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ABSTRACT 

Using the radioreceptor binding assay, µ-opioid receptor (MOR) affinity in the midbrain of stressed rats was higher than 
in naive controls. MOR density in the rat frontal cortex was reduced after stress. Intragastric administration of the MOR 
antagonist naloxone methiodide was followed by an increase in the number of MORs in the frontal cortex. However, 
the MOR agonist loperamide significantly decreased the density of MORs in the frontal cortex and midbrain of naive 
animals. Loperamide and naloxone methiodide were shown to prevent an increase in MOR affinity and a decrease in 
MOR density in the midbrain of rats after restraint stress. The restraint stress was accompanied by an increase in the 
release of β-endorphin (BE) in the ventral tegmental area (VTA) of control rats. After administration, loperamide 
slightly decreased the release of BE, naloxone methiodide significantly increased the release of BE in the cingulate 
cortex (CC) of untreated animals, while drugs had no effect on the release of BE in the VTA. The drugs significantly 
increased the extracellular level of BE in the CC of stressed animals. Loperamide abolished the increase in the 
stress-induced release of BE in the VTA. By contrast, naloxone methiodide significantly increased the release of BE in 
the VTA of stressed rats. Our data indicated that activation of peripheral MORs induces depression of the central part of 
the µ-opioid system, but suppression of peripheral MOR activity induces activation of the central µ-opioid system, the 
interaction of which can be modulated by stress. 
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1. Introduction 

An important contribution of endogenous opioid peptide 
systems to the mechanisms of emotional behaviour has 
been supported by numerous studies [1-4]. It has been 
suggested that the µ-opioid receptor (MOR) may exert 
stress-specific regulation of amygdalar output circuits [5]. 
Morphine and opiates are known to exert stress-protec- 
tive effects, probably through interactions with the GAB- 
Aergic system [6-8]. An increased number of MORs was 
found after acute restraint stress as estimated by the use 
of 3H-dihydromorphine binding or 3H-naloxone binding 
[9]. There has been convincing evidence that the µ-opioid 
system, implicated in responses to stress, is distributed in 
different brain regions [10]. It has been established that 
the level of one of the most important endogenous opioid 
peptides, β-endorphin (BE), in the cerebral cortex of rats 
significantly increases during emotional stress [11]. 

It is well known that the structure of opioid receptors 

(OR) and endogenous opioid peptides in the CNS and in 
the periphery is identical, but the central and peripheral 
functions of endogenous opioid systems are considered 
different because the blood-brain barrier (BBB) generally 
prevents the entry of peptides into the brain [12]. We 
hypothesized that the central and peripheral components 
of the endogenous opioid system function and interact 
closely with each other. Data supporting this hypothesis 
has shown, for example, that intraperitoneal injection of 
the MOR agonist loperamide, which does not penetrate 
the BBB effectively, reversed thermal hyperalgesia [13]. 
Our previous work showed that peripheral administration 
of the MOR antagonist naloxone methiodide produced 
central analgesia and an inhibition of the morphine with- 
drawal syndrome in rats. The peripherally restricted MOR 
agonist loperamide induced opposite effects [14]. Our 
pilot study showed, that the release of BE in the brain 
cortex of non-stressed rats was elevated after peripheral 
naloxone methiodide administration [15]. Based on these 
results, we suggested that activation of the peripheral 
opioid receptors may inhibit the central opioid system, *Corresponding author. 
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whereas peripheral inhibition may activate central opioid 
mechanisms [16]. 

However, recently we found that both loperamide and 
naloxone methiodide induced anxiolytic, antistress effects 
in the elevated plus maze (EPM) test [17]. Hence, evalu- 
ating the specific features of relationships between the 
peripheral and central µ-opioid systems under stress con- 
ditions is of interest. Our work was designed to study the 
effects of peripheral treatment with loperamide and 
naloxone methiodide on the characteristics of MOR in the 
cerebral cortex and midbrain of stressed rats. Our data 
suggested that both compounds do not cross BBB effec- 
tively, which is consistent with previous reports [12,18]. 
Moreover, we evaluated the influence of these agents on 
the release of BE in the cingulate cortex (CC) and in the 
ventral tegmental area (VTA) of the midbrain in rats. 

2. Materials and Methods 

2.1. Animals 

Experiments were performed on male Wistar rats obtained 
from the Stolbovaja nursery (Russian Academy of Medical 
Sciences). The animals (basal weight 180 - 200 g) were 
housed in cages (4 per cage) under a 12:12-h light-dark 
cycle with free access to food and water. The study was 
conducted at 12 - 5 p.m. Restraint stress was induced us- 
ing 1-h immobilization of the rat on a platform. The ex- 
periment was conducted in accordance with the “Rules of 
Studies on Experimental Animals” (approved by the Eth- 
ics Committee of the P. K. Anokhin Institute of Normal 
Physiology; protocol No. 1, 3.09.2005), the requirements 
of the World Society for the Protection of Animals 
(WSPA), and the European Convention for the Protec- 
tion of Experimental Animals. 

2.2. Radioreceptor Analysis of MOR in the  
Cortex and the Midbrain of Rats 

The Kd and Bmax parameters of binding to μ-opioid recap- 
tors were determined by radioreceptor analysis in midbrain 
and frontal cortex of control and stressed rats 30 min after 
administration of water or loperamide or methylnaloxone. 
[3H, D-Ala2, N-Me-Phe4, Gly5-ol]enkephalin (67 Ci/mmol, 
Amersham) was used as the ligand for the MORs. 

The corresponding brain area was homogenized at 4˚C in 
25 ml of 50 mM Tris-HCl buffer (pH 7.7) with a Dounce- 
type homogenizer. The suspension was centrifuged three 
times at 30,000 g for 15 min at 4˚C. The supernatant was 
removed, and the pellet was resuspended at 25˚C in 25 
ml of 50 mM Tris-HCl buffer (pH 7.7), incubated for 40 
min at 37˚C and then centrifuged at 30,000 g for 15 min 
at 4˚C. The pellet was resuspended at 25˚C in 25 ml of 
50 mM Tris-HCl buffer (pH 7.7) to get the final protein 
concentration of 0.4 - 0.8 mg/ml. 

The experiments on competitive radioreceptor analysis 

were carried out with the following reaction mixture (0.5 
ml total volume): 50 mM Tris-HCl buffer (pH 7.4, 200 μl, 
25˚C), bacitracin solution (50 μl, 50 μg/ml), the 3H-labeled 
ligand (50 μl, 4 nM) and a suspension of membrane pro- 
tein with a final concentration of 0.4 to 0.8 mg/ml. 

2.3. Determination of β-Endorphin in the  
Cingulate Cortex and Ventral Tegmental 
Area 

Microdialysis probes (2 mm length, 20 kD cut off value, 
CMA 12, CMA/Microdialysis AB, Stockholm, Sweden) 
were surgically implanted into the CC according to Paxi- 
nos and Watson [19]: 1.6 mm anterior and 1.8 mm lateral 
to bregma and 2.2 mm ventral to the surface of the skull 
with an angle of 20˚). Coordinates of the VTA were 6.0 
mm posterior and 1.8 mm lateral to bregma and 7.3 mm 
ventral to the surface of the skull. Artificial cerebrospinal 
fluid (aCSF) was pumped continuously (1 µl/min) through 
the dialysis probe using a microinjection pump (Stoelting 
Co., Wood Dale, USA). The dialysates were collected at 
60-min intervals into polyethylene tubes, immediately 
frozen and thawed before assaying for BE using a com- 
mercially available ELISA kit (IFA-S-1264, Peninsula 
Laboratories, San Carlos, USA). After the experiments, 
probe placement in the cingulate cortex (CC) and VTA 
was verified by sectioning frozen brains followed by 
analysis of cresyl violet stained slices. 

2.4. Drugs 

Loperamide (Sigma Aldrich), a MOR agonist, at a dose of 
5 mg/kg and the MOR antagonist, naloxone methiodide 
(Sigma Aldrich), at a dose of 5 mg/kg of body weight in 
0.25 ml of distilled water were administered intragastri- 
cally using a special catheter 30 min before the experi- 
ments. The dose was chosen on the basis of our previous 
study as being most effective in behavioural experiments 
[17]. Control rats received 0.25 ml of distilled water only. 

2.5. Statistical Analysis 

Data were analyzed by one-way analysis of variance 
(ANOVA) and Student-Newman-Keul’s post hoc test. 

3. Results 

3.1. Effect of Peripheral Treatment with MOR 
Ligands on the Binding Characteristics of 
MOR Receptors during Restraint Stress 

Our study showed that MOR affinity in the midbrain of 
rats subjected to restraint stress was higher than in naive 
animals (Table 1). By contrast, the number of these re- 
ceptors in the frontal cortex of stressed rats reduced by 
half as compared to naive animals. 
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Table 1. Effects of peripheral administration of loperamide (5 
mg/kg) and naloxone methiodide (5 mg/kg) on the binding 
characteristics of μ-opioid receptors in the midbrain and 
frontal cortex of stressed rats. 

Midbrain Frontal cortex 
Animal Groups Кd 

(nmol) 
Bmax 

fmol/mg protein 
Кd 

(nmol) 
Bmax 

fmol/mg protein

Control (water 
only) (n = 7) 

7.2 ± 1.9 162 ± 42 5.0 ± 1.3 272 ± 53

Water + stress 
(n = 7) 

12.1 ± 2.1* 72 ± 21 10.0 ± 1.9 88 ± 17*

Loperamide only 
(n = 7) 

4.2 ± 0.7 51 ± 18* 3.7 ± 0.4 107 ± 39*

Naloxone  
methiodide only 

(n = 7) 
3.9 ± 0.8 180 ± 63 6.1 ± 1.1 421 ± 90*

Loperamide + 
stress 

(n = 7) 
6.7 ± 1.9# 158 ± 30# 7.5 ± 0.5 278 ± 50#

Naloxone  
methiodide + 
stress (n = 7) 

7.1 ± 1.2# 168 ± 33 6.6 ± 1.1 256 ± 30#

*P < 0.05—significant differences as compared to non-stressed rats; #P < 
0.05—significant differences as compared to non-stressed rats in the water group. 

 
Treatment with the MOR agonist loperamide at a single 

dose of 5 mg/kg was followed by a significant decrease in 
the density of MOR in both the midbrain and the frontal 
cortex of naive rats (Table 1). By contrast, the number of 
these receptors in the frontal cortex was shown to in- 
crease by more than 1.5 times after injection of the MOR 
antagonist naloxone methiodide at a single dose of 5 
mg/kg (Table 1). Thus, loperamide and methylnaloxone 
produced opposite effects on the density of MOR in the 
frontal cortex of non-stressed rats. 

Loperamide was as potent as naloxone methiodide in 
preventing both an increase in the affinity and decrease 
in the density of MOR in the midbrain of stressed rats. 
Similar results were obtained in the frontal cortex of 
animals subjected to stress (Table 1). 

3.2. Effect of Peripheral Treatment with MOR 
Ligands on the Release of BE during  
Restraint Stress 

The mean basal concentration of BE in the perineuronal 
area of the CC and the VTA was 0.61 ± 0.3 and 1.58 ± 
1.16 pg/µl, respectively (Figures 1(a) and (b)). Following 
a one-hour stress procedure a 2-fold increase in the con- 
centration of BE in the VTA of water-receiving animals 
(Figure 1(b)) was observed.  

The MOR agonist loperamide slightly decreased the 
release of BE in the CC of water-receiving rats. However, 
the release of BE in the CC of non-stressed animals was 
elevated by 3 times after naloxone methiodide admini- 
stration (Figure 1(a)). Both drugs did not modulate the  

 
(a) 

 
(b) 

Figure 1. Effects of loperamide and naloxone methiodide on 
the release of β-endorphin (BE) in the VTA (a) and the CC 
of the brain (b) in naive and stressed rats. 1—water, n = 6; 
2—loperamide, 5 mg/kg, n = 8; 3—naloxone methiodide (5 
mg/kg), n = 8. Drugs were administered intragastrically via 
a special catheter 30 min before the start of the experiments, 
n—the number of animals per group. Light bars, dialysate 
from non-stressed rats; slant shading, dialysate during 
stress; horizontal shading, dialysate after stress. Mean values 
S.E.M. *p < 0.05—significant differences as compared to 
rats of the same drug treatment group; #p < 0.05—significant 
differences as compared to corresponding water-receiving 
rats (i.e. 1). 
 
release of this neuropeptide in the VTA of non-stressed 
specimens (Figure 1(b)). 

Peripheral administration of both loperamide and 
naloxone methiodide significantly increased the extracellu- 
lar level of BE in the CC of stressed rats (Figure 1(a)). 
Pretreatment with the MOR agonist loperamide abolished 
the stress-induced increase in the release of BE in the VTA 
of animals. However, the MOR antagonist naloxone me- 
thiodide significantly increased the release of the neu- 
ropeptide in the VTA before and during acute stress 
(Figure 1(b)). 

4. Discussion 

Our data suggest that the modulation in activity of periph- 
eral MOR leads to changes in the activity of the central 
µ-opioid system. The changes cause a modification of 
the characteristics of MOR and of release of BE in the 
cortex as well as in the midbrain of naive rats. Thus, the 
suppression of peripheral receptors by naloxone methio- 

Copyright © 2012 SciRes.                                                                                 JBBS 



S. K. SUDAKOV  ET  AL. 165

dide led to an increase in the density of MOR in the cere- 
bral cortex. Loperamide caused a significant reduction in 
the number of MOR in the cortex and in the midbrain. 
While pre-treatment with naloxone methiodide produced a 
pronounced increase in BE release in the CC, admini- 
stration of loperamide significantly decreased release of 
the neuropeptide in this brain structure.  

It is known that restraint stress induces activation of 
the central opioid system [9]. Here we have shown that 
stress leads to an increase of MOR affinity in the mid- 
brain, but decreased receptor density in the cerebral cor- 
tex. A dramatic increase of BE release in the VTA of the 
midbrain was observed under stress conditions. In con- 
trast, only a slight elevation in the concentration of BE in 
the CC was obtained. These data indicated a critical role 
of the opioid system in the mechanisms of emotional 
stress in the midbrain. There has been convincing evi- 
dence that the release of BE in the VTA of the midbrain 
leads to a blockade of GABAergic transmission that has 
an inhibitory effect on dopamine-containing neurons that 
have processes in many brain structures of animals [3,8, 
20]. Therefore, high concentrations of extracellular BE 
may cause stress-induced release of dopamine in various 
brain areas including the CC, and the release of other 
monoamines in these regions is highly probable as well. 

In the present study, we showed that both naloxone 
methiodide and loperamide produced an activation of 
opioid systems in the cerebral cortex during stress. How- 
ever, in the VTA, loperamide suppressed stress-induced 
increase of BE release, whereas naloxone methiodide 
significantly enhanced neuropeptide release in this struc- 
ture. It has been well established that loperamide, as well 
as naloxone methiodide, do not cross the BBB under 
normal conditions [12,18]. However, it is also possible 
that BBB permeability changes during stress [21,22] and 
naloxone methiodide as well as loperamide are able to 
cross the barrier in some brain structures. Future studies 
should focus on peripheral versus central drug effects in 
more detail. 
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