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Abstract. The purpose of the present study was to examine the effect of administering an 
opiate receptor antagonist, naltrexone (NALT) on the decline in pituitary thyrotropin (TSH) 
release induced by both acute and chronic stress, and to determine whether norepinephrine 
(NE) is involved in the mechanism by which opiate receptor blockade counteracts inhibition 
of TSH release during stress. Administration of NALT, a specific opiate receptor antagonist, 
significantly attenuated the decrease in plasma TSH observed after acute exposure to ether or 
restraint stress. The ability of NALT to prevent suppression of circulating TSH in ether-stressed 
rats was blocked by pharmacological suppression of NE activity induced by pretreatment with 
diethyldithiocarbamate (DDC) or phenoxybenzamine (PB), both NE antagonists. In chronically 
stressed rats, thrice daily injections of NALT attenuated the sustained decline in circulating 
TSH, and resulted in a significant elevation in plasma TSH when compared with stressed, 
saline-treated animals. Pretreatment with DDC prior to NALT injection abolished this 
stimulatory effect of NALT. These observations indicate that opiate/receptor interaction is 
prerequisite for the decrease in circulating TSH release during both acute and chronic stress, 
and support the hypothesis that endogenous opioid peptides (EOPs) mediate the suppressive 
effect of stress on TSH release. The finding that uninterrupted NE function is necessary for 
NALT's action on TSH release during stress suggests that the suppressive effect of stress on 
TSH and its reversal by opiate antagonists involves alterations in hypothalamic NE activity. 
0 1984 Society for Experimental Biology and Medicine. 

There is good evidence that endogenous 
opiate receptors within central neural path- 
ways are involved in the regulation of pitui- 
tary thyrotropin (TSH) secretion. Thus, ad- 
ministration of morphine (MOR) or the en- 
dogenous opiate, met-enkephalin, resulted in 
a decrease in basal plasma TSH levels ( 1  -3),  
and an attenuation of the increase in TSH 
release after cold exposure or thyroidectomy 
(2, 3). Opiate receptor antagonists such as 
naloxone (NAL) were shown to have no 
effect on basal circulating TSH levels ( l ) ,  but 
to prevent the decrease in TSH release in- 
duced by heat or restraint stress (3, 4). These 
studies suggested that the endogenous opioid 
peptides (EOPs) do not influence basal pitui- 
tary TSH secretion, but they do have a role 
in mediating the effects of acute stress on 
TSH release. 

The mechanism(s) by which the opiates 
influence TSH secretion are not entirely re- 
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solved, but several studies have provided 
evidence for a hypothalamic site of action 
( 5 ,  6). Sharp et al. (3) observed that the 
MOR-induced decrease in TSH in cold-ex- 
posed animals is accompanied by an increase 
in hypothalamic TRH content, suggesting 
that the EOPs inhibit TSH release by inhib- 
iting TRH release. Opiates apparently do not 
exert a direct inhibitory effect on the pituitary, 
since TRH stimulation of TSH release is 
unaltered by MOR in vivo (2) or in vitro (3). 
Other studies indicate that opiates and opiate 
receptor antagonists alter the activity of sev- 
eral hypothalamic neurotransmitters, includ- 
ing norepinephrine (NE) (7). Since NE is a 
major hypothalamic promoter of TSH release 
(8), it is possible that it is involved in the 
mechanism by which the EOPs and their 
antagonists influence pituitary TSH release. 

Although it has been reported that the 
EOPs are involved in the decrease in TSH 
elicited by one type of stress, restraint, it is 
not clear whether this is a mechanism com- 
mon to a variety of stress stimuli or if it is 
unique to this specific stressor. Also, little is 
known about possible EOP involvement in 
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sustained suppression of TSH secretion dur- 
ing chronic stress (9). Information of this 
nature is important since chronicity is a 
common characteristic of most stressors en- 
countered in daily life (9). The purpose of 
the present study was to investigate the role 
of the EOPs in the decline in TSH release 
induced by both acute and chronic stress, 
and to determine whether NE is involved in 
these processes. 

Methods and Materials. Animals and 
drugs. Young adult male Sprague-Dawley 
rats (2 months of age) were purchased from 
Charles River Breeding Laboratories (Portage, 
Mich.) and maintained in our animal facilities 
for at least 2 weeks prior to experimental 
use. Animals were housed in groups of four 
to five per cage under a 14-hr 1ight:lO-hr 
dark schedule and received food and water 
ad libitum. Morphine sulfate (MOR) was a 
gift from Mallinckrodt, Inc. (St. Louis, Mo.), 
and naltrexone hydrochloride (NALT) was 
kindly provided by Dr. Robert Wilette, Na- 
tional Institute on Drug Abuse (Bethesda, 
Md.). Sodium diethyldithiocarbamate (DDC), 
an inhibitor of NE synthesis, was purchased 
from Fisher Scientific Company (Fair Lawn, 
N.J.), and phenoxybenzamine hydrochloride 
(PB), an a-adrenergic receptor blocker, from 
Smith, Klein and French Labs (Philadel- 
phia, Pa.). All drugs were weighed and dis- 
solved in sterile NaCl(O.996) immediately be- 
fore use. 

Experiment I :  Eflect of NALT or NALT 
and MOR on decreases in plasma TSH in- 
duced by restraint stress. Two days prior to 
experimentation, rats (280-315 g body wt) 
were implanted with Silastic intraatrial can- 
nulae under light ether anesthesia and housed 
in individual cages. On the day of the exper- 
iment, rats were divided into three groups 
(seven animals per group). Three prestress 
blood samples (0.7 ml each) were obtained 
via cannula from each animal at 20-min 
intervals. Throughout the experiment, all 
blood samples were centrifuged immediately 
after withdrawal to separate plasma from 
cells, and cells were resuspended in sterile 
saline and returned to the animals via can- 
nula. At time zero, all three groups were 
subjected to continuous immobilization stress 
according to a previously described method 
(10). With the onset of stress, animals in 

group 1 received a subcutaneous injection of 
NALT (2 mg/kg body wt), while group 2 was 
injected with the same dose of NALT plus 5 
mg MOR/kg body wt. Group 3 received a sc 
injection of the vehicle, saline (SAL). Subse- 
quent blood samples were withdrawn via 
cannula at 30, 60, 90, and 180 rnin after the 
onset of immobilization. 

Experiment 2: Eflect of NALT or NALT 
and MOR on decrease in plasma TSH in- 
duced by ether stress. Prior to experimenta- 
tion, animals (300-350 g body wt) were 
divided into three groups (12 animals per 
group). A 1-ml blood sample was then ob- 
tained by orbital sinus puncture from each 
animal. Immediately thereafter, animals were 
injected as follows: group 1 received a sc 
injection of NALT (2 mg/kg body wt), and 
group 2 was injected sc with the same dose 
of NALT plus 5 mg MOR/kg body wt. 
Group three received a sc injection of SAL. 
Animals in each group were then exposed to 
saturated ether vapor for a total of 15 min. 
Additional blood samples were obtained by 
orbital puncture at 15, 35, and 60 rnin after 
onset of etherization. 

Experiment 3: Eflect of DDC pretreatment 
on ability of NALT to prevent decrease in 
TSH release induced by ether stress. Animals 
(300-355 g body wt) were divided into two 
groups (group 1, N = 10; group 2, N = 1 l), 
bled by orbital sinus puncture, and injected 
sc with DDC (500 mg/kg body wt), an NE 
synthesis inhibitor. At the end of 90 min, 
each animal was bled for a second time and 
then injected as follows: group 1 received a 
sc injection of NALT (2 mg/kg body wt), 
and group 2 was injected sc with SAL. Im- 
mediately thereafter, the rats were exposed 
to saturated ether vapor for 15 rnin and 
blood samples were taken 15 and 40 rnin 
later. 

Experiment 4: Eflect of pretreatment with 
PB on ability of NALT to prevent decrease 
in TSH release after ether stress. The exper- 
imental protocol described in Experiment 3 
was repeated, with the exception that 120 
rnin prior to ether exposure, animals (390- 
450 g body wt) received an ip injection of 
PB (20 mg/kg body wt), an a-receptor antag- 
onist. At time zero, animals were divided 
into two groups, bled for a second time, and 
injected as follows: group 1 ( N  = 11) received 
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NALT (2 mg/kg body wt) sc, while group 2 
(N = 10) was injected with SAL. Both groups 
were then exposed to ether vapor for 15 rnin 
and bled 15 and 40 rnin later. 

Experiment 5: Eflect of 3X daily NALT 
injection on inhibition of TSH release induced 
by a chronic stress. On Day 1 of the experi- 
ment, rats (3 10-360 g body wt) were divided 
into three groups. On the same day, groups 
1 (N = 9 )  and 2 ( N  = 8) were subjected to 
chronic stress induced by implantation of a 
2-in.-square gauze pad under the skin of the 
abdomen (1 1). Rats in group 3 (N = 8) served 
as unoperated controls. On Day 2, rats in 
group 1 received three sc injections of NALT 
(2 mg/kg body wt) at 4-hr intervals, while 
groups 2 and 3 received three sc injections 
of SAL at the same time intervals. Animals 
were bled by orbital sinus puncture 20 rnin 
after the last injection of NALT or SAL. 
Injections were repeated on Days 3 and 4, 
and blood samples were obtained after the 
last injection of NALT or SAL on both days. 

Experiment 6: Eflect of DDC pretreatment 
on ability of NALT to counteract depressing 
eflect of chronic stress on TSH release. Rats 
were divided into five groups (seven animals 
per group) as follows: groups 1 through 4 
were implanted with 2-in.-square gauze pads 
as described above, whereas group 5 served 
as unoperated controls. At 48 hr after im- 
plantation, groups 1 and 2 were injected sc 
with DDC (500 mg/kg body wt), whereas 
groups 3-5 were given SAL. By 90 rnin later, 
animals in groups 2 and 4 received sc injec- 
tions of NALT (2 mg/kg body wt), whereas 
groups 1,  3, and 5 received SAL. Animals 
were killed by decapitation and trunk blood 
was collected 20 rnin after injection of either 
NALT or SAL. 

Hormone analysis and statistical procedure. 
Plasma TSH concentrations were determined 
by radioimmunoassay, using a NIAMDD 
TSH kit. Plasma TSH levels were expressed 
as nanograms per milliliter, in terms of 
NIAMDD-TSH-RP- 1. Analysis of variance 
and Duncan’s multiple-range test were used 
to analyze the data. Differences were consid- 
ered significant if P < 0.05. 

Results. Figure 1 shows that continuous 
immobilization of SAL-injected animals re- 
sulted in a significant reduction in plasma 
TSH from prestress levels at all time points 

- stress + SAL 
-__-- stress t NALT ( 2  mg/kg b.w.) 
.- + stress + NALT + MOR 

(5 mg/kg b.w.) 
(6 . 7 animals per point) 

I 
I J 

FIG. 1 .  Effects of NALT and NALT together with 
MOR on restraint stress-induced depression of plasma 
TSH levels. Duration of restraint is indicated by the 
solid bar on the abscissa. At the onset of stress, animals 
were injected sc with SAL, NALT, or NALT together 
with MOR (indicated by arrow). Solid asterisk: P < 0.05, 
compared to prestress values. Two solid asterisks: P 
< 0.05, compared to SAL-treated group. Empty asterisk: 
P < 0.05, compared to NALT-treated group. 

examined. NALT administration at the onset 
of stress reversed this decline. In this group, 
TSH plasma levels were significantly elevated 
above the vehicle-treated control group at 
30, 60, and 90 rnin of restraint, and did not 
differ significantly from prestress values for 
at least 30 rnin after onset of stress. Admin- 
istration of MOR together with NALT pre- 
vented the NALT-induced elevation of TSH 
during stress. At both 30 and 60 rnin after 
onset of stress, TSH levels in rats given 
NALT together with MOR were significantly 
lower than corresponding values in the group 
given NALT alone, and remained signifi- 
cantly depressed compared to prestress levels 
throughout the entire restraint period. 

The effect of NALT on ether stress-induced 
changes in circulating TSH levels was also 
investigated (Table I). Plasma TSH was sig- 
nificantly reduced at both 30 and 60 rnin 
after onset of a 15-min period of etherization. 
Rats injected with NALT prior to stress 
showed significantly higher TSH levels when 
compared to the vehicle-treated group at 
both 30 and 60 rnin poststress. Administra- 
tion of MOR together with NALT reversed 
the effect induced by NALT alone, resulting 
in a significant decrease in TSH as compared 
to the NALT-injected group at both 30 and 
60 min. In order to investigate the role of 
NE in the stimulatory effect of NALT on 
TSH release in stressed rats, an NE synthesis 
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TABLE I. EFFECT OF NALT OR NALT AND MOR ON ETHER STRESS-INDUCED DECREASES IN PLASMA TSH 

E 
= 600. . 
C 

I 

a 
p 400. 

5 
4 
a 200- 

- 

Plasma TSH (ng/ml) 

1 DDC [500 mg/kg b.w.1 - Sal 
Nalt [2  rng/ky b w.1 ---- 

10 11 animals per point 

Treatment at time 0 Time 0 +15 rnin +35 min +60 rnin 

SAL + 15 rnin ether stress (N = 8) 
NALTd + 15 rnin ether stress (N = 8) 
NALT + MOR' + 15 rnin ether 

371.3 ? 52.6 263.4 k 30.0' 216.2 k 19.9' 244.7 k 19.9" 
349.1 f 38.4 362.8 -t 26.6' 

stress (N = 8) 361.1 k 69.8 258.4 k 36.6 277.8 * 45.8' 234.8 f 34.7' 

287.0 f 17.1 382.0 If: 64.9' 

' P < 0.05, compared to time 0. ' P < 0.05, compared to the SAL-treated group. 
' P < 0.05, compared to the NALT-treated group. 
d 2  mg/kg body wt, sc. 
' 5 mg/kg body wt, sc. 

inhibitor, DDC, was administered prior to 
etherization and injection with either SAL 
or NALT (Fig. 2). By 90 rnin after DDC 
treatment, circulating TSH levels were dra- 
matically decreased from initial values. In 
the SAL-treated group, subsequent ether ex- 
posure resulted in a further reduction in 
plasma TSH levels. However, this decrease 
was not statistically significant. Animals in- 
jected with NALT prior to etherization 
showed a similar trend toward a further 
decline in TSH levels after ether exposure. 
Similar results were observed in animals pre- 
treated with PB (Fig. 3). 

Additional experiments were carried out 
to examine the effect of NALT on the pro- 
longed decline in plasma TSH levels during 
chronic stress. As shown in Fig. 4, chronic 
stress produced by gauze pad implantation 

-- - 90 

FIG. 2. Effect of DDC on TSH response to NALT 
after 15 rnin of ether stress. At 90 rnin prior to etheriza- 
tion, animals were injected with 500 mg DDC/kg body 
wt. Immediately before ether stress (indicated by solid 
bar on abscissa), rats received SAL or NALT sc. Solid 
asterisk: P < 0.05, compared to initial, pre-DDC values. 

resulted in a significant reduction in circulat- 
ing TSH for 3 consecutive days after surgery. 
Thrice daily NALT treatment blocked this 
decrease, resulting in a significant increase in 
plasma TSH compared to the stressed, SAL- 
treated group on all 3 days of treatment. 
Pretreatment of chronically stressed rats with 
DDC (Fig. 5 )  blocked NALT's ability to 
elevate the suppressed levels of circulating 
TSH in these animals. 

Discussion. The results of the present study 
show that NALT, a specific endogenous opi- 
ate receptor antagonist, can reverse the de- 
cline in plasma TSH observed after exposure 
to either acute or chronic stress. These studies 
also demonstrate that the ability of NALT 
to counteract the inhibitory effect of stress 
on TSH release is mediated by the hypotha- 

I PB 120 rng/kg b.w.1 \ - S a '  ---+ Nalt [ 2  rng/ky b.w.1 

-- 
-120 0 +15 40 

FIG. 3. Effect of PB on TSH response to NALT after 
15 min ether stress. At 120 rnin before etherization, 
animals were injected with 20 mg PB/kg body wt. 
Immediately prior to ether stress (indicated by solid bar 
on abscissa), rats received SAL or NALT sc. Solid 
asterisk: P < 0.05, compared to initial, pre-PB values. 
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FIG. 4. Effect of daily NALT on chronic stress-induced 
changes in plasma TSH. Bars represent mean plasma 
TSH levels, and vertical lines show SEM. Numerals 
above bars indicate number of animals per group. On 
Days 2, 3, and 4 of gauze pad implantation, rats received 
3 daily sc injections of NALT (2 mdkg body wt) or 
SAL. Blood samples were taken 20 min after the last 
injection on each day of treatment. Solid star: P < 0.05, 
compared to the unstressed, SAL-injected group. Open 
star: P < 0.05, compared to the stressed, SAL-treated 
group. 

lamic noradrenergic system. At present, it is 
not clearly understood how the EOPs exert 
an inhibitory influence on TSH in response 
to specific stimuli such as heat or stress, in 
the absence of an effect under basal condi- 
tions. Since central EOP activity is increased 
during stress (1  1, 12), it is possible that 
stimulation of endogenous receptors is en- 
hanced to an extent necessary to permit an 
effect. On the other hand, stress may increase 
opiate receptor responsiveness to EOP stim- 
ulation. It was reported previously that NAL, 
another opiate receptor antagonist, can re- 
verse the decline in circulating TSH levels 
induced by acute restraint stress (4). The 
present studies confirm and extend these 
findings by providing evidence that the EOPs 
are involved in the decline in TSH release 
induced by acute exposure to other stressors, 
both acute and chronic. 

Ether exposure and immobilization are 
two of the most common stressors used 
experimentally to determine the effects of 
stress on various endocrine parameters, but 
the mechanism(s) by which either of these 
stressors alters hypothalamic-pituitary-thy- 

roid function remains to be clarified. The 
present results indicate that central opioid 
neurons are involved in the inhibitory action 
of both kinds of stress on pituitary TSH 
release. Previous work has shown that long- 
term daily immobilization resulted in a sus- 
tained decline in plasma TSH levels (9). In 
the present study, comparable results were 
observed after prolonged stress induced by 
gauze pad implantation. Thrice daily NALT 
injections effectively reversed this inhibition, 
suggesting that the suppression of circulating 
TSH levels during chronic stress is mediated, 
at least in part, via the EOP system. 

Administration of either DDC, an NE 
synthesis inhibitor, or PB, an NE a-receptor 
blocker, prior to acute ether exposure, pre- 
vented NALT from counteracting the inhib- 
itory action of ether stress on TSH release. 
Similarly, DDC pretreatment of chronically 
stressed rats was observed to effectively block 
the ability of NALT to counteract the inhib- 
itory action of the chronic stress on TSH 

FIG. 5 .  Effect of DDC pretreatment on plasma TSH 
response to NALT during chronic stress. Bars represent 
mean plasma TSH values, and vertical lines show SEM. 
Numerals above bars indicate number of animals per 
group. At 48 hr after gauze pad implantation, stressed 
rats were divided into two groups and received injections 
of either DDC (500 mg/kg body wt) or SAL prior to 
stress; the unstressed control group received SAL. By 90 
min later, half of the stressed animals in each group 
were injected sc with NALT (2 mg/kg body wt), and the 
remainder received SAL. Solid star: P < 0.05, compared 
to the unstressed, control group. Empty star: P < 0.05, 
compared to the stressed, SAL (X2)-treated group. 
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release in these animals. These findings in- 
dicate that uninterrupted NE activity is pre- 
requisite for NALT to reverse the inhibitory 
effect of stress on plasma TSH release. Hy- 
pothalamic NE has been shown to be essential 
for promoting TSH release (8), and is believed 
to act by inducing increased hypothalamic 
release of TRH. MOR has been reported to 
decrease NE content in the hypothalamus 
( 1  3), whereas NAL was demonstrated to in- 
crease hypothalamic turnover of this neuro- 
transmitter (14). In conclusion, the results of 
the present study indicate that the EOPs 
mediate the suppressive effect of both acute 
and chronic stress on TSH release, and that 
this inhibitory effect and its reversal by opiate 
antagonists involve the hypothalamic NE 
system. 
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