
CHAPTER V

DISCUSSION

Acute E ffe c t  o f  Morphine H ydrochloride

Although ch ron ic  s tu d ie s  are o fte n  u se fu l to  d escr ib e  the  
o v e r a ll  hormonal p r o f i le  in  an a d d icted  p a t ie n t  and animal 
c h r o n ic a lly  exposed to  n a r c o t ic s .  Chronic drug a d m in istra tion  
p rovid es a very  poor v e h ic le  w ith  which to  stu d y  d r u g -sp e c if ic  
e f f e c t s .  T h erefore , a f te r  a p eriod  o f  chron ic drug exposure, one has 
no idea  whether a drug i s  e x e r tin g  a s p e c i f i c  e f f e c t  o f  i t s  own on a 
c e r ta in  hormone or i f  what one i s  ob serv in g  i s  a secondary, 
compensatory a lt e r a t io n  in th at hormone r e s u lt in g  from a drug e f f e c t  
at an e n t ir e ly  d if f e r e n t  s i t e .  F in a lly , chron ic drug a d m in istra tio n  
can produce a p h y s io lo g ic a l change or organ p ath o lo gy , any o f  which 
could  cloud  the in te r p r e ta t io n  o f  endocrine d ata . For th ese  reaso n s, 
acu te  drug s tu d ie s  w i l l  be p r o f ita b le . In th is  stu d y , the e f f e c t  o f  
a s in g le  subcutaneous morphine a d m in istra tion  on PRL, te s to s te r o n e ,  
TSH, T4  and c o r t i s o l  w i l l  be d isc u sse d .

1. The e f f e c t  on PRL le v e ls
As in  a number o f  s tu d ie s  (T o lis ,  Hicky and Guyda, 1975; 

R iv ier  e t  a l . ,  1977; Gold, Redmond and Donabedian, 1979; Wehrenberg 
e t  a l . ,  1981; S p ie g e l,  Kourides and Pasternak , 1982), PRL le v e ls  
o c c a s io n a lly  peaked at 30 minutes a f t e r  morphine a d m in istra tio n . In
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a d d it io n , the PRL response to  morphine in  th ese  male cynomolgus 
monkeys was not d if f e r e n t  from fem ale cynomolgus monkeys (Setheetham , 
1992) in  which the le v e ls  o f  PRL r i s e  were p a r t ic u la r ly  a d o se -  
r e la te d  manner. The mechanism o f morphine a cted  as a stim u la to r  fo r  
PRL se c r e t io n  rath er mention about hypothalam ic l e v e l ,  s in c e  o p ia te s  
d id  not induce PRL r e le a s e  when added d ir e c t ly  in to  p itu i ta r y  glands 
c u ltu r e  (R iv ier  e t  a l . ,  1977) or f a i le d  to  cause any PRL in crea se  in  
p itu i ta r y  s t a lk - s e c t io n  monkeys (Wardlaw e t  a l . ,  1980; Wehrenberg e t  
a l . ,  1981). O p iates in h ib ite d  the sy n th e s is  (A lper, Demarest and 
Moore, 1980), r e le a s e  (Gudelsky and P o rter , 1979) and turnover (Deyo, 
S w ift and Mi l l e r ,  1979; A lper, Demarest find Moore, 1980) o f  dopamine 
from th e tu beroin fu n d ib u lar  dopam inergic (TIDA) neurons which in  
turn would in crea se  PRL r e le a se  from the a n te r io r  p itu i ta r y .  However, 
E n ja lb ert and h is  c o llea g u e s  (1979) found th at morphine could  
modulate the in h ib ito r y  e f f e c t  o f dopamine on PRL r e le a se  d ir e c t ly  
at the p itu i ta r y  g land . In case o f  a rapid  r i s e  in  PRL le v e ls  a f te r  
morphine a d m in istra tio n , the o th er neuronal pathways e . g . ,  p r o la c t in -  
r e le a s in g  fa c to r s  (PRF) were included  to  ex p la in  t h is  r e g u la tio n . 
Van Vugt and M eites (1980) su ggested  th at o p ia te s  ex er ted  th e ir  PRL- 
r e le a s in g  e f f e c t s  v ia  m ediation o f  se r o to n e rg ic  system , s in c e  the 
a d m in istra tio n  o f  sero to n in  recep tor  b lo ck er , m etergo lin e  and 
m eth ysergid e, s ig n i f i c a n t ly  reduced the P R L -releasing e f f e c t  o f  Met- 
Enk in  the rat (Spampinato e t  a l . ,  1979). Hence, the o p io id  pathways 
r e g u la tin g  PRL s e c r e t io n  o c c a s io n a lly  acted  through se r o to n e rg ic  as 
w ell as dopam inergic mechanism. In a d d it io n , TRH, an o u tstan d in g  PRF, 
p o te n tia te d  the PRL r e le a se  by an e f f e c t  o f  endogenous o p ia te  
(Buydens e t  a l . ,  1987).
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P u b e r ta l  male monkeys in je c te d  w ith  3 .0  mg/kg m orphine 
h y d ro c h lo r id e  p roduced  a  l e s s e r  e x te n t  in  PRL re sp o n se  th an  a d u l t  
male monkeys th a t  re c ie v e d  th e  same dose  o f  m orphine. S p ieg e l e t  a l .  
(1982) a c c u r a te ly  c la im ed  th a t  น1- รนb typ e  o f  o p ia te  r e c e p to r s  
c o n tr ib u te d  to  PRL s e c r e t io n .  The f in d in g  in  th e  r a t  th a t  a 
s e ro to n in - in d e p e n d e n t  u - re c e p to r -m e d ia te d  c o n tro l  o f  PRL s e c r e t io n  
cou ld  be s t im u la te d  e a r ly  in  o n to gen y , w hereas a  s e ro to n in -m e d ia te d  
น c o n tro l  o f  PRL s e c r e t io n  th a t  d ev e lo p ed  by 20-day  o ld  (B lack fo rd  
e t  a l . ,  1992). I t  may su g g es t t h a t  in  p u b e r ta l  age o f  cynomolgus 
monkey a  s e ro to n in -m e d ia te d  น c o n tro l  o f  PRL s e c r e t io n  has no t been 
d ev e lo p  y e t .  T hat i s  a d u l t  monkeys re p re s e n t  a  g r e a t e r  d eg ree  in  PRL 
s e c r e t io n  d u r in g  m orphine t re a tm e n t th an  p u b e r ta l  monkeys by 
in f lu e n c in g  b o th  d op am inerg ic  and s e ro to n e rg ic  sy s tem s.

S in ce  serum PRL c o n c e n tra t io n  showed a ' marked 
nyc tohem eral rhythm  w ith  h ig h  le v e ls  d u r in g  th e  n ig h t  and low le v e ls  
d u r in g  th e  day (Q uadri and S p ie s , 1976). In  rh e su s  monkey, PRL le v e ls  
were in c re a s e d  m arkedly  by 2000h u nder th e  4 h ou rs  b le e d in g  in t e r v a l  
(Q uadri and S p ie s , 1976). w ith  re g a rd  to  t h i s  s tu d y , th e  a c u te  e f f e c t  
o f  m orphine on PRL le v e ls  was tak en  d u r in g  0700-1900 h . Hence, in  my 
h ands, th e  s u s ta in e d  PRL r i s e  h ig h e r  th an  b a s a l  l e v e ls  a t  th e  end o f 
s tu d y  p e r io d  o r  a t  1900 h cou ld  n o t p o s tu la te  t h a t  th e s e  r e s u l t s  
were p roduced  by h ig h  d o ses o f  m orphine u s in g  in  t h i s  s tu d y  o r  th e  
e f f e c t  o f  n y c tohem era l rhythm . On th e  p re v io u s  s tu d y  in  Macaca 

a rc to id e s  showed th a t  an i n j e c t io n  o f  m orphine in tra v e n o u s ly  
p roduced  a  maximal PRL le v e l  a t  45 m inu tes and su b s id e d  to  norm al 
le v e ls  a p p ro x im a te ly  a t  3 hours a f t e r  an i n j e c t io n  (G old , Redmond and 
D onabedian, 1979). On a  p r a c t i c a l  l e v e l ,  th e  s tu d y  was d e s ig n in g
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ex p e rim en ts  and in t e r p r e t i n g  d a ta  th a t  in c lu d e d  p r o la c t in  
m easurem ent o v e r long  i n t e r v a l s  sh o u ld  be su g g e s ted  a  c a u t io n .

2 . The e f f e c t  on t e s to s te r o n e  le v e ls
D ata in  b a s a l  t e s to s te r o n e  le v e ls ,  in c lu d in g  a d u l t  and 

p u b e r ta l  male cynom olgus monkeys, a re  in  g en e ra l agreem ent w ith  th o se  
o f  o th e r s  male cynomolgus monkey (8 .7  + 1 .5  n g /m l; Adams e t  a l . ,
1988), rh e su s  monkey (5 .0  + 0 .8  n g /ra l; Goodman e t  a l . ,  1974) and
man ( 4 . 6 - 6 .2  n g /m l; de L acerda e t  a l . ,  1973; R o s e n f ie ld , Jones and 
Fang, 1977). Changes in  t e s to s te r o n e  le v e ls  a f t e r  m orphine 
a d m in is t r a t io n  in  male cynomolgus monkeys o c c u rre d  in  th e  face  o f 
seem ing ly  th e  same a s  in  th e  r a t  (C ic e ro , Meyer e t  a l . ,  1976; C ic e ro , 
B e ll  e t  a l . ,  1977b), rh e su s  monkey (G ilb eau  e t  a l . ,  1984) and man 
(M endelson and M e llo ,1975). Serum te s to s te r o n e  l e v e ls  in  m orphine 
t r e a t e d  monkeys d e c l in e d  s i g n i f i c a n t l y  in  a  d o se -d ep en d en t m anner. 
The h ig h e r  dose t re a tm e n t cou ld  d e c re a se  t e s to s te r o n e  le v e ls  r a p id ly  
and p r o t r a c te d  to  th e  end o f  th e  s tu d y  p e r io d .

M orphine a c u te ly  d e p re sse d  serum te s to s t e r o n e  l e v e ls ,  
th u s ,  th e  d i r e c t  in h ib i t io n  o f  t e s t i c u l a r  s te r o id o g e n e s is  and 
enhancem ent o f  th e  d e g ra d a tio n  o f  t e s to s te r o n e  were su g g e s te d  (Tsong 
e t  a l . ,  1982; Tsong, P h i l l i p s  e t  a l . ,  1982; Chen e t  a l . ,  1984, 
G eren d a i, 1991; C handrashekar and B a rtk e , 1992). N e v e r th e le s s ,  
numerous r e p o r ts  in d ic a te d  th a t  n e i th e r  a c u te  n o r c h ro n ic  m orphine 
a d m in is t r a t io n  enhanced  th e  c a ta b o lism  o f  t e s to s t e r o n e  by th e  l i v e r  
o r  in  any way in f lu e n c e d  th e  u p ta k e , m etabo lism , o r  b io chem ica l 
e f f e c t s  o f  t e s to s t e r o n e  in  any o f  i t s  known t a r g e t  o rg an s  (C ice ro  e t  
a l . ,  1976; C ic e ro , Badger e t  a l . ,  1977; C ic e ro , B e ll  e t  a l . ,  1977).
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M oreover, m orphine d id  n o t a d v e rs e ly  a f f e c t  th e  fu n c t io n  o f  th e  
seco n d ary  sex  o rg an s  in  hypophysectom ized r a t  in  which norm al 
t e s t i c u l a r  fu n c t io n  was r e s to r e d  by tre a tm e n t w ith  hCG (C ic e ro , Meyer 
e t  a l . ,  1976) o r  lack ed  o f  an e f f e c t  on androgen p ro d u c tio n  in  hCG 
p r e t r e a t e d  monkeys (G ilb eau  e t  a l . ,  1984). A v a ila b le  ev id en ces  
th e r e f o r e  su g g e s ted  a  d i r e c t  a c t io n  o f  o p ia te  on th e  h y p o th a lam ic - 
p i tu  i t  a r y -  gonadal a x i s .  Male r a t s  su b c u ta n e o u s ly  in je c te d  w ith  
m orphine cou ld  p ro m ptly  low ered serum LH le v e ls  w ith in  30-40 m in u te s , 
re a c h in g  a  peak o f  d e p re s s io n  a t  1 hour o f  p o s t - i n j e c t io n  (C ice ro  
e t  a l . ,  1975; C ic e ro , Meyer e t  a l . ,  1976; C ic e ro , Badger e t  a l . ,  
1977; C ic e ro , B e ll e t  a l . ,  1977). These tim es co rre sp o n d ed  v e ry  
c lo s e ly  w ith  th e  peak serum m orphine le v e ls  w hich o c c u rre d  
a p p ro x im a te ly  15 m inu tes b e fo re  LH d e c re a se  (C ic e ro , B e ll e t  a l . ,  
1977). Naloxone tre a tm e n t r e s u l te d  in  an in c re a s e  in  LH le v e ls  a t  
th e  co rre sp o n d in g  tim e (M orley e t  a l ,  1980; G o ss e lin  e t  a l . , 1983; 
G ilb eau  e t  a l . ,  1984). The drop  in  LH le v e ls  p reced ed  by more th a n  1- 
2 hours a  f a l l  in  t e s to s te r o n e  le v e ls  (C ic e ro , B e ll  e t  a l . ,  1977).

M orphine was n o t s i g n i f i c a n t l y  m od ified  th e  s t im u la t io n  o f 
LHRH on LH r e le a s e  by th e  r a t  p i t u i t a r y  in  v iv o  and in  

v i t r o .  S im i la r ly ,  c h ro n ic  morphine a d m in is t r a t io n  s i g n i f i c a n t l y  
in c re a s e d  th e  le v e ls  o f  LH in  th e  p i t u i t a r y ,  w h ile  a t  th e  same tim e 
d e p re s s in g  serum le v e ls  o f  LH (C ic e ro , Badger e t a l . ,  1977). 
E l e c t r i c a l  s t im u la t io n  o f  th e  median em inence a l s o  b lo cked  th e  
a n t io v u la to r y  a c t io n  o f  m orphine, s u g g e s tin g  th a t  m orphine 
p a r t i c u l a r l y  i n h ib i t e d  th e  r e l e a s e ,  bu t no t n e c e s s a r i ly  th e  
s y n th e s i s ,  o f  LHRH (Van Vugt and M e ite s , 1980).
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From th e  hormonal p r o f i l e  in  cynomolgus monkey (V aravudhi, 
T a n g p ra p ru tig u l and A saw aroengchai, 1982) as  in  rh e su s  monkey
(Goodman e t  a l . ,  1974), th e  d iu rn a l  v a r ia t io n  in  t e s to s te r o n e  le v e ls  
showed a  peak a t  2 1 0 0  h w ith  th e  b eg in in g  o f  r i s e  a t  1800 h and a  
n a d i r  a t  0900 h . In  t h i s  s tu d y , b loo d  sam ples were tak en  d u r in g  0700- 
1900 h . T h e re fo re , a t  th e  end o f  th e  s tu d y  o n s e t ,  t e s to s te r o n e  
le v e ls  were o b se rv ed  to  in c re a s e ,  p a r t i c u l a r l y  in  th e  low -dose 
t r e a tm e n t .  C o n tro v e rsy , in  th e  h ig h -d o se  tre a tm e n t t e s to s te r o n e  
le v e ls  were s t i l l  d e c l in e ,  s in c e  m orphine e f f e c t  marked th e  d iu rn a l  
v a r i a t io n  phenomena. At th e  same dose o f  m orphine t re a tm e n t 3 .0  mg/ 
kg, th e  e f f e c t  on serum t e s to s te r o n e  le v e ls  ap p eared  to  be
dependen t upon th e  age o f  monkeys. That i s ,  serum  t e s to s te r o n e  
le v e ls  were reduced  slow er and in  lo n g e r tim e in  p u b e r ta l  m ales th an  
were in  a d u l t  m a les . As compared w ith  th e  r a t ,  t e s to s t e r o n e  le v e ls  
a l s o  d e c re a se d  s lo w ly  w ith  a  g r e a t e r  d eg ree  in  younger r a t s  th an  
th e y  w ere in  a d u l t  r a t s  (C ic e ro , Meyer e t  a l . ,  1976). In  k eep in g  w ith  
t h i s  d a ta ,  th e  t e s to s te r o n e  le v e ls  in  p u b e r ta l  c o n tro l  a f t e r  s a l i n e -  
i n j e c t i o n  a re  v e ry  f l u c t u a t i o n .  However, th e  hormonal p a t t e r n  a f t e r  
s a l i n e - i n j e c t i o n  can be d is c r im in a te d  from th e  p a t t e r n  in
m orphine re sp o n se . That i s ,  t e s to s te r o n e  le v e l re a c h e s  a  n a d i r  a t  2 .5  
h ou rs  a f t e r  s a l in e  in je c t io n  and g ra d u a l ly  in c re a s e  t h e r e a f t e r ,  b u t 
i t  g ra d u a l ly  d e c re a se s  and su b s id e s  a t  1 0  h o u rs a f t e r  m orphine 
i n j e c t i o n .  T h e re fo re , i t  shou ld  be born  in  m ild  fo r  th e  s in g le  b lood  
c o l l e c t i o n  find d a ta  i n t e r p r e t a t io n  in  lo n g -te rm  s tu d y  o f  young-age
monkey.
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3. The e f f e c t  on c o r t i s o l  l e v e ls
A ll male cynomolgus monkeys d is p la y e d  th e  e a r ly  m orning 

r i s e  and l a t e  ev en in g  f a l l  o f  serum  c o r t i s o l  l e v e l s .  The e p is o d ic  
s e c r e t io n  o f  c o r t i s o l  in  t h i s  macaque s p e c ie s  a re  in  agreem ent w ith  
th e  p a t t e r n  re p o r te d  in  human (Dent e t  a l . ,  1981; Grossman e t  a l . ,  
1982), b u t d is t in g u is h e d  from n o c tu rn a l  mammals a s  th e  r a t  (Kiem e t  
a l . , 1987; K ant, Mougeyand M e y e rh o ff ,1986). These rhythm s a re  
g e n e r a l ly  e n tr a in e d  to  th e  sleep -w ak e  o r  a c t i v i t y  c y c le  o f  a n im a ls . 
L ev e ls  o f  a d re n o c o r t ic o id  re a c h  t h e i r  peaks j u s t  b e fo re  th e  o n se t  o f 
awake p h ase . In  man, c o r t i s o l  l e v e ls  and th e  fequency  o f  s e c r e to r y  
e p iso d e s  peak j u s t  p r io r  to  awaking (K re ig e r , 1979). In  th e  
n o c tu rn a l  a n im a ls , le v e ls  o f  c o r t ic o s te r o n e  r i s e  d u r in g  th e  l a t t e r  
p a r t  o f  l ig h t  p e r io d  and peak p r io r  to  th e  o n se t o f  d a rk n e ss  (K ant, 
Mougey and M eyerhoff, 1986). I t  may come from t h i s  re a s o n , m orphine 
a d m in is t r a t io n  caused  a  su p p re s s io n  o f  c o r t i s o l  l e v e ls  in  a l l  male 
cynomolgus monkeys as  in  g i l t s  (Barb e t  a l . ,  1986; E s tie n n e  e t  a l . ,  
1988) and human (George e t  a l . ,  1974) bu t v ic e  v e r s a  from th e  r a t  
(Buckingham e t  a l . ,  1982). T h e re fo re , th e  document o f  m orphine e f f e c t  
on c o r t i s o l  le v e ls  in  male cynomolgus monkeys may be c a p ab le  o f 
t r a s f e r r i n g  to  human s u b je c ts .

N ea rly  a l l  monkeys, th e  c o r t i s o l  le v e ls  were p a r t i c u l a r l y  
h ig h  d u r in g  th e  tim e o f  m orphine in je c te d  (tim e 0 ) .  s in c e ,  an im a ls  
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  p re c e d in g  th e  f i r s t  
b lo o d  sam ple c o l l e c t i o n .  T h e re fo re , b loo d  sam ples c o l l e c te d  a t  -60  
and -3 0  m inu tes were from u n co n sc io u s  monkeys. A lthough ketam ine 
i t s e l f  d id  n o t a f f e c t  b a sa l c o r t i s o l  le v e ls  in  cynomolgus monkeys 
(C a s tro  e t  a l . ,  1981), b u t th e  p i t u i t a r y - a d r e n a l  a x is  cou ld
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s i g n i f i c a n t l y  a c t iv a t e d  in  monkeys unaccustom ed to  r o u t in e  h an d lin g  
(P u r i ,  P u ri and Anand Kumar, 1981). The dose o f  k etam ine  used  in  t h i s  
s tu d y  was th e  minimum e f f e c t i v e  dose needed  fo r  tem porary  
im m o b iliz a tio n  o n ly . A ll monkeys co u ld  re c o v e r and became a l e r t  in  a  
s h o r te r  d u ra t io n  (ap p ro x im a te ly  2 0  m in u tes) th an  th e  o th e r  re p o r t  
(30 m in u tes) in  rh e su s  monkeys (O chsner, 1977). Hence, th e  b loo d  
o b ta in e d  d u r in g  th e  f i r s t  hour a f t e r  m orphine in j e c t io n  were 
w ithdraw n from monkeys in  co n sc io u s  s t a t e .  I t  i s  p o s s ib le  th a t  a 
r e s u l t  o f  s t r e s s  induced  by b loo d  sam pling  and h an d lin g  co n sc io u s  
monkeys as  ev id en ced  in  chim panzee monkeys c au se s  a  r i s e  in  serum 
c o r t i s o l  le v e ls  (G o sse lin  e t  a l . ,  1983).

I t  was p re v io u s ly  shown th a t  a  s h o r t - t im e  n ox iou s f o o t -  
shock  s t r e s s  caused  a d e p le t io n  o f  B-EP in  th e  hypo thalam us, septum  
and p e r ia q u e d u c ta l  g re y , in d ic a t in g  an enhanced r e le a s e  o f  th e  
p e p tid e  th e r e in  (M illan  e t  a l . ,  1981; P rzew lo ck i e t  a l . ,  1982). More 
r e c e n t ly ,  i t  was shown th a t  a c u te  swim s t r e s s  d e c re a se d  th e  B-EP 
c o n te n t in  th e  n u c leu s  accumbens s e p t i ,  a g a in  s u g g e s tin g  an 
a c c e le r a te d  r e le a s e  o f  t h i s  p e p tid e  from n erv e  te rm in a ls  (P rzew lock i 
e t  a l . ,  1989). Im m unoreactive B-EP has been d e te c te d  in  human plasm a 
and h as been shown to  be s e c r e te d  from th e  p i t u i t a r y  g lan d  
c o n c o m ita n tly  w ith  ACTH and o th e r  p e p tid e  frag m en ts o f  POMC (Wardlaw 
and F ra n tz ,  1979). A lso  B-EP and ACTH were s im u lta n eo u s  in c re a s e  
b e fo re  and d u r in g  p h y s ic a l  e x e r c is e  th a t  has been viewed in  th e  
b ro a d e r  c o n te x t o f  p h y s ic a l  and p sy c h o lo g ic a l  s t r e s s  ( o l t r a s ,  Mora 
and V iv es, 1987). I t  r e s u l te d  in  th e  consequen t in c re a s e  in  th e  
c o r t i s o l  le v e ls  (George e t  a l . ,  1974).
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S in ce  m orphine, an exogenous o p ia te ,  d id  n o t a f f e c t  th e  
norm al a d re n a l re sp o n se  to  exogenous ACTH, th e  e v id e n t ly  p roposed  a t  
th e  h y p o th a la m ic -p i tu i ta ry  le v e l (George e t  a l . ,  1974). s im i l a r ly  an 
B-EP, endogenous o p ia te ,  was known to  d e c re a se  p i t u i t a r y  s e c r e t io n  
o f  ACTH and, th u s ,  cou ld  p o t e n t i a l l y  r e g u la te  c o r t i s o l  o u tp u t 
i n d i r e c t l y  (B eyer e t  a l . ,  1986). E s tie n n e  e t  a l . (1988) found th a t  th e  
in c re a s e  in  serum c o r t i s o l  c o n c e n tra t io n s  fo llo w in g  naloxone 
a d m in is t r a t io n  to  fem ale p ig s  was a b o lis h e d  by h y p o p h y sia l s t a l k -  
t r a n s e c t io n ,  even though CRH and ACTH s t im u la te d  c o r t i s o l  r e le a s e  in  
th e s e  a n im a ls . I t  means th a t  endogenous o p io id s  d e c re a se  c o r t i s o l  
s e c r e t io n  p r im a r i ly  a t  h yp o thalam ic  l e v e l ,  o th e r s  have d em on stra ted  
th a t  o p io id  an tagon ism  may enhance c o r t i s o l  s e c r e t io n  by a c t in g  
e i t h e r  on th e  hypothalam us to  augment r e le a s e  o f  CRH (E ise n b e rg , 
1984) o r  on th e  p i t u i t a r y  g land  to  cau se  r e le a s e  o f  ACTH (V olavka e t  
a l . ,  1979; S ie g e l e t  a l . ,  1982; Jezo v a , 1985; Grossman e t  a l . ,  1986). 
Taken to g e th e r ,  th e s e  o b s e rv a t io n s  su g g e s t th a t  an in h ib i to r y  o p io id  
pathway i s  in v o lv ed  in  th e  b a s a l  r e g u la t io n  o f  ACTH and t h i s  
i n h i b i t i o n  i s  unmaked by n a lo x o n e . However, a  d i r e c t  e f f e c t  o f 
o p ia te s  on th e  a d re n a l g land  has n o t y e t  been r u le  o u t owing to  th e  
in te g r a te d  c o r t i s o l  re sp o n ses  to  th e  b o lu s  dose o f  ACTH when 
p reced ed  by a h ig h  p harm aco lo g ica l dose o f  B-EP were s i g n i f i c a n t l y  
le s se n e d  (Beyer e t  a l . ,  1986).

F o llow ing  s a l in e  i n j e c t i o n ,  th e re  was a  g rad u a l f a l l  in  
c i r c u l a t i n g  c o r t i s o l  in  keep in g  w ith  i t s  known c i r c a d ia n  rhythm . 
M orphine p roduced  a  marked d e c re a se  in  c o r t i s o l  and th e  low le v e l  
was g r e a t e r  th an  fo llo w in g  s a l in e  a t  2 .5  h o u rs . Of i n t e r e s t ,  th e  
low er dose o f  m orphine produced a  more s i g n i f i c a n t  re d u c t io n  in
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c o r t i s o l  l e v e ls .  S u r p r i s in g ly ,  c o r t i s o l  le v e ls  in  a d u l t  monkeys 
t r e a t e d  w ith  6 . 0  mg/kg m orphine h y d ro c h lo r id e  alw ays showed no 
s t a t i s t i c a l l y  s i g n i f i c a n t  from th e  s a l i n e - i n j e c t e d  c o n t r o l .
Buckingham and Hodges (1979) a ls o  found th a t  th e  s e c r e t io n  in  v i t r o  

o f  r a t  h y p o tha lam ic  CRH was le s s  marked in  h ig h e r  c o n c e n tra t io n  o f  
m orphine as  compared to  p ro d u c tio n  in  low c o n c e n tr a t io n .  T h is  may 
p o s s ib ly  due to  th e  f a s t ,  r a t e - s e n s i t i v e  feedb ack  mechanism o f 
h y p o th a la m ic -p i tu i ta ry -a d r e n a l  a c t i v i t y  m ed ia ted  by c i r c u l a t i n g
c o r t i c o s t e r o i d s  (J o n e s , H il lh o u s e  and Burden, 1977). G ibson e t  a l .  
(1979) re p o r te d  th a t  th e  p lasm a c o r t i c o s t e r o i d  re sp o n se  to  e th e r  
s t r e s s  was red u ced  by a  p re ce d in g  s t r e s s .  F u therm ore, Buckingham 
(1979) has shown th a t  th e  feedb ack  mechanism o p e ra te d  by 
c o r t i c o s t e r o i d s  was n o t a p p ea ren t u n t i l  1 hour l a t e r .  In  t h i s  s tu d y  
m orphine in  dose 6 . 0  mg/kg u n ab le  to  d e c re a se  serum  c o r t i s o l  le v e ls  
even e a r l i e r  th an  1 hour a f t e r  a d m in is t r a t io n .  Thus th e  feedback  
mechanism o p e ra te d  by m orphine may n o t m ain ly  due to  c i r c u l a t i n g  
c o r t i c o s t e r o i d s  b u t may l i k e ly  due to  i n t e r a c t io n  o f  morphine w ith  
in h i b i t o r y  n o ra d re n e rg ic  neu rons in  th e  h y p o th a la m ic -p i tu i ta ry -  
a d re n a l  system  (Buckingham and Hodges, 1978). s in c e ,  th e  p re tre a tm e n t 
w ith  th e  n o ra d re n e rg ic  a lp h a - 1  a n ta g o n is t ,  thymoxamine, a ls o  b lo ck ed  
a  r i s e  in  plasm a c o r t i s o l  a f t e r  naloxone in j e c t i o n  (Grossman and 
B e s s e r , 1982). By n a tu r e ,  two o u t o f  th re e  monkeys (n o .506 and 
n o .704) t r e a t e d  w ith  6 .0  mg/kg m orphine d is p la y e d  a  v e ry  a g g re s s iv e  
b e h a v io r .  They d id  n o t h a b i tu a te  to  th e  h a n d lin g , th e r e f o r e ,  th ey  
may f e e l  s t r e s s  d u r in g  th e  b loo d  c o l l e c t i o n .  S h iv e ly  and K aplan 
(1984) r e p re s e n te d  th e  case  in  male cynomolgus monkeys th a t  
in c re a s e d  le v e ls  o f  a d re n a l c o r t i c a l  a c t i v i t y  and h y p e rtro p h y  o f  
a d r e n o c o r t ic a l  t i s s u e s  to  d e fe a t  in  a g g re s s iv e  e n c o u n te rs  and to



156

c o n d it io n s  o f  s o c ia l  s u b o rd in a t io n  were in  g e n e ra l .  T h is  may r e f l e c t  
on o p io id -m e d ia te d  in h ib i to r y  pathw ays which were a lr e a d y  m axim ally 
o p e r a t iv e  and, t h e r e f o r e ,  n o t re sp o n s iv e  to  exogenous o p io id  
a d m in is t r a t io n  a s  m orphine (G o sse lin  e t  a l . ,  1983). A d d it io n a l ly ,  
endogenous o p ia te  p rodu ces a  c o n s ta n t  to n ic  i n h ib i t io n  on p i t u i t a r y -  
a d re n a l a x is  th ro u g h o u t 24 h o u rs (Grossman e t  a l . ,  1982). Thus 
m orphine a d m in is t r a t io n  can p o t e n t i a t e ,  a t  l e a s t  in  p a r t ,  an 
endogenous end o rp h in  to  d e c re a se  c o r t i s o l  l e v e ls  w hich can re c o v e r 
to  th e  normal c i r c a d ia n  v a r ia t io n  t h e r e a f t e r .

4 . The e f f e c t  on TSH le v e ls
The r e s u l t  o f  morphine e f f e c t  on TSH le v e ls  in  male 

cynomolgus monkeys was s im i la r  to  th e  e f f e c t  r e p o r te d  in  human as  
c o r t i s o l  hormone w as. That i s ,  m orphine showed e i t h e r  n o - e f f e c t  on 
TSH le v e ls  ( T o l is ,  H icky and Guyda, 1975; M orley e t  a l . ,  1980; R eid 
e t  a l . ,  1981) o r  s t im u la te d  TSH r e le a s e  (S tu b bs e t  a l . ,  1978; 
D e l i t a l a ,  Grossman and B e sse r , 1981). But i t  has been c o n f l i c t i n g  
w ith  th e  r e p o r ts  in  r a t s  th a t  m orphine d ec re a se d  b a s a l  TSH o r  c o ld -  
s t im u la te d  TSH le v e ls  (Muraki e t  a l . ,  1980; sh a rp  e t  a l . ,  1981;Judd 
and Hedge, 1982; M annisto  e t  a l . ,  1984; A ra n c ib ia  e t  a l . ,  1985; 
R auhala , M annisto  and Tuominen, 1988; B erg lund  e t  a l . ,  1990; Dou and 
Tang, 1993). In  t h i s  s tu d y , m orphine in  th e  low est dose  (1 .5  mg/kg) 
s t im u la te d  th e  s e c r e t io n  o f  TSH w h ile  in  h ig h e r  d o se s  (3 .0  and 6 .0  
mg/kg) w ith o u t a f f e c t i n g .  When compared w ith  th e  s a l in e  c o n t r o l ,  a 
s i g n i f i c a n t  change was a ls o  t y p i c a l ly  o bserved  o n ly  in  th e  low est 
dose t re a tm e n t and in  p u b e r ta l  monkeys. T h is  e v a lu a t io n  o f  serum  TSH 
su g g e s te d  th a t  i t  d id  n o t produce by a  c ir c a d ia n  v a r i a t io n  o r s t r e s s
a s  in  th e  o th e r  hormones s a id  b e f o r e ,  s in c e  TSH le v e ls  showed a
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c i r c a d ia n  rhythm  w ith  le v e ls  r i s i n g  in  th e  ev en in g  (Hershman, 1980). 
A c o n s is te n t  TSH su rg e  o c c u rre d  in  advance o f  th e  o n se t o f  s le e p  and 
peaked a t  2300 h w ith  th e  d u ra t io n  o f  4 -6  hours in  man (V an h ae ls t e t  
a l . ,  1972; Azukizawa e t  a l . ,  1976; G reenspan e t  a l . ,  1986). But TSH 
r i s e  in  t h i s  s tu d y  was found su d d en ly  15 m inutes a f t e r  1 .5  mg/kg 
m orphine a d m in is t r a t io n  (w ith in  0800-0900 h ) .  A d d it io n a l ly ,  t h i s  TSH 
a l t e r a t i o n  d id  n o t r e s u l t  in  s t r e s s  e f f e c t ,  s in c e  s t r e s s  has reduced  
serum  TSH le v e ls  r a t h e r  th an  in c re a s e  (Sower e t  a l . ,  1977; sh a rp  e t  
a l . ,  1981; Judd and Hedge, 1982), p o s s ib ly  due to  in c re a s e d  c o r t i s o l  
s e c r e t io n  (O s tu k i , Dakoda and Baba, 1973; Sower e t  a l . ,  1977; 
Pam enter and Hedge, 1980).

Sawin and Hershman(1976) and Sawin e t  a l . (1978) re p o r te d  
in  man th a t  b a s e l in e  serum  TSH le v e ls  have s t ro n g ly  c o r r e l a t i o n  w ith  
th e  peak  re sp o n se  o f  serum TSH a f t e r  TRH. In  t h i s  s tu d y , th r e e  o u t 
o f  fo u r  monkeys t r e a t e d  w ith  1 .5  mg/kg morphine have b a s a l  TSH 
le v e ls  h ig h e r  th a n  th e  o th e r  monkeys, th e n , i t  may cau se  a  p ro found  
in c re a s e  in  TSH le v e ls  a f t e r  m orphine in je c t io n  in  t h i s  monkey g roup . 
Such f in d in g  im ply th a t  morphine s t im u la te s  TSH s e c r e t io n  v ia  a  
h ypo tha lam ic  a c t io n  on TRH r e l e a s e .  A number o f l i t e r a t u r e s  showed 
th a t  m orphine a f f e c te d  TSH s e c r e t io n  when m ic ro in je c te d  in to  th e  
hypothalam us (Judd and Hedge, 1982; M annisto  e t  a l . ,  1984; A ra n c ib ia  
e t  a l . ,  1985) o f  c e n t r a l  s i t e s  (M uraki e t  a l . ,  1980) b u t d id  n o t 
a t t e n u a te  th e  TSH r e le a s e  induced by TRH (Muraki e t  a l . ,  1980). In  
p i t u i t a r y  c u l tu r e ,  th e  a d d i t io n  o f  o p io id  p e p t id e s  d id  n o t m odify 
TSH r e le a s e  (Jo rd a n  e t  a l . ,  1986). I f  m orphine co u ld  s t im u la te  TSH 
r e l e a s e  d i r e c t l y  a t  p i t u i t a r y  l e v e l ,  th e  h ig h e r  dose  o f  m orphine 
t re a tm e n t ( 6 . 0  mg/kg) in  t h i s  s tu d y  sh o u ld  produce a  g r e a t e r  d eg ree
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o f  TSH e le v a t io n  r a th e r  th an  re d u c t io n .

S in ce  TSH and i t s  two s u b u n its  s e c r e t io n  and s y n th e s is  
a re  p r i n c i p a l ly  r e g u la te d  by TRH and dopamine (Azukizawa e t  a l . ,  
1976; Sawin and Hershman, 1976; Burrow e t  a l . ,  1977; S hupnik, 
G reenspan  and Ridgway , 1986). T h e re fo re , m orphine m odulated  TSH
r e le a s e  may a ls o  in v o le  in  d op am inerg ic  mechanism. Dopamine in fu s io n  
in  norm al m ales o b l i t e r a t e d  and m arkedly  a t te n u a te d  th e  mean peak 
serum  TSH and PRL c o n c e n tra t io n s  in  re sp o n se to  TRH (Burrow e t  a l . ,  
1977). M orphine p ro fo u n d ly  in c re a s e d  PRL le v e ls  (G old, Redmond and 
D onabedian, 1979) and was th u s  im p lic a te d  in  th e  d e c re a se  o f  dopamine 
s y n th e s is  (A lp e r, Dem arest and Moore, 1980), r e l e a s e  (G udelsky and 
P o r t e r ,  1979) and tu rn o v e r (Deyo, S w ift and M il le r ,  1979) from TIDA 
n e u ro n s . In  a d d i t io n ,  th e  d eg ree  o f  TSH r e le a s e  a f t e r  th e  dopamine 
r e c e p to r  b lo c k in g  d ru g , m etoclopram ide a d m in is t r a t io n  was in v e rs e ly  
r e l a t e d  w ith  th e  b a s a l  le v e ls  f u r th e r  su p p o rt th e  p o s s i b i l i t y  o f  
dopamine as  a  dom inant f a c to r  a f f e c t in g  lower day tim e TSH le v e ls  
(S can lon  e t  a l . ,  1979). Hence, in  monkey groups t r e a t e d  w ith  h ig h e r  
d o se s  (3 .0  and 6 .0  mg/kg) o f m orphine h y d ro c h lo r id e  which were 
o b l ig a te d  w ith  low b a sa l TSH le v e ls  sh o u ld  be more s e n s i t i v e  to  th e
su p p re s s io n  by dopamine and would s im u lta n e o u s ly  i n e r t  to  th e
s t im u la t io n  o f  TRH. I t  was th en  r a r e l y  to  o b se rv e  a  s i g n i f i c a n t
in c re a s e  o f  serum  TSH le v e ls  a f t e r  m orphine a d m in is t r a t io n .
A d d i t io n a l ly ,  one o f  a d u l t  male monkey t r e a t e d  w ith  6 .0  mg/kg 
m orphine h y d ro c h lo r id e  (n o .508) d ie d  a t  150 m in u tes o f  s u c c e s s iv e  
b lo o d  c o l l e c t i o n  o f  t h i s  s tu d y  p e r io d .  The anim al numbers were 
reduced  t h e r e a f t e r  and cou ld  n o t be re p re s e n te d  th e  s i g n i f i c a n t  
e f f e c t  o f  m orphine on TSH le v e ls .
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The im p lic a t io n  o f  t h i s  f in d in g  f o r  th e  d i f f e r e n t  TSH 
re sp o n se  to  m orphine i s  u n c le a r .  I t  may be tem p tin g  to  s p e c u la te  
th a t  t h i s  d o s e - r e la te d  re sp o n se  in  TSH le v e ls  induced  by m orphine 
were th e  r o le  o f  m u lt ip le  o p ia te  r e c e p to r s .  M orphine, th e  most 
s e l e c t iv e  น a g o n is t ,  in c re a se d  b o th  PRL and GH le v e ls  (R iv ie r  e t  a l . ,  
1977; S h a rr  and Clem ens, 1980). Maximum PRL r e le a s e  re q u ire d  lower 
dose o f  m orphine th an  th o se  needed fo r  th e  maximum GH resp o n se  and 
n a lo x azo n e , s e l e c t iv e  b lockade o f  Uj (h ig h  a f f i n i t y )  o p ia te  
r e c e p to r ,  reduced  m orphine-induced  peak c o n c e n tra t io n s  o f  PRL o n ly  
(S p ie g e l ,  K ourides and P a s te rn a k , 1982). These r e s u l t s  im ply th a t  
m o rph ine-induced  GH r e le a s e  were m odulate th ro u g h  a lower a f f i n i t y  
r e c e p to r  (kappa r e c e p to r )  w hereas a t  h ig h e r  dose o f  m orphine co u ld  
i n t e r a c t  (P en ch n ick , George and P oland  , 1985). w ith  r e s p e c t  to  TSH 
r e l e a s e ,  DAMME a lo n g -a c t in g  an a log u e  o f  m e t-en k ep h a lin  p roduced  a 
c l e a r  e le v a t io n  in  TSH le v e ls  (S tu b bs e t  a l . ,  1978; D é l i ta ,  Grossman 
and B e s s e r , 1981) w h ile  m orphine n o ta b ly  had no e f f e c t  (R eid  e t  a l . ,  
1981). DAMME was p r im a r i ly  b in d in g  to  u - r e c e p to r  and d e p r iv a t io n  o f  
b in d in g  a f f i n i t y  to  K -re c e p to r  ( K o s t e r l i t z ,  1991). These d a ta  may 
co m p a tib le  w ith  th e  h y p o th e s is  th a t  m orphine co u ld  i n t e r f e r e  w ith  
two d i f f e r e n c e s ,  b u t in te r-d e p e n d e n t r e c e p to r s :  a t  low dose m orphine 
c o u ld  a c t  a t  one re c e p to r  s i t e  ( u - r e c e p to r )  to  cause  an in c re a s e  o f 
serum  TSH, w hereas a t  h ig h e r dose i t  cou ld  i n t e r a c t  w ith  a  second 
s i t e  o f  lower a f f i n i t y  (K -re c e p to r)  th a t  i s  r e s p o n s ib le  fo r  th e  
i n h i b i t i o n  o f  TSH s e c r e t io n .  When m o rp h in e (a t h ig h  d o se) a c t i v a t e s  
th e  lower a f f i n i t y  s i t e ,  th e  i n t e r a c t i o n  w ith  t h i s  r e c e p to r  
c o u n te ra c ts  and r e v e r s e s  th e  e f f e c t s  o f  th e  h ig h  a f f i n i t y  s i t e  
(Amoroso e t  a l . ,  1988), then  no a l t e r a t i o n  in  serum TSH le v e ls  co u ld  
be o b se rv ed  t h e r e a f t e r .  On th e  b a s is  o f  t h i s  h y p o th e s is  n aloxone can
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b lo c k  b o th  r e c e p to r s  (Gilman e t  a l . ,  1985)
/

S in ce  th e  a d m in is t r a t io n  o f  naloxone a lo n e  was u n ab le  to  
a l t e r  serum TSH le v e ls  (M orley e t  a l . ,  1980). T h is  may su g g es t th a t  
endogenous o p i a t e - l i k e  p e p tid e s  m ight have no p h y s io lo g ic a l  ro le  
in  m o d u la tin g  th e  TSH le v e l .  F u rth e rm o re , m orphine a t te n u a te d  a  c o ld -  
s t im u la te d  and h e a t -  o r  s t r e s s - r e d u c e d  TSH s e c r e t io n  a f t e r  b o th  
p e r ip h e r a l  and in t r a c e r e b r o v e n t r i c u la r  a d m in is t r a t io n  in  th e  r a t  
(M uraki e t  a l . ,  1980; sh a rp  e t  a l . ,  1981). From th e s e  re a s o n s , i t  may 
con clude  th a t  m orphine i s  w ith o u t an e f f e c t  on b a s a l  TSH le v e ls  bu t 
may a c t  on s t r e s s - in d u c e d  TSH s e c r e t io n .  F in a l ly ,  th e  p re lim in a ry  
s tu d y  on lo n g -te rm  tre a tm e n t o f  0 . 1- 0 . 8  m g/kg/day m orphine 
h y d ro c h lo r id e  in  fem ale cynomolgus monkeys co u ld  n o t be found th e  
n o ta b ly  a l t e r a t i o n  in  serum TSH le v e l s ,  even th e  tre a tm e n t was long 
as  100 days (M a la iv ij i tn o n d , 1990)

5 . The e f f e c t s  on T4  le v e ls  '
The b a s a l  serum T4  l e v e ls  o f  male cynomolgus monkeys 

in  th e  p re s e n t  s tu d y  a re  in  agreem ent w ith  th e  p re v io u s  r e p o r ts  in  
human (7 .3  ± 1 .5  u g / d l , Azukizawa, P ekary  e t  a l . ,  1976; 7 .4  + 1 .6
u g /d l ,  G reenspan e t  a l . ,  1986), rh e su s  monkeys (6 .0  + 1 .3  u g /d l ,  
Azukizawa, M urata e t  a l . ,  1976) and fem ale cynomolgus monkeys (6 .2 0  
+ 0 .1 7  u g /d l ,  M a la iv i j i tn o n d , 1990). The b a s a l  T4  le v e ls  were 
w ith o u t a sex  d i f f e r e n t  w hereas TSH le v e ls  in  human fem ale was 
h ig h e r  th an  in  male (Sawin and Hershman, 1976; Sawin e t  a l . ,  1978). 
On th e  p re v io u s  d ay s , th e  p u b lish e d  r e p o r t s  about th e  a c u te  e f f e c t  
o f  m orphine on T4  le v e ls  were done in  r a t s  o n ly  (Lomax and G eorge, 
1966; Lomax, Kokka and G eo rg e ,1970; T al e t  a l . ,  1984; Tal e t  a l . ,
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1986 B hargava e t  a l . ,  1989; B erg lund  e t  a l . ,  1990, d e l V a lle -S o to  e t  
a l . ,  1991). M ic ro in je c tio n  in to  th e  h yp o th a lam ic  s i t e  o r 
i n t r a p e r i t o n e a l  i n j e c t i o n  o f  m orphine in to  th e  r a t  d e p re sse d  th e  
r e l e a s e  o f  r a d io io d in e  from th e  th y ro id  g lan d  (Lomax and G eorge, 1966; 
Lomax, Kokka and G eorge, 1970). Lomax, Kokka and George (1970) 
su g g e s te d  a  d ua l a c t io n  o f  m orphine ะ s t im u la t io n  o f  n eu ron s in  th e  
caud a l hypothalam us th a t  in h ib i t e d  TSH r e le a s e  and d e p re s s io n  o f 
n eu ro ns in  th e  r o s t r a l  re g io n  th a t  n o rm a lly  a c t iv a t e d  th e  p i t u i t a r y -  
th y ro id  a x i s .  M orphine caused  a  d e c l in e  o f  b a s a l  and c o ld - s t im u la te d  
TSH le v e ls  in  th e  r a t  v ia  TRH system  (Muraki e t  a l . ,  1980; Judd and 
Hedge, 1982; R uzsas and Mess, 1983; B erg lund  e t  a l . ,  1990). S ince  
p re tre a tm e n t  w ith  m orphine d id  n o t red u ce  th e  r e l e a s e  o f  TSH induced 
by exogenous TRH (M uraki e t  a l . ,  1980). T h e r fo re , i t  was a c tu a l ly  
fo llo w ed  by a  d e c re a s e  o f T4  le v e ls  (B erg lund  e t  a l . ,  1990).
However, th e  d i r e c t  e f f e c t  o f  m orphine on th e  th y ro id  g lan d  was a ls o  
ev id en ced  (Tal e t  a l . ,  1986). F re ire -G a ra b a l  e t  a l . (1992) r e p o r te d  
o p io id  b in d in g  s i t e s  in  th e  th y ro id  g la n d , and th e  male r a t  th y ro id
g lan d  in cu b a ted  w ith  m orphine in  v i t r o  p roduced  a  s i g n i f i c a n t
in c re a s e  in  T4  c o n c e n tra t io n  o f  in c u b a tio n  medium (T al e t  a l . ,  1986).

In  c o n t r a s t  to  th e  r a t ,  m orphine induced  (D é l i ta ,
Grossman and B e sse r , 1981) o r w ith o u t (R eid e t  a l . ,  1981) an e f f e c t  
on TSH le v e ls  in  human which was s im i la r  to  in  cynomolgus monkeys. 
T h is  sh ou ld  be c o in c id e d  w ith  an increm ent o f  T4  l e v e ls ,  s in c e  a
s i g n i f i c a n t r i s e  o f plasm a t 3 and T4 le v e ls  from th e b a s a l
v a lu e s  were o b se rv ed a t  30 and 45 m in u te s , r e s p e c t  iv e ly , in  th e
fem ale rh e su s  monkeys p reced in g w ith th e r i s e o f  plasm a TSH le v e ls
a t  15 m inutes a f t e r  TRH in je c t io n  (Azukizawd, M urata e t  a l . ,  1976).
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Ho e t  a l . (1977) d e te rm in ed  T4  l e v e ls  in  c h ro n ic  h e ro in  a d d ic t s ,  
th e  av e rag e  le n g th  o f  a d d ic t io n  was 1 0  y e a r s ,  and re p o r te d  a  h ig h e r  
T4  l e v e ls  th an  th a t  o f  th e  normal s u b je c ts .  In  agreem ent w ith  t h i s  
s tu d y , t h i s  increm en t o f  T4  l e v e ls  may r e s u l t  in  th e  p e r ip h e r a l  
e f f e c t  o f  m orphine, s in c e  i t  was a s s o c ia te d  w ith  a  lower c h o le s te r o l  
le v e l  and acco u n ted  fo r  by th y ro x in e - s t im u la te d  in c re a s e  o f 
c h o le s te r o l  m etabo lism  which was a  p r e r e q u i s i t e  o f  m e tab o lic  r a t e  
c o n t r o l l i n g .  C on seq u en tly , Ho e t  a l . (1977) assumed th a t  th e  in c re a s e  
o f  T4  l e v e l ,  in  t h i s  p a r t i c u l a r  c a se , may produce v ia  th e  
s t im u la te d  TSH s e c r e t io n .

In  t h i s  a c u te  s tu d y , TSH le v e ls  p ro m tly  in c re a s e d  a f t e r  
m orphine in j e c t i o n ,  p a r t i c u l a r l y  in  a d u l t  monkeys t r e a t e d  w ith  1.5 
mg/kg m orphine. The s i g n i f i c a n t  in c re a s e  o f TSH began a t  15 m inu tes 
and fo llow ed  by th e  T4  r i s e  a t  150 m in u tes . In  th e  rem ain  g ro u p s, 
TSH le v e ls  were a l s o  in c re a se d  n e a r ly  a t  th e  l a s t  p o in t  o f 
s u c c e s s iv e  b lo od  c o l l e c t io n  (w ith in  270-390 m in u tes) and 
s im u lta n e o u s ly  w ith  th e  cascad e  r i s e  o f  T4  c o n c e n tr a t io n s .  
T h e re fo re , i t  may su g g es t th a t  e f f e c t  o f  m orphine on serum T4  

l e v e ls  in  male cynomolgus monkey was d i f f e r e n t  from th e  e f f e c t  found 
in  r a t s  (B hargava e t  a l . ,  1989; B erg lund  e t  a l . ,  1990), a lth o u g h  i t  
may resem ble on TSH and c o r t i s o l  re sp o n se s . However, th e  increm en ts 
o f  TSH and T4  in  t h i s  o n se t o f  s tu d y  were in  th e  normal 
f l u c tu a t io n  ra n g e s , becau se  th e  s a l in e  c o n tro l  by i t s e l f  showed an 
increm ent o f  T4  p a t t e r n  n e a r ly  id e n t i c a l  to  th e  re sp o n se  o f 
m orphine t r e a t e d  a n im a ls . Azukizawa, P ekary  e t  a l . (1976) su g g e s ted  
in  human th a t  th e  s h o r t- te rm  e le v a t io n  o f  serum T4  may r e s u l t  from 
changes in  p r o te in  c o n c e n tra t io n  due to  hemodynamic re sp o n se  to
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a l t e r a t i o n  o f  p h y s ic a l  a c t i v i t y  and n o t TSH r i s e .

The A cute E f fe c t  o f  M orphine H y d ro ch lo rid e  on Hormonal L ev e ls  in  
N aive Monkeys

The s tu d y  o f  a c u te  e f f e c t  o f  morphine h y d ro c h lo r id e  on 
hormonal le v e ls  (TSH, T4 , c o r t i s o l ,  PRL and te s to s te r o n e )  in  n a iv e  
monkeys were s im i l a r  to  th e  re c o v e re d  m o rp h in e -a d d ic tio n  monkeys. 
T here were u s in g  o n ly  2 to  3 e x p e rim e n ta l monkeys in  t h i s  s tu d y , th en , 
th e  s ta n d a rd  d e v ia t io n  o f  mean was r a th e r  h ig h . B earin g  t h i s  
l im i t a t io n  in  mind, th e  s t a t i s t i c a l  d i f f e r e n c e  by u n p a ir  t - t e s t  cou ld  
n o t som etim es o b ta in .  As m entioned p re v io u s ly ,  th e s e  an im als  were 
n ev e r c o l le c te d  th e  b lood  sam ple b e fo re , th e r e f o r e ,  th ey  were 
p r e c i p i t a t e d  in  th e  s t r e s s  d u r in g  s tu d ie d  p e r io d .  S t r e s s  i s  a 
p a r t i c u l a r  f a c to r  in  s t im u la t in g  c o r t i s o l  r e le a s e  (R o ss ie r  e t  a l . ,  
1977; C h r is ty ,  1978). T h e re fo re , th e  c o r t i s o l  l e v e ls  a t  0 m inute 
were s i g n i f i c a n t l y  h ig h e r  th an  a t  -60  m in u tes .

I t  may assume th a t  m orphine a d d ic ts  r e s u l t e d  in  hormonal 
a l t e r a t i o n  co u ld  be reco v e red  to  a norm al e n d o c r in o lo g ic a l  s t a tu s  in  
a  s h o r t - d u r a t io n .  A f te r  t h a t ,  th ey  can re sp o n se  to  th e  n a r c o t ic  drug 
in  hormonal changes a g a in  as p r io r  to  u s in g  th e  d ru g .

In  sum, th e  s tu d y  o f  a c u te  e f f e c t  o f  m orphine h y d ro c h lo r id e  
on any hormonal changes in  male cynomolgus monkeys was co n cu rred  w ith  
in  human b u t p a r t l y  d id  so  in  th e  r a t .  For exam ple, th e  re d u c t io n  in  
c o r t i s o l  le v e ls  (George e t  a l . ,  1974) and th e  e le v a t io n  in  TSH and T4  

le v e ls  in  male cynomolgus monkey were resem ble w ith  human ( T o l is ,
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H icky and Guyda, 1975; S tubbs e t  a l . ,  1978;M orley e t  a l . ,  1980; 
D e l i t a l a ,  Grossman and B e sse r , 1981; Reid e t  a l . ,  1981) b u t v ic e  
v e r s a  from r a t s  (M uraki e t  a l . ,  1980; Sharp e t  a l . ,  1981; Buckingham 
e t  a l . ,  1982; Juud and Hedge, 1982; M annisto  e t  a l . ,  1984; A ra n c ib ia  
e t  a l . ,  1985; B erg lund  e t  a l . ,  1990; Dou and Tang, 1993). I t  may 
r e s u l t e d  from th e  re a so n  th a t  monkey and human a r e  th e  d iu rn a l  
anim al w hereas r a t  i s  th e  n o c tu rn a l  anim al (Grossman e t  a l . ,  1982; 
Keim e t  a l . ,  1987). They have a  s leep -w ake  c y c le  in  th e  o p p o s ite  
s i t e  w ith  c o n se q u e n tly  a re  so in  t h e i r  d a i ly  a c t i v i t y  (K ant, Mougey 
and M eyerhoff, 1986). T h e re fo re , th e  d iu rn a l  v a r i a t i o n  o f  c o r t i s o l ,  
TSH and T4  le v e ls  which a re  im p o rtan t hormones r e l a t e d  to  
m e ta b o lic  r a t e  (Sm ith  e t  a l . ,  1983) a re  in  d i f f e r e n t  p a t t e r n s .  
U su a lly  th e se  hormones a re  peak j u s t  p r io r  to  th e  o n se t  o f  awake 
phase (K ant, Mougey and M eyerhoff, 1986). As in  th e s e  re a s o n s , th e  
hormonal a l t e r a t i o n s  a f t e r  m orphine tre a tm e n t a re  d i s t i n g u i s h .  
T h e re fo re , th e  in fo rm a tio n  in  th e se  male cynomolgus monkeys sh o u ld  be 
u s e fu l  fo r  c l i n i c a l  e v a lu a t io n  in  human. S in c e , we can som etim es not 
s tu d y  th e  e f f e c t  o f  m orphine in  human th a t  was c o n c re te d  by m oral 
and e th i c a l  s ta n d a rd s .

C hron ic  E f fe c t  o f  M orphine H y d ro ch lo rid e

C l in i c a l ly ,  c h ro n ic  a d d ic t io n  to  o p ia te  d ru gs can lead  to  a 
number o f  p h y s io lo g ic a l  and p s y c h lo lo g ic a l  d is tu rb a n c e s  th a t  w i l l  
u l t im a te ly  a f f e c t  th e  g e n e ra l h e a l th  o f  th e  a d d ic te d  s u b je c t .  The 
b a se s  o f  such  d is tu rb a n c e s  a re  n o t w e ll u n d e rs to o d . I t  i s  g e n e r a l ly  
b e l ie v e d  th a t  any p h y s io lo g ic a l  consequences o f  o p ia te  a d d ic t io n  
must f i r s t  be m ed ia ted  th rough  th e  b in d in g  o f  th e  o p ia te  d ru g  to
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s p e c i f i c  r e c e p t o r  s i t e s  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  ( S n y d e r ,  1 9 7 5 ) .  

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

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

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

o f  s e x  d r i v e  i n  m a le  a d d i c t s ;  t h e  c a u s e  o f  t h i s  h a s  b e e n  s u g g e s t e d  

w i t h  a  d e c r e a s e  i n  t e s t o s t e r o n e  l e v e l  ( C u sh m a n ,  1 9 7 2 ,  1 9 7 3 ;  M a r t i n ,  

1 9 7 3 ,  M a n d e l s o n  a n d  M e l l o ,  1 9 7 5 ) .  T o  e v a l u a t e  t h e  r o l e  o f  m o r p h in e  

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

E 2 , t e s t o s t e r o n e  a n d  c o r t i s o l  i n  m a le  c y n o m o lg u s  m o n k e y s  w e re  

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

w e r e  d e t e r m i n e d  a p p r o x i m a t e l y  2 0  h o u r s  a f t e r  d a i l y  s i n g l e  

s u b c u t a n e o u s  m o r p h in e  i n j e c t i o n s  a s  p r e v i o u s l y  d e s c r i b e d  i n  t h e  

m a t e r i a l s  a n d  m e t h o d s ,  s i n c e  t h e  e l i m i n a t i o n  h a l f  l i f e  ( t j / 2B^ ๐ f  

m o r p h in e  i n  t h e s e  m a le  m o n k e y s  i s  3 0 8 . 2 1  + 2 0 . 3  m i n u t e s  a n d  

a p p r o x i m a t e l y  9 0  p e r c e n t  w a s  e l i m i n a t e d  f r o m  t h e  b o d y  f a t e  w i t h i n  24 

h o u r s  (Wood a n d  W ood , 1 9 8 2 ) .  T h e n  t h e  o n s e t  o f  m o r p h in e  e f f e c t  o n  

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

p r o l o n g e d  e f f e c t  ( 2 0  h o u r s )  o f  m o r p h in e  a f t e r  b i n d i n g  t o  t h e  o p i a t e  

r e c e p t o r  o r  a  s u d d e n  t o l e r a n c e  ( a d j u s t m e n t )  a n d  d e p e n d e n c e  s y m p to m s  

a f t e r  a  d a i l y  s i n g l e  m o r p h in e  i n j e c t i o n s .  F o r  c o n v e n i e n c e ,  t h e  mean 

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

m o r p h in e  h y d r o c h l o r i d e  w i l l  b e  f i r s t  d i s c u s s e d .

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

m o r p h in e  i n j e c t i o n ,  t h e  e f f e c t  o f  m o r p h in e  o n  t h e  h o r m o n a l  

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

s t u d y ,  m o r p h in e  d e c r e a s e d  t h e  c o r t i s o l  l e v e l s  a t  2 . 5  h o u r s  a n d  

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

t h e  l o w e r e d  h y d r o c o r t i s o n e  l e v e l  a t  4  a n d  5 h o u r s  a f t e r  t h e  d r u g  

i n j e c t i o n  ( M c D o n a ld  e t  a l . ,  1 9 5 9 ) .  I n  a d d i t i o n ,  t h e  l o w e r e d  c o r t i s o l  

l e v e l s  c o u l d  r e t u r n  t o w a r d  c o n t r o l  l e v e l s  9 0 - 1 2 0  m i n u t e s  a f t e r  t h e  

t e r m i n a t i o n  o f  B - E P  i n f u s i o n  ( T a y l o r  e t  a l . ,  1 9 8 3 ) .  H o w e v e r ,  t h e  

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

f o u n d  i n  t h e  m o d e r a t e  d o s e  o f  m o r p h in e  ( 3 . 0  m g / k g / d a y )  g i v e n  t o  

a d u l t  m o n k e y s .  W h i l e  i n  t h e  h i g h e r  d o s e  ( 6 . 0  m g / k g / d a y ) ,  t h e  mean 

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

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

r e c i e v i n g  t h e  n e x t  d o s e .  A s  c o n f i r m e d  t h e s e  r e s u l t s ,  t h e  c o r t i s o l  

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

d u r i n g  t h e  e a r l y  t r e a t m e n t  p e r i o d .  I n  a d d i c t e d  s u b j e c t s  t h e  m o r n i n g  

p l a s m a  l e v e l s  o f  1 7 - h y d r o x y c o r t i c o s t e r i o d  w e r e  a t  l e a s t  t w i c e  a s  lo w  

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

p a t i e n t s  r e c i e v e d  m o r p h in e  ( 3 . 5  m g / k g )  4 t im e s  a  d a y  ( E i s e n m a n ,  

F r a s e r  a n d  B r o o k s ,  1 9 6 1 ) .  I n t e r e s t i n g l y ,  d u r i n g  w i t h d r a w a l  p e r i o d  

m o n k e y s  i n j e c t e d  w i t h  h i g h e s t  d o s e  o f  m o r p h in e  h y d r o c h l o r i d e  ( 6 . 0  m g/ 

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

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

F r a s e r  a n d  B r o k s  ( 1 9 6 1 )  f o u n d  t h a t  t h e  t im e  w hen  m a x im a l  1 7 -  

h y d r o x y c o r t  i  c o s t e r o i d  i n  u r i n e  w as  o b s e r v e d  v a r i e d  f r o m  24  t o  48  

h o u r s  a f t e r  w i t h d r a w a l  o f  m o r p h i n e .  H o w e v e r ,  t h e  e l e v a t e d  l e v e l s  o f  

u r i n a r y  1 7 - h y d r o x y c o r t i c o s t e r o i d  d i d  n o t  r e t u r n  t o  n o r m a l  f o r  

s e v e r a l  d a y s  ( E i s e n m a n ,  F r a s e r  a n d  B r o o k s ,  1 9 6 1 ) .  s i n c e ,  t h e  l a s t  

d o s e  o f  m o r p h in e  i n j e c t i o n  ( 6 . 0 m g / k g / d a y )  i n  t h e s e  m a le  m o n k e y s  w a s  

d a y - 1 4 0  ( a t  1 2 0 0 - 1 3 0 0  h )  a n d  t h e  f i r s t  b l o o d  c o l l e c t i o n  d u r i n g
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w i t h d r a w a l  p e r i o d  w a s  d a y - 1 4 2  ( a t  0 8 0 0 - 0 9 0 0  h ) .  T h e r e f o r e ,  t h e  t o t a l  

i n t e r v a l  t im e  w a s  4 4  h o u r s  w h i c h  w a s  i n  t h e  r a n g e  o f  d u r a t i o n  o f  

s h a r p l y  p e a k  o c c u r r e d .  I n  t h e  p r e s e n t  s t u d y ,  I t  may c o n c l u d e  i n  

a d d i t i o n  t o  E i s e n m a n  e t  a l . ( 1 9 6 1 )  t h a t  t h e  t i m e  o f  m a x im a l  c o r t i s o l  

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

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

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

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

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

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

t e s t o s t e r o n e  l e v e l s  i n  t h i s  s t u d y .  I n  a g r e e m e n t  w i t h  C u s h m a n ( 1 9 7 3 )  

a n d  C e l a n i  e t  a l . ( 1 9 8 4 )  f o u n d  t h a t  t e s t o s t e r o n e  v a l u e s  o f  m a le  

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

T h i s  w a s  p a r t i c u l a r l y  t r u e  i n  t h e  c a s e  o f  a c u t e  e f f e c t  s t u d y ,  

m o r p h in e  r e d u c e d  t e s t o s t e r o n e  l e v e l s  u n t i l  a t  10 h o u r s  ( o r  l a s t  

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

i n c r e a s e  t o  t h e  n o r m a l  l e v e l  a f t e r w a r d .  T h e  mean t e s t o s t e r o n e  l e v e l s  

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

i n  p u b e r t a l  m o n k e y s .  I t  seem  t o  b e  r e b o u n d  p h e n o m e n a  u p o n  m o r p h in e  

w i t h d r a w a l  a f t e r  e a c h  m o r p h in e  i n j e c t i o n ,  a n d  o n  u l t i m a t e  a d a p t e d  t o  

n o r m a l  l e v e l s .  A c c o r d i n g l y ,  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  p u b e r t a l  

m o n k e y s  e x h i b i t e d  a  p r o t r a c t e d  r i s e  i n  t e s t o s t e r o n e  l e v e l s .

D u r i n g  p r e c i p i t a t e d  m o r p h i n e  w i t h d r a w a l ,  n o r a d r e n e r g i c  

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

( C r a w l e y ,  L a v e r t y  a n d  R o t h ,  1 9 7 9 ;  G a b r i e l ,  S i m p k i n s  a n d  M i l l a r d ,  

1 9 8 5 ) .  T h e  b r a i n  n o r a d r e n e r g i c  s y s t e m  i s  s t i m u l a t o r y  t o  LH  s e c r e t i o n
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( G a b r i e l ,  S i m p k i n s  a n d  M i l l a r d  5 1 9 8 5 ) .  T h e r e f o r e ,  t h e  i n i t i a l

i n c r e a s e s  i n  n o r e p i n e p h r i n e  t u r n o v e r  w as  a s s o c i a t e d  w i t h  a  m a r k e d  

i n c r e a s e  i n  L H  l e v e l  d u r i n g  w i t h d r a w a l  p e r i o d  i n  r a t s  ( S i m p k i n s ,  

K a t o v i c h  a n d  S o n g ,  1 9 8 3 ) .  M o r e o v e r ,  t h e  s e r u m  t e s t o s t e r o n e  a n d  LH  

l e v e l s  i n  m a le  r a t s  r e t u r n e d  t o  t h e  c o n t r o l  l e v e l s  4 8  h o u r s  a f t e r  

t h e  w i t h d r a w a l  o f  m o r p h in e  ( M u r a k i  e t  a l . ,  1 9 7 8 ;  C i c e r o  e t  a l . ,  1 9 8 3 ) .  

I t  h a s  b e e n  c o n f l i c t i n g  t o  t h e  p r e c e d e d  r e s u l t s  i n  r a t s .  D u r i n g  

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

w e r e  d e c r e a s e d ,  b u t  t h i s  l o w e r e d  l e v e l s  w e r e  c o u p l e d  w i t h  t h e  

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

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

i n h i b i t i n g  h C G - s t i m u l a t e d  t e s t o s t e r o n e  p r o d u c t i o n  v i a  a

g l u c o c o r t i c o i d  r e c e p t o r s  o n  t e s t i c u l a r  i n t e r s t i t i a l  c e l l s  i n  

v i t r o  a n d  t h e  e f f e c t  w as  r e v e r s e d  b y  c o i n c u b a t i o n  w i t h  

a n t i g l u c o c o r t i c o i d ,  R U 486  ( U r b a n ,  M i l l e r  a n d  D o r s a ,  1 9 9 1 ;  O r r  a n d  

M an n ,  1 9 9 2 ) .  T h u s ,  i t  p r o v i d e s  i n s i g h t  how  s t r e s s  may a f f e c t  

t e s t o s t e r o n e  p r o d u c t i o n  a n d  r e p r o d u c t i v e  o r g a n s .  I n  a d d i t i o n ,  t h e  

a d m i n i s t r a t i o n  o f  d e x a m e t h a s o n e  t o  m a l e  f e t u s  r a t s  a t  t e r m  i n d u c e d  1 

h o u r  l a t e r  a  s l i g h t  i n c r e a s e  h y p o t h a l a m i c  GnRH  a n d  p i t u i t a r y  LH  

c o n t e n t ,  r e d u c e d  d r a s t i c a l l y  p l a s m a  LH  l e v e l s  a n d  c o m p l e t e l y  

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

i n  l i t t e r m a t e  c o n t r o l s  ( L a l a u  e t  a l . ,  1 9 9 0 ) .  F r o m  t h i s  r e a s o n ,  t h e  

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

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

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

d u r a t i o n .  A g a i n ,  t h e  d u r a t i o n  o f  f i r s t  b l o o d  c o l l e c t i o n  i n  t h i s  s t u d y  

w i t h i n  4 4  t o  68  h o u r s  a f t e r  m o r p h in e  w i t h d r a w a l  may s u f f i c i e n t  t o  

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

L i t t l e  i n f o r m a t i o n s  h a v e  h e r e t o f o r e  b e e n  a v a i l a b l e  a b o u t  t h e  

e f f e c t  o f  o p i a t e s  o n  E>) i n  man. A  s u b s t a n t i a l  p o r t i o n  o f  ]ร2  i n  

m a le  i s  d e r i v e d  b y  b i o s y n t h e s i s  i n  t h e  t e s t e s  f r o m  t e s t o s t e r o n e ,  a n d  

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

p r e c u r s o r  ( K e l c h  e t  a l . ,  1 9 7 2 ;  F r a n z  a n d  L o n g c o p e ,  1 9 7 9 ;  P r i o r  e t  a l . ,  

1 9 8 7 ) .  I n  a d d i t i o n ,  t h e  c o n v e r s i o n  o f  p l a s m a  a n d r o s t e n d i o n e  t o  

e s t r o n e  w as  p r o g r e s s i v e l y  i n c r e a s e  w i t h  a n  a d v a n c i n g  a g e  ( H e m s e l l  e t  

a l . ,  1 9 7 4 ) .  D e s p i t e  t h i s  r e l a t i o n s h i p ,  t h e  p l a s m a  £ 2  c o n c e n t r a t i o n s  

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

c o n t r o l  ( A z i z i ,  V a g e n a k i s  a n d  L o n g c o p e ,  1 9 7 3 )  w h e r e a s  t h e  r e p o r t e d

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 e re  l o w e r e d  t h a n  n o r m a l  v a l u e s  ( J a m e s ,  

H e y w o o d  a n d  C r o o k  5 1 9 8 0 ;  M a l i k  e t  a l . ,  1 9 9 2 ) .  H o w e v e r ,  t h e  n o r m a l l y  

l o w  c o n t e n t  o f  t h i s  h o rm o n e  i n  m a le  p l a s m a  ( 2 0  + 1 . 6  p g / m l  i n

hum an , 17 + 5 . 7  p g / m l  i n  r h e s u s  m o n k e y :  K e l c h  e t  a l . ,  1 9 72  a n d  4 0 -

100  p g / m l  i n  c y n o m o lg u s  m on key :  M e u s y - D e s s o l e  a n d  D a n g ,  1 9 8 5 ) ,

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

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

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

w i t h  t h e s e  r e a s o n s ,  t h e  a l t e r a t i o n  i n  E 2  l e v e l s  c o u l d  n o t  d e t e c t  

i n  t h e  p r e s e n t  s t u d y  a n d  t h e  b a s a l  l e v e l s  r a t h e r  b e  lo w .  On t h e  

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

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

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

t o  n o r m a l  v a l u e s  a f t e r  a  p e r i o d  o f  a b s t i n e n c e  ( H e i l m a n ,  F u k u s h im a  

a n d  R o f f w a n g ,  1 9 7 5 ) .  T h e r f o r e ,  t h e  m e a s u r e m e n t  o f  t h e  p r o d u c t i o n  

r a t e  o f  E 2  i n  m a le  may b e  m ore  p r e c i s e  d i a g n o s i s  o f  n a r c o t i c  e f f e c t
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o n  e s t r o g e n s .  H o w e v e r ,  t h e  r e d u c t i o n  o f  E 2  c o n c e n t r a t i o n s  c o u l d  

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

p r e c u r s o r .

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

m o r p h in e  o n  TSH  a n d  T 4  l e v e l s .  I n  hum an , o p i a t e s  w e r e  e i t h e r  no  

e f f e c t  ( T o l i s ,  H i c k e y  a n d  G u y d a ,  1 9 7 5 ;  R e i d  e t  a l . ,  1 9 8 1 )  o r  

i n c r e a s e  i n  T S H  l e v e l s  ( s t u b b  e t  a l . ,  1 9 78 ;  D e l i t a l a ,  G r o s s m a n  a n d  

B e s s e r ,  1 9 81 ;  D e v i l l a  e t  a l . ,  1 9 8 5 ;  K u h n  a n d  S a l t i e l ,  1 9 8 6 ;  P e n d e  e t  

a l . ,  1 9 86 ;  P e n d e  e t  a l . ,  1 9 87 ;  S z e k e l y  e t  a l . ,  1 9 8 7 ) .  I n  t h i s  s t u d y ,  

t h e  a c u t e  e f f e c t s  o f  m o r p h in e  i n  m a le  c y n o m o lg u s  m o n k e y s  w e r e  f o u n d  

t h e  s i g n i f i c a n t  r i s e  i n  s e r u m  TSH  a n d  T 4  l e v e l s  i n  som e p o i n t s .  T h u s  

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

c h a n g e s  i n  s e r u m  TSH  a n d  T4  l e v e l s .  A lm o s t  a l l  a d u l t  m o n k e y s  

s h o w e d  a  r e l a t i v e l y  c o n s i s t e n t  s e r u m  TSH  l e v e l s  w h i l e  i n  p u b e r t a l  

m o n k e y s  t h e  v a l u e 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  i n c r e a s i n g .  T h i s  

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

l e v e l s  d u r i n g  t h e  s e c o n d  h a l f  o f  p o s t t r e a t m e n t  p e r i o d  ( d a y - 4 3 8  t o  

d a y - 4 6 6 ) .  T h i s  s i m u l t a n e o u s  c h a n g e s  r a i s e  f r o m  t h e  r e a s o n  t h a t  T 4 

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

h y p o t h a l a m i c  TRH a n d  p i t u i t a r y  TSH  s e c r e t i o n  a n d  r e l e a s e  ( I n g b a r  a n d  

B r e v e r m a n , 1 9 8 6 ) .  I n  a d d i t i o n ,  a d u l t  m o n k e y s  r e c i e v e d  t h e  sam e d o s e  

o f  m o r p h in e  a s  i n  p u b e r t a l  m o n k e y s ( 3  m g / k g / d a y )  a l s o  e x h i b i t e d  

a  s i m i l a r  r e d u c t i o n  i n  T 4  l e v e l s  a t  t h e  sam e t i m e .  T h e  b l o o d  

c o l l e c t i o n  d u r i n g  t h i s  t im e  w as  d o n e  a f t e r  t h e  l o n g  e l a p s e d  t im e  a n d  

t h e  m o n k e y s  c o m p l e t e l y  r e c o v e r e d .  T h e  T 4 r e d u c t i o n  w a s  n o t a b l y  

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

b e i n g  d i s c h a r g e d  f o r  a  l o n g  t im e .  S t r e s s  may r e s u l t e d  i n  i n c r e a s e  o f  

c o r t i s o l  l e v e l s  ( M a s o n ,  1 9 72 )  a n d  d e c r e a s e  i n  T S H  l e v e l s  w i t h  

c o n s e q u e n t  l o w e r e d  T4 l e v e l s  ( C h r i s t y ,  1 9 7 8 ) .  S u r p r i s i n g l y  o n l y  

t h e  h i g h  d o s e  o f  m o r p h in e  ( 6 . 0  m g / k g / d a y )  t r e a t e d  t o  a d u l t  m a le  

m o n k e y s  c o u l d  e x h i b i t  e f f e c t i v e  s t i m u l a t i o n  o f  T 4  s e c r e t i o n .  I n  

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

n o t  s h o w  a n y  o b v i o u s  c h a n g e s  i n  s e r u m  T 4 l e v e l s  i n  a d u l t  m a le  a n d  

f e m a l e  m o n k e y s  ( M a l a i v i j i t n o n d ,  1 9 9 0 ) .  I t  may c o n c l u d e  t h a t  t h e  

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

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

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

p i t u i t a r y - a d r e n a l  a x i s .  I n  k e e p i n g  w i t h  t h e  p r e s e n t  s t u d y ,  A z i z i  e t  

a l . ( 1 9 7 2 )  o b s e r v e d  t h a t  h e r o i n  a n d  m e th a d o n e  a d d i c t i o n s  i n  human 

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

s e r u m  t h y r o x i n  b i n d i n g  g l o b u l i n ( T B G ) . I n  c o n t r a s t  t o  t h e  r a t ,  

m o r p h in e  i n d u c e d  a  r e d u c t i o n  i n  T S H  a n d  T 4  l e v e l s  ( M o r l e y  e t  a l . ,  

1 9 8 0 ;  G a b r i e l ,  S i m k i n s  a n d  M i l l a r d ,  1 9 8 5 ;  B h a r g a v e  e t  a l . ,  1 9 8 9 ) .

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

r e p o r t s  o b s e r v e d  t h a t  P R L  d e c r e a s e  d u r i n g  w i t h d r a w a l  p e r i o d  i n  human 

( G o l d ,  S w e e n e y  a n d  P o t t a s h ,  1 9 79 )  a n d  r a t s  ( M i o d u s z e w s k i , Z im m e rm an n  

a n d  C r i t c h l o w ,  1 9 8 2 ) ,  s i n c e  a t  h e r e  P R L  l e v e l s  a r e  i n c r e a s e d  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 .  S e v e r a l  i n d i r e c t  l i n e s  o f  e v i d e n c e  a v a i l a b l e  

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

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

( V a n  V u g t ,  B r u n i  a n d  M e i t e s ,  1 9 7 8 ;  G u d e l s k y  a n d  P o r t e r ,  1 9 7 9 ;  V a n  

L o o n ,  De S o u z a  a n d  s h i n ,  1 9 80 ;  D e l i t a l a ,  G r o s s m a n  a n d  B e s s e r ,  1 9 8 2 ;
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H a s k i n  e t  a l . ,  1 9 8 1 ) .  B l o c k a d e  o f  d o p a m i n e r g i c  a c t i v i t y  w o u ld  l e a d  

t o  a n  i n c r e a s e  i n  s e r u m  P R L  l e v e l s  ( G o l d ,  S w e e n e y  a n d  P o t t a s h ,  1 9 7 9 ;  

V a n  V u g t  e t  a l . ,  1 9 7 9 ;  V a n  L o o n ,  De S o u z a  a n d  S h i n l 9 8 0 ;  D e l i t a l a ,  

G r o s s m a n  a n d  B e s s e r ,  1 9 8 1 ) .  A  c o n s e q u e n c e  o f  c o n t i n u e d  t r e a t m e n t  a n d  

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

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

m o r p h in e  t r e a t m e n t .  O p i a t e  w i t h d r a w a l  i s  a c c o m p a n i e d  w i t h  t h e  

d o p a m i n e r g i c  h y p e r a c t i v i t y  ( L a i ,  1 9 7 5 ) ,  b o t h  d o p a m in e ( D A )  a n d  i t s  

m a j o r  m e t a b o l i t e ,  d i h y d r o x y p h e n y l a c e t i c  a c i d ( D O P A C ) ,  s h o w e d  a n  

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

t h e  p r e o p t i c  a r e a - a n t e r i o r  h y p o t h a l a m u s  r e g i o n s  ( G a b r i e l ,  S i m k i n s  

a n d  M i l l a r d ,  1 9 8 5 ) .  T h e r e f o r e ,  t h e  s e r u m  P R L  l e v e l s  w e r e  

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

f r o m  t h e  w i t h d r a w a l  s i g n s  a n d  s y m p to m s  ( G o l d ,  S w e e n e y  a n d  P o t t a s h ,  

1 9 7 9 ;  M i o d u s z e w s k i , Z im m erm an  a n d  C r i t c h l o w ,  1 9 8 2 ) .  I n  c o n t r a s t ,  

G a b r i e l ,  S i m k i n s  a n d  M i  1 l a r d ( 1 9 8 5 )  r e p o r t e d  s e r u m  P R L  l e v e l s  

i n c r e a s e d  15 m i n u t e s  i n t o  m o r p h in e  w i t h d r a w a l  w h i c h  r e l a t e d  t o  t h e  

i n c r e m e n t  o f  b e t a - e n d o r p h i n - 1 i k e  i m m u n o r e a c t i v i t y  ( B - E N D - L I ) .  I t  h a s  

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

t o l e r a n t  r a t s  i n d u c e d  a n  i n c r e a s e  o f  p l a s m a  B - E N D - L I  ( A n t o n i o  

M a r t i n e z  e t  a l . ,  1 9 9 0 ;  V a r g a s  e t  a l . ,  1 9 9 2 ) .  I t  i s  t e m p t i n g  t o  

s p e c u l a t e  t h a t  P R L  r i s e  i n  t h e  p r e s e n t  r e s u l t  may come f r o m  a n  

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

p a r t i c u l a r l y  B - E P  a f t e r  a  p r o l o n g e d  s u p p r e s s i o n  b y  e x o g e n o u s  o p i a t e  

( m o r p h in e  h y d r o c h l o r i d e ) .  I n  sum , i t  r e s u l t e d  i n  i n c r e a s e  b a s a l  P R 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 .
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I n t e g r a l  A l t e r a t i o n s  i n  H o rm o n a l  L e v e l s  d u r i n g  C h r o n i c  M o r p h i n e  

T r e a t m e n t

I t  h a s  b e e n  d i f f e r e n t  f r o m  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  i n  r a t s  ( C i c e r o ,  W i l c o x  e t  a l . ,  1 9 76 ;  C i c e r o ,  B a d g e r  e t  a l . ,  

1 9 7 7 ;  C i c e r  e t  a l . ,  1 9 89 ;  M a c D o n a ld  a n d  W i l k i n s o n ,  1 9 9 1 )  o r  

n a r c o t i c  a d d i c t e d  p a t i e n t s  ( E i s e n m a n n ,  F r a s e r  a n d  B r o o k s ,  1 961 ;  

C u sh m a n ,  1 9 7 3 ;  H o  e t  a l . ,  1 9 77 ;  C e l a n i  e t  a l . ,  1 9 8 4 ,  M a l i k  e t  a l . ,  

1 9 9 2 )  i n  w h i c h  p l a s m a  m o r p h in e  l e v e l s  w e r e  p a r t i c u l a r l y  m a i n t a i n e d  

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

c o n t i n u a l l y  m e d i a t e d  b y  m o r p h in e .  I t  w o u ld  b e  a  v e x a t i o u s -  p r o b l e m  

t o  i n j e c t  m any  t i m e s  a  d a y  o f  m o r p h in e  t o  a n im a l  s u b j e c t s  i n  a  l o n g  

d u r a t i o n .  T h e r e f o r e ,  t h e  o b j e c t i v e  i n  t h i s  s t u d y  w a s  f o c u s e d  o n  t h e  

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

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

d a i l y  d o s e  f o r  som e d u r a t i o n  p r i o r  t o  r e c i e v i n g  t h e  n e x t  d o s e .  A t  

p r e s e n t ,  t h e  h o r m o n a l  d e t e r m i n a t i o n  w as  d o n e  20  h o u r s  a f t e r  e a c h  

d a i l 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 in e  h y d r o c h l o r i d e .  A s  r e f e r r e d  

t o  a c u t e  e f f e c t ,  a l l  h o rm o n a l  c h a n g e s  a f t e r  s u b c u t a n e o u s  m o r p h in e  

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

w i t h i n  10 h o u r s .  T h e r e f o r e ,  i t  c o u l d  n o t  o b s e r v e  a n y  o b v i o u s  

h o r m o n a l  a l t e r a t i o n s  i n  a l l  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 in e  h y d r o c h l o r i d e .  I t  may s u g g e s t  t h a t  t h e  i n t e r v a l  t im e  

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

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

m o n k e y s  t o  d i s p l a y  a  s e v e r e  w i t h d r a w a l  s y m p to m s .  A f t e r  a  f e w  d a y s  o f  

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

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

1 .  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

S i n c e  a l l  h o r m o n a l  l e v e l s  w e r e  r a t h e r  c o n s i s t e n t .  I t  

m ean s  t h a t  m o r p h in e  i n  d o s e  1 . 5  m g / k g / d a y  d e p r i v e s  o f  t h e  e f f e c t  on  

h o r m o n a l  l e v e l s  w hen  t h e  b l o o d  s a m p le  c o l l e c t e d .  T h e  s t a t i s t i c a l l y  

a l t e r a t i o n s  i n  h o r m o n a l  l e v e l s  c o u l d  b e  f o u n d  o n l y  i n  m o n k e y  n o . 9 3 .  

M o n k e y  n o . 93 w a s  s e l e c t e d  t o  p a r t i c i p a t e  i n  t h i s  s t u d y  e v e n t h o u g h  h e  

w a s  b o r n e d  o u t  o f  t h e  c o l o n y ,  b e c a u s e  t h e  h i g h  P R L  l e v e l  w as  

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

k e t a m in e  a n a e s t h e s i a  d u r i n g  a  p i l o t  s t u d y .  A f t e r  t h a t ,  t h e  m o n k e y  was 

t e s t e d  t h e  k e t a m i n e  e f f e c t  o n  P R L  l e v e l s ,  t h e n ,  h e  s h o w e d  a  r a p i d  

r i s e  o f  P R L  l e v e l s  a f t e r  k e t a m in e  i n j e c t i o n .  T h e  P R L  r i s e  w as  

d e c r e a s e d  t o  t h e  b a s a l  l e v e l  a t  a p p r o x i m a t e l y  2 . 5  h o u r s  a f t e r  

k e t a m i n e  i n j e c t i o n  ( M a l a i v i j i t n o n d  a n d  V a r a v u d h i ,  1 9 9 4 ) ,  w h e r e a s  a  

s i n g l e  m o r p h in e  i n j e c t i o n  c o u l d  s u s t a i n  P R L  l e v e l s  u n t i l  4 . 5 - 1 0 . 5  

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

p o t e n t i a t e  t h e  e f f e c t  o f  m o r p h in e  o n  P R L  s e c r e t i o n  i n  t h e  m e c h a n is m  

o f  m i l k  p r o d u c t i o n ,  t h e  m onkey  w as  g i v e n  m o r p h in e  h y d r o c h l o r i d e  1 . 5  

m g / k g / d a y  f o r  130  d a y s  a n d  t h e  s e q u e n t i a l  b l o o d  s a m p l e s  w e r e  t a k e n  

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

b e  e x t r u d e d  o n l y  w a t e r y  f l u i d  f r o m  t h e  mammary g l a n d s  i n  som e 

d u r a t i o n .  I t  may b e  r e s u l t e d  i n  t h e  l o w e r e d  ร 2  l e v e l s  d u r i n g  

t r e a t m e n t  p e r i o d  w h e r e a s  t e s t o s t e r o n e  l e v e l s  w e r e  r a t h e r  c o n s i s t e n t .  

S i n c e  E 2  h a s  a n  im p o r t a n t  r o l e  f o r  t h e  p o l i f e r a t i o n  o f  mammary 

c e l l s  ( P a t t o n  a n d  J e n s e n , 1 976 ;  A u s t i n  a n d  s h o r t ,  1 9 8 4 ) .  S e ru m  P R L  

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

n o . 93  may b e  i n  a  m i l d  w i t h d r a w a l  s t a t e  f r o m  w h i c h  a  h y p e r a c t i v i t y
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o f  d o p a m in e  d e c r e a s e d  P R L  l e v e l s  ( L a i ,  1 9 7 5 ;  G o l d ,  S w e e n e y  a n d  

P o t t a s h ,  1 9 79 ;  G a r b i e l ,  S im p k i n s  a n d  M i l l a r d ,  1 9 8 5 )  d u r i n g  t h e  t im e  

o f  b l o o d  w i t h d r a w a l .  I t  may s u g g e s t  t h a t  t h e  e f f e c t  o f  k e t a m in e  on  

P R L  l e v i e s  c o u l d  n o t  o v e r c o m e  t h e  h y p e r a c t i v i t y  o f  d o p a m in e  f r o m  t h e  

e f f e c t  o f  m o r p h in e  w i t h d r a w a l .

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  3 . 0  m g / k g / d a y  m o r p h in e  

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

r e p r e s e n t  a n  e f f e c t  o n  some h o r m o n a l  l e v e l s  i n  m a le  c y n o m o lg u s  

m o n k e y s .  I t  i s  o f  i n t e r e s t  t h a t  a l l  m o n k e y s  e x h i b i t e d  l o w e r e d  T  4 

l e v e l s  d u r i n g  t h e  s e c o n d  h a l f  o f  p o s t t r e a t m e n t  p e r i o d  ( d a y - 4 3 8  t o  

d a y - 4 6 6  i n  p u b e r t a l  m o n k e y s  a n d  d a y - 4 5 7  t o  d a y - 4 8 5  i n  a d u l t  m o n k e y s ) .  

I n  c o n t r a s t  w i t h  t h e  r e s u l t  i n  h e r o i n  a n d  m e th a d o n e  a d d i c t s ,  t h e y  

e x h i b i t e d  a n  i n c r e a s e  i n  T4 l e v e l s  c o m p a re d  t o  n o r m a l  s u b j e c t s  

( A z i z i  e t  a l . ,  1 9 7 2 ;  Ho  e t  a l . ,  1 9 7 7 ) .  I n  a d d i t i o n ,  A z i z i  e t  a l .  

( 1 9 7 2 )  f o u n d  t h a t  t h y r o x i n  b i n d i n g  c a p a c i t y  o f  t h e  s e r u m  t h y r o x i n  

b i n d i n g  g l o b u l i n  (T B G )  w a s  i n c r e a s e d  c o n c o m i t a n t l y  w i t h  a  s l i g h t l y  

d e c l i n e  i n  f r e e  t h y r o x i n  ( F T 4 ) l e v e l s .  T h a t  i s ,  a n  i n c r e a s e d  

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

n o r m a l  a b s o l u t e  t h y r o x i n  t u r n o v e r  ( R o b b i n  a n d  N e l s o n ,  1 957 ;  

O p p e n h e im e r ,  1 9 6 8 ;  O s a t h a n o n d h ,  T u l c h i w s k y  a n d  C h o p r a ,  1 9 7 6 ) .  

H o w e v e r ,  t h e  l o w e r e d  T4 l e v e l s  i n  a d u l t  m o n k e y s  s h 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  T SH  l e v e l s  w h e r e a s  i t  w a s  a n  i n v e r s e  r e l a t i o n s h i p  i n  

p u b e r t a l  m o n k e y s .  W o l f  e t  a l . ( 1 9 8 0 )  r e p o r t e d  t h a t  T S H  c o r r e l a t e d  

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

w h e r e a s  i n  n o r m a l  f u n c t i o n  t h e s e  w as  a  d i r e c t  c o r r e l a t i o n  b e tw e e n  TSH  

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

t h a t  t h e  m o n k e y  f e l t  s t r e s s  (M a s o n ,  1 9 7 2 ;  P u r i ,  P u r i  a n d  K u m a r ,  1 9 8 1 ;  

F u l l e r  e t  a l . ,  1 9 8 4 ;  M u n c k ,  G u y r e  a n d  H o l b r o o k ,  1 9 8 4 ) .  s i n c e  

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

p r o d u c t i o n  ( W e l s h ,  B a m b in o  a n d  H s u e h ,  1 9 82 ;  B r a d l e y ,  1 9 9 0 ;  L a l a u  e t  

a l . ,  1 9 9 0 ;  U r b a n ,  M i l l e r  a n d  D o r s a ,  1 9 9 1 ;  O r r  a n d  M a n n ,  1 9 9 2 ) ,  t h e n ,  

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

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

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

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

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

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

( S t e i n e r  a n d  B r e m n e r ,  1 9 81 ;  M e u s y - D e s s o l l e  a n d  D a n g ,  1 9 8 5 ) .

A d u l t  m o n k e y  n o . 5 09  c o u l d  b e  c o n t i n u e d  t o  e x t r u d e  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 v e n  d u r i n g  m o r p h in e  c e s s a t i o n .  

T h i s  e v i d e n c e  w a s  i n  a g r e e m e n t  w i t h  t h e  s u g g e s t i o n  t h a t  c o n t i n u e d  

e l e v a t i o n  o f  P R L  i s  n o t  n e c e s s a r y  f o r  t h e  m a i n t e n a n c e  f o r  n o r m a l  

l a c t a t i o n  ( Q u i g l e y  a n d  H a n e y ,  1 9 8 0 ) .

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 r p h in e

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

t r a n s i e n t  d e c r e a s e  o f  t e s t o s t e r o n e ,  a n d  c o r t i s o l  l e v e l s  w i t h  a  

r a p i d  r i s e  t o  n o r m a l  l e v e l s  t h e r e a f t e r .  G e n e r a l l y ,  r e s u l t s  a r e  i n  

a g r e e m e n t  w i t h  a  n u m b e r  o f  i n v e s t i g a t o r s  t h a t  m o r p h in e  s u p p r e s s e s  

t e s t o s t e r o n e ,  a n d  c o r t i s o l  l e v e l s  i n  m o n k e y s  a n d  hum an ( H e i lm a n ,  

F u k u s h im a  a n d  R o f f w a n g ,  1 9 75 ;  T o l i s ,  H i c k e y  a n d  G u y d a ,  1 9 7 5 ;  

G r o s s m a n  e t  a l . ,  1 9 8 2 ;  T a y l o r ,  D l u h y  a n d  W i l l i a m ,  1 9 8 3 ;  G r o s s m a n  e t
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a l . ,  1 9 8 6 ;  P e n d e  e t  a l . ,  1 9 8 7 ;  M a l a i v i j i t n o n d  a n d  V a r a v u d h i , 1 9 9 3 ) .  

I t  i s  t e m p t i n g  t o  s p e c u l a t e  t h a t  m o n k e y s  a d a p t e d  t h e m s e l f  t o  

m o r p h in e  e f f e c t  i n  d o s e  6 . 0  m g / k g / d a y  o n  t e s t o s t e r o n e  s e c r e t i o n  

e a r l i e r  t h a n  i n  d o s e  3 . 0  m g / k g / d a y .  O w in g  t o  l o w e r e d  t e s t o s t e r o n e  

l e v e l s  i n  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  w e r e  g r a d u a l l y  

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

w h e r e a s  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 in e  s h o w e d  a  

p r o m p t l y  r e c o v e r .

S t r e s s  r e d u c e s  t e s t o s t e r o n e  ( F u l l e r  e t  a l . ,  1 9 8 4 )  a n d  

i n  r h e s u s  m o n k e y s  ( C h a r m in g  e t  a l . ,  1 9 7 7 )  b u t  i n c r e a s e s  c o r t i s o l  

l e v e l s  i n  s q u i r r e l  m o n k e y s  ( B r a w n ,  S c h a l c h  a n d  R e i c h l i n , 1 9 7 1 )  a n d  

hum an ( o l t r a s ,  M o r a  a n d  V i v e s ,  1 9 8 7 ) .  F o l l o w i n g  t h e s e ,  t h e  l o w e r e d  

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  c o r t i s o l  r i s e  w hen  m o r p h in e  

w i t h d r a w a l  s h o u l d  r e s u l t  i n  s t r e s s  e f f e c t .  N o t a b l y ,  m o r p h in e  i n  d o s e  

6 . 0  m g / k g / d a y  s h o w e d  a  s i g n i f i c a n t l y  e l e v a t i o n  i n  T 4  l e v e l s  d u r i n g  

t r e a t m e n t  p e r i o d  w h e r e a s  l o w e r  d o s e s  ( 0 . 1- 0 . 8  m g / k g / d a y )  c o u l d  n o t  

i n c r e a s e  T4 l e v e l s  i n  f e m a le  c y n o m o lg u s  m o n k e y s  ( M a l a i v i j i t n o n d ,

1 9 9 0 )  . I t  m eans  t h a t  t h e  h i g h  d o s e  o f  m o r p h in e  i s  n e e d e d  t o  m o d u l a t e  

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

b e e n  d i f f i c u l t  t o  d e t e c t ,  s i n c e  t h y r o i d  h o rm o n e  s y n t h e s i s  a n d  

s e c r e t i o n  a r e  r e g u l a t e d  b y  b o t h  e x t r a t h y r o i d a l  (T SH )  a n d  

i n t r a t h y r o i d a l  b y  m ean s  o f  a u t o r e g u l a t o r y  m e c h a n is m s  ( G r e e n s p a n ,

1 9 9 1 )  .

I n  sum , i t  may c o n c l u d e  t h a t  t h e  h o r m o n a l  a l t e r a t i o n s  i n  a n y  

d o s e s  o f  m o r p h in e  i n  m a le  c y n o m o lg u s  m o n k e y s  d e p e n d  u p o n  t h e  

t h r e s h o l d ,  s e n s i t i v i t y  a n d  i d i o s y n c r a s y  ( g e n e t i c a l l y  d e t e r m i n e d
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a b n o r m a l  r e a c t i v i t y  t o  c h e m i c a l ,  G i l m a n  e t  a l . ,  1 9 8 5 )  o f  e a c h  t a r g e t  

o r g a n  i n  e a c h  m o n k e y .  T h e r e f o r e ,  t h e  h o r m o n a l  c h a n g e s  a f t e r  m o r p h in e  

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

M e t a b o l i c  T u r n o v e r  R a t e  o f  M o r p h in e

M o r p h i n e  p h a r m a c o k i n e t i c s  h a v e  b e e n  a s s e s s e d  i n  r e c e n t  

s t u d i e s  u s i n g  b o t h  r a d i o l a b e l e d  m o r p h in e  ( B r u n k  a n d  D e l  l e ,  1 9 74 ;  

O l s e n ,  1 9 7 4 )  a n d  u n l a b e l e d  m o r p h i n e  q u a n t i t a t e d  i n  b l o o d  b y  

r a d i o im m u n o a s s a y  ( F i n d l a y  e t  a l . ,  1 9 7 8 ;  Y o b u r n  e t  a l . ,  1 9 8 5 ;  S e a r  e t  

a l . ,  1 9 8 9 )  o r  h i g h - l i q u i d  p e r f o r m a n c e  c h r o m a t o g r a p h y  (H P L C )  

t e c h n i q u e s  (R n n e  e t  a l . ,  1 9 84 ;  W e s t e r l i n g ,  F r i g e n  a n d  H o g l u n d ,  1 9 9 3 ) .  

W h i c h  a n a l y t i c a l  t e c h n i q u e  a v a i l a b l e  f o r  m o r p h in e  m e a s u r e m e n t  i s  

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

t e c h n i q u e .  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  h a v e  d o n e  m uch  t o  i n c r e a s e  

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

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

o n  t h e  a n t i b o d i e s  u s e d .  A l s o ,  H P L C  t e c h n i q u e s  a r e  c a p a b l e  o f  

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

( G r e e n e  a n d  H u g ,  1 9 8 2 ) .  H o w e v e r ,  t h e s e  b o t h  t e c h n i q u e s  h a v e  a  

r e l a t i v e l y  lo w  o r d e r  o f  s e n s i t i v i t y .  T h e r e f o r e ,  t h e  s t u d y  o f  

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

r a d i o l a b e l e d  m o r p h i n e .  B e c a u s e  t h e  t r i t i a t e d  m o r p h in e  w a s  g i v e n  

i n t r a v e n o u s l y  o n l y  20  u C I  (1 m C i = 0 . 0 0 3 8  m g ) ,  a n  a p p r o x i m a t e l y  1 

p e r c e n t  o f  t h e  t o t a l  u n l a b e l e d  d r u g  ( C u r r y  a n d  W h e lp t o n ,  1 9 8 3 ) .  I t  

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

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

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

o n l y  p i p e t t i n g  t h e  p l a s m a  s a m p le  a n d  a d d i n g  t h e  s c i n t i l l a t i o n  f l u i d .  

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

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

s t u d i e s  ( O l s e n ,  1 9 7 4 ) .  S i n c e ,  w i t h o u t  p l a s m a  e x t r a c t i o n ,  t h e  d r u g  

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

s i m u l t a n e o u s l y .

T h e  b i o l o g i c a l  p l a s m a  h a l f - l i f e  ( t i / Z E l )  ๐ f  m o r p h in e  

o b t a i n e d  i n  t h e  p r e s e n t  w o r k  i s  3 0 8 . 2 1  ± 2 0 . 3 0  m i n u t e s  c o m p a r a b l e  t o  

t h o s e  r e p o r t e d  i n  n o r m a l  man ( 2 . 9  ± 0 . 5  h o u r s ;  S t a n s k i ,  G r e e n b l a t t  

a n d  L o w e n s t e i n ,  1 9 7 8 ;  1 . 5 6  + 0 . 6 1  h o u r s ;  W e s t e r l i n g ,  F r i g r e n  a n d  

H o g l u n d ,  1 9 9 3 ) ,  f e m a l e  r h e s u s  m o n k e y  ( 1 0 2 - 2 0 2  m i n u t e s ;  R a n e  e t  a l . ,  

1 9 8 4 )  a n d  t h e  r a t  ( 8 . 3 0  h o u r s ;  Y o b u r n  e t  a l . ,  1 9 8 5 ) .  H o w e v e r ,  t h e  

e s t i m a t e d  h a l f - l i f e  i n  t h i s  s t u d y  i s  s o m ew h a t  l o n g e r  t h a n  t h e  

p r e v i o u s  r e p o r t  i n  f e m a le  c y n o m o lg u s  m o n k e y s  (1  1 / 2  h o u r s ;  

S e t h e e t h a m ,  V a r a v u d h i  a n d  Y o d y i n g y u a d ,  1 9 9 1 ) .  s i m i l a r l y ,  R i g g  e t  a l .  

( 1 9 7 8 )  f o u n d  t h a t  t h e  h a l f - t i m e  o f  t h e  e l i m i n a t i o n  p h a s e  t o  b e  

s i g n i f i c a n t l y  s h o r t e r  i n  f e m a le  ( 1 1 0  m i n u t e s )  t h a n  i n  m a le  s u r g i c a l  

p a t i e n t s  ( 1 7 3  m i n u t e s )  g i v e n  m o r p h in e  i n t r a m u s c u l a r l y .  T h e  t w o -  

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

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

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

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

t h e  p r e v i o u s  r e p o r t  o f  R a n e  e t  a l .  ( 1 9 8 4 ) ;  Y o b u r n  e t  a l .  ( 1 9 8 5 ) ;  

S h e l l y ,  Q u i n n  a n d  P a r k  ( 1 9 8 9 ) ;  W e s t e r i n g ,  F r i g r e n  a n d  H o g l u n d  ( 1 9 9 3 ) .  

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

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

h a l f - l i f e ,  w h i l e  a l t e r  p l a s m a  l e v e l s  o f  f r e e  m o r p h in e  ( B r u n k  a n d  

D e l l e ,  1 9 7 4 ;  Iw a m o to  a n d  K l a a s s e n ,  1 9 7 7 ) .  T h e r e f o r e ,  t h e  h a l f - l i f e  

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

e x p l i a n  t h e  d a i l 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 in e  d i s p o s i t i o n .  

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

i n j e c t i o n ,  p r o d u c i n g  p l a s m a  l e v e l s  o f  f r e e  m o r p h in e  f r o m  15 

m i n u t e s  t o  3 h o u r s ,  w h i c h  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  l e v e l s  a f t e r  

i n t r a v e m o u s  a d m i n i s t r a t i o n  ( B r u n k  a n d  D e l l e ,  1 9 7 4 ) .  A d d i t i o n a l l y ,  

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

a b s o r b e d  ( S t a n s k i ,  G r e e n b l a t t  a n d  L o e n s t e i n ,  1 9 7 8 ) .  M o r p h in e  

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

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

f o r m e r  r o u t e  y i e l d  a n  e a r l i e r  a n d  g r e a t e r  p e a k  (W ay a n d  A d l e r ,  1 9 6 1 a )  

T h e r e f o r e ,  m o r p h in e  a d m i n i s t r a t i o n  w a s  m o re  p r e f e r a b l y  s e r v e  b y  

s u b c u t a n e o u s  r o u t e  a t  h e r e .

I t  i s  l i k e l y  t h a t  t h e  b i o l o g i c a l  h a l f - l i v e s  i n  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  a r e  l e s s e r  t h a n  t h e  o t h e r  

m o n k e y s .  I t  m ay  r e s u l t  i n  a n a e s t h e t i c  e f f e c t ,  s i n c e  t h e  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  w e r e  a n a e s t h e t i z e d  w i t h  30  mg 

k e t a m i n e  i n i t i a l l y  a n d ,  t h e r e a f t e r ,  m a i n t a i n e d  w i t h  s m a l l  d o s e s  ( 10 -  

15 mg) g i v e n  a t  45  t o  6 0  m in u t e s  i n t e r v a l s  u n t i l  3 6 0  m i n u t e s  (R a n e  

e t  a l . ,  1 9 8 4 ) .  W h e r e a s  t h e  r e m a i n i n g  g r o u p s  r e c i e v e d  k e t a m i n e  30  mg 

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

a n a e s t h e s i a  o n  d r u g  m e t a b o l i s m  a r e  c o m p le x  ( s h e l l y  e t  a l . ,  1 9 8 8 ) ,  i t  

may i n f l u e n c e  b y  t h r e e  s e p a r a t e  e f f e c t s  ะ o n  d r u g  d i s t r i b u t i o n ,  o n  

h e p a t i c  b l o o d  f l o w  a n d  o n  d r u g  e l i m i n a t i o n  ( S e a r  e t  a l . ,  1 9 8 9 a ) .
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G e n e r a l  a n a e s t h e s i a  w o u l d ,  h o w e v e r ,  b e  e x p e c t e d  t o  a f f e c t  m o r p h in e  

p h a r m a c o k i n e t i c s  i n s o f a r  a s  a n a e s t h e s i a  i s  a s s o c i a t e d  w i t h  c h a n g e s  

i n  v e n t i l a t i o n ,  p H ,  c a r d i a c  o u t p u t  a n d  t i s s u e  p e r f u s i o n  ( G r e e n e  a n d  

H i g ,  1 9 8 2 ) .  S e a r  e t  a l . ( 1 9 8 9 )  f o u n d  t h a t  m o r p h in e  e l i m i n a t i o n  h a l f -  

l i f e  i n  a n a e s t h e t i z e d  p a t i e n t s  ( 1 5 3  m i n u t e s )  w a s  l e s s e r  t h a n  aw ake  

p a t i e n t s  ( 2 0 7  m i n u t e s ) .  S h e l l y  e t  a l . ( 1 9 8 8 )  d e m o n s t r a t e d  t h a t  t h e  

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

s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  tw o  g r o u p s  o f  p a t i e n t s  r e c i e v e d  

tw o  d i f f e r e n t  a n a e s t h e t i c  t e c h n i q u e s  ะ t h e  f i r s t  g r o u p  r e c i e v e d  

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

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

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

o f  t h e  v a r y i n g  c o n c e n t r a t i o n s  o f  m o r p h in e  m e t a b o l i t e s  a n d  may r e f l e c t  

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

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

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

t h e  d e g r e e  o f  h y p o t e n t i o n  ( G r e e n w a y ,  1 9 8 3 ) .  I t  w a s  a s s u m e d  t h a t  

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

(B o d e n h a m ,  Q u in n  a n d  P a r k ,  1 9 89 )  a n d  t h e  o t h e r  e x t r a h e p a t i c  s i t e s  

s u c h  a s  t h e  g u t ,  k i d n e y  a n d  l u n g  may b e  c o o p e r a t e d  ( B a b l e ,  1 9 8 2 ) .  I t  

h a s  b e e n  o b s e r v e d  t h a t  s t r e s s  r e d u c e s  h e p a t i c  b l o o d  f l o w ,  t h u s ,  t h e  

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

m o r p h in e  a r e  d e c r e a s e d  ( s h e l l y  e t  a l . ,  1 9 8 8 ) .  T h u s ,  t h e  m o n k e y 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  w h i c h  w e r e  r e c i e v e d  o n l y  

a  s i n g l e  i n j e c t i o n  o f  k e t a m in e  when  t h e  p h a r m a c o k i n e t i c s  s t u d i e d  may 

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

b l o o d  c i r c u l a t i o n ,  s i n c e  m o r p h in e  m e t a b o l i t e s ,  m a i n l y  i n  c o n j u g a t e d  

f o r m s ,  w e r e  e a s i l y  t o  e x c r e t e  b y  k i d n e y  ( G i lm a n  e t  a l . ,  1 9 8 5 ) ,  I n
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a d d i t i o n ,  t h e  i m p u r i t y  o f  % - m o r p h i n e  s t o c k  s o l u t i o n  w h i c h  i n c r e a s e d  

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

o f  m o r p h in e .

C h r o n i c  a d m i n i s t r a t i o n  o f  m o r p h in e  o r  a n y  o t h e r  c h e m i c a l  

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

a n im a l  a b i l i t y  t o  d i s p o s e  o f  m o r p h in e  o r  t h o s e  c h e m i c a l  a g e n t s  (Way 

a n d  A d l e r ,  1 9 6 1 ) .  T h e  t u r n o v e r  r a t e  o f  m o r p h in e  d u r i n g  t r e a t m e n t  

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

l i f e  w as  i n c r e a s e .  A  d e c r e a s e d  u r i n a r y  e x c r e t i o n  o f  c o n j u g a t e d  

m o r p h in e  c o u l d  o c c u r  d u r i n g  c h r o n i c  m o r p h in e  a d m i n s t r a t i o n  (W ay a n d  

A d l e r ,  1 9 6 1 ) .  I n  1 9 5 6 ,  A x e l r o d  f o u n d  t h a t  i n  c h r o n i c a l l y  m o r p h i n i z e d  

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

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

a d m i n i s t r a t i o n ,  m o b i l i z a t i o n  o f  t h e  b i l i a r y  s t o r e s  o f  f r e e  a n d  b o u n d  

m o r p h in e  w o u ld  a u g m e n t  t h e  e f f e c t  o f  i n j e c t e d  m o r p h in e  a n d  l e a d  t o  

h i g h e r  m o r p h in e  l e v e l s  w i t h  s u b s e q u e n t l y  i n c r e a s e  h a l f - l i f e  (Way 

a n d  A d l e r ,  1 9 6 1 ) .  R y a n ,  P a r k e r  a n d  w i 1 1 i a m ( 1 9 7 2 )  s u g g e s t e d  t h a t  

p l a s m a  p r o t e i n  b i n d i n g  o f  m o r p h in e  may b e  i n c r e a s e d  i n  a d d i c t i o n ,  

t h e r e f o r e ,  t h e  d e p o t  o f  m o r p h in e  i n  b l o o d  c i r c u l a t i o n  w as  a l s o  

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

t o  b e  30  p e r c e n t  i n  f e m a le  r h e s u s  m o n key  ( R a n e  e t  a l . ,  1 9 8 4 ) .  

P r a c t i c a l l y ,  t h e  i n c r e a s e  i n  pH i s  a c c o m p a n i e d  b y  a  c o n s i s t e n t  

i n c r e a s e  i n  m o r p h in e  b i n d i n g  ( O l s e n ,  1 9 7 4 ) .  I n t u r r i s i  a n d  V e r e b e l y  

( 1 9 7 2 )  f o u n d  t h a t  t h e  p l a s m a  h a l f - l i f e  a f t e r  a  s i n g l e  d o s e  o f  

m e th a d o n e  w a s  s h o r t e r  ( 1 5  h o u r s )  t h a n  t h a t  i n  m e t h a d o n e  m a i n t e n a c e  

p a t i e n t s  ( 2 5  h o u r s ) .
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T h e r e a f t e r ,  t h e  t u r n o v e r  r a t e  t r e n d e d  t o  i n c r e a s e  t o  

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

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 i n e .  I t  w a s  s e e m i n g l y  t o  b e  

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

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

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

common m e c h a n is m  i s  a n  i n c r e a s e  r a t e  o f  m e t a b o l i s m  ( G i lm a n  e t  a l . ,  

1 9 8 5 ) .  I n  r a t s  made g r a d u a l l y  t o l e r a n t  t o  150  m g / k g  m o r p h in e  i n  

a p p r o x i m a t e l y  a  m o n th ,  t h e  b l o o d  l e v e l s  o f  f r e e  m o r p h in e  w e r e  f o u n d  

t o  d e c r e a s e  m o re  r a p i d l y  t h a n  t h e y  d i d  i n  n o n - t o l e r a n t  a n i m a l s .  T h e  

d i f f e r e n c e  w as  a t t r i b u t e d  t o  i m p a i r  c o n j u g a t i o n  o f  m o r p h in e  i n  t h e  

n o n - t o l e r a n t  a n i m a l s  r e s u l t i n g  f r o m  i n h i b i t i o n  o f  g l y c o g e n  s y n t h e s i s  

b y  i n j e c t e d  m o r p h in e  ( S z e r b  a n d  M c C u r d y ,  1 9 5 6 ) .  A d d i t i o n a l l y ,  t h e  

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

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

m o r p h in e  f r o m  t h e  g u t  (Way a n d  A d l e r ,  1 9 6 1 ) .  A n im a l  s t u d i e s  

s u g g e s t e d  t h a t  t h e  b i o t r a n s f o r m a t i o n  ( M i s r a  e t  a l . ,  1 9 7 3 ;  M a s t e n  e t  

a l . ,  1 9 7 4 )  a n d  e l i m i n a t i o n  r a t e s  ( V e r e b l y  e t  a l . ,  1 9 7 5 )  o f  m e th a d o n e  

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

b o u n d  m o r p h in e  a t  9 0  m i n u t e s  a n d  4 h o u r s  w e r e  f o u n d ,  i n  g e n e r a l ,  t o  

b e  h i g h e r  f o r  m o s t  t i s s u e s  i n  t o l e r a n t  t h a n  i n  n o n - t o l e r a n t  a n i m a l s  

(W ood , 1 9 5 4 ) .

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

B a s e l t  a n d  C a s a r e t t ( 1 9 7 2 )  r e p o r t e d  t h a t  i n  m e t h a d o n e  m a i n t e n a n c e  

p a t i e n t s  r e c o v e r y  o f  m e t a b o l i t e - 1  ( 2  e t h y l i d e n e - 1 , 5 - d i m e t h y l - 3 , 5 -  

d i p h e n y l  p y r r o l i d i n e )  a n d  m e th a d o n e  f r o m  t h e  u r i n e  i n c r e a s e d  f r o m  20
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t o  9 0  p e r c e n t  o f  t h e  d a i l y  d o s e  a s  t h e  d o s e  o f  m e th a d o n e  i n c r e a s e  

f r o m  3 0  t o  160 m g / d a y .  I n  a d d i t i o n ,  m o r p h in e  b e i n g  a  h i s t a m i n e  

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

a d m i n s t r a t i o n  ( M i l t h e r s  a n d  S c h o u ,  1 9 5 8 ) .  I t  i s  w e l l  k no w n  t h a t  

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

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

ow n  a b s o r t i o n  a n d  d e c r e a s e s  i t s  own v o lu m e  o f  d i s t r i b u t i o n  ( M iy a m o t o  

e t  a l . ,  1 9 9 3 )  a s  a  r e s u l t  o f  i t s  h y p o t e n s i v e  e f f e c t  ( G r e e n e  a n d  H u g ,  

1 9 8 2 ) .  T h e r e f o r e ,  t h e  t u r n o v e r  r a t e  l e v e l s  d u r i n g  t r e a t m e n t  p e r i o d  

i n  t h i s  m o n k e y  g r o u p  w e r e  n o t  a l t e r e d .  F r y  e t  a l . ( 1 9 2 9 )  r e p r e s e n t e d  

t h a t  f r a c t i o n  e l i m i n a t e d  b o r e  n o  r e l a t i o n  t o  h i g h t ,  w e i g h t ,  v o lu m e  

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

q u a n t i t y  a d m i n i s t e r e d .

T h e  p l a s m a  m o r p h in e  c o n c e n t r a t i o n  c o u l d  d e t e c t  i n  t h e  b l o o d  

u n t i l  2 4 - 4 8  h o u r s  ( B r u n k  a n d  D e l l e ,  1 9 74 ;  S h e l l y ,  Q u i n n  a n d  P a r k ,  

1 9 8 9 ;  M i t c h e l l  e t  a l . ,  1 9 9 1 ) .  A  r e l a t i v e l y  s m a l l  a m o u n t  o f  m o r p h in e  

a p p e a r e d  i n  t h e  f e c e s  ( F r y  e t  a l . ,  1 9 2 9 ) .  s i n c e  i n  t h e  r h e s u s  

m o n k e y ,  79  t o  8 5  p e r c e n t  o f  a  g i v e n  i n t r a v e n o u s  d o s e  o f  m o r p h in e  w a s  

r e t r i e v e d  i n  t h e  u r i n e  w i t h i n  6 h o u r s  a s  m o r p h in e  - 3 - g l u c u r o n i d e  

(R a n e  e t  a l . ,  1 9 8 4 ) .  T h e  p r o l o n g e d  p r e s e n c e  o f  m o r p h in e  i n  b l o o d  

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

r e l e a s e  o f  d r u g  a s  w e l l  a s  i t s  m e t a b o l i t e s  f r o m  t i s s u e s ,  

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

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

r a d i o im m u n o a s s a y  48  h o u r s  a f t e r  i n t r a v e n o u s  a d d m i n i s t r a t i o n  o f  t h e  

d r u g  m ay b e  a l b u m in  b o u n d  ( S p e c t o r  a n d  V e s e l l ,  1 9 7 1 ) .  T h e r e f o r e ,  t h e  

b l o o d  s a m p le  c o l l e c t e d  a t  h e r e  d i d  l a s t l y  a t  6  h o u r s .  H o w e v e r ,  t h e
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v a r i a t i o n  i n  t u r n o v e r  r a t e  f r o m  a n im a l  t o  a n im a l  w i t h i n  e a c h  g r o u p  

w e r e  g r e a t  d u r i n g  t h e  o n s e t  o f  s t u d y .  S z e r b  a n d  M c C u r d y ( 1 9 5 6 )  

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

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

c o n j u g a t i o n  p r o c e s s e s ,  w h i c h  i n  t u r n  w e re  s u b j e c t  t o  i n f l u e n c e  b y  

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

a d m i n i s t r a t i o n  e t c .  I n  a c c o r d a n c e  w i t h  i t s  k i n e t i c s ,  m o r p h in e  

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

c o n c e n t r a t i o n s  a c h i e v e d  i n  p l a s m a  a n d  b r a i n  a r e  p r o p o r t i o n a l  t o  t h e  

d o s e  ( G r e e n e  a n d  H u g ,  1 9 8 2 ) .  T h e r e f o r e ,  t h e  i n t e n s i t y  a n d  d u r a t i o n  

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

T e s t i c u l a r  M e a s u r e m e n t  i n  R e l a t i o n  w i t h  I t s  F u n c t i o n

R e s u l t  f r o m  f i g u r e  5 0 - 5 3  s h o w e d  t h a t  m o r p h in e  w a s  n o  

s i g n i f i c a n t  e f f e c t  o n  t e s t o s t e r o n e  l e v e l s  i n  a l l  m a le  m o n k e y s ,  

h o w e v e r  t h e  l e v e l s  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 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  3 . 0  a n d  6 . 0  m g / k g / d a y  e x h i b i t e d  a  m aked  d e c l i n e .  

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

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

p i  t u i t  a r y -  g o n a d a l  a x i s  i n  t h e  r a t  ( C i c e r o ,  M e y e r  e t  a l . ,  1 9 7 6 ;  

C i c e r o ,  B a d g e r  e t  a l . ,  1 9 77 ;  C i c e r o ,  B e l l  e t  a l . ,  1 9 7 7 )  a n d  r h e s u s  

m o n k e y s  ( G i l b e a u  e t  a l . ,  1 9 8 4 ) .  T h e  l o w e r e d  t e s t o s t e r o n e  l e v e l s  w e r e  

r e t u r n e d  t o  c o n t r o l  l e v e l s  a f t e r  a  s i n g l e  m o r p h in e  i n j e c t i o n  f o r  7 

h o u r s  i n  t h e  r a t s  ( C i c e r o ,  W i l c o x  e t  a l . ,  1 9 7 6 )  a n d  m o re  t h a n  10 

h o u r s  i n  t h e s e  m a le  c y n o m o lg u s  m o n k e y s  ( a s  r e f e r r e d  t o  a c u t e  e f f e c t  

s t u d y ) .  T h e r e f o r e ,  i t  c o u l d  n o t  b e  o b s e r v e d  a n y  a l t e r a t i o n  i n  s e r u m  

t e s t o s t e r o n e  l e v e l s  w h i c h  t a k e n  2 0  h o u r s  a f t e r  e a c h  m o r p h in e
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i n j e c t i o n .  D u r i n g  p r e c i p i t a t e d  m o r p h in e  w i t h d r a w a l ,  n o r a d r e n e r g i c  

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

( C r a w l e y  e t  a l . ,  1 9 7 9 ;  G a b r i e l ,  S i m p k i n s  a n d  M i l l a r d ,  1 9 8 5 ) .  T h e  

b r a i n  n o r a d r e n e r g i c  s y s t e m  i s  s t i m u l a t o r y  t o  LH  s e c r e t i o n  ( G a b r i e l ,  

S i m p k i n s  a n d  M i l l a r d ,  1 9 8 5 ) .  T h e r e f o r e ,  t h e  i n i t i a l  i n c r e a s e  i n  

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

L H  a n d  t e s t o s t e r o n e  l e v e l s  d u r i n g  w i t h d r a w a l  p e r i o d .

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

m o n k e y s  i n  a  d o s e - d e p e n d e n t  m a n n e r .  T h e  h i g h e r  t r e a t m e n t  d i s p l a y e d  

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

d o s e  o f  m o r p h in e  t r e a t m e n t  ( 6 . 0  m g / k g / d a y )  s h o w e d  a  p r o g r e s s i v e  

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

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

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

1 9 6 1 ) ,  s i n c e  m o r p h in e  r e d u c e d  a  m e t a b o l i c  r a t e  ( A d r i a n i ,  1 9 7 0 ) .  

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

t h e  e m p t y i n g  t im e  o f  t h e  s t o m a c h  ( W o o d - S m i t h  a n d  S t e w a r t ,  1 9 6 4 ;  

A d r i a n i ,  1 9 7 0 ;  Wood a n d  W ood, 1 9 8 2 ) .  L i g h t ( 1 9 3 0 )  s t u d i e d  a  s e r i e s  o f  

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

r e s u l t e d  i n  t h e  p o s i t i v e  c h a n g e  o f  l o s s  o f  w e i g h t .  R e n n e l s ( 1 9 6 1 )  

r e p o r t e d  t h a t  m o r p h in e  t r e a t m e n t  ( 6 . 0 m g / k g / d a y )  i n  r a t  a g e  47  d a y s  

f o r  14 d a y s  s i g n i f i c a n t l y  r e d u c e d  t h e  b o d y  w e i g h t .  H o w e v e r ,  t h e  

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

r e v e r s e  b y  d a i l y  a d m i n i s t r a t i o n  o f  n a l t r e x o n e  ( A m i r ,  G a l i n a  a n d  A m i t ,  

1 9 7 9 ) .  I t  i s  i n d i c a t i v e  t h a t  e n d o g e n o u s  o p i o i d s  may u n d e r  s u c h

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

i n t a k e .  M o o r e ( 1 9 6 5 )  f o u n d  t h a t  m a l n u t r i t i o n ,  i n d u c e d  b y  p r o t e i n
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d e f i c i e n c y ,  d e p r e s s e d  b o t h  g r o w t h  r a t e  a n d  r e p r o d u c t i o n  i n  t h e  r a t s .  

O f  i n t e r e s t ,  a l l  o f  a d u l t  m a le  m o n k e y s  s h o w e d  a  m a r k e d  d e c l i n e  i n  

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

h i g h e s t  d o s e  t r e a t m e n t  ( 6 . 0  m g / k g / d a y )  a n d  f o l l o w i n g  w i t h  a  

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

( 1 9 5 6 )  s u b c u t a n e o u s l y  i n j e c t e d  30  m g / k g / d a y  m o r p h in e  s u l f a t e  t o  

a d u l t  f e m a le  r h e s u s  m o n k e y s ,  a f t e r  a b o u t  2 m o n th s  t h e  a n i m a l s  

d e m o n s t r a t e d  a b o u t  6  t o  8  h o u r s  o f  w i t h d r a w a l  s y m p to m s  d u r i n g  e a c h  

24  h o u r s  w i t h  a  p r o g r e s s i v e l y  w e i g h t  l o s s .  T h i s  i s  c o n s i s t e n t  w i t h  

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

t h a n  c o n t r o l s  b y  12 h o u r s  a f t e r  p e l l e t  r e m o v a l  w i t h  a  n a d i r  a t  48  

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

r e m a i n e d  s i g n i f i c a n t l y  l i g h t e r  u n t i l l  t h e  e n d  o f  s t u d y  p e r i o d  ( 1 2 0  

h o u r s ) ( Y o b u r n  e t  a l . ,  1 9 8 5 ) .  U s u a l l y ,  a  c o n s i d e r a b l e  l o s s  o f  w e i g h t  

i s  f o u n d  d u r i n g  t h e  f i r s t  4 8  h o u r s  o f  w i t h d r a w a l  p e r i o d  

c o n c o m i t a n t l y  w i t h  m any  o t h e r  a s s o c i a t e d  w i t h d r a w a l  s y m p to m s  s u c h  a s  

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

p a t i e n t s .  T h e s e  s i g n s  a n d  s y m p to m s  r e a c h  t h e i r  h e i g h t  b y  t h e  e n d  o f  

a b o u t  72  h o u r s  (W ood a n d  Wood, 1 9 8 2 ) .  L i n g ,  T a p p e  a n d  I n t u r r i s i ( 1 9 8 4 )  

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

t o  t h e  l o s s  o f  b o d y  f l u i d s  b y  u r i n a t i o n ,  d i a r r h e a  a n d  s a l i v a t i o n .  

A f t e r  s u c c e s s f u l  w i t h d r a w a l  w hen  t h e  d r u g  h a s  b e e n  w i t h h e l d  f o r  f r o m  

1 0 - 1 4  d a y s  t h e  a d d i c t s  w e r e  t a k i n g  f o o d  n o r m a l l y ,  h a s  r e g a i n e d  t h e i r  

w e i g h t s  a n d  c o u l d  p r e s e n t  t h e  p i c t u r e  o f  w e l l  b e i n g  ( L i g h t ,  1 9 2 9 )

I n  t h i s  s t u d y ,  t h e  l o s s  o f  b o d y  w e i g h t  w a s  a c c o m p a n i e d  w i t h  

r e d u c t i o n  o f  t h e  t e s t i c u l a r  s i z e ,  b u t  d i d  n o t  c o r r e l a t e  w i t h  t h e  

s e r u m  t e s t o s t e r o n e  c h a n g e s .  T h i s  r e s u l t s  w e r e  d i f f e r e n t  f r o m  t h e  r a t
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s i n c e  s u b c u t a n e o u s  i m p l a n t a t i o n  w i t h  7 5  mg o f  m o r p h in e  d u r i n g  a  3 - d a y  

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

s e r u m  t e s t o s t e r o n e  l e v e l s  w as  r e d u c e d  w i t h i n  6  h o u r s  a n d  t h e  w e i g h t  

o f  t h e  s e m i n a l  v e s i c l e s  a n d  p r o s t a t e s  w e r e  l a t e r  r e d u c e d  b y  24  h o u r s  

( C i c e r o ,  M e y e r  e t  a l . ,  1 9 7 6 ) .  I n  a d d i t i o n ,  t h e  m a le  r a t s  r e p r e s e n t e d  

t h e s e  é v i d e n t s ,  b o d y  w e i g h t  a n d  f o o d  a n d  w a t e r  i n t a k e  w e r e  n o  

d i f f e r e n c e s  w hen  c o m p a r e d  w i t h  p l a c e b o - i m p l a n t e d  r a t s  ( C i c e r o  e t  a l . ,  

1 9 7 5 ) .  B a r r a c l o u g h  a n d  S a w y e r ( 1 9 5 5 )  s h o w e d  t h a t  t h e  e f f e c t  o f  

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

n u t r i t i o n .  T h e r e f o r e ,  t h e  r e d u c t i o n  o f  t h e  t e s t i c u l a r  s i z e  h e r e i n  

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

t i s s u e s .  S i n c e ,  q u a n t i t a t i v e  r e d u c t i o n s  i n  s p e r m a t o g e n i c  c e l l  

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

t e s t i c u l a r  s e c t i o n s  am ong  r a t s  t r e a t e d  w i t h  m o r p h in e  50  m g / k g / d a y  f o r  

u p  t o  9 w e e k s  w h i c h  w e r e  r e v e r s e d  w i t h i n  13 w e e k s  o f  d r u g  w i t h d r a w a l  

( J a m e s ,  H eyw o o d  a n d  C r o o k ,  1 9 8 0 ) .  B - E P ,  ACTH  a n d  o t h e r  p e p t i d e  

d e r i v e d  f r o m  POMC h a v e  b e e n  d e m o n s t r a t e d  i n  r e l a t i v e l y  h i g h  

c o n c e n t r a t i o n  i n  hum an sem en  ( s h a r p  a n d  P e k a r y ,  1 9 8 1 )  a n d  i n  

r e p r o d u c t i v e  o r g a n s  o f  r o d e n t  ( T s o n g  e t  a l . , 1 9 8 2 ;  T s o n g ,  D a v i d  e t  

a l . ,  1 9 8 2 ;  C h e n  e t  a l . ,  1 9 84 ;  L u n d b l a d  a n d  R o b e r t s ,  1 9 8 8 ) .

I n t r a t e s t i c u l a r  i n j e c t i o n  o f  B - E P  s i g n i f i c a n t l y  d e c r e a s e d

t e s t o s t e r o n e  r e s p o n s e  t o  i n t r a p e r i t o n e a l  LH  t r e a t m e n t  ( c h a n d r a s h e k a r  

a n d  B a r t k e ,  1 9 9 2 ) .  A l s o ,  B - E P  d e c r e a s e d  b o t h  b a s a l  a n d  hCG

s t i m u l a t e d  t e s t o s t e r o n e  r e l e a s e  f r o m  i n t e r s t i t i a l  c e l l s  c u l t u r e  

( K a n t  a n d  S a x e n a ,  1 9 9 3 ) .  On t h e  o t h e r  h a n d ,  i n t r a t e s t i c u l a r  

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

t e s t o s t e r o n e  l e v e l s  ( K a n t  a n d  S a x e n a ,  1 9 9 3 )  a n d  s t i m u l a t i o n  o f  

S e r t o l i  c e l l  p r o l i f e r a t i o n  a n d  s e c r e t i o n  ( G e r e n d i , 1 9 9 1 ) .  T h i s  may
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s u g g e s t  t h a t  t h e r e  a r e  o p i a t e  r e c e p t o r s  a t  S e r t o l i  a n d  L e y d i g  c e l l s .  

N e v e r t h e l e s s ,  t h e r e  w a s  n o  p u b l i s h e d  r e p o r t  a b o u t  o p i a t e  r e c e p t o r s  

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

d e f e r e n c e s  ( H u g h e s ,  K o s t e r l i t z  a n d  L e s l i e ,  1 9 7 5 ) .  I n  sum , t h e  

t e s t i c u l a r  s i z e  r e d u c t i o n  i n  a d u l t  m a le  c y n o m o lg u s  m o n k e y s  a f t e r  

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

r e v e r s i b l e  d i r e c t  e f f e c t  o f  m o r a i n e  o n  t e s t i c u l a r  t i s s u e  a n d  

s p e r m a t o g e n e s i s .  T h e s e  d e v i a t i o n s  c o u l d  r e c o v e r  a t  l e a s t  1 m o n th  

a f t e r  t h e  d r u g  w i t h d r a w a l  s i n c e  m o n k e y  n o . 5 1 2  a n d  509  c o u l d  

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

T e s t i c u l a r  s i z e  a n d  t e s t o s t e r o n e  l e v e l s  p r o v e d  t o  b e  a  

h i g h l y  r e l i a b l e  i n d e x  o f  m a t u r a t i o n  ( G l i c k ,  1 9 7 9 ) .  T h e  p u b e r t a l  m a le s  

i n  t h i s  s t u d y  h a s  a n  a v e r a g e  a g e  a t  4 . 4 6  + 0 . 6 5  y e a r s .  T h e  

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

s a c  ( S a d e ,  1 9 6 4 ) ,  t h e  i n c r e a s i n g  i n  s e r u m  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 s  

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

o f  t h e  s e m i n i f e r o u s  c o r d s  i n  t h e  t e s t i s  ( S t e i n e r  a n d  B r e m n e r ,  1 9 8 1 ;  

D a n g  a n d  M e u s y - D e s s o l l e ,  1 9 8 5 ) .  T h e  m ean a g e  a t  t h e  b e g i n i n g  o f  t h e  

t e s t o s t e r o n e  r i s e  i n  c a p t i v e  c y n o m o lg u s  m a ca q u e  w as  4 3 . 1  m o n th s  

( M e u s y - D e s s o l l e  a n d  D a n g ,  1 9 8 5 ) .  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  i n  t h e  

s t u d y  ( 7 . 6 9  + 1 . 6 9  n g / m l )  w as  s i m i l a r  t o  M e u s y - D e s s o l e  a n d  D ang  

( 1 9 8 5 )  m e a s u r e m e n t  ( a p p r o x i m a t e l y  7  n g / m l ) .  A s  t h e  a n i m a l s  a c h i e v e d  

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

s t a g e  a t  a b o u t  5 . 6  y e a r s  o f  a g e .  B e c a u s e  t h e  p u b e r t a l  m o n k e y s  

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

w e i g h t  g a i n  d u r i n g  e n t i r e  t r e a t m e n t  p e r i o d .  I t  may s p e c u l a t e  t h a t  

m o r p h in e  a t  t h e  d o s e  o f  3 . 0  m g / k g / d a y  o v e r  a  p e r i o d  o f  74  d a y s  i s
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i n s u f f i c i e n t  t o  s u p p r e s s  m a j o r  p h y s i c a l  a n d  h o r m o n a l  c h a n g e s  o f  

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

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

s i z e .  T h e r e  w e r e  m any  r e p o r t s  i n  som e m a c a q u e s  i n c l u d i n g  t h e  

J a p a n e s e  m a ca q ue  ( I m a n i s h i ,  1 9 6 0 ) ,  b o n n e t  m a ca q ue  ( V a l e r i o ,  P a l l o t t a  

a n d  C o u r t n e y ,  1 9 6 7 ;  G l i c k ,  1 9 7 9 )  a n d  r h e s u s  m a ca q u e  ( S a d e ,  1 9 6 4 ;  

V a l e r i o ,  P a l l o t t a  a n d  C o u r t n e y ,  1 9 6 7 )  w h i c h  e x h i b i t e d  a  m a t i n g  

p e r i o d  a n d  t h e  e f f e c t s  o f  s e a s o n  w e r e  s u p e r im p o s e d  o n  t h e s e  g r o w t h s  

( G l i c k ,  1 9 7 9 ) .  B u t  t h e  c a p t i v e  m a le  c y n o m o lg u s  m o n k e y  h a s  n o  

b r e e d i n g  s e a s o n  ( V a l e r i o ,  P a l l o t t a  a n d  C o u r t n e y ,  1 9 6 7 ;  V a r a v u d h i , 

T a n g p r a p u t t i g u l  a n d  A s a w a r o e n g c h a i , 1 9 8 2 ) .  T h e r e f o r e ,  a n y  

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

t h e s e  c y n o m o lg u s  m o n k e y s  w o u ld  d e f i n i t e l y  d u e  t o  t h e  e f f e c t  o f  

m o r p h i n e  r a t h e r  t h a n  c h a n g e s  i n  s e a s o n a l i t y .

G a l a c t o r r h e a  S ym p tom

I n  t h e  r a t ,  s u c k l i n g  e v o k e s  a  r i s e  o f  p l a s m a  l e v e l s  o f  P R L ,  

G H , c o r t i s o l ,  w h i l e  F SH  a n d  LH  l e v e l s  d e c l i n e  ( C h i o c c h i o  e t  a l . ,  1 9 7 9 ;  

S e l m a n o f f  a n d  w i s e ,  1 9 81 ;  R i s k i n d ,  M i l l a r d  a n d  M a r t i n ,  1 9 8 4 ;  

S e l m a n o f f  a n d  G r e g e r s o n ,  1 9 8 6 ) .  T h i s  p a t t e r n  o f  h o r m o n a l  r e s p o n s e s  

i s  r e m a r k e d l y  s i m i l a r  t o  t h a t  e l i c i t e d  b y  o p i a t e  p e p t i d e s ;  t h a t  i s ,  

o p i a t e s  r e l e a s e  P R L ,  GH a n d  ACTH  a n d  i n h i b i t  t h e  r e l e a s e  o f  

g o n a d o t r o p i n s  ( P a n g ,  Z im m erm an  a n d  S a w y e r ,  1 9 7 7 ;  S p a m p in a t o  e t  a l . ,  

1 9 7 9 ;  B u c k i n g h a m ,  1 9 8 2 ;  S p i e g e l ,  K o u r i d e s  a n d  P a s t e r n a k ,  1 9 8 2 ) .  T h e  

s i m i l a r l i t y  o f  t h e  o p i a t e - i n d u c e d  a n d  s u c k 1 i n g - i n d u c e d  r e s p o n s e s  

s u g g e s t  t h a t  e n d o g e n o u s  o p i a t e  may p a r t i c i p a t e  i n  m i l k  p r o d u c t i o n  

( S e l m a n o f f  a n d  G r e g e r s o n ,  1 9 8 6 ) .  S i n c e  s u c k l i n g  i s  a  m a j o r  f a c t o r
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r e s p o n s i b l e  f o r  m a i n t a i n i n g  o p t i m a l  s e c r e t i o n  o f  m i l k  i n  p u e r p e r a l  

woman ( Q u i g l e y  a n d  H a n e y ,  1 9 8 0 ) .  I n d e e d ,  mammary g r o w t h  i s  l a r g e l y  

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

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

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

h o r m o n e s .  I n  r o d e n t s ,  f o r  d u c t  g r o w t h ,  ร 2 , (31 a n d  a d r e n a l  s t e r o i d  

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

p r o g e s t e r o n e  a r e  a l s o  a d d e d  t o  t h i s  t r i a d  a n d  l a s t l y ,  p r o l a c t i n  a n d  

a d r e n a l  s t e r o i d s  a r e  m a in  know n  f a c t o r s  r e q u i r e d  f o r  r e g u l a t i n g  m i l k  

s e c r e t i o n  ( A u s t i n  a n d  S h o r t ,  1 9 8 4 ;  S i l b e r s t e i n  e t  a l . ,  1 9 9 4 ) .  A t  

c e l l u l a r  l e v e l s ,  P R L  a p p e a r s  t o  a c t  o n  t h e  p l a s m a  m em brane  a n d

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

( c A M P )  m e c h a n is m .  T o g e t h e r  w i t h  i n s u l i n ,  P R L  i n d u c e s  new  mRNA a n d  a  

n u m b e r  o f  t h e  e n z y m e s  r e s p o n s i b l e  f o r  t h e  s y n t h e s i s  o f  m i l k  

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

l a c t a t i n g  mammary g l a n d .  Two p r o t e i n s ,  U D P - g a l a c t o s y l  t r a n s f e r a s e  

a n d  a l p h a - l a c t a l b u r a i n ,  c o n s t i t u t e  t h e  e n z ym e  t h a t  s y n t h s i z e s  l a c t o s e ,  

s o - c a l l e d  l a c t o s e  s y n t h e t a s e  a r e  a l s o  u n d e r  t h e  r e g u l a t i o n  o f  P R L .  

( T u r k i n g t o n  a n d  H i l l ,  1 9 69 ;  P a t t o n  a n d  J a n s e n ,  1 9 7 6 ) .  s i n c e  a l p h a -

l a c t a l b u m i n  i s  o n e  o f  t h e  p r i n c i p a l  (w h e y )  p r o t e i n  o f  m i l k ,  t h e

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

l a c t o s e  ( P a t t o n  a n d  J a n s e n ,  1 9 7 6 ) .  P R L  c o u l d  i n d u c e d  a n  u p -

r e g u l a t i o n  o f  i t s  r e c e p t o r s ,  s i n c e  P R L  i n c r e a s e s  r e c e p t o r  l e v e l s  i n  

c e l l  c u l t u r e  a n d  b r o m o c r i p t i n e ,  a  P R L  i n h i b i t o r ,  c a u s e s  a  d e c r e a s e  

i n  b o t h  P R L  a n d  i t s  r e c e p t o r s  ( G r e e n s p a n ,  1 9 9 1 ) .

T h e  mammary g l a n d s  a r e  p r e s e n t  i n  b o t h  s e x e s  a l t h o u g h  

g e n e r a l l y  p o o r l y  d e v e l o p e d  i n  t h e  m a l e ,  a n d  a r e  n o r m a l l y  f u n c t i o n a l
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o n l y  i n  t h e  f e m a le  ( A u s t i n  a n d  S h o r t ,  1 9 8 4 ) .  T h e r e f o r e ,  g a l a c t o r r h e a  

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

h y p o g o n a d i s m  a n d  h y p e r p r o l a c t i n e m i a  ( w i e l a n d  e t  a l . ,  1 9 6 7 ) .  T h i s  

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

l e s s  am o u n t  o f  m i l k  f o u n d  i n  t h e s e  e x p e r i m e n t a l  m a le  m o n k e y s .  A s  

p r e v i o u s l y  r e f e r r e d ,  P R L  i s  t h e  m o s t  i m p o r t a n t  h o rm o n e  i n  t h e  

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

E>> a n d  p r o g e s t e r o n e ,  i n h i b i t e d  t h e  P R L  a c t i v i t y  a t  t h e  mammary 

g l a n d  ( T u r k i n g t o n  a n d  H i l l ,  1 9 6 9 ) .  M o r e o v e r ,  t e s t o s t e r o n e  a l s o  f o u n d  

t o  i n h i b i t  n o r m a l  d i f f e r e n t i a t i o n  o f  t h e  b r e a s t  t i s s u e  ( A r c h e r ,  1 9 8 0 ) .  

T h e r e f o r e ,  t h e  i n i t i a t i o n  o f  l a c t a t i o n  c o u l d  b e  p r e d i c t e d  o n  t h e  

s u d d e n  d r o p  o f  h i g h  c o n c e n t r a t i o n s  o f  E 2  a n d  p r o g e s t e r o n e

a c c o m p a n i e d  w i t h  a n  e n h a n c e m e n t  o f  P R L  l e v e l  ( T y s o n  e t  a l . ,  1 9 75 ;  

J o h n s o n  a n d  E v e r r i t t ,  1 9 8 4 ) .  I n  k e e p i n g  w i t h  t h e  p r e s e n t  r e s u l t ,  

m i l k  s e c r e t i o n  w a s  i n i t i a t e d  b y  p r o l o n g e d  e x p o s u r e  w i t h  h i g h  P R L  

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

d r o p  o f  t e s t o s t e r o n e  l e v e l .  A d d i t i o n a l l y ,  a l t e r a t i o n  o f  t h e  o t h e r  

h o r m o n e s ,  e . g .  c o r t i s o l ,  i n  m a le  c y n o m o lg u s  m o n k e y s  a s  c o n f i r m e d  b y  

a c u t e  e f f e c t  s t u d y  may b e  c o o p e r a t e d .  H o w e v e r , t h e  e s t a b l i s h m e n t  o f  

n o r m a l  m i l k  s e c r e t i o n  may r e q u i r e  t h e  p r e s e n c e  o f  s e v e r a l  m o re  

h o rm o n e s  w h i c h  w e r e  n o t  d e t e r m i n e d  i n  t h i s  s t u d y  ( i . e .  i n s u l i n ,  GH, 

e t c . )  ( T y s o n  e t  a l . ,  1 9 7 2 ) .  T h i s  s t u d y  d e f i n i t e l y  s h o w e d  t h a t  

c o n t i n u e d  e l e v a t i o n  o f  P R L  i s  n o t  n e c e s s a r y  f o r  t h e  m a i n t e n a n c e  o f  

n o r m a l  l a c t a t i o n .  I f  t h e  o t h e r  h o r m o n a l  p a r a m e t e r s  a r e  n o t

a p p r o p i a t e s  a  p a t i e n t  w i t h  h y p e r p r o l a c t i n e m i a  may n o t  h a v e

g a l a c t o r r h e a ,  a n d  a  p a t i e n t  w i t h  g a l a c t o r r h e a  n e e d  n o t  h a v e

h y p e r p r o l a c t i n e m i a  ( Q u i g l e y  a n d  H a n e y ,  1 9 8 0 ) .  T h i s  i s  i n  t u r n  a  

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

I t  may s i m i l a r l y  t o  T S H  h o rm o n e  t h a t  t h e  p e a k  s e r u m  TSH  

a f t e r  TRH  w as  d e p e n d e d  u p o n  t h e  b a s a l  TSH  l e v e l  ( S a w in  a n d  H e r s h m a n ,  

1 9 7 6 ) .  S i n c e  t h e  m o n k e y ,  f o r  i n s t a n c e  n o . 5 0 9 ,  o b l i g a t e d  w i t h  h i g h  

b a s a l  P R L  l e v e l  s h o w e d  t h e  h i g h  p e a k  o f  P R L  a f t e r  m o r p h in e  a n d  

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

t i m e .  P R L  n o r m a l  r a n g e  f o r  men i s  0 - 3 9 0  m lU / L  ( C o n r a d ,  B r e e n  a n d  

L e o n e ,  1 9 9 0 ) .

M i l k  e j e c t i o n  c o u l d  b e  o b s e r v e d  o n l y  a f t e r  p r e s s u r e  

e x p l u s i o n  o n  n i p p l e s  o f  m a le  m o n k e y s  a t  t h e  p r e s e n t  a s  i n  a g r e e m e n t  

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

( S e t h e e t h a m  a n d  V a r a v u d h i ,  1 9 9 3 )  a n d  a g e d  f e m a le  c y n o m o lg u s  m o n k e y s  

( I n t a v a t ,  u n p u b l i s h e d  d a t a ) .  S i n c e  m o r p h in e  s u p p r e s s e s  o x y t o c i n  

s e c r e t i o n  w h i c h  s t i m u l a t e s  t h e  c o n t r a c t i o n  o f  t h e  m y o e p i t h e l a i 1 

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

t h e  d u c t  ( m i l k  l e t - d o w n ) ,  w i t h  a  c o n s e q u e n t  b u i d  u p  o f  in t r a m a m m a r y  

p r e s s u r e  w h i c h  may c a u s e  m i l k  t o  s p u r t  f r o m  t h e  n i p p l e  ( A l m e i d a  a n d  

P f e i f f e r ,  1 9 9 1 ) .  I t  i s  o f  i n t e r e s t  t h a t  e v e n  c e s s a t i o n  o f  m o r p h in e  

t r e a t m e n t ,  m i l k  s e c r e t i o n  c o u l d  s t i l l  o c c u r .  T h i s  may h a p p e n  a s  l o n g  

a s  12 m o n th s  i n  som e m o n k e y s  a f t e r  t h e  d r u g  w i t h d r a w a l .  A s  l a c t a t i o n  

p r o g r e s s e s ,  t h e  a m o u n t  o f  P R L  r e l e a s e d  a t  e a c h  s u c k l i n g  b o u t  may 

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

a l t h o u g h  how t h i s  i s  a c h i e v e d  i s  u n c e r t a i n  ( J o h n s o n  a n d  E v e r r i t t ,  

1 9 8 4 ) .  T h e r e f o r e ,  m i l k  s e c r e t i o n  i n  som e m o n k e y s  c o u l d  b e  o b s e r v e d  

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

p r o d u c e d  a  t r a n s i e n t  r i s e  o f  P R L  a n d  c o u l d  n o t  m a i n t a i n  t h e  h i g h
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b a s a l  P R L  l e v e l s  p r i o r  t o  r e c i e v i n g  t h e  n e x t  d o s e  o f  m o r p h in e  

i n j e c t i o n .  S i n c e ,  g a l a c t o p o i e s i s  o r  t h e  p r o c e s s  o f  c o n t i n u e d  m i l k  

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

s e v e r a l  h o r m o n e s .  E v i d e n c e  f r o m  G H - d e f i c i e n t  d w a r f s  a n d  h y p o t h y r o i d  

p a t i e n t s  s u g g e s t s  t h a t  GH a n d  t h y r o i d  h o rm o n e  a r e  n o t  r e q u i r e d  f o r  

g a l a c t o p o i e s i s  ( G r e e n s p a n , 1 9 9 1 ) .  T h e  p r e s e n t  s t u d y  c o u l d  n o t  r e s o l v e  

t h e  i s s u e  o f  how g a l a c t o r r h e a  r e p r e s e n t s  o r  t e r m i n a t e s .  H o w e v e r ,  i t  

may p o s t u l a t e  t h a t  t h e  h i g h  l e v e l s  o f  P R L  c o m p a t i b l e  w i t h  t h e  lo w  

l e v e l s  o f  t e s t o s t e r o n e  i s  a  p r e r e q u i s i t e  f o r  i n i t i a t i o n  o f  m i l k  

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

S t r e s s  a n d  H o r m o n a l  A l t e r a t i o n s

M a n y  i n v e s t i g a t o r s  s t u d i e d  a  v a r i e t y  o f  s t r e s s  e f f e c t  o n  

A C T H / c o r t i s o l  ( B r a w n ,  S c h a l c h  a n d  R e i c h l i n ,  1 9 7 1 ;  M a s o n ,  1 9 72 ;  

E l v i d g e  e t  a l . ,  1 9 7 6 ;  P u r i ,  P u r i  a n d  A n a n d  K u m a r ,  1 9 8 1 ;  F u l l e r  e t  

a l . ,  1 9 8 4 ;  o l t r a s ,  M o r a  a n d  V i v e s ,  1 9 8 7 ) ,  P R L  ( B e n k e r  e t  a l . ,  1 9 9 0 ) ,  

GH ( B r o w n ,  S c h a l c h  a n d  R e i c h l i n ,  1 9 7 1 ) ,  FSH  a n d  L H  ( P u r i ,  P u r i  a n d  

A n a n d  K u m a r ,  1 9 8 1 ;  F u l l e r  e t  a l . ,  1 9 8 4 )  a n d  T SH  a n d  t h y r o i d  h o rm o n e s  

( C h r i s t y ,  1 9 7 8 ;  G r e e n s p a n ,  1 9 91 )  i n  m o n k e y s  a n d  hum an . T h e  p i t u i t a r y -  

a d r e n a l - c o r t i c a l  a c t i v i t y  w as  p r o f o u n d l y  u s e d  t o  i n d i c a t e  s t r e s s  

s i t u a t i o n  ( M a s o n ,  1 9 7 2 ;  P u r i ,  P u r i  a n d  A n a n d  K u m a r , 1 9 8 1 ;  F u l l e r  e t  

a l . ,  1 9 8 4 ) .  A c t u a l l y  s t r e s s  c a u s e s  t h e  r e l e a s e  o f  im m u n o r e a c t i v e  C R F  

( i r -  C R F )  i n  s e v e r a l  b r a i n  a r e a s  ( C h a p p e l l  e t  a l . ,  1 9 8 6 ) .  I n  

a d d i t i o n ,  B - E P  c o n t a i n i n g  c e l l s  a p p e a r  t o  r e m a i n  u n d e r  t o n i c  CRF  

c o n t r o l  s i n c e  t h e  C R F  r e c e p t o r  a n t a g o n i s t  a l p h a - h e l i c a l  C R F 9 _ 4 1 

i n h i b i t s  B - E P  r e l e a s e  i n  v i t r o  ( N i k o l a r a k i s ,  A l m e i d s  a n d  H e r z ,  

1 9 8 6 ) .  C o n s e q u e n t l y ,  B - E P  a n d  ACTH  a r e  c o n c o m i t a n t l y  s e c r e t e d  b y
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p i t u i t a r y  g l a n d  i n  r e s p o n s e  t o  a c u t e - s t r e s s  o r  l o n g - t e r m  

a d r e n a l e c t o m y  a s  w e l l  a s  i n  v i t r o  i n  r e s p o n s e  t o  p u r i f i e d  C R F  

a n d  o t h e r  s e c r e t a g o g u e s  ( G u i l l e m i n  e t  a l . ,  1 9 7 7 ;  O l t r a s ,  M o r a  a n d  

V i v e s ,  1 9 8 7 ) .  C o n s i d e r i n g  t h e  r o l e  o f  C R F  i n  m e d i a t i n g  v a r i o u s  

s t r e s s  r e s p o n s e s ,  t h e  i n t e r a c t i o n  b e t w e e n  C R F -  a n d  P O M C - c o n t a i n i n g  

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

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

s t r e s s  r e s p o n s e  ( T r i s d i k o o n ,  1 9 8 3 ;  S i r i n a t h s i g h j i  a n d  H e a v e n s ,  1 9 8 9 ;  

P r z e w l o c k i ,  P r z e w l o c k a  a n d  L a s o n ,  1 9 9 1 ) .

S i n c e  e n d o g e n o u s  a n d  e x o g e n o u s  o p i a t e s  c o u l d  s t i m u l a t e  a n  

i n c r e a s e  i n  P R L  l e v e l s  a n d  s u p p r e s s  t e s t o s t e r o n e ,  c o r t i s o l  a n d  E 2 

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

( H e i lm a n ,  F u k u s h im a  a n d  R o f f w a n g ,  1 9 7 5 ;  T o l i s ,  H i c k e y  a n d  G u y d a ,  

1 9 7 5 ;  Jam m es , H e y w o o d  a n d  C r o o k ,  1 9 8 0 ;  R e i d  e t  a l . ,  1 9 8 1 ;  T a y l o r  e t  

a l . ,  1 9 83 ;  P e n d e  e t  a l . ,  1 9 87 ;  V a n  V u g t , Webb a n d  R e i d ,  1 9 8 9 ;  M a l i k  

e t  a l . ,  1 9 9 2 ) .  A s  c o n s i d e r e d  t o  t h e  a c u t e  a n d  c h r o n i c  e f f e c t  o f  

m o r p h in e  i n  p r e s e n t  s t u d y ,  t h e  h o r m o n a l  p a t t e r n s  i n  m o n k e y  n o . 525  

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

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

i n c r e a s e  b u t  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 r e  g r a d u a l l y  d e c l i n e  i n  

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

a n a e s t h e t i c  k e t a m i n e  h y d r o c h l o r i d e .  S e ru m  T 4  a n d  T S H  l e v e l s  d i d  

n o t  s h o w  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  a s  c o m p a r e d  b e t w e e n  b l o o d  

s a m p l e s  o b t a i n e d  a t  d i f f e r e n t  i n t e r v a l s .  C o r t i s o l  l e v e l s  t r e n d e d  t o  

b e  h i g h  i n  m o n k e y  n o . 5 25  w h e r e a s  i t  w as  r e d u c e d  i n  m o n k e y s  t r e a t e d  

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

p i t u i t a r y  l e v e l  t o  i n h i b i t  ACTH  r e l e a s e  ( V o l a v k a  e t  a l . ,  1 9 7 9 )  w h i l e
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s t r e s s  a c t i n g  t h r o u g h  C R F  a n d  ACTH  w h i c h  s t i m u l a t e  r i s e  o f  

g l u c o c o r t i c o i d  l e v e l s  (M u n c k ,  G u y r e  a n d  H o l b r o o k ,  1 9 8 4 ) .  On t h e  o t h e r  

h a n d ,  r e c e n t  c l i n i c a l  s t u d y  s h o w e d  t h a t  s t r e s s  c o u l d  a f f e c t  TSH  

e i t h e r  a t  v a r i o u s  l e v e l s  o f  h y p o t h a l a m i c - p i t u i t a r y - t h y r o i d  a x i s  o r  

b y  a l t e r a t i o n  o f  p e r i p h e r a l  t h y r o i d  m e t a b o l i s m  ( G r e e n s p a n ,  1 9 9 1 ) .

G a l a c t o r r h e a  s e e m s  t o  b e  a  n o r m a l  s y m p to m  i n  s t r e s s  s u b j e c t  

( B r a m b i l l a ,  E p s t e i n  a n d  K u p p e rm a n ,  1 9 6 1 ) .  s i m i l a r  s i t u a t i o n  may a l s o  

o p e r a t e  i n  t h e  m a le  c y n o m o lg u s  m o n k e y s  a n d  o t h e r  m am m als  a s  w e l l .  I n  

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

s t i m u l i  s u c h  a s  i n j e c t i o n  o f  10% f o r m a l d e h y d e ,  s e v e r e  c o l d  ( 0  ๑c ) , 

i n t e n s e  l i g h t  a n d  h e a t  ( 3 5  ° c ) , r e s t r a i n t  a n d  s t a r v a t i o n  w o u ld  

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

d e c r e a s e  i n  t h y m u s  w e i g h t  a n d  i n c r e a s e  i n  a d r e n a l s  w e i g h t  ( M e i t e s ,  

N i c o l l  a n d  T a l w a l k e r ,  1 9 6 3 ) .  I n  wom an, m any  t y p e s  o f  s t r e s s f u l  

s t i m u l i ,  i n c l u d i n g  l u n g  i n f e c t i o n ,  s e v e r e  b u r n s ,  s t r a v a t i o n  a n d  

h a r s h  t r a u m a ,  h a v e  a l s o  b e e n  o b s e r v e d  t o  i n d u c e  mammary g r o w t h  o r  

l a c t a t i o n  ( B r a m b i l l a ,  E p s t e i n  a n d  K u p p e rm a n ,  1 9 6 1 ) .  H o w e v e r ,  m i l k  

s e c r e t i o n  i n  m o n k e y  n o . 525  w as  n o t  c o n t i n u o u s .  T h i s  may c o n f i r m  

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

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

a p p r o p i a t e  r a t i o  o f  h o r m o n a l  p a r a m e t e r s  ( V o l p e ’ e t  a l . ,  1 9 7 2 ;  T y s o n  

e t  a l . ,  1 9 7 5 ;  A u s t i n  a n d  S m i t h ,  1 9 8 4 ) .  B e a r i n g  i n  m in d  t h a t  k e t a m i n e  

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

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

i n  P R L  l e v e l s  ( C a s t r o  e t  a l . ,  1 9 8 1 ;  P u r i ,  P u r i  a n d  A n a n d  K u m a r ,  1 9 8 1 ;  

F u l l e r  e t  a l . ,  1 9 8 4 ) .  T h e r e f o r e ,  m o n k e y  n o . 5 25  may s e n s i t i v e  t o  

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



o t h e r  t r e a t e d  m o n k e y s .
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Sum m ary

1 . L o n g - t e r m  e f f e c t s  o f  m o rp h in e  h y d r o c h l o r i d e  u p o n  p h a r m a c o k in e t i c s  

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

c y n o m o lg u s  m o n k e y s .

2 .  M o r p h in e  h y d r o c h l o r i d e  s i g n i f i c a n t l y  m o d u la t e d  s e ru m  P R L ,  

t e s t o s t e r o n e  a n d  c o r t i s o l  l e v e l s  i n  m a le  m o n k e y s ,  w h e r e a s  TSH  

a n d  T4  l e v e l s  w e re  s e e m in g ly  t o  u n a f f e c t  a f t e r  f o l l o w i n g  f o r  

10 h o u r s .  A p p a r e n t l y ,  t h e  h o rm o n a l a l t e r a t i o n s  c o u ld  b e  a b l e  t o  

r e c o v e r  w i t h i n  10 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 .

3 .  L o n g - t e r m  s t u d y  o f  d a i l y  m o r p h in e  t r e a t m e n t  o n  h o rm o n a l l e v e l s  

c o u ld  n o t  b e  a b le  t o  d e t e c t  a n y  p r o m in e n t  a l t e r a t i o n s  w hen  th e  

b lo o d  s a m p le s  w e re  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 .

4 .  M o n k e y s  c o u ld  a d j u s t  t h e m s e l f  a f t e r  d a i l y  m o rp h in e  a d m i n i s t r a t i o n  

a n d  d e v e lo p e d  d i s p o s i t i o n a l  a n d  p h a rm a c o d y n a m ic  t o l e r a n c e s .

5 .  T h e  e f f e c t  o f  m o rp h in e  o n  h o rm o n a l l e v e l s  i n  p u b e r t a l  a n d  a d u l t  

m a le  c y n o m o lg u s  m o n ke y s  d i s p l a y e d  a  d i f f e r e n c e  i n  t im e - c o u r s e  

a n d  l a t e n c y .

6 . P r o l a c t i n  i s  t h e  f i r s t  a n d  b e s t  m a r k e r  t o  s t u d y  m o rp h in e  e f f e c t  

o n  h o rm o n a l l e v e l s .

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

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

m o n k e y s  b y  i n d u c t i o n  d a i l y  r i s e  o f  P R L  s im u l t a n e o u s l y  w i t h  a  

s u d d e n  d e c l i n e  o f  a  b a s a l  s e ru m  o f  t e s t o s t e r o n e  l e v e l s .

8 . S t r e s s  in d u c e d  t h e  o n s e t  o f  h o rm o n a l c h a n g e s  a s  i n  t h e  r e s p o n s e  

t o  m o rp h in e  t r e a t m e n t ,  h o w e v e r ,  s e ru m  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  d u r i n g  s t r e s s  b u t  d e c r e a s e  a f t e r  m o r p h in e  i n j e c t i o n .
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9 .  C y n o m o lg u s  m o n k e y s  e x h i b i t e d  t h e  e v id e n c e  o f  h o rm o n a l c h a n g e s  

a f t e r  m o r p h in e  t r e a t m e n t  a n d  s t r e s s  s i m i l a r  t o  hum an b u t  

c o n f l i c t i n g  w i t h  t h e  r o d e n t .

1 0 . T h e  c y n o m o lg u s  m o n ke y s  s h o u ld  b e  a n  i d e a l  n o n -h u m a n  p r im a t e  

a n im a l  m o d e l f o r  s t u d y  m o rp h in e  e f f e c t  a n d  t r a n s f e r i n g  th e  

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

c o n c r e t e d  w i t h  m o r a l a n d  e t h i c a l  s t a n d a r d s .
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