e r u m  t e s t o s t e r o n e ,  t e s t i c u l a r  s i z e  a n d  b o d y  
w e i g h t  p r o f i l e s  i n  a d u l t  m a l e  m o n k e y s  l o n g - t e r m  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  h y d r o c h l o r i d e .  a , b  a n d  c 
r e p r e s e n t e d  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 e n t  
p e r i o d s ,  r e s p e c t i v e l y ,  
f i  ะ X + S E  o f  p r e t r e a t m e n t  v a l u e s .
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Figure 49 M e a n ( + S E )  s e r u m  t e s t o s t e r o n e ,  t e s t i c u l a r  s i z e  a n d  b o d y  
w e i g h t  p r o f i l e s  i n  a d u l t  m a l e  m o n k e y s  l o n g - t e r m  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 .  a , b  a n d  c  
r e p r e s e n t e d  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 1 1 r e d t m e n t  
p e r i o d s ,  r e s p e c t i v e l y ,  
m  ะ X+SE  o f  p r e t r e a ' t m e n t  v a l u e s .
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F igu re 50 M e a n ( + S E )  s e r u m  t e s t o s t e r o n e ,  t e s t i c u l a r  s i z e  a n d  b o d y  
w e i g h t  p r o f i l e s  i n  p u b e r t a l  m a l e  m o n k e 3',s  l o n g - t e r m  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  h y d r o c h l o r i d e .  a , b  a n d  c  
r e p r e s e n t e d  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 1 1 r e a t m e n t  
p e r i o d s ,  r e s p e c t i v e l y .
El  ะ X + S E  o f  p r e t r e a t m e n t  v a l u e s .
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In monkeys trea ted  w ith  6 .0  mg/kg/day morphine showed a 
c o r r e la te d  a lt e r a t io n  between t e s t ic u la r  s i z e  and body w eight 
(r= 0 .6 5 , p < 0 .0 1 ), however, the te s to s te r o n e  le v e ls  d id  not change 
along w ith  th is  e v id e n t. Monthly mean le v e ls  o f  t e s t ic u la r  s i z e  in  
each monkey were in teg ra ted  and determ ined the c o r r e la t io n  w ith  age 
and body w eight (F igure 51 and 5 2 ) . T e s tic u la r  s i z e  ex h ib ite d  a 
g rea ter  c o r r e la t io n  w ith  body weight (r= 0 .63 , p<0 . 0 1 ) than age 
(r= 0 .4 5 , p<0.01) during an onset o f  stu d y .

G alactorrhea Symptom

A number o f  male monkeys showed a spontaneous g a la ctorrh ea  
a f te r  morphine in je c te d  for  a moment. The e a r l i e s t  symptom 
in i t ia t e d  a t day-16 a f te r  morphine in je c t io n  in  monkey n o .506. Only 
monkey n o .509 and 506 had a continued  m ilk se c r e t io n  throughout the 
end o f  study o n set w h ile  the o th er  monkeys showed a tr a n s ie n t  
s e c r e t io n . Most o f  them represen ted  a watery e x c r e tio n  from a 
mammary g land , except monkey n o .522, 523, 509 and 506 were a ls o  
e x h ib ite d  a m ilky ex c r e tio n  for some d u ration . I t i s  o f  in te r e s t  
th at monkey n o .509 was the on ly  tr e a te d  monkey whom excreted  m ilky  
f lu id  c o n tin u a lly  (F igure 5 3 ). He showed the h ig h est b asa l PRL le v e ls  
and d e tec te d  o f  g a la cto rrh ea  when te s to s te r o n e  le v e ls  tended to  be 
d e c l in e .  As re ferred  to  an acu te e f f e c t  o f  morphine, the monkeys 
whom showed a g r e a te s t  degree o f  PRL e le v a t io n  a f te r  morphine 
in je c t io n  tended to  occur g a la cto rrh ea . For example, monkey n o .509 
and 511 trea ted  w ith  3 .0  mg/kg/day, and n o .506 and 704 trea ted  w ith  
6 .0  mg/kg/day morphine r e s p e c t iv e ly  showed a h igh  peak in  PRL 
response w ith  a g a la cto rrh ea  whereas monkey n o .505 and 508 showed a
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Figure 51 T h e  r e l a t i o n s h i p  b e t w e e n  t e s t i c u l a r  s i z e  a n d  b o d y  w e i g h t  i n  
c y n o m o l g u s  m o n k e y s  d u r i n g  l o n g - t e r m  t r e a t m e n t  o f  m o r p h i n e  
h y d r o c h l o r i d e .

Figure 52 T h e  r e l a t i o n s h i p  b e t w e e n  t e s t i c u l a r  s i z e  a n d  a g e  i n  
c y n o m o l g u s  m o n k e y s  d u r i n g  l o n g - t e r m  t r e a t m e n t  o f  m o r p h i n e  
h y d r o c h l o r i d e .
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low peak a f te r  morphine in je c t io n  and w ithout g a la ctorrh ea  a fterw ard . 
An in te r e s t in g  fin d in g  was that m ilk se c r e t io n  has been continued  
to  occur in  s p it e  o f  morphine c e s s a t io n . Indeed, the q u a n tity  o f  m ilk  
i s  in  le s s  amount and m ilk could  not o b ta in  w ithout p ressu re  
ex p u lsio n  on n ip p le s . A fter  the m ilk was r e a d ily  extruded for a few 
tim es, n ip p le  m anipulation  could not serve  any e x c r e tio n  a ga in .

F igure 53 Milky e x c r e tio n  from the mammary gland in monkey n o .509 
as observed on day-40 o f  morphine treatm en t.

S tr e s s  and Hormonal A lte r a tio n s

The monkey n o .525 in  fig u re  54 was a pubertal male monkey 
born in the co lon y . H is age at the b eg in in g  o f  study was 4 .8 3  y ea r-  
o ld  and s ta r te d  o f  h a ir  lo s s  a t approxim ately 4 .0  y e a r -o ld . He 
e x h ib ite d  an e x c e s s iv e  h air  lo s s  around h is  trunk, le g s ,  arms and 
head u n t i l  the end o f  study o n se t . At f i r s t ,  he was s e le c te d  to  be a 
pubertal con tro l for  comparing to  m orp hine-in jected  puberta l monkeys. 
But h is  p attern  o f  hormonal o s c i l l a t io n s  were seem ingly  very  
u n excep tio n a l, and more su r p r is in g ly  he was a ls o  extruded w atery
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e x c r e tio n  from the mammary gland fo r  any tr a n s ie n t p er io d s . He was 
p o stu la ted  exposure to  s t r e s s .  U su a lly , he always c a l l s  fo r  food  
when se e in g  monkey-care man by c la p p in g  h is  hands.

The co n secu tiv e  blood sam pling showed the p ro g ress iv e  
d e c lin e  in  E2 and te s to s te r o n e  le v e ls  and com patib le w ith  the 
p ro g ress iv e  r is e  in  PRL and c o r t i s o l  l e v e ls  (F igure 5 5 ) . Whereas, T4 
and TSH v a lu es seem to  be a c o n s is ta n c y . The h ig h ly  p o s i t iv e  
c o r r e la t io n  was seen  between le v e ls  o f  ร2 and te s to s te r o n e  (r  =
0 .5 4 5 ; p<0.01) and a n eg a tiv e  c o r r e la t io n  between te s to s te r o n e  and 
PRL (r  = 0.497;- p < 0 .0 5 ). Whereas le s s  c o r r e la t io n s  were seen  between  
the le v e ls  o f  te s to s te r o n e  and PRL to  c o r t is o l  hormone ( te s to s te r o n e  
and c o r t i s o l ,  r = -0 .2 2 2 ;  PRL and c o r t i s o l ,  r = 0 .2 4 1 , r e s p e c t iv e ly ) .  
The c o r r e la t io n  between T4 and TSH was n o n -s ig n if ic a n t  (r  = 0 .2 7 0 ) .

F igure 54 E x cessiv e  h a ir  lo s s  in  pubertal monkey n o .525 during the  
study p er iod . He was su bcutan eou sly  in je c te d  w ith  0 .5  ml
s a l in e  once a day.
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Time (day)

Figure 55 P a t t e r n s  o f  h o r m o n a l  l e v e l s  t a k e n  2 0  h o u r s  a f t e r  e a c h  
i n j e c t i o n  o f  s a l i n e  i n  p u b e r t a l  m a l e  m o n k e y  n o . 5 2 5 .
□  ะ w a t e r y  e x c r e t i o n  f r o m  t h e  m a m m a r y  g l a n d  
E  m i l k } '  e x c r e t i o n  f r o m  t h e  m a m m a r y  g l a n d
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