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BHARGAVA, H N , S DAS, M BANSINATH AND R PRASAD The binding of 3H-(3-MeHts 2) thyrotropm releasmg hormone 
to bram and pltuztary membranes of morphme tolerant-dependent and abstment rats PHARMACOL BIOCHEM BEHAV 34(1) 
7-12, 1989 --The effect of chromc adrmmstratlon of morphine and subsequent withdrawal on brain and pituitary receptors for 
thyrotropm releasing hormone (TRH) was investigated in Sprague-Dawley rats The rats were implanted subcutaneously with four 
morphine pellets (each containing 75 mg of morphine free base) dunng a 3-day period Placebo pellets, which contmned all the 
exclplents of morphine pellets except the morphine, were implanted m rats which served as controls Both tolerance and physical 
dependence on morphine have been shown to develop as a result of this procedure TRH receptors were labeled with 3H-(3-MeHls2) 
TRH (MeTRH) 3H-MeTRH bound to brain membranes at a single high affinity site wah Bma x (receptor density) value of 24 6 ___ 2 2 
fmol/mg protein and K d (apparent &ssocmtxon constant) value of 3 7 -+ 0 4 nM The binding of 3H-MeTRH to five regmns of the 
brain namely, hypothalamus, cortex, stnatum, rmdbram and pons + medulla, as well as pltuttary was also investigated The binding 
of 3H-MeTRH to pttmtary membranes was increased dunng the development of tolerance, wheres the binding to membranes prepared 
from different brain regmns was unaffected Serum concentratxon of tmodothyronme (T3) and thyroxine (T4) were found to be lower 
m chronic morphine-treated rats when compared to placebo-treated rats, however, serum TSH level remained unaltered Twenty-four 
hours after the removal of morphine pellets (natural withdrawal), the binding of 3H-MeTRH to pons + medulla membranes was greater 
than m placebo control group Naloxone-preclpltated withdrawal produced results which were quahtatlvely slmdar to those obtained 
m rats from which pellets had been removed The results suggest that the development of tolerance to morphine may be assocmted with 
changes m the p~tuttary-thyrmd axis 

Morphine tolerance-dependence TRH receptors 
Thyroid hormones "1"4, T3, T3U , TSH 

Pituitary, brain regions Naloxone-preclpltated withdrawal 

CONSIDERABLE ewdence suggests that acute and chromc treat- 
ment with opmtes affect the hypothalam~c-p~tu~tary-thyro~d ax~s 
Acute administration of morphine and endogenous opmtes de- 
presses the secretion of thyroid stimulating hormone (TSH) (23, 
27, 30, 31, 33) Chronic administration of morphine by multiple 
dmly mject~ons ~s not assocmted wtth the development of tolerance 
to the TSH mhlbmng effect of morphine (16) Using lesion 
stu&es, it has been demonstrated that the mhlbxtory effect of 
morphine on thyroid is medmted wa the caudal hypothalamus m 
the region of me&al mammary nuclei (16,25) Chronic admmls- 
traUon of morphine also decreases thyroid wexght and pltmtary 

TSH content (1,20) 
The hypothalamus contains the trlpeptlde thyrotropm releasing 

hormone (TRH), which has an xmportant role m the maintenance 
of pxtmtary TSH secreUon In chrome oplold-ad&cted paUents the 
normal TSH response to large doses of TRH remains unaltered 
(16) TRH as well as its receptors are also important constituents 
of extrahypothalamlc neuronal tissues and much attention has been 
focused m recent years towards understanding the nonendocnno- 
logical role of TRH in the central nervous system (CNS) (11,34) 
The interactions of TRH w~th both acute and chrome effects 
of endogenous as well as exogenous opmtes are well recogmzed 
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(11) TRH antagonizes opiold-lnduced hypothermia, catalepsy, 
respiratory depression (10, 21, 36), inhibits gastrointestinal transit 
involving stereospeclfiC oploid receptors (2,12) and modifies the 
chronic effects of morphine (5, 6, 9) Behaviorally, TRH is 
capable of producing a syndrome similar to "wet  dog shake" of 
morphine withdrawal (38) Brain areas where naloxone preopl- 
tates withdrawal m morphine-dependent animals parallel the sites 
of TRH-stlmulated shaking behavior and the endogenous sites of 
TRH distribution (19,39) Naloxone-preclpitated morphine with- 
drawal produces a fall m cerebral cortical TRH content (32) Such 
evidences suggest that endogenous TRH may be involved in the 
chronic effects of morphine 

The mechanisms by which TRH interacts with opiates is not 
well understood At the receptor level, it has been shown that TRH 
does not displace the binding of 3H-naloxone (36) or of 3H- 
dthydromorphine (21) to brain membranes It must be noted that 
both naloxone and dlhydromorphine label mu opiate receptors 
predominantly To date, at least five opiate receptor types have 
been postulated They are mu (preferring morphine), delta (pre- 
ferring enkephahn), kappa [prefemng dynorphln (1-13) or eth- 
ylketocyclazoclne], sigma (preferring N-allylnormetazocme) and 
epsilon (preferring I3-endorphln) Studies from this laboratory 
have shown that TRH does not affect the binding of hgands for 
mu, delta and kappa opiate receptors to brain membranes (15) 
However, delta and kappa opiates inhibit the binding of 3H- 
(3-MeHls 2) TRH (MeTRH) to brain membranes (7,14) and this 
effect appeared to be stereoselectlve (8) Thus, the interaction 
between opiates and TRH appeared to be unidirectional at the level 
of their brain receptors 

Recent studies demonstrate that some of the oplold receptors 
are upregulated in rodents treated chronically with morphine (17) 
Since our earlier studies have shown that the tolerance to and 
dependence on morphine could be blocked by repeated injections 
of TRH (5, 6, 9), it was of interest to determine the effect of 
chronic administration of morphine to rats by subcutaneous 
implantation of morphine pellets, and of abrupt and naloxone- 
precipitated withdrawal on the TRH receptors m the brain regions 
and pituitary In addmon, the effect of chronic morphine treatment 
on serum concentrations of T 3, T 4, TSH and T 3 uptake have also 
been determined 

METHOD 

Animals 

Male Sprague-Dawley rats weighing 225-250 g obtained from 
King Ammal Company, Oregon, WI were acclimated to the 
laboratory environment for at least four days before being used 
They were housed three to a cage in rooms with controlled 
temperature (23 _ 1 °C), humidity (50 _+ 10%) and artaficlal lighting 
(L 0600-1800 hr) Food and water were provided ad lib 

Drugs 

Morphine pellets, each containing 75 mg free base, were 
supplied by the Research Technology Branch, Natmnal Institute 
on Drug Abuse, Rockvllle, MD through the courtesy of Drs 
Richard Hawks and Rao S Rapaka Naloxone was a gift from 
Endo Laboratones, New York through the courtesy of Dr Alan 
Rubln 3H-MeTRH (specific activity 70 4 Ci/mmol) was pur- 
chased from New England Nuclear Corporation, Boston, MA 
Cold TRH was a gift from the American Hoechst Corporation, 
Somerville, NJ through the courtesy of Mr Val R Wagner 

Induction of Tolerance to and Physical Dependence on 
Morphme and Withdrawal Syndrome 

Rats were made tolerant to and dependent on morphine by the 

procedure described previously (3,4) Briefly, each rat was Im- 
planted with one pellet on the morning of day 1, under light ether 
anesthesia The second pellet was implanted in the afternoon of 
day 1 Two additional pellets were implanted m the afternoon of 
day 2 Rats implanted similarly with placebo pellets served as 
controls The pellets were left in place for 72 hr after the 
implantation of the first pellet The studies were camed out in rats 
with pellets intact or from which pellets had been removed for 24 
hr To determine the effects of naloxone-preclpitated withdrawal, 
rats were divided into two groups One group was implanted with 
placebo pellets while the other with morphine pellets as described 
above Seventy-two hours after the implantation of the first pellet, 
animals of each group were divided Into two subgroups Rats in 
one subgroup were injected with sahne and the other with 
naloxone HC1 (5 mg/kg, IP) The rats were sacrificed 30 mln after 
the injection of naloxone 

Determmatton of the Bmdmg of ~H-MeTRH to Bram 
Membranes 

Whole brain without the cerebellum was homogenized in 20 ml 
of 0 32 M sucrose with a Polytron homogenizer (setting 5, 8 
seconds) The homogenate was centrifuged for 10 rain at 1,500 × 
g The pellet (crude nuclear fraction, Pl) was discarded and the 
supernatant suspension was centrifuged at 17,500 × g for 30 man In 
a Sorvall RC-SB refrigerated centrifuge The second pellet (P2 

fraction) was suspended in 20 ml of 20 mM sodmm phosphate 
buffer (pH 7 4) using the Polytron (setting 5, 45 seconds) and was 
used for the binding studies. The binding assay was performed 
essentially based on the method described previously (7) using 0 2 
ml of the homogenate in a total volume of 0 5 ml and containing 
0 1 ml of 3H-MeTRH 3H-MeTRH was dissolved in the sodium 
phosphate buffer (pH 7 4) containing 0 1% bovine serum albumin 
to limit its loss to the glassware Incubations were carried out in 
triplicate in a shaking ice bath for five hours The incubation was 
terminated by the addmon of 4 ml of ice-cold saline to the tubes 
The contents of the tube were rapidly filtered under reduced 
pressure through a glass fiber filter (GF/F) using Mllhpore 
filtration manifolds The filters were washed twice with 4-ml 
ahquots of ice-cold physiological saline. The filters were trans- 
ferred to liquid scmtfllatmn vials containing 10 ml of 3a70 cocktail 
(Research Products International Corp ,  Elk Grove Village, IL) 
After an overnight eqmhbranon period, the radioactivity in the 
samples was determined in a Packard liquid scintillation spectrom- 
eter (Model 4640) with a counting efficiency of 54% The specific 
banding of 3H-MeTRH was defined as the difference m binding 
obtained m the absence and presence of 10 ~M TRH All assays 
were performed m trlphcate Generally, the specific binding 
accounted for 60-70% of the total binding The concentration of 
protein m the samples was determined by the method of Lowry et 
al. (26) The amount of 3H-MeTRH specifically bound was 
expressed as fmoles of hgand bound per mg protein For the 
determination of Bmax and K d values, the concentration of the 
radiohgand used was 1 to 8 nM The resulting data were subjected 
to Scatcbard analyses The binding constants were determined 
after subjecting the data to linear regression analysis The binding 
of 3H-MeTRH was also determined at 2 nM concentration to 
membranes of brain regions and pituitary which were prepared in 
a manner analogous to whole brain membranes described above 
The differences in the treatment and control groups of rats were 
determined by Student's t-test A value of p < 0  05 was considered 
to be statistically significant 

Determmanon of Serum Concentration of Thyroid Hormones 

Serum concentration of tnlodothyronlne (total T3), T 3 uptake 
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T A B L E  1 

EFFECT OF CHRONIC ADMINISTRATION OF MORPHINE BY PELLET 
IMPLANTATION, ABRUPT WITHDRAWAL (PELLET REMOVED FOR 24 

HR) AND NALOXONE-PRECIPITATED WITHDRAWAL ON THE BINDING 
OF 3H-MeTRH TO RAT BRAIN MEMBRANES 

Treatment* 

Specific Binding of [3H]-MeTRHt 
Mean ± S E M  (N=5)  

Bmax Kd 
(fmol/mg protein) (nM) 

Pellet intact 
Placebo 24 6 --- 2 2 3 71 --- 0 43 
Morphine 25 3 ± 1 7 3 46 --- 0 16 

Pellet removed (24 hr) 
Placebo 3 1 4  ± 1 3 321 - 0 0 7  
Morphine 337  - 1 7 338  ± 0 2 2  

Pellet intact + naloxone 
Placebo + vehicle 33 1 +-- 1 3 3 60 - 0 13 
Placebo + naloxone 34 0 --- 1 7 4 00 - 0 31 
Morphine + vehicle 33 4 --- 1 1 3 65 - 0 12 
Morphine + naloxone 35 7 ± 0 8 3 77 --- 0 17 

*Rats were Implanted subcutaneously, under light ether anesthesia, with 
either four morphine or four placebo pellets dunng a three-day penod 
Ammals were sacrificed with either the pellets intact or removed for 24 hr 
For studies on naloxone-preclpltated withdrawal, animals were rejected 
with naloxone HC1 (5 mg/kg, IP) or vehicle and sacrificed 30 nun later 

?Binding was performed as described m the Method sectaon 

(T3U), and thyroxine  (T4) were measu red  by us ing  commerc ia l  
r a d l o l m m u n o a s s a y  (RIA) lots Total  T 3 and T3U lots were 
procured  f rom A m e r s h a m  Corporat ion,  A r h n g t o n  Heights ,  IL and 
T 4 lots were ob tmned  f rom Dmgnos t l c  Products  Corporat ion,  Los  

Ange les ,  C A  TSH lot was  obtained f rom N I A M D D .  The  differ- 
ences  in the m e a n  values  o f  total T 3, T3U, T 4 and T S H  concen-  
tration in the se rum of  var ious  groups  o f  morp lune  and placebo 
pelleted rats were compared  by us ing  A N O V A  fol lowed by the  
S tudent ' s  t-test A value  p < 0  05 was  considered to be signifi-  
cant ly different 

RESULTS 

Effect of Chromc Admmlstranon of Morphine by Pellet 
Implantatton, Abrupt and Naloxone-Preclpttated Withdrawal m 
Morphme-Dependent Rats on the Binding of 3H-MeTRH to 
Brain and Pttuttary-Membranes 

3H-MeTRH bound  to rat b rmn  m e m b r a n e s  o f  placebo pellet 
implanted  rats at a s ingle hxgh af f imty site with Bma x value o f  
24 6 --- 2 2 fmo l /mg  protein and  a K d value o f  3.71 --- 0 43 n M  
As  shown  in Table 1, implanta t ion o f  morph ine  pellets did not  
alter the b inding cons tan ts  o f  3H-MeTRH The  abrupt  wi thdrawal  
o f  morph ine  by removal  o f  the pellets also did not  change  the Bma x 
or the K d value o f  3H-MeTRH Similarly,  naloxone-preclpl ta ted 
withdrawal  in morph ine -dependen t  rats had no effect  on the 
binding cons tants  o f  3H-MeTRH to whole  brain m e m b r a n e s  
(Table 1) 

The  binding o f  3H-MeTRH at 2 n M  concentra t ion to rat b ram 
regions  o f  morph ine  to lerant-dependent  rats and rats undergo ing  
abrupt or  naloxone-precipl ta ted wi thdrawal  is shown  in Table  2 
A m o n g  the brain regions  stud~ed, the h ighes t  densi ty  o f  3H- 
M e T R H  binding sites was present  in the  hypo tha l amus  which  was  
fol lowed by rmdbraln,  p o n s +  medul la ,  cortex and s t n a t u m  The  
binding o f  3H-MeTRH to any  brain region under  any  c o n d m o n  did 
not  show any change  except  the b inding was  increased in pons  + 
medul la  o f  24 hr abruptly wi thdrawn morph ine -dependen t  rats 

(Table 2) 
Chromc  admlmst ra t lon  o f  morph ine  to rats by pellet implanta-  

tion increased the  b m d m g  of  3H-MeTRH to pi tmtary m e m b r a n e s  

T A B L E  2 

EFFECT OF CHRONIC ADMINISTRATION OF MORPHINE BY PELLET IMPLANTATION, ABRUPT WITHDRAWAL (PELLET REMOVED FOR 24 HR) 
AND NALOXONE-PRECIPITATED WITHDRAWAL ON THE BINDING OF 3H-MeTRH TO MEMBRANES OF BRAIN REGIONS AND PITUITARY 

Specific Binding of [3H]-MeTRH (fmol/mg protem)t 
Mean ± S E M  (N=5)  

Brain Regions 

Treatment* Cortex Mldbrain Stnatum Hypothalamus Pons + Medulla Pltmtary 

Pellet intact 
Placebo 10 53 --- 0 55 13 22 -+ 0 81 7 44 ± 0 62 20 38 ± 1 20 12 35 --- 0 40 5 90 --- 0 64 
Morphine 10 49 --- 0 57 13 42 --- 0 78 7 95 ± 1 22 20 23 ± l 05 12 04 - 1 14 9 11 ± 0 79:~ 

Pellet removed (24 hr) 
Placebo 12 53 +-- 0 4 9  11 35 - 0 3 6  762  --- 035  18 27 --- 1 38 1049 - 0 7 2  667  --- 0 9 8  
Morphine 11 24 --- 0 6 5  12 67 --- 0 5 6  822  ± 021  18 20 ± 1 08 13 02 ± 0 7 9  c 575  - 0 4 7  

Pellet intact + naloxone 
Placebo + velucle 11 83 - 0 16 12 35 --- 0 43 7 61 ±- 0 15 18 03 ± 0 18 12 52 ± 0 26 4 61 ± 0 73 
Placebo + naloxone 11 77 ± 0 14 12 71 ± 0 32 8 38 --- 0 20 17 84 ± 0 13 13 49 ± 0 87 5 22 - 1 11 
Morphine + vehicle 11 67 - 0 17 11 95 --- 0 33 7 71 ± 0 19 18 03 ± 0 26 12 72 +- 0 69 9 00 - 0 67:~ 
Morphine + naloxone 11 92 ± 0 21 12 17 ± 0 33 7 98 ± 0 17 17 83 - 0 24 12 79 ± 0 73 9 19 - 0 89 

*Rats were implanted subcutaneously, under hght ether anesthesia, with either four morphine or four placebo pellets dunng a three-day penod 
Animals were sacrificed with either the pellets left intact or removed for 24 hr For studies on naloxone-preclpltated withdrawal, animals were mjected 
with naloxone HC1 (5 mg/kg, IP) or vehtcle, and sacrificed 30 nun later 

tBmthng was performed as described in the Method section using 2 nM concentration of 3H-MeTRH 
~:p<0 05 vs the placebo control group 
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TABLE 3 

EFFECT OF CHRONIC ADMINISTRATION OF MORPHINE AND ITS 
WITHDRAWAL ON THYROID FUNCTION IN THE RAT 

Serum Concentration of Thyroid Hormone 

Treatment T~ Uptake 
Group* T 4 (/xg/dl) T~ (ng/ml) TSH Index 

Mean + S E M  (N=5) 

Placebo 
pellets 354+026  025 -+002 309-+014 150-+001 
intact 

Morphine 
pellets 1 34-+0 171:0 092-+0 004+ 3 24-+0 11 1 53-+0 002 
intact 

Placebo 
pellets 3 26_+0 34 0 18 +0 02 3 24-+0 08 1 49-+0 01 
removed 

Morphine 
pellets 274-+041.~ 0096+0004? 287_+0 10 1 52-+001 
removedf 

*Rats were implanted with four morphine or four placebo pellets dunng 
a 3-day period as described in the text 

+The pellets were removed and 24 hr later the rats were sacrificed, and 
the serum collected for determination of the concentration of thyroid 
hormones 

~:p<0 05 vs placebo pellets intact group, §p<0 05 vs morphine pellets 
mtact group 

As can be seen from Table 2, the pituitary membranes of morphine 
pellet implanted rats exhibited a 54% higher binding in compari- 
son to placebo pellet ~mplanted rats When the pellets were 
removed for 24 hr, i e , after abrupt withdrawal of morphine, the 
binding of ~H-MeTRH had returned to normal since there was no 
s~gmficant difference between the placebo and morphine pellet 
implanted groups Admlmstratlon of naloxone to placebo or 
morphine pellet implanted rats did not alter the binding of 
3H-MeTRH to pltmtary membranes (Table 2) 

Effect of Chromc Admtmstratton of Morphme and tts Abrupt 
Wtthdrawal on Serum Concentratton of Thyrotd Hormone 
m the Rat 

Chronic administration of morphine to rats by subcutaneous 
Implantation of morphine pellets resulted m a decrease m the 
serum concentration of T 4 and T3,  but the concentration of TSH 
and the T 3 uptake index did not change (Table 3) Twenty-four 
hours after the removal of placebo pellets, the serum concentration 
of thyroid hormones was similar when compared to serum levels in 
which the placebo pellets were left intact Twenty-four hours after 
the removal of morphine pellets, a slight recovery of serum T4 
levels was observed, but T 3 levels remained depressed Dunng the 
abrupt withdrawal of morphine, serum TSH levels did not differ 
from rats with morphine pellets intact (Table 3) 

Effect of Naloxone-Prectpttated Wtthdrawal m 
Morphine-Dependent Rats on the Serum Concentration of 
ThyroM Hormoner 

As shown above, ~mplantation of morphine pellets resulted in 
decreases m serum concentration of T 3 and Y 4 a nd  no change in 
TSH and T 3 uptake Index A dose of naloxone (5 mg/kg, SC) 
given to placebo pellet Implanted rats significantly decreased 

TABLE 4 

EFFECT OF NALOXONE-PRECIPITATED WITHDRAWAL ON THYROID 
FUNCTION IN MORPHINE-DEPENDENT RATS 

Serum Concentration of Thyroid Hormone 

Treatment T~ Uptake 
Group* T 4 (p,g/dl) T~ (ng/ml) TSH Index 

Mean -+ S EM (N=5) 

Placebo pellet 4 74-+0 37 0 24+0 04 
+ vehicle 

Placebo pellet 3 80 -+ 0 22+ 0 26 -+ 0 04 
+ naloxone 

Morphine pellets 2 18-+0 25? 0 13_+0 017 
+ vehicle 

Morphine pellets 1 28_+0 192 0 10-+0 004 
+ naloxone 

309-+0 16 1 50-+001 

307-+0 17 1 51-+001 

292-+008 150-+001 

275-+008 1 54-+001 

*Rats were implanted with four morphine or four placebo pellets during 
a 3-day penod as described in the text The animals were injected with 
either saline (vehicle) or naloxone (5 mg/kg, SC) and sacnficed 10 mm 
later The serum was collected for determination of the concentration of 
thyroid hormones 

+p<0 05 vs vehicle-inJected placebo pelleted rats, :]:p<0 05 vs vehi- 
cle-injected morphine pelleted rats 

serum concentration of T 4, but the concentration of T 3, TSH and 
T3 uptake index was not affected (Table 4) Administration of 
naloxone to morphine-dependent rats caused a further decrease in 
the serum concentration of T 4 but T 3 and TSH levels were not 
affected (Table 4) 

DISCUSSION 

Results of the present study suggest that in rats rendered 
tolerant to the analgesic effects of morphine by the pellet lmplan- 
tatmn method, neither the affinity nor the number of TRH 
receptors appear to change m different regions of brain mcludlng 
hypothalamus, an area rich m TRH receptors However, specific 
binding of TRH to pituitary membranes was Increased dunng the 
development of morphine tolerance Furthermore, tolerance de- 
velopment did not alter the inhibitory effect of morphine on 
c i r cu l a t i ng  T 3 and T 4 However, there was no effect on T 3 uptake 
index and serum concentration of TSH Following the abrupt 
withdrawal by removal of morphine pellets, there was a tendency 
of s e r u m  T 4 levels to return to normal, but there was no change in 
serum T 3 levels even 24 hr after the removal of pellets Further- 
more, naloxone caused a lowering of s e r u m  T 4 concentratmn, but 
did not affect the concentration of T 3, TSH and T3 uptake index 
The lowering of T 4 concentration by naloxone in nontolerant and 
morphine-tolerant rats was of s~mllar magnitude 

The actions of opiates on the thyroid function are rather 
complex Divergent results are available in the literature regarding 
the acute effects of opmtes on the thyroid functions Some studies 
indicate an inhibitory effect of opiates on TRH and/or on TSH 
secretion (13, 22, 30), while others support either lack of any effect 
(18,35) or a stlmulatory effect (23,24) In vitro evidence suggests 
that TRH release, but not TSH release, is inhibited by endogenous 
opiates (22) Furthermore, depending on the site of central admin- 
istration, morphine has been shown to have both stlmulatory and 
mhiNtory effects on TSH secretion (27) The site(s) and mecha- 
nism(s) of action of opmtes revolved in the modulatmn of serum 
TSH levels is far from being clear Some studies suggest that 
the opmtes act on specific opmte receptors at the TRH 
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terminals of hypothalamus (22,37), while others suggest that the 
opiates dtrectly act at the pituitary (24). It is noteworthy that in 
contrast to the studies after acute opiate adrmmstration, relatively 
few investigations appear to have been done as related to the 
effects of opmte-lnduced tolerance and dependence on TRH 
release and thyroid function 

Acute admimstratlon of morphine (16) as well as oplold 
pepUdes (13, 28, 29) to rodents has been shown to decrease the 
serum TSH levels presumably through a hypothalanuc mecha- 
nism In the present study chronic admimstratlon of morphine 
decreased circulating levels of T 3 and T4 but not TSH levels This 
observation could indicate that tolerance develops to the TSH 
lowenng effect of morphine In contrast, when tolerance in the rat 
was produced by multiple rejections, the serum levels of TSH 
were reported to be lower compared to the control rats (16,32) 
The present observation of lack of changes in serum TSH levels m 
morphine-tolerant and-dependent animals may reflect an inhibition 
of hypothalarmc TRH secretton Such a reduction in TRH secre- 
tion would lead to upregulatlon of TRH receptors on the pltmtary 
and account for increased binding of 3H-MeTRH observed m this 
study Under normal conditions, lower T 3 and T 4 levels are 
expected to result in elevated TSH levels. In our study, in chromc 
morphme-treated animals, although T3 and T4 levels were lower, 
TSH levels were not elevated Hence, it appears that the secretion 
and clearance studies of TSH, 1"4 and T 3 would help to further 

clarify If the decrease m T 4 and T 3 levels is due to hyporespon- 
SlVlty of TSH release mechanism and/or due to mcreased rate of 
clearance of the ctrculatlng hormones m thts setting After chrontc 
mjectlons of morphine m rats, lack of tolerance to morphme 
mduced lnhibmon of T 4 has been reported earlier (32) Our results 
confirm and extend these results to T 3 and T 4 m rats rendered 
morphine tolerant by implanting pellets Furthermore, present 
results also indicate that withdrawal does not appear to alter the 
levels of TSH slgmficantly In hght  of the m vitro evidence of 
umdtrectaonal interaction between optates and TRH receptor 
agonlsts (8), a lack of up- or down-regulation of TRH receptors m 
different areas m the brain found m the present study suggests that 
'nonneuroendocnnologlcal '  sites of TRH may not be implicated as 
the sites of actton of TRH, for the mhlbltton of opmte tolerance 
and withdrawal, however, pituitary TRH receptors appear to be 
involved Clearly, more studies on alteration of neuroendocrlne 
axis of TRH in hypophysectormzed animals dunng tolerance and 
dependence may help to clarify the slgmficance of pituitary 
receptor proliferation and its role in opmte tolerance-dependence 
and withdrawal processes 
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