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β-Endorphin content in the extracellular space of rat cingulate cortex was measured using 
intravital microdialysis followed by ELISA. Intragastric administration of μ-opioid ligands 
loperamide and methylnaloxone not crossing the blood-brain barrier produced different ef-
fects on β-endorphin level: loperamide reduced and methylnaloxone signifi cantly increased 
the release of β-endorphin into the extracellular space of rat cingulate cortex. Emotional 
stress caused by immobilization resulted in slight increase in β-endorphin level in the cingu-
late cortex. Peripheral administration of loperamide (but not methylnaloxone) signifi cantly 
increased the release of the neuropeptide during stress. These fi ndings support our hypothesis 
of reciprocal interaction between the central and peripheral compartments of the endogenous 
opioid system and provide explanations for the anti-stress effects of loperamide.
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Opioid receptors and their ligands are widely distri-
buted not only in brain structures, but also in periph-
eral organs and tissues, particularly in the gastric mu-
cosa. We previously proposed a hypothesis on reci-
procal interactions between the central and peripheral 
compartments of the endogenous opioid system [3]. 
Intragastric administration of loperamide and methyl-
naloxone produced different effects on central func-
tions [2,3], despite the fact, that these opioid receptor 
ligands do not cross the blood-brain barrier [6,7]. It 
was hypothesized that loperamide activation of peri-
pheral opioid receptors suppresses, while methylnalo-
xone inhibition of peripheral opioid receptors activates 
the central opioid compartment. Peripheral administra-

tion of loperamide increases the density of μ-opioid 
receptors in the cortex and hypothalamus, whereas 
methylnaloxone decreased it [1].

Here we studied possible changes in β-endorphin 
release in one of the central structures associated with 
the endogenous opioid system, in the anterior cingu-
late cortex. Since the level of β-endorphin signifi cantly 
increases in rat cortex during emotional stress [5,8], 
we measured β-endorphin content in perineuronal 
space of the anterior cingulate cortex at rest and dur-
ing immobilization stress.

MATERIALS AND METHODS

Experiments were carried out on 27 Wistar rats weigh-
ting 180-200 g. The rats had free access to food and 
water and were kept under 12-h artifi cial illumination 
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regimen. The rats were divided into 3 groups, 9 ani-
mals per group. The experiments were performed in 
accordance with requirements of order No. 267 Minis-
try of Health of the Russian Federation (19.06.2003), 
and “Regulations for experiments with experimental 
animals” (P. K. Anokhin Institute of Normal Physio-
logy, Russian Academy of Medical Sciences, Protocol 
No. 1 from 3.09.2005).

The content of β-endorphin in the area of ante-
rior frontal cortex was determined using microdialysis 
followed by ELISA of the obtained dialysis samples. 
Three successive samples (1 h each) were collected: 
from freely moving rats over 1 h before stress expo-
sure, during 1-h immobilization on a platform [4], 
and from freely moving rats over 1 h after the end of 
stress exposure.

A guide cannula for microdialysis sampler (СМА 
Microdialysis) was stereotaxically implanted under 
ketamine anesthesia into the area of the anterior cin-
gulate cortex according to Stereotaxic Rat Brain Atlas 
coordinates [9]: A=1.6 mm, L=-1.8 mm, H=-2.2 mm, 
48 h before microdialysis. On the day of the experi-
ment, the microdialysis sampler (СМА Microdialysis) 
with membrane length of 2 mm and membrane pore 
size 20 kDa was inserted through the cannula. The 
membrane part of the sampler was positioned in the 
area of the anterior cingulate cortex. Accuracy was 
assessed morphologically on serial brain sections pre-
pared on a freezing microtome and stained with cre-
syl violet as described previously [10]. The samplers 
were perfused with artifi cial cerebrospinal fl uid at a 
rate of 1 μl/min. Dialysis samples obtained within 
the fi rst two hours after insertion were excluded from 
the analysis. After implantation, the rats were kept in 
individual cages under freely moving conditions.

Twenty minutes before collection of the fi rst dia-
lysis sample, one of the test solutions (volume 0.3 
mm) was intragastrically administered through a metal 
probe: distilled water (group 1), 5 mg/kg body weight 
naloxone (Sigma-Aldrich) in distilled water (group 2), 
and 5 mg/kg body weight loperamide (Sigma-Aldrich) 
in distilled water (group 3). Eighty minutes after ad-
ministration, the rats were exposed to stress by fi xing 
their paws on the platform for 1 h.

Endorphin content in the collected dialysis sam-
ples was measured by ELISA using Rat Endorphin 
ELISA kit (Peninsula Laboratories, LLC, S-1264) with 
measurement range 0-25 ng/ml. Optical density values 
for standard endorphin dilutions measured by ELISA 
were used for construction of optical density–endor-
phin concentration curve. Endorphin concentration in 
the test dialysis samples was calculated by the equa-
tion corresponding to this curve.

The data were represented as mean±standard er-
ror of the mean. Statistical analysis was performed 

using multiple ANOVA and post-hoc-analysis (Stu-
dent–Newman–Keuls).

RESULTS

Background dialysate from control animals contai ned 
0.6±0.3 ng/ml β-endorphin. Immobilization stress in-
duced a transient increase in the content of β-endorphin 
followed by its return to the initial value (Fig. 1). In-
tragastric administration of methylnaloxone led to a 
3-fold increase in β-endorphin concentration in the 
cingulate cortex. However, loperamide administration 
only slightly decreased β-endorphin release (Fig. 1). 
Immobilization stress against the background of lo pe-
ramide administration produced massive β-endorphin 
release from nerve endings in the anterior cingulate 
cortex. Methylnaloxone had almost no effect on chan-
ges in β-endorphin concentration during the stress. 

Thus, these results support the hypothesis about 
reciprocal interactions between the central and peri-
pheral compartments of the endogenous opioid system. 
Inactivation of peripheral opioid receptors probably lo-
cated in the gastrointestinal mucosa results in intensi-
fi cation of β-endorphin release in rat cingulate cortex, 
which attests to activation of the central compartment 
of the endogenous opioid system. Activation of periph-
eral opioid receptors by loperamide led to inhibition 
of the central compartment, presumably, due to signifi -
cant decrease in opioid receptor density in the cortex 
[1], previously demonstrated by us, rather than due to 
a decrease in β-endorphin release from nerve endings. 
We recently found that intragastric administration of 
loperamide signifi cantly reduces anxiety in rats and 
produces a stress-protective effect. The results of this 
study attest to possible mechanism for this effect: the 
effects of stress factors can be attenuated by intensive 

Fig. 1. Endorphin content in extracellular space of rat cingulate 
cortex. Light bars: intragastric administration water; shaded bars: 
naloxone administration; dark bars: loperamide administration. 
p<0.05 compared to: *control group, +value before stress.
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β-endorphin release into the perineuronal space, which 
can result in GABA-ergic neuron disinhibition due to 
μ-opioid receptor activation. 

This work was supported by Russian Foundation 
for Basic Researches (grant No. 08-04-00780).

REFERENCES

 1. T. V. Proskuryakova, V. A. Shokhonova, Yu. P. Chumakova, et 
al., Bull. Eksp. Biol., 147, No. 9, 244-247 (2009).

 2. S. K. Sudakov, I. V. Rusakova, M. M. Trigub, and I. A. Po-
mytkin, Bull. Eksp. Biol., 143, No. 5, 545-547 (2007).

 3. S. K. Sudakov and M. M. Trigub, Bull. Eksp. Biol., 146, No. 
12, 604-607 (2008).

 4. A. E. Umriukhin, E. V. Dyukareva, L. A. Vetrile, et al., Bull. 
Eksp. Biol., 143, No. 4, 374-377 (2007).

 5. G. Drolet, E. C. Dumont, I. Gosselin, et al., Prog. Neuropsy-
chopharmacol. Biol. Psychiatry, 25, No. 4, 729-741 (2001).

 6. G. F. Koob, H. O. Pettit, A. Ettenberg, and F. E. Bloom, J. 
Pharmacol. Exp. Ther., 229, No. 2, 481-486 (1984).

 7. C. R. Mackerer, G. A. Clay, and E. Z. Dajani, Pharmacol. Exp. 
Ther., 199, 131-140 (1976).

 8. G. A. Olson, R. D. Olson, and A. J. Kastin, Peptides, 4, No. 
4, 563-576 (1983).

 9. G. Paxinos and C. Watson, The Rat Brain in Stereotaxic Co-
ordinates. New York (1998).

10. A. E. Umriukhin, A. Wigger, N. Singewald, and R. Landgraf, 
Stress, 5, No. 4, 299-305 (2002).

S. K. Sudakov, S. V. Sotnikov, et al.


	Abstract
	MATERIALS AND METHODS
	RESULTS
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


