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KOR MODULATION OF SEROTONERGIC DRN NEURONAL EXCITABILITY 
J.C. Lemos1,2 P.E.M. Phillips1, C. Chavkin1 1. Dept. Pharm. 2. Prog. in Neurobio. & Beh., Univ. of 
Wash., Seattle, WA  
 
Stress-induced dynorphin release and subsequent KOR activation in the serotonergic dorsal raphe nucleus 
(DRN) has been shown to cause dysphoria. The cellular effects of KOR activation and the functional role 
of KOR in modulating excitability in the DRN are not clear. Using an acute in vitro slice preparation 
containing the DRN, whole cell voltage clamp recordings were obtained in 5-HT containing neurons, and 
KOR modulation of glutamatergic synaptic currents and post-synaptic KIR currents were evaluated.  
Consistent with work done in other forebrain regions, bath application of U69,593 (1 µM) enhanced a 
BaCl2 sensitive inward rectifying K+ conductance. In addition, U69,593 (500 nM-1µM) significantly 
decreased stimulation evoked excitatory post-synaptic currents (eEPSCs) while increasing paired pulse 
ratio. Moreover, U69,593 decreased miniature EPSC frequency. The effects on synaptic currents is 
consistent with a pre-synaptic mechanism of action. Thus, KOR activation in DRN decreases excitability 
of 5-HT neurons by both pre-synaptic and post-synaptic mechanisms. This effect likely depresses 5-HT 
release in forebrain targets of the DRN. Supported by GM007108, DA16898, & Hope for Depression 
Research Foundation. 
 
 
 
MU OPIOID RECEPTOR MODULATION OF SOMATODENDRITIC DOPAMINE 
OVERFLOW: GABA AND GLUTAMATERGIC MECHANISMS. 
V. Chefer, T. Shippenberg INS, NIDA IRP, Baltimore, MD 21224 
 
Mu opioid receptor (MOPr) regulation of somatodendritic dopamine (DA) transmission in the 
ventral tegmental area (VTA) was investigated using microdialysis in freely moving rats and 
mice. VTA perfusion of the MOPr agonist, DAMGO, produced a concentration-dependent 
increase in local DA concentrations. GABA concentrations were decreased whereas glutamate 
concentrations were unaltered.  
Basal VTA DA overflow was unaltered in MOPr knockout (KO) mice. However, basal GABA 
overflow was significantly increased, while basal glutamate was decreased. VTA perfusion of 
DAMGO to wildtype but not KO mice increased DA overflow.  
These data provide the first direct demonstration of tonically active MOPr systems that regulate 
basal GABA and glutamate in the VTA.  We hypothesize that increased GABA levels in MOPr 
KO is due to elimination of a tonic MOPr inhibition of GABA neurons, whereas decreased 
glutamatergic neurotransmission in MOPr KO mice is due to increased GABA tone on 
glutamatergic terminals. Consequently, somatodendritic DA release is unaltered. Together our 
findings indicate a critical role of VTA MOPr in maintaining an intricate balance between 
excitatory and inhibitory inputs to DA neurons. Support Contributed By: NIDA/IRP. 
 
Temporal  effects of the kappa opioid receptor agonist salvinorin A on reward and phasic 
dopamine release in the nucleus accumbens  
 
Potter D (1), Ebner S (2), Carlezon WA Jr. (1), Roitman MF (2), Chartoff EH (1) 
(1) Dept. of Psychiatry, Harvard Medical School, McLean Hospital (2) Dept. of Psychology, 
University of Illiniois, Chicago  



 
Kappa opioid receptor (KOR) agonists are aversive, but KOR agonists can also potentiate 
cocaine reward, perhaps through modulation of mesolimbic dopamine (DA) signaling.  We found 
that the selective KOR agonist salvinorin A (salvA) had initial aversive effects and delayed 
rewarding effects in the intracranial self-stimulation (ICSS) paradigm.  The initial aversion 
paralleled salvA-mediated decreases in phasic DA release in the nucleus accumbens, 
measured with fast-scan cyclic voltammetry (FSCV), which is sensitive to short lasting (phasic) 
increases in DA.  The delayed increase in basal reward did not increase sensitivity to cocaine 
reward.  Rather, the KOR antagonist norBNI was found to prolong the rewarding effects of 
cocaine in ICSS. These findings raise the possibility that the ability of prior KOR activation to 
increase sensitivity to cocaine results from decreased KOR function—perhaps resulting in an 
increase in DA transmission.  Furthermore, even a single exposure to salvA can cause adaptive 
changes in the function of brain reward systems.   
Supported by DA023094 (EHC) and NARSAD Young Investigator Award (MFR). 
 
MECHANISMS UNDERLYING STRESS-INDUCED POTENTIATION OF COCAINE CPP 
A.G. Schindler, C. Chavkin, Dept Pharmacol, Univ Washington, Seattle, WA 
 
Repeated stress prior to cocaine significantly increases cocaine CPP through a mechanism requiring 
activation of the dynorphin/KOR system. We presume that the dysphoric state induced by dynorphin acts 
to increase the rewarding valence of cocaine, but an enhancement of associative learning mechanisms has 
not been excluded. To distinguish these alternatives, male C57Bl/6 mice were exposed to forced swim 
stress (FSS) or given U50,488 (5mg/kg, i.p.) prior to the post-training preference test.  Mice exposed to 
FSS or given U50,488 60 min prior to the preference test showed a significant, norBNI-sensitive 
potentiation of cocaine-CPP.  Potentiation was absent in KOR(-/-) animals. Because KOR activation 
occurred after cocaine conditioning, this finding suggests that KOR increases the rewarding valence of 
the cocaine-associated cues. Prior work suggests that GRK3-dependent p38 MAPK activation is required 
for KOR-induced dysphoria. To determine if similar mechanisms underlie potentiation of cocaine reward, 
GRK3(-/-) animals were tested and found to show normal cocaine-CPP, but not KOR-mediated 
potentiation.  These findings support the hypothesis that the dysphoric effects of KOR activation increase 
the rewarding effects of cocaine. Supported by DA07278. 
 
MOLECULAR GENETIC STUDIES OF HEROIN SELF-EXPOSURE AND ADDICTION IN 
A DUTCH CAUCASIAN POPULATION: PRELIMINARY ANALYSES 
M.J. Kreek (1), M. Randesi (1), V. Yuferov (1), S. Hamon (1), A. Ho (1), P. Blanken (2), W. van 
den Brink (2), J.M. van Ree (2) (1) The Rockefeller University, NY, NY, (2) Central Committee 
on the Treatment of Heroin Addicts (CCBH), Utrecht, the Netherlands 
 
A collaboration established between laboratories in the Netherlands and New York has initiated 
studies of genetics of heroin addiction, including stages of developing this addiction and subject 
response to treatment. Four groups of volunteers are being ascertained: a) successfully 
methadone maintained former heroin addicts (MM;90); b) long-term heroin addicts who failed in 
methadone maintenance treatment and were treated with heroin substitution (HS;135); c) persons 
who self-exposed to heroin, but never developed addiction (HE;167); and d) ethnic/cultural 
match control subjects (C;134). In initial genetic analyses, three SNPs of two genes have been 
analyzed: A118G and C17T of the mu opioid receptor and G472A of the COMT gene. The only 
association found was a pointwise significant (p<0.02) difference between MM and C in COMT 
G472A. Extensive further genetic analyses are planned. 
 



(Support: pilot funds from NIDA [MJK], CCBH and ZonMw 310000465 [JVR & WVDB]). 
 
CRF regulates AMPA EPSCs in VTA dopamine neurons  
Riegel, AC., Dept. Neurosciences, Medical University of South Carolina, Charleston, SC  
  Stress can reinstate cocaine-seeking behaviors through actions of the stress-associated 
neurohormone corticotropin-releasing factor (CRF) in the ventral tegmental area (VTA). It is still 
unclear, however, how precisely at the cellular level this occurs. This study used whole-cell 
recordings to measure AMPA receptor mediated excitatory postsynaptic currents (EPSCs) in 
dopamine cells from brain slices containing the VTA. The results show that CRF (50-100 nM) 
transiently increased AMPA EPSCs. EPSCs were attenuated by CRF-R1 antagonists (NBI-
27914 or CP154526), but potentiated by CRF-R2 antagonists (K41498 or ASV-30).  Changes in 
the paired-pulse ratio of AMPA EPSCs were suggestive of a presynaptic mechanism. The 
actions of CRF were investigated also in tissue taken from rats with a history of i.v. cocaine self-
administration (10-14 days).  In withdrawn tissue (24 hrs), both CRF-R1 antagonists and CRF-
R2 antagonists decreased AMPA EPSCs. These results suggest that presynaptic CRF 
receptors modulate glutamate release onto VTA dopamine cells and this action is dysregulated 
during withdrawal from cocaine self-administration.  Supported by a grants from NIDA 
(KO1DA020751) and Neurobiology of Addiction Research Core (NARC; MUSC 84873) 
 
 
INTERACTIONS BETWEEN KOR AND COCAINE ON STIMULATED DOPAMINE 
RELEASE 
JM Ehrich, SB Evans, PE Phillips, C Chavkin, Department of Pharmacol, University of 
Washington, Seattle, WA 
 
The dynorphin / kappa opioid receptor (KOR) system has been found to mediate stress-induced 
increases in the rewarding effects of cocaine, and this potentiation can be mimicked by 
administration of the KOR agonist U50,488 60 min prior to cocaine.  The observed potentiation 
is paradoxical because KOR receptor activation alone produces conditioned place aversion 
(CPA) and can block the development of cocaine CPP or block sensitization to the rewarding 
effects of cocaine when the two are administered simultaneously.  Since KOR activation alone 
leads to a reduction in accumbal dopamine (presumably due to presynaptic inhibition of release), 
we are investigating if interactions between KOR and cocaine mechanisms are mediated by 
convergent effects on synaptic dopamine levels. By recording accumbal dopamine release in 
response to stimulation of the medial forebrain bundle in anesthetized animals, we can determine 
if the effects of kappa activation are dependent solely on the activity of the mesolimbic 
dopamine system or require participation of other brain regions. Supported by DA07278, 
DA16898. 
 
THE EFFECTS OF ACETAMINOPHEN ON HYDROCODONE REWARD 
D. Are, & A. Nazarian. Dept. of Pharm. Sci., Western Univ. of Health Sci., Pomona, CA, USA. 
 
Many prescription opioid analgesics contain a combination of two compounds:  an opioid 
agonist, such as hydrocodone, plus a non-narcotic analgesic, such as acetaminophen (APAP).  It 
is yet unknown whether the combined analgesic formulations possess greater rewarding 
properties as compared to the opioid agonist alone.  Thus, the rewarding effects of hydrocodone, 
APAP, or their combination were tested in rats using the conditioned place preference (CPP) 
paradigm.  Three experiments were conducted.  In Exp. 1 rats were conditioned with 



hydrocodone (0, 0.5, 1.0, or 5.0 mg/kg, i.p.), in Exp. 2, rats were conditioned with APAP (0, 50, 
100, or 200 mg/kg, i.p.), and in Exp. 3, rats were conditioned with a combined formulation of 
hydrocodone + APAP.  After 4 conditioning sessions, rats were tested for CPP.  Rats developed 
a CPP only to the high dose of hydrocodone (5.0 mg/kg).  On the other hand, CPP was not 
developed with APAP.  When conditioned with combined formulation of hydrocodone + APAP, 
the rewarding effects of hydrocodone were enhanced as compared to the drugs given alone.  
These findings suggest that prescription opioid analgesics containing APAP may have greater 
rewarding effects than the opioid agonist alone. 
 
THE ROLE OF BETA-ENDORPHIN IN COCAINE-INDUCED CONDITIONED PLACE 
PREFERENCE FOLLOWING SINGLE AND REPEATED COCAINE CONDITIONING 
P Marquez (1), D Parikh (1), A Hamid (2), TC Friedman (2) and K Lutfy (1,2); (1) Dept. of 
Pharm. Sci., Coll of Pharmacy, Western Univ. of Health Sci., Pomona, CA 91766; (2) Dept. of 
Endocrinology/Medicine, Charles Drew Univ.; Los Angeles, CA, 90059, USA 

Previous studies have implicated the endogenous opioid system in the rewarding and addictive 
effects of cocaine. We have recently shown that beta-endorphin plays a functional role in the 
rewarding action of acute cocaine (Marquez et al., 2008). In the present study, we assessed 
whether beta-endorphin plays a modulatory role in the rewarding action of cocaine following its 
repeated administration. We used the conditioned place preference paradigm (CPP), as an animal 
model of reward, to assess the role of beta-endorphin in the rewarding action of acute (single 
alternate-day saline/cocaine conditioning) or repeated (four alternate-day saline/cocaine 
conditioning). Mice lacking beta-endorphin and their wild-type littermates were tested for basal 
preference toward the CPP chambers on day 1. On this day, mice were placed in the central 
neutral chamber and allowed to freely explore the two conditioning chambers for 15 min. The 
amount of time that the mice spent in each chamber was recorded and used for analysis of pre-
conditioning data. Mice then received either single (days 2 and 3) or four (days 2-9) alternate-
day saline/cocaine conditioning and tested for post-conditioning place preference on day 4 or day 
10, respectively. Single and repeated alternate-day saline/cocaine induced a robust CPP; 
however, a higher dose of cocaine was needed for single conditioning paradigm. As reported 
previously, the rewarding action of acute cocaine (single conditioning) was significantly reduced 
in mice lacking beta-endorphin. On the other hand, cocaine-induced CPP following repeated 
cocaine conditioning was not significantly altered in mutant mice. Notably, the rewarding effect 
of morphine was not altered in mutant mice following its single or repeated administration. 
Taken together, the current results suggest that beta-endorphin is involved in the acute rewarding 
action of cocaine but not morphine. (Supported by NIDA Grant # R01 DA016682 to KL and 
2R24DA017298 to Charles Drew University) 
 
 
Opioid receptor modulation of GABA input to VTA neurons 
L. A. Roberts(1), J. Ishikawa(1)  E. B. Margolis(1), H. L. Fields(1,2) (1)Ernest Gallo Clinic & 
Res Ctr, Emeryville, CA, USA, (2)Dept. of Neurology, Univ of California SF, CA, USA 
 
The motivational and rewarding effects of opioids are mediated in part via dopamine (DA) 
neurons in the VTA. While reduction of GABA input to VTA DA neurons has been proposed to 
underlie opioid reward, non-DA neurons in the VTA can also contribute to opioid reward. Here, 
whole-cell recordings were used to study the effect of opioids on GABA input to VTA neurons. 



We found that the MOR agonist DAMGO inhibits GABA-A evoked IPSC amplitudes in Ih(+) 
more than in Ih(-) neurons, (51% compared to 23% inhibition, respectively). There was no 
difference in DAMGO inhibition between Ih(+)TH(+) and Ih(+)TH(-) neurons. The DOR2 
selective agonist deltorphin produced a small inhibition of GABA IPSCs in Ih(+) and Ih(-) 
neurons (19% and 12%, respectively). The DOR1 agonist DPDPE reduced GABA IPSCs by 
13% in Ih(+) neurons compared to 5% in Ih(-) neurons.  Among Ih(+) neurons there was no 
difference in DOR effects between TH(+) and TH(-) neurons. These findings show that MOR 
and DOR agonists modulate GABA inputs onto both DA and non-DA VTA  neurons. 
Sponsored by the State of CA for medical research on alcohol & substance abuse through UCSF 
 
 
VTA DOR effects sort by projection target: implications for reward 
E. B. Margolis(1), J. M. Mitchell(1), H. L. Fields(1,2) (1)Ernest Gallo Clinic & Res Ctr, 
Emeryville, CA, USA, (2)Dept. of Neurology, Univ of California SF, CA, USA 
 
DOR subtypes and MORs in the VTA differentially affect motivated behaviors. We measured 
the synaptic actions of MOR, DOR1 and DOR2 agonists in VTA neurons in vitro. Postsynaptic 
responses to the DOR1 agonist DPDPE were uncorrelated with those to the DOR2 agonist 
deltorphin, yet both agonistsÕ actions were blocked by the highly DOR selective antagonist 
TIPPpsi. Responses to the MOR agonist DAMGO did not correlate with those to either DPDPE 
or deltorphin, suggesting that postsynaptic MOR, DOR1 and DOR2 can signal independently.  
Projection target was a strong determinant of postsynaptic opioid responses: no nucleus 
accumbens projecting dopamine neurons were inhibited by MOR or DOR1 agonists, while 
almost half of all prefrontal cortex and amygdala projecting neurons were inhibited by MOR and 
DOR1 agonists. DPDPE and deltorphin had modest effects on glutamate release. Behaviorally, 
intra-VTA deltorphin, but not DPDPE, yielded a place preference. Therefore neurons responding 
directly to MOR and DOR2, but not DOR1 agonists, may contribute strongly to reward.  
Sponsored by the State of CA for medical research on alcohol & substance abuse through UCSF 
 
 
Changes in DOR function in the VTA following ethanol and stress: a role of MOR 
J. M. Mitchell(1), E. B. Margolis(1), H. L. Fields(1,2) (1)Ernest Gallo Clinic & Res Ctr, 
Emeryville, CA, USA, (2)Dept. of Neurology, Univ of California SF, CA, USA 

 
We previously reported increased DOR1-mediated inhibition of GABA release in the VTA 
following long term EtOH consumption (J Neurosci. 2008 Nov 26; 28: 12672-81). Curiously, 
DOR2 effects did not change in a similar manner. EtOH consumption leads to endogenous 
opioid activation of MORs and morphine treated mice show an increase in DOR function. We 
examined the role of MOR in the increase in DOR1 function following EtOH. We blocked MOR 
signaling with icv CTOP (MOR selective antagonist) just prior to EtOH gavage (1 x 24 hr for 72 
hrs). CTOP pretreatment did not prevent DOR1 activation, but changed its signaling: GABA-A 
IPSCs were now augmented by DPDPE in many neurons. Augmentations were also observed 
when animals received 7 days of stress-inducing footshock (.8 mA every 40 s for 15 min/day). 
GABA-A IPSCs were also augmented by DAMGO in ~15% of VTA neurons following ETOH 
consumption.  Therefore both MOR and DOR activation can augment GABA release in the VTA 



and MOR can influence intracellular DOR signaling.  Sponsored by the DOD (W81XWH-08-1-
0017) & the State of CA for medical research on alcohol & substance abuse 
 
 
DORSAL RAPHE KAPPA OPIOID RECEPTORS (KOR) ARE NECESSARY FOR STRESS-
INDUCED REINSTATEMENT OF COCAINE CPP 
B.B. Land (1,2), M.R. Bruchas (1), W. Giardino (1), S. Schattauer (1), M. Aita (1), C. Chavkin 
(1,2) (1) Dept. Pharm. (2) Prog. in Neurobio. & Behav., Univ. Washington, Seattle, USA 
Stress vulnerability is a major problem for drug-addicted individuals trying to maintain 
abstinence. Prior studies have identified the dynorphin-KOR system as a key mediator of the 
aversive response to stress, and KOR antagonists have been demonstrated to block stress-
induced reinstatement of cocaine seeking. To identify the sites of dynorphin action responsible 
for these effects, we locally injected the long-acting KOR antagonist norBNI into several brain 
regions. Mice injected with norBNI in the dorsal raphe (DR) did not show U50,488-induced 
place aversion (CPA). Social defeat stress-induced reinstatement of cocaine-CPP was also 
blocked. Using a complementary strategy, lentiviral expression of KOR in the DR of KOR(-/-) 
mice restored CPA, whereas lentiviral expression of a non-functional KOR was ineffective. 
These results demonstrate that dynorphin/KOR activity in the DR is required for stress-induced 
changes in motivation, and suggest that stress-induced reinstatement may be mediated by KOR 
regulation of a serotonergic circuit. Supported by DA16898, DA07278 and DA020430. 
 
 
TRANSIENT SUBCELLULAR GLUR1 TRANSLOCATION IN THE VTA FOLLOWING 
REPEATED SYSTEMIC COCAINE ADMINISTRATION 
D.A. Lane and V.M. Pickel 
Dept. of Neurol and Neurosci, Div. of Neurobiology, Weill-Cornell Med. Col., New York. 
Systemic cocaine administration produces increased AMPA-mediated glutamatergic 
transmission in the ventral tegmental area (VTA), a brain region containing mesocorticolimbic 
dopaminergic neurons associated with reward and addiction.  This increase in synaptic strength 
is associated with conditioned learning and the development of behavioral sensitization 
suggesting AMPA involvement in maladaptive neuronal plasticity of addiction.  To test this 
hypothesis, we examined electron microscopic immunolabeling of GluR1 and the catecholamine 
synthesizing enzyme, tyrosine hydroxylase (TH), in the VTA of mice that received cocaine (one 
15 mg/kg IP injection (acute) or one injection per day for 5 consecutive days (chronic)).  
Locomotor activity was recorded for 30 minutes after each injection.  A single injection of 
cocaine resulted in an increase in synaptic GluR1 labeling that returned to levels similar to saline 
controls with repeated cocaine administration.  In contrast, locomotor activity steadily increased 
across injection trials suggesting that increased VTA dopaminergic activity may initiate 
behavioral changes, but does not maintain them [NIDA DA004600, DA05130, DA007274]. 
 
INHIBITION OF SINGLE-SPIKING AND BURST FIRING IN MIDBRAIN 
DOPAMINERGIC NEURONS BY GABA 
C.J. Lobb and C.A. Paladini.  Dept. of Biology, University of Texas at San Antonio, San Antonio 
TX, USA 
 



Activation of µ-opioid receptors causes a disinhibition of VTA dopaminergic neurons by 
inhibiting GABAergic interneurons located within the VTA. This effect of µ-opioid receptors 
upon GABA neurotransmission is a likely mechanism for µ-opioid receptor modulation of drug 
reinforcement. Anatomical studies demonstrate that as many as 70% of the synapses made onto 
dopaminergic neurons are GABAergic and these inhibitory inputs can have differential effects on 
tonic versus phasic firing activity of dopaminergic neurons. 
We report preliminary results from in vitro experiments that investigate the effect of GABA 
receptor activation on bursts and spontaneous single-spiking. We examined the inhibition of bath 
applied isoguvacine and baclofen (GABAA and GABAB agonists, respectively) on spontaneous 
single spiking and iontophoretically-elicited NMDA-mediated burst firing. We demonstrate that 
GABA receptor activation spares bursts and preferentially inhibits spontaneous, single-spiking 
activity, which is thought to mediate tonic levels of dopamine in target loci.  Supported by 
DA016262 and MH079276 to CAP and MH084494 to CJL. 
 
DOPAMINE REGULATES PREFRONTAL EXCITATORY NEUROTRANSMISSION IN THE   
NUCLEUS ACCUMBENS. 
Janet D. Lowe, Dennis Dever, Anita Bhansali, Jessica Towne, and Nigel Bamford 
University of Washington, Dept. of Neurology, Seattle, WA 
 
The nucleus accumbens cultivates goal directed behaviors and is   
implicated in numerous neuropsychiatric disorders including drug   
dependence and schizophrenia. Dopamine input to medium spiny neurons   
(MSN) within the nucleus accumbens core modulates signals arriving   
from the prefrontal cortex, but how dopamine produces these synaptic   
alterations remains unclear as the results of prior investigations   
have been highly controversial. We used a combination of optical   
recordings at single presynaptic terminals and postsynaptic   
electrophysiology to show that dopamine creates subsets of   
corticoaccumbal inputs determined by the identity of the dopamine   
receptor‐presenting MSN. D1‐presenting neurons inhibit cortical   
terminals through adenosine while D2‐presenting cells constrain their   
excitatory inputs using endocannabinoids. This stimulus and   
frequency‐dependent retrograde suppression is countered by presynaptic   
D1 receptors on cortical terminals that act to encourage MSN   
activation. Together, these dopamine‐dependent mechanisms select   
critical subcortical circuits that channel information through direct   
and indirect basal ganglia pathways to influence animal behaviors. 
 
 
REGULATION OF THE MU OPIOID RECEPTOR BY MICRORNA LET-7 IN OPIOID 
TOLERANCE 
Y. He and Z. Wang 
Dept. of Biopharmaceut. Sci., Univ. of Illinois, Chicago, USA 
 
MicroRNAs (miRNAs) have emerged as critical regulators of neuronal functions. This study 
aims to test if the µ opioid receptor (MOR1) can be post-transcriptionally regulated by miRNAs 



in opioid tolerance. First, we identified the presence of a putative binding site for let-7 in the 3Õ-
UTR of MOR1 based on comparative bioinformatics. The luciferase reporter assay verified that 
MOR1 is a direct target of let-7. Using LNA-modified antisense oligonucleotides (LNA-anti-let-
7) to inhibit endogenous let-7, we confirmed the repressive regulation of MOR1 by let-7 in 
human neuroblastoma SH-SY5Y cells. The expression of let-7 was significantly up-regulated in 
SH-SY5Y cells that were treated with morphine (1 µM) for 48 h or in mice that are tolerance to 
morphine (one 75 mg morphine pellet/mouse, s.c.). Furthermore, treatment with LNA-anti-let-7 
decreased the supraspinal level of let-7 and attenuated opioid tolerance. Taken together, these 
data suggest let-7 plays an integral role in opioid tolerance by affecting MOR1. 
 
OPIOID ACTIONS AND MEMBRANE PROPERTIES OF IDENTIFIED GABAERGIC 
NEURONS IN THE MOUSE VENTRAL TEGMENTAL AREA 
B.C. Chieng, Y. Azriel, S. Mohammadi and M.J. Christie. Brain and Mind Res. Inst. and Pain 
Management Res. Inst., University of Sydney, NSW, Australia 
 
The ventral tegmental area (VTA) is a key brain region in substance abuse. Based on cellular 
physiology, VTA neurons are reportedly either dopaminergic (DAergic) or GABAergic. The 
latter are thought to be directly inhibited by mu-opioids. Previously, the GABAergic phenotype 
was only inferred due to difficulty with immuno-staining. Here we used GAD-GFP knock-in 
mice combined with post-hoc TH and GFP immuno-staining to positively identify GABAergic 
neurons in VTA during patch-clamp recording in slices. GAD-GFP neurons possessed a discrete 
phenotype with narrow brief action potentials, spike accommodation during depolarization and a 
small or absent Ih. GAD-GFP neurons were also inhibited by DAMGO.  By contrast, non-GFP, 
(some identified as DAergic) neurons have broader action potentials, no spike accommodation 
and a larger Ih.  Non-GFP cells were inhibited by dopamine but not DAMGO. The distinct 
cellular properties in DAergic and GABAergic neurons identified here increases confidence in 
classification of GABAergic neurons in VTA.  Supported by the National Health & Medical 
Research Council of Australia (512390  and 511914) 
 
THE ROLE OF PROCONVERTASE/2 IN MORPHINE-INDUCED ANTINOCICEPTION, 
TOLERANCE AND CONDITIONED PLACE PREFERENCE 
TC Friedman (1), P Marquez (2), D Parikh (2), A Hamid (1), and K Lutfy (1,2); (1) Dept. of 
Endocrinology/Medicine, Charles Drew Univ.; Los Angeles, CA 90059; (2) Dept. of Pharm. 
Sci., Coll of Pharmacy, Western Univ. of Health Sci., Pomona, CA 91766, USA 

Endogenous opioid peptides are derived from larger precursor molecules. Prohormone 
convertases (PCs) cleave precursor proteins (prohormone) to active peptides/hormones. The 
prohormone convertase PC2 cleaves pro-opiomelanocortin (POMC) and proenkephalin to 
generate beta-endorphin and enkephalins, respectively. The present study sought to assess the 
role of PC2-derived peptides in morphine-induced antinociception, tolerance and conditioned 
place preference (CPP). In antinociceptive assay, PC2 null mice and their wild-type 
control/littermates were tested for basal hot plate latency, then treated with different doses of 
morphine and tested for morphine-induced antinociception 30 min later. Escalating doses of 
morphine were used to induce tolerance to the antinociceptive effect of morphine in wild-type 
mice, and this phenomenon was reduced in null mice. In the CPP paradigm, mice were tested for 
basal preference toward the CPP conditioning chambers on day 1 and received alternate-day 
saline/morphine conditioning on days 2-9 and then tested for morphine CPP on day 10. On 



preconditioning and postconditioning test days, mice were placed in the central neutral chamber 
of a 3-chambered CPP apparatus and allowed to freely explore the CPP chambers. The amount 
of time that the mice spent in each conditioning chamber was recorded. Although the PC2 null 
mice were more sensitive to anti-nociceptive effect of morphine, the rewarding action of 
morphine was not affected in null mice. We attributed this to a ceiling effect of morphine since 
the antinociceptive effect of higher doses of morphine was comparable between the null mice 
and their wild-type controls. Further studies are in progress to assess whether morphine would 
induce reward at lower doses that do not induce CPP in wild-type mice. (Supported by NIDA 
Grant # R01 DA016682 to KL and 2R24DA017298 to Charles Drew University) 
 
BURST TIMING-DEPENDENT PLASTICITY OF NMDA RECEPTOR-MEDIATED 
TRANSMISSION IN DOPAMINE NEURONS  
M. Harnett, K. Ahn, B. Bernier, H. Morikawa 
Waggoner Center for Alcohol and Addiction Research, University of Texas, Austin, TX 
 
Phasic bursts of spikes triggered by sensory stimuli in midbrain dopamine (DA) neurons drive 
reward-based learning. Glutamatergic inputs activating NMDA receptors (NMDARs) play a 
critical role in the generation of DA neuron bursts. Here we report long-term potentiation (LTP) 
of NMDAR-mediated transmission onto DA neurons using rat midbrain slices. Induction of LTP 
is dependent on the activation of NMDARs themselves and also requires burst-evoked Ca2+ 
signals amplified by preceding activation of metabotropic glutamate receptors (mGluRs). This 
form of plasticity is input-specific, associative, and depends on the relative timing of presynaptic 
stimulation and postsynaptic bursting in a manner analogous to the timing rule for cue-reward 
learning paradigms in behaving animals. Furthermore, the magnitude of mGluR-mediated Ca2+ 
signal amplification is increased in rats repeatedly exposed to the psychostimulant amphetamine, 
resulting in an enhancement of NMDAR LTP induction. NMDAR plasticity may represent a 
potential neural substrate for conditioned DA neuron burst responses to behaviorally salient 
stimuli, such as those associated with addictive drugs.  Support: DA 015687 
 
 
ROLE OF CANNABINOID CB1 RECEPTORS IN INCREASED CONTEXTUAL 
CONDITIONED FEAR RESPONSE IN DIABETIC MICE. 
M. Ohsawa (1), M. Asato (1), M. Narita (2), T. Suzuki (2), J. Kamei (1) (1) Dept. of 
Pathophysiol. Ther., (2) Dept. of Toxicol., Sch. Pharm.  Pharm. Sci., Hoshi Univ., Tokyo, Japan 
 
A growing body of evidence indicated that diabetes mellitus affects the functions of the central 
nervous systems (CNS) and aggravates the stress-induced behavioral responses. Cannabinoids 
systems play an important role in controlling several functions of the CNS including fear 
responses. We investigated the involvement of CB1 receptors in contextual conditioned fear 
responses in diabetic mice. The expression of CB1 receptors was increased in the prefrontal 
cortex of diabetic mice than that of non-diabetic mice. The duration of freezing behavior 24 hr 
after conditioning was prolonged in diabetic mice compared with non-diabetic mice. The 
prolonged duration of freezing was also noted by administration of a CB1 receptor agonist WIN-
55,212-2 immediately after the conditioning in non-diabetic, but not in diabetic mice. These 
results support the possible idea that the activation of CB1 receptors enhances the consolidation 



of fear memory. The increased contextual conditioned fear response in diabetic mice may be 
regulated, at least in part, by the enhancement of CB1 receptor functions. 
 
LOW DOSE DEXTROMETHORPHAN ON MORPHINE REWARDING IN RATS 
P. L. Tao (1), K. Y. Hsu (1), E. Y-K Huang (1), C.-S. Wong (2) (1) Dept. of Pharmacol.; (2) 
Dept. of Anesth.; Natl Defense Med. Center, Taiwan, R.O.C. 

 
Our previous studies have shown that dextromethorphan (DM; an antitussive drug with 

NMDA antagonist and sigma-1 receptor agonist properties) at a dose of 20 mg/kg (i.p.) is 
effective to decrease morphine rewarding and drug-seeking in rats. In this study, we further 
investigated the effect of low dose of DM and the role of the sigma-1 receptors on morphine 
rewarding. DM (3 microgram/kg, i.p.) was co-administered with morphine (5 mg/kg, s.c.) for 6 
days. Conditioned place preference test was used to examine the rewarding as well as the drug-
seeking effect, and locomotor activity was measured to reveal the behavioral sensitization 
induced by chronic morphine. Our results showed that morphine-induced rewarding and drug-
seeking effects but not behavioral sensitization were abolished when DM (3 microgram/kg) was 
co-administered with morphine. We also found the mechanism of low dose DM to inhibit 
morphine-induced rewarding may be resulted from activating the sigma-1 receptors in ventral 
tegmental area and inhibiting the activity of dopamine neurons project to the prefrontal cortex. 
(Supported by NSC96-2320-B-016-003 and NHRI-EX97-9401NP, Taiwan, ROC) 
 
 
DEMOGRAPHIC AND CLINICAL PROFILE OF OPIOID ABUSE Ð NEED FOR BETTER 
THERAPEUTIC OPTIONS : THE INDIAN PERSPECTIVE. C. Kulkarni. Prof. & Head, Div. of 
Clinical Pharmacology, St. JohnÕs Medical College, Bangalore, India 
 
A National Household Survey in India shows opiate abuse of 0.5% with a recent rapid and 
noticeable increase in abuse. We report pattern of drug abuse identified in urine screen tests 
among suspects and pharmacotherapy for opioid withdrawal - at a tertiary care hospital, aimed at 
providing evidence based guidelines to clinicians. Data for pattern of drug abuse in 712 urine 
screen tests showed maximum number positive for marijuana followed by morphine, 
benzodiazepine, phencyclidine and cocaine. Majority of opioid abuse subjects[83.1%] were 
male, adolescents. Data for pharmacotherapy of 21/203 patients with opioid withdrawal revealed 
17 unmarried, males between 17 Ð 32 yrs. Type of dependence was 12 with opioid medication 
and 9 with non-medication and 17 with substance abuse. Pharmacotherapy of withdrawal was Ð 
clonidine in 19 and lorazepam in 18. Adjunct medications were - analgesics 14, loparamide 8, 
Vit. B in 12, nueroleptics 3 and adjunct therapy in few. To conclude studies may be suggested 
with attention to methodological factors - sample size, long term follow up; medication factors - 
availability of methadone for substitution therapy and long acting preparations; patient factors Ð 
regular follow up and compliance. Future strategies could be directed at identifying - non-
invasive, target oriented, novel and patient friendly pharmaceuticals, to achieve significant harm 
reduction.  
 
INVOLVEMENT OF ENDOGENOUS OPIOID SYSTEM IN THE DEVELOPMENT OF 
PHYSICAL DEPENDENCE ON NICOTINE IN MICE. 



S. Kishioka, K. Ueno, C. Yamamoto, T. Maeda, N. Kiguchi, Y. Kobayashi, Y. Fukazawa  Dept. 
of Pharmacol., Wakayama Med. Univ., Wakayama, 641-0012 Japan 
 
Although it is well known that nicotine has a physical dependence liability, its mechanisms are 
still unclear. And we have reported that naloxone (NLX; opioid antagonist) increases serum 
corticosterone (SCS) in morphine dependent mice and the degree of SCS increase is a 
quantitative index for the magnitude of the physical dependence. In this study, we investigated 
the involvement of endogenous opioid system in the development of physical dependence on 
nicotine, using ICR mice. NLX elevated SCS level in mice receiving chronic nicotine treatment 
in a dose of NLX-dependent manner (0.01-5 mg/kg, s.c.), and the SCS elevation was correlated 
with the dose (1-5 mg/kg, s.c., twice a day) and the period (3-9 days) of chronic nicotine, 
indicating that nicotine withdrawal was elicited by NLX. When naltrexone (NTX; opioid 
antagonist) was administered together with nicotine, NLX-induced nicotine withdrawal was 
suppressed, dose of NTX-dependently, indicating that NTX inhibited the development of 
physical dependence on nicotine. These results suggest that endogenous opioid system involves 
in the development of physical dependence on nicotine. 
 
TYPICAL ANTIPSYCHOTIC DRUGS DISRUPT OPIOID ANTINOCICEPTIVE 
TOLERANCE AND PHYSICAL DEPENDENCE BY INHIBITING THE CAMKII -
MEDIATED SIGNALING PATHWAY  
C. Yang, Y. Chen, Z.J. Wang, Univ. of Illinois, Chicago, USA 
We recently reported that a phenothiazine-based antipsychotic drug trifluoperazine inhibited 
CaMKII and supressed opioid tolerance.  This has led us to examine the entire class of typical 
antipsychotic drugs by computational, enzymatic, biochemical, and behavioral analyses. Our 
hypothesis is that these drugs attenuate opioid tolerance and dependence by inhibiting CaMKII. 
In this study, we examined the effects of six commonly used antipsychotics: chlorpromazine, 
chlorprothixene, fluphenazine, perphenazine, prochlorperazine and thioridazine. All six 
antipsychotic drugs inhibited brain CaMKII activity in vitro in a dose-dependent manner.  Acute 
treatment with any of these antipsychotic drugs (0.5mg/kg, i.p.) suppressed morphine induced 
up-regulation of supraspinal and spinal cord CaMKII activity in vivo. Moreover, acute treatment 
with these drugs inhibited CaMKII activity and reversed the established tolerance and 
dependence in mice. These data suggest that typical antipsychotics attenuate opioid tolerance and 
dependence by suppressing CaMKII activity.  These drugs may have utility in treating opioid 
addiction and attenuating opioid analgesic tolerance. 
 
 
RESPIRATORY EFFECTS OF CHRONIC IN UTERO OPIOID EXPOSURE: A 
COMPARISON OF AN ANIMAL MODEL WITH HUMAN  STUDIES. 
M. Wallisch, K.B. Spencer, D.A.N. Silverman, G.D. Olsen Phys & Pharm, Ore Hlth & Sci Univ, 
Portland, OR 
Opioid dependence continues to be a significant health problem facing many Americans. This 
problem becomes magnified when treating opioid-dependent pregnant women, as opioid use also 
affects the neonate. Some effects of different opioid-dependence treatments (i.e. morphine, 
methadone, and buprenorphine) during pregnancy such as low birth weight and neonatal 
abstinence syndrome have been examined in neonates. However, less is known about respiratory 
effects in human neonates, a major consequence of opioid use that may be related to sudden 



infant death syndrome. Studies examining the effects of in utero opioid exposure on human 
neonates are inconsistent, as the multiplicity of variables and effects are difficult to separate. Yet 
several studies suggest buprenorphine may be the safest treatment for neonates overall. After 
studying respiratory effects resulting from in utero opioid exposure in the guinea pig animal 
model, our data indicate that respiratory effects of buprenorphine are as severe as those of 
methadone and morphine. Data regarding respiratory effects may help shed light on the larger 
impact buprenorphine and other opioids have on human neonates. (NIDA DA007912) 
 
DIFFERENT MECHANISMS OF TOLERANCE TO MORPHINE AND DAMGO IN RAT 
LOCUS COERULEUS NEURONS 
J. Llorente (1), C.P. Bailey (2), W.L. Dewey (3), E. Kelly (1), G. Henderson (1). (1) Dept 
of Physiology & Pharmacology, University of Bristol, Bristol UK (2) Dept of Pharmacy & 
Pharmacology, University of Bath, Bath UK (3) Dept of Pharmacology & Toxicology, 
Virginia Commonwealth University, Richmond USA 
 
Using whole-cell patch-clamp recording we show that MOPr desensitisation can be 
observed in rat LC slices following prolonged in vitro exposure of the slices to morphine 
or DAMGO, or in slices taken from animals treated with morphine for 3 days. Ongoing 
PKC activity was required to maintain the morphine-induced but not the DAMGO-
induced MOPr desensitisation in the LC neurons. Interestingly, the morphine-induced 
desensitisation could also be reversed by a brief application of ethanol (20 mM, 10 min), 
whilst the DAMGO-induced acute desensitisation could be reversed by small molecule 
inhibitors of GRKs. These results demonstrate that prolonged morphine treatment 
induces extensive homologous desensitisation of MOPrs in mature neurons, that this 
desensitisation is at least partly PKC-dependent and that it may well underlie the 
maintenance of morphine tolerance. Furthermore the molecular mechanisms of 
morphine- and DAMGO-induced desensitisation and tolerance are different. 
 
*[ N-ALLYL - DMT1]ENDOMORPHIN-2 INHIBITS ETHANOL WITHDRAWAL SEIZURES 
IN MICE 
E. Marczak (1), N. Capik (1), T. Li (2), Y. Tsuda (2), Y. Okada (2), Q. Li (3,4), H.S. 
Swartzwelder (3,4), L.H. Lazarus (1).   
(1) Lab. Pharmacol., NIEHS, RTP, NC, USA; (2) Fac. Pharmac. Sci., Kobe Gakuin Univ., Kobe, 
Japan; (3) Dept. Psychiatry, Duke Univ. Med. Center and (4) Neurobiol. Res. Lab., VAMC, 
Durham, NC, USA. 
 
Abrupt cessation of alcohol intake after prolonged heavy drinking may trigger alcohol 
withdrawal seizures, which may lead to death. This type of seizure also occurs in rodent models 
of alcohol withdrawal and involves changes of GABAA receptor function. Spontaneous 
inhibitory postsynaptic currents (sIPSC) is one of the most potent CNS actions initiated by 
ethanol and constitutes an underlying mechanism of its sedative and anxiolytic properties.  
Previously, we showed that [N-allyl-Dmt1]endomorphin-2, a µ-opioid receptor antagonist lacking 
inverse agonist properties, induced a dose-dependent suppression of the ethanol-induced increase 
in spontaneous inhibitory postsynaptic currents (sIPSCs) in CA1 pyramidal cells of male rats 
with a 100-fold greater potency than naltrexone.  Furthermore, [N-allyl-Dmt1]endomorphin-2 
inhibited naloxone- and naltrexone-induced withdrawal syndrome from morphine dependent 



mice without eliciting withdrawal symptoms. Here we present data on the effect of [N-allyl-
Dmt1]endomorphin-2 on ethanol withdrawal seizures in DBA mice. This study was supported by 
the Intramural Research Program of the NIH and NIEHS. 
 
 
REGULATION OF PROOPIOMELANOCORTIN NEURONS THROUGH MULTIPLE 
OPIOID RECEPTORS 
R.L. Pennock & S.T. Hentges  Dept. of Biomedical Sciences, Colorado State University, Fort 
Collins, CO 
 
Beta-endorphin release from arcuate nucleus proopiomelanocortin (POMC) neurons can be 
regulated by opioids. In the present study the specific opioid receptor subtypes responsible for 
opioid mediated pre- and postsynaptic regulation of POMC neurons was examined. Whole cell 
voltage clamp recordings were made in brain slices prepared from transgenic mice with labeled 
POMC neurons. Pre- and postsynaptic regulation of POMC neurons by the selective opioid 
receptor agonists U69593 (kappa), DPDPE (delta), and DAMGO (mu) were determined. All 
three agonists reduced the amplitude evoked GABA mediated inhibitory postsynaptic currents 
(IPSCs), and the frequency of spontaneous GABA mediated IPSCs. Both U69593 and DAMGO 
reduced the amplitude of evoked glutamate mediated excitatory postsynaptic currents (EPSCs), 
but DPDPE had no effect. Delta and mu, but not kappa, receptor agonists exerted direct 
postsynaptic actions on POMC neurons. These findings suggest that opioid regulation of POMC 
neurons of the arcuate nucleus occurs via multiple opioid receptor types and thus selective 
agonists will differentially affect POMC neuron activity and beta-endorphin release. Supported 
by NIH R01DK078749. 
 
 
NUTRITIONAL STATUS AS MEASURED THROUGH DIETARY INTAKE AND FOOD 
PATTERNS OF OPIATE DRUG USERS ATTENDING A THERAPEUTIC COMMUNITY 
J. Barg, Department of Criminology, Ashkelon Academic College, Ashkelon, Israel 
 
This study compared nutritional status as measured through dietary intake and food patterns of 
opiate drug users attending a therapeutic community facility. A sample of 112 drug users were 
admitted for treatment and rehabilitation compared with their dietary intake and food patterns at 
admission and after 30, 60, 120 and 180 days. A culturally appropriate food frequency 
questionnaire was administered and anthropometric measurements were taken. The findings 
suggest a high degree of mal nourishment of all study participants, at admission. Before 
admission to treatment drug users were more likely to be exposed to increasingly severe food 
sufficiency problems. The daily frequency of consumption of vegetables was lower (P = 0.03) 
for drug users compared to treatment period. Conversely, the frequency of consumption for 
sweets/desserts was significantly higher at the initial treatment period, admission and 30 days, 
compared with 60, 120 and 180 days. All anthropometric measurements, except for height, were 
significantly lower for drug users at admission and 30 days treatment. The results show that drug 
users generally maintain poorer nutritional status. 
 
CHARACTERIZATION OF THREE SALVINORIN A ANALOGS: POTENT, ORALLY 
ACTIVE KOR AGONISTS. 



A.N. Carey (1), T.A. Munro (2), K.K. Duncan (2), C. BŽguin (2), B.M. Cohen (2), J. 
McLaughlin (1,3)  (1) Dept. Psychology, Northeastern U., Boston, MA, (2) McLean 
Hospital/Harvard Medical School, Belmont, MA, (3) Torrey Pines Institute for Molecular 
Studies, Port St. Lucie, FL 
Kappa opioid receptor (KOR) agonists may produce analgesia with minimal intrinsic abuse 
liability, while also suppressing drug reward.  Salvinorin A (Salv A) and three C-2 modified 
analogs were characterized for their analgesic and rewarding properties, and their capacity to 
suppress cocaine reward. Oral administration of each of the three analogs produced a dose-
dependent antinociception with potency approximately 3-fold that of Salv A in C57Bl/6J mice.  
Pretreatment with the KOR-selective antagonist nor-BNI (10 mg/kg) blocked the antinociception 
produced by all four compounds, whereas mu- and delta-opioid receptor selective antagonists did 
not. Although Salv A produced conditioned place aversion, no analog (1 mg/kg) altered 
preference in a place conditioning assay. The effects on cocaine place preferences will be 
discussed. Given their oral bioavailability and KOR selective agonism, these analogs may have 
therapeutic potential as analgesics.  (Supported by DA023924 from NIDA and the Stanley 
Medical Research Institute). 
 
KAPPA OPIOID RECEPTOR STIMULATION OF [35S]GTP!S AUTORADIOGRAPHY IN 
VTA OF RATS WITHDRAWN FOR 1 OR 14 DAYS FROM ESCALATING DOSE 
CHRONIC BINGE COCAINE ADMINISTRATION. 
A.P.Piras, Y. Zhou, S. D. Schlussman, A. Ho,  M.J.Kreek, Biology of Addictive Diseases, The 
Rockefeller University, New York, 10065.  
There is evidence that the k opioid system plays an important role in cocaine addiction and that 
chronic cocaine alters kappa opioid receptor density. We used in situ [35S]GTP!S binding to 
measure k opioid receptor-stimulated activation of G-protein in eight brain regions. Male Fischer 
rats were injected i.p. with saline or cocaine three times daily at 1 hr intervals in an escalating 
dose paradigm for 14 days (45mg/kg/day, day 1 to 90mg/kg/day, day 14). Separate groups were 
withdrawn from cocaine or saline for 24 hr or 14 days.  Result: No significant change in kappa 
receptor-stimulated [35S]GTP!S was found in any region studied in response to escalating dose 
binge administration in the absence of withdrawal. However, preliminary analysis (n =4) showed 
a significant increase in U69593-stimulated [35S]GTP!S binding in the ventral tegmental area 
(P<0.01) of rats withdrawn for 1 day. These results show an increase of kappa receptor signaling 
in the VTA during acute withdrawal, suggesting that this system may play a role in the 
anhedonia of cocaine addiction.  
NIH NIDA DA -P60-05130 (MJK). 
 
 
METABOLISM OF KAPPA OPIOID RECEPTOR (KOR) PEPTIDES IN RAT BRAIN AND 
IDENTIFICATION OF STABLE PEPTIDE KOR ANTAGONISTS 
K.A. Patkar (1), K. Dresner (1), S.M. Lunte (2), J.V. Aldrich (1) (1)Depts. of Med. Chem., and 
(2)Pharm. Chem., Univ. of Kansas, Lawrence, KS.  
 
We are exploring the novel dynorphin A-based selective KOR antagonists arodyn and zyklophin 
as lead compounds for the treatment of cocaine abuse. Detailed analysis of their metabolism is 
important to optimize their structure and obtain optimum stability for in vivo use. Arodyn 
disappears rapidly from rat brain homogenate (<2 min) while zyklophin shows a half life of 70 



min. Fragments obtained from the metabolism of arodyn and zyklophin in rat brain slices were 
identified using matrix-assisted laser desorption ionization mass spectrometry (MALDI-
MS/MS); fragmentation occurred predominantly at the N-termini of the basic residues. Arodyn 
analogs with modifications of the amide bonds (Nα-methylation or a reduced amide bond) at 
these positions resulted in increased stability in rat brain slices (30-60 min). The cyclic peptide 
zyklophin undergoes metabolism similar to arodyn but at a much slower rate; zyklophin is still 
detected after 3 h. These results are guiding the design of the next generation of selective peptide 
KOR antagonists.  Research supported by NIDA grant R01 DA023924. 
 
 
MORPHINE IN THE VENTRAL TEGMENTAL AREA PRODUCES AFFECTIVE SIGNS OF ACUTE OPIATE 
DEPENDENCE 
AK Radke (1), PE Rothwell (1), MJ Thomas (1,2), JC Gewirtz (1,2) 
(1) Graduate Program in Neuroscience 
(2) Depts. of Psychology and Neuroscience, Univ. of MN, Minneapolis, MN 
 
Dopaminergic cells in the ventral tegmental area (VTA) send projections to the nucleus accumbens as well as the 
amygdala and bed nucleus of the stria terminalis (BNST). These latter structures are involved in the anxiety-like 
component of withdrawal from acute opiate dependence. It is currently unknown how the amygdala and BNST 
become activated during withdrawal. One possibility is that dopamine projections from the VTA contribute to the 
recruitment of these circuits. To test this hypothesis we bilaterally microinfused morphine sulfate (2ug) into the 
VTA and tested for potentiation of the acoustic startle reflex, a well-established measure of anxiety-like behavior. 
Similar to effects seen with systemic morphine, startle responding was elevated four hours after microinfusion of 
morphine. Consistent with other reports, we also observed psychomotor sensitization across morphine exposures. 
These data indicate that despite the wide distribution of opiate receptors in the brain, morphine binding in or close to 
the VTA alone is sufficient to produce plasticity in brain reward circuits and anxiety-like behavior during 
withdrawal. 
 
DISTINCT PROFILES OF ANXIETY- AND DEPRESSION-LIKE BEHAVIOR DURING 
WITHDRAWAL FROM ACUTE MORPHINE EXPOSURE 
P.E. Rothwell, K.A. Beach, T.M. Schaaf, A.K. Walker, M.J. Thomas, J.C. Gewirtz 
Depts of Psych and Neurosci, Univ of Minnesota, Minneapolis, MN 
 
Aversive motivational signs of withdrawal from acute morphine exposure have received limited 
systematic investigation, especially spontaneous signs that emerge as drug levels fall. We have 
characterized a spontaneous potentiation of the acoustic startle reflex that emerges after acute 
morphine administration in rats, and compared the time course of startle potentiation and place 
conditioning. Startle potentiation is related to a decrease in opiate receptor occupancy and has an 
anxiety-like pharmacological profile that resembles other signs of opiate withdrawal. Startle 
potentiation emerges before the rewarding effects of morphine have subsided, even though 
naloxone administration after one morphine exposure causes both startle potentiation and 
conditioned place aversion. Rats are more sensitive to the startle-potentiating effect of naloxone 
for at least 24 hours after a single morphine injection. These results demonstrate that affective 
signs of withdrawal emerge spontaneously following a single exposure to morphine, and suggest 
anxiety- and depression-like manifestations of withdrawal are mediated by distinct neural 
mechanisms. 
 
 
 



Symposium 2­ Opioid Peptides/Novel Ligands 
 
THE DEVELOPMENT OF NOVEL MU OPIOID RECEPTOR SELECTIVE ANTAGONIST: 
FROM MODEL TO MOLECULE 
Guo Li (1), Lindsey C. Aschenbach (1), David L. Stevens (2), Bichoy H. Gabra (2), Dana E. 
Selley (2), William L. Dewey (1), Richard B. Westkaemper (1), Yan Zhang (1) (1) Department of 
Medicinal Chemistry, (2) Department of Pharmacology and Toxicology, Virginia 
Commonwealth University, Richmond, USA 
 
Opioid receptor selective antagonists are important pharmacological probes in opioid receptor 
structural characterization and opioid agonist functional study. Thus far a nonpeptidyl, highly 
selective, and reversible mu opioid receptor (MOR) antagonist is unavailable. Based on our 
modeling studies, a series of novel naltrexamine derivatives have been designed and synthesized. 
Among them, two compounds were identified as leads based on the results of in vitro and in vivo 
assays. Both of them displayed high binding affinity for the MOR (Ki = 0.37 nM and 0.55 nM). 
Compound 6 (NAP) showed over 700-fold selectivity for the MOR over the delta receptor 
(DOR) and more than 150-fold selectivity over the kappa receptor (KOR). Compound 9 (NAQ) 
showed over 200-fold selectivity for the MOR over the DOR and approximately 50-fold 
selectivity over the KOR. Thus these two novel ligands will serve as leads to further develop 
more potent and selective antagonists for the MOR. Funding NIH DA10770, 07027, 00480, 
24022. 
 
STRUCTURALLY SIMPLIFIED OPIOID RECEPTOR ANTAGONISTS 

K. Pillinger(1), F.A. Bradbury(2), D.P. Furkert(1), J.R. Traynor(2), S.M. Husbands(1). (1) Dept  
Pharmacy and Pharmacology, Univ of Bath, Bath, UK. (b) Dept  Pharmacology, Univ of 
Michigan, Ann Arbor, USA 

 

We have previously shown that it is possible to develop opioid receptor antagonists based on 2-
amino-1,1-dimethyl-1,2,3,4-tetrahydronaphthalen-7-ol.  These aminotetralins can be considered 
as structurally simplified analogues of the oxymorphone-based opioid antagonists, but also have 
similarity to the trans-(3,4)-dimethyl-4-(3-hydroxyphenyl)piperidines.  The lead compound from 
our original series was the N-cinnamyl secondary amine, having reasonable (Ki = 10 nM) 
affinity for the mu opioid receptor.  Our recent studies in this area have been directed towards 
increasing the affinity and selectivity of these ligands. 

The initial ligands were prepared and evaluated as racemates, whereas it was expected that 
activity would largely reside in a single enantiomer.  Chirally pure aminotetralins have now been 
prepared by the asymmetric reduction of chiral imines.  Pharmacological evaluation of this 
follow-on series shows that the (S)-isomers have greater affinity and antagonist activity than 
their (R)-counterparts, but that the differences are not as large as expected. 

Further development of the series, including the synthesis of aminomethyltetralins, has led to 
ligands with higher affinity (Ki ~1 nM) for the mu opioid receptor.  These latest ligands are 
currently being further characterised and the results will be presented at the meeting. 

Supported by DA07315 and part studentship from (1). 



 
CHEMICAL AND PHARMACOLOGICAL CHARACTERIZATION OF KRATOM (Mitragyna 
speciosa) 
Christopher R. McCurdy1, Eman Habib1, Juan F. León1, Jessica E. Adkins1, Edward B. Furr1, 
Wilma E. Polgar2, Lawrece Toll2 and Stephen J. Cutler1 1Department of Medicinal Chemistry, 
School of Pharmacy, The University of Mississippi, MS 38655, 2Biosciences Division, SRI 
International Menlo Park, CA 94025 
 
Mitragyna speciosa (Rubiaceae) has traditionally been used in the tropical regions of Asia, 
Africa, and Indonesia as a substitute for opium. Various alkaloids, mostly of the indole type, 
have been isolated from Mitragyna speciosa.  We investigated the constituents of the leaves 
of M. speciosa that was grown at the University of Mississippi. Several alkaloids were 
isolated, including ajmalicine, corynantheidine, isomitraphylline, mitraphylline, 
paynantheine, isocorynantheidine, 7‐hydroxy‐mitragynine and mitragynine, but their 
percentage was lower than that in a premium Thai sample. In addition, we isolated several 
glycoside derivatives, including 1‐O‐feruloyl‐β‐D‐glucopyranoside, benzyl‐β‐D‐
glucopyranoside, 3‐oxo‐α‐ionyl‐O‐β‐D‐glucopyranoside, roseoside, vogeloside, and 
epivogeloside. To the best of our knowledge, it is the first time that these classes of 
compounds have been reported in Mitragyna species. We have characterized most of these 
compounds for affinity at opioid receptors and the data will be discussed. (This work was 
supported by the National Center for Research Resources P20RR021929) 
 
 
CHARACTERIZATION OF THE NEUROBEHAVIORAL EFFECTS OF KRATOM 
(Mitragyna speciosa) EXTRACTS 
Abir El-Alfy 1, Lisa Wilson1, Edward B. Furr2, Jessica E. Adkins2, Juan F. Le—n2, Stephen J. 
Cutler2 and Christopher R. McCurdy1,2  Departments of Pharmacology1 and Medicinal 
Chemistry2, School of Pharmacy, The University of Mississippi, University, MS 38677 USA 
 
Mitragyna speciosa  Korth (Rubiaceae) is a Southeast Asian tree whose leaves are the origin of 
the Thai traditional drug ÒKratomÓ.  The extract of this plant possesses unique pharmacological 
action that include a coca-like stimulant as well opium-like depressant actions.  Traditionally, the 
plant extract has been used as an opium substitute, and it has been clinically used in Thailand to 
wean addicts off opiates.  The current study aimed at examining the neurobehavioral effects of 
the aqueous extract on locomotor activity, core body temperature, catalepsy, as well hot plate 
and tail flick latencies.  Intraperitoneal administration of the extract (500 mg/kg) resulted in 
significant reduction in locomotor activity (p<0.001), significant hypothermic action (p<0.001), 
and significant increase in hot plate (p<0.01) and tail flick (p<0.05) latencies.  No cataleptic 
effect was induced by the extract.   Similarly, oral administration of 500 mg/kg dose of the 
extract lead to significant decrease in locomotor activity (p<0.05), rectal body temperature 
(p<0.01), and significant increase in hot plate latency (p<0.001).  Further chemical and 
pharmacological characterization of these extracts is currently underway.  Support: grant number 
P20RR021929, National Center for Research Resources 
 
PHARMACOKINETIC AND TISSUE DISTRIBUTION STUDIES OF MITRAGYNINE, 
A NATURALLY OCCURRING OPIOID AGONIST, IN RATS USING UPLC/MS/MS  



Bonnie A. Avery1, Harsha Vinnikota1, Juan F. Leon2, Edward B. Furr2, Jessica E. Adkins2, 
Stephen J. Cutler2 and Christopher R. McCurdy2,3  Departments of Pharmaceutics1, Medicinal 
Chemistry2 and Pharmacology3, School of Pharmacy, The University of Mississippi, University, 
MS 38677 USA 
 
Mitragynine, an opioid receptor agonist, is the major alkaloid found in the leaves of the 
Southeast Asian tree, Mitragyna speciosa.  Traditionally, these plant extracts have been utilized 
as an opium substitute or to alleviate opiate withdrawal symptoms.  Since most of the scientific 
literature implicates mitragynine in the opioid actions, we have elected to evaluate the pure 
isolate in our initial pharmacokinetic studies utilizing male Wistar rats. A simple, rapid method 
using UPLC/MS/MS for the quantification of mitragynine in rat plasma/tissue was developed 
and validated. This method was shown to be linear, precise, accurate, specific and robust. The 
separation system used in this study consisted of a Waters Acquity UPLC with a BEH C18 
1.7"m 2.1 x 50 mm column. A mobile phase of 0.3% formic acid in water and acetonitrile 
(40:60) and a flow rate of 0.25 ml/min resulted a run time of 3 min. Mitragynine was 
administered in saline to rats at a dose of 10 mg/kg I.V. and 20 mg/kg P.O. The pharmacokinetic 
parameters were calculated using WinNonlin software. The bioavailability of the drug was found 
to be about 85% with an oral half-life of 3.5 hrs. The significance of the pharmacokinetic 
parameters and the tissue distribution findings will be presented.  (This work was supported by 
the National Center for Research Resources P20RR021929)   
 
*NOVEL CYCLIC TETRAPEPTIDES AS KAPPA OPIOID RECEPTOR 
LIGANDS 
N.C. Ross (1), S.S. Kulkarni (1), J.P. McLaughlin (2), T.F. Murray (3), J.V. Aldrich (1) (1)Dept. 
of Med. Chem., Univ. of Kansas, Lawrence, KS, (2)Torrey Pines Institute for Molecular Studies, 
Port St. Lucie, FL, (3)Dept. of Pharmacol., Creighton Univ. School of Medicine, Omaha, NE 
 
Although kappa opioid receptor (KOR) antagonists have many potential therapeutic applications, 
existing non-peptide selective KOR antagonists show exceptionally long activity that may limit 
their utility. Seeking alternatives, we characterized two possible isomers of the novel natural 
product CJ-15,208, a cyclic tetrapeptide reported to be a KOR antagonist in vitro (T. Saito et al., 
2002). Both isomers have similar KOR affinities (Ki values = 30-35 nM) and selectivities in 
binding assays in vitro, but they exhibit very different profiles when tested in the 55oC warm-
water tail withdrawal assay in mice. While one isomer displayed only dose-dependent KOR 
antagonism, the other isomer exhibited dose-dependent mixed agonism-antagonism. Overall, 
both peptides represent promising lead compounds for potential therapeutic development. We are 
also exploring the structure-activity relationships of these cyclic peptides. (Supported by NIDA 
grants R01 DA018832 and DA023924.) 
 
 
DESIGN AND SYNTHESIS OF NOVEL ENKEPHALIN ANALOGS 
A. Proteau-GagnŽ(1), V. Bournival(2), Y. Dory(1), L. Gendron(2) (1)Dept. of Chem., (2)Dept. 
of Biophysics and Physiology, Univ. de Sherbrooke, Sherbrooke, Canada. 
 
Recent studies suggest that selective activation of delta opioid receptor (DOPR) could provide a 
new strategy to alleviate chronic pain. Interestingly, activation of DOPR is not producing side 



effects usually associated with commonly used opioids. Because known delta agonists have a 
poor pharmacokinetic and/or pharmacodynamic profiles, new molecules are needed to develop 
therapies targeting DOPR. The aim of the present study was therefore to design and to synthesize 
new DOPR agonists based on Leu-enkephalin. By systematic introduction of dipeptide isostere 
in the sequence of the original peptide, we synthesized a new class of analogs. The biological 
activity of each compound was tested in vitro in transfected cells. For instance, some of these 
molecules were proven to be potent DOPR agonists, therefore giving useful information 
regarding their active conformation and their interaction with the receptor. We are now working 
on a new generation of peptidomimetics to further enhance affinity/selectivity for DOPR, brain 
penetrance, and resistance to degrading enzymes.  Supported by NSERC and CIHR. 
 
ACTIVI TY OF ADL5859 AND ADL5747, 2 NOVEL DELTA OPIOID RECEPTOR 
AGONISTS, IN ANTIDEPRESSANT ASSAYS 
Wiant DD, Graczyk TM, DeHaven RN, Le Bourdonnec B, Dolle RE, Windh RT, Little PJ. 
Adolor Corporation, 700 Pennsylvania Drive, Exton, PA 19341 
A series of delta-opioid receptor (DOR) agonists without the side effects of early DOR agonists 
like SNC-80 has been discovered in our laboratories. Preclinical evidence suggests that DOR 
agonists may have therapeutic utility in mood disorders, so ADL5859 and ADL5747 were tested 
in the rat forced swim (FS), rat olfactory bulbectomy (OBX), mouse tail-suspension (TS), and 
mouse novelty suppressed feeding (NSF) models. ADL5859 and ADL5747, given as single 
doses of 3 mg/kg PO, produced antidepressant-like, naltrindole-reversible effects in the FS test 
(immobility reduction and increased swimming). When given at 3 mg/kg PO once daily for 14 
days each produced imipramine-like effects in the OBX test (reduced OBX-induced 
hyperactivity at Days 14 and 21). No imipramine-like effects of ADL5859 or ADL5747 (30 
mg/kg PO) were observed in the NSF or TS models. Overall, these data suggest ADL5859 and 
ADL5747 may have antidepressant activity warranting further investigation. 
Authors were employees of Adolor Corp at time of studies. Editorial assistance was provided by 
Christopher Grantham of UBC Scientific Solutions and funded by Adolor Corp and Pfizer Inc. 
 
*Development of Selective, Fluorescent Ligands for the mu-Opioid Receptor: Exploration 
of the Monomeric State 
 Jessica Anand1, Adam Kusak2, Sethuramasundaram Pitchiaya3, Nils Walter3, Roger Sunahara2, 
and Henry Mosberg1 
Departments of Medicinal Chemistry1, Pharmacology2, and Chemistry3, University of Michigan 
 
Despite the medical significance of the mu opioid receptor (MOR), very little is known about its 
physiologically significant state. Early dogma maintained that MOR functions as a monomer, 
however a significant body of evidence has been reported that suggests that MOR and other 
GPCRs may act as dimers. We describe here the development of selective, fluorescent ligands 
for MOR used to probe yellow fluorescent protein tagged MOR (YMOR) reconstituted in HDL 
particles that mimic plasma membranes and that can only accommodate a single receptor. The 
efficacy of monomeric YMOR in particles was explored and found to be similar to that of 
YMOR in membranes. The profiles of ligands with covalently attached Cy3 or Cy5 fluorescent 
tags, were established in C6 cells expressing either mu or delta opioid receptors and were then 
used in single molecule fluorescence and TIRF experiments to probe the monomeric state of 



YMOR. These studies show that monomeric MOR is the minimal functional unit. This work was 
supported by grants GM07767, GM068603, and DA03910. 
 
  
Characterization of novel enkephalin analogs 
VŽronique Bournival1, Arnaud Proteau-GagnŽ2, Yves Dory2 and Louis Gendron1 
1Department of physiology and biophysics, 2Department of chemistry, UniversitŽ de Sherbrooke, 
Quebec, Canada 
It is now well established that delta opioid receptor (DOPR) activation can induce analgesic 
effects. Our laboratory has observed that prolonged intrathecal administration of deltorphine II, a 
DOPR agonist, does not lead to analgesic tolerance or to other significant unwanted effects. The 
development of potent and selective DOPR agonists having a better pharmacological profile than 
deltorphine II or other peptide agonists represents an all-interesting mean to treat chronic pain. 
We designed and synthesized a series of enkephalin analogs likely to bind DOPR. This study 
aimed at evaluating the potential biological activity of these analogs on DOPR. Using Western 
blot analysis and fluorescence microscopy in DRGF11 cell line, we observed that at least two of 
these analogs were able to induce ERK1/2 phosphorylation via DOPR and were efficient at 
promoting internalization of DOPR-GFP. We are now in the process of evaluating the affinities 
of our analogs for DOPR, MOPR and KOPR using competitive binding studies. For instance, our 
results confirm that active analogs bind DOPR with nanomolar affinities.  
Supported by CIHR and NSERC. 
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A PHARMACOLOGICAL COMPARISON OF THE CLONED FROG AND HUMAN MU 
OPIOID RECEPTORS REVEALS DIFFERENCES IN OPIOID AFFINITY AND FUNCTION 
C. M. Brasel (1), G. W. Sawyer (2), and C. W. Stevens (3) (1) Dept. of Biol. Sci., Univ. of Tulsa, 
Tulsa, OK, USA (2) Dept. of Biochem. and Microbiol. and (3) Dept. of Pharm. and Physiol., 
OSU-Ctr. for Health Sci., Tulsa, OK, USA 
 
This study presents a direct comparison of the ligand binding and signaling profiles of the human 
mu opioid receptor (hMOR) and the frog mu opioid receptor (rpMOR). Opioid ligand binding 
and agonist potencies were determined using transfected, intact CHO cells under identical 
experimental conditions. Most of the opioid ligands tested had significant differences in affinity 
for rpMOR and hMOR. The mu-selective agonist, DAMGO, had a 10.9-fold greater affinity for 
hMOR than rpMOR. In addition to radioligand binding, differences in signaling between these 
receptors were found by measuring inhibition of cAMP by morphine or DAMGO. DAMGO was 
significantly more potent (13.6-fold) in hMOR-CHO cells versus rpMOR-CHO cells. Moreover, 
a significantly greater maximal inhibition was elicited by both opioid agonists in hMOR-CHO 
cells. In summary, this study supports an ongoing effort to better understand how vertebrate 
evolution has shaped opioid receptor binding and function. Supported by NIH-NIDA research 
grant DA R15-12448 to CWS. 
 



THE MU-OPIOID RECEPTOR GENE VARIANT 118A>G IS LINKED TO SNPS IN THE 
DISTAL 5' FLANKING REGION IN CAUCASIANS 
 
O. Levran (1), O. Awolesi (1), J. Rotrosen (2), P. Casadonte (2), E. Peles (3), S. Linzy (4), M. 
Adelson (1, 4) and M. J. Kreek (1). (1) The Laboratory of the Biology of Addictive Diseases, 
The Rockefeller University, 1230 York Avenue, New York, NY, USA, (2) VA Healthcare 
System and NYU, New York, NY, USA (3) Dr. Miriam and Sheldon Adelson Clinic for Drug 
Abuse, Treatment and Research, Tel Aviv, Israel & (4) Las Vegas, NV, USA.  
 
Individual differences in response to opiates may be attributed, in part, to genetic variations in 
the mu opioid receptor gene. Recent studies have identified an alternatively spliced exon in the 
distal 5' flanking region suggesting an expanded OPRM1 locus. We examined the OPRM1 
haplotype structure of the 100 kb 5' flanking region, exon 1 and 50 kb of intron 1. Based on 
information from HapMap, ten tag SNPs were genotyped in 154 Caucasians (88 carriers and 66 
no-carriers of the 118G allele). The 118G variant is positioned within a long variant haplotype 
spanning the 5' flanking region, in strong LD with several variants that can potentially have a 
regulatory effect. The 118A allele is positioned in the major reference haplotype as well as in a 
second variant haplotype of >40 markers spanning intron 1. Support: P60-DA05130-22 (MJK). 
 
NHIBITION OF PHOSPHOLIPASE β3 ENHANCES MORPHINE-MEDIATED 
ANTINOCICEPTION BUT NOT RESPIRATORY, LOCOMOTION, OR REWARD. 
E.I. Sypek(1), A.N. Carey(1), J.M. Bidlack(2), J.P. McLaughlin (1,3). (1)Dept. Psychology, 
Northeastern Univ., Boston, MA (2)Dept. Pharmacology and Physiology, Univ. Rochester, 
Rochester, NY (3)Torrey Pines Institute for Molecular Studies, Port St. Lucie, FL 
 
Gallein inhibits G-beta-gamma subunit-dependent activation of phospholipase beta-3 (PLC-beta-
3). We examined if this inhibition differentially affects the magnitude of morphine-induced 
antinociception, respiratory depression, locomotion, and reward. Gallein pretreatment (10 min) 
dose-dependently enhanced morphine-induced antinociception in C57Bl/6 mice using the 55¡C 
warm-water tail-withdrawal assay. In contrast, gallein did not increase morphine-induced 
respiratory depression or locomotion measured with a CLAMS monitoring system. Pretreatment 
with gallein did not potentiate morphine-conditioned place preference and was itself without 
effect. These results suggest that G-beta-gamma-dependent activation of PLC-beta-3 modulates 
morphine-induced antinociception, but not respiratory depression, locomotion, or reward. 
Therefore, it may be possible to increase mu opioid receptor-mediated analgesia without 
exacerbating therapeutic liabilities. (Support: DA00360 (to JMB); DA023924 (to JPM).) 
 
*TISSUE-SPECIFIC METHYLATION OF THE HUMAN PRODYNORPHIN GENE (PDYN) 
PROMOTER 
V. Yuferov (1), D. A. Nielsen (1), O. Levran (1), S. Hamon (1), A. Ho (1), S. Morgello (2), J. Ott 
(1, 3), M. J. Kreek (1). (1) The Rockefeller University, New York, NY, (2) Mount Sinai Medical 
Center, New York, NY, (3) Beijing Institute of Genomics, Beijing, China 
 
Epigenetic mechanisms (e.g. DNA methylation) contribute to responses to environmental 
changes, including those in drug addiction, through alterations in gene expression. Since 
PDYN is expressed in a tissue-specific manner, the aim of the study was to elucidate the 
methylation pattern of the PDYN promoter in two brain regions, and peripheral blood cells. 



We have identified a CpG island upstream of a major transcription initiation site of PDYN. 
DNA methylation analysis was performed by direct sequencing of bisulfite-treated DNA.  DNA 
was obtained from caudate and cingulum from 37 post-mortem brains, and peripheral blood cells 
(PBMC) from 21 of these subjects. Analysis of methylation rate at ten CpG sites showed greater 
methylation in blood cells than in tissues from two brain regions (p<0.0002), and higher 
methylation of these CpG sites in caudate than in cingulum (p<0.002). Importantly, the pattern of 
methylation across CpG sites in these tissues was essentially the same. 
Support: NIH P60‐DA005130, NIMH R01‐MH79880, U01MH083501. 
 
 
OPIOID-SPECIFIC REGULATION OF EGF RECEPTOR ABUNDANCE ACCOUNTS 

FOR DIFFERENCES IN ERK1/2 SIGNALING 

D.A. Eisinger, H. Ammer, Institute of Pharmacology, Toxicology and Pharmacy, University of 
Munich, Munich, Germany  
 
Opioids exhibit agonist-specific differences in the duration of ERK1/2 stimulation. Whereas 
prolonged delta-opioid receptor (DOR) activation by etorphine results in rapid desensitization of 
ERK1/2 signaling, chronic morphine treatment induces sustained stimulation of ERK1/2 activity. 
Here we show that in DOR expressing HEK293 (HEK/DOR) cells chronic etorphine, but not 
morphine treatment induces EGF receptor down-regulation, a receptor tyrosine kinase mediating 
DOR-stimulated ERK1/2 signaling. The failure of morphine to down-regulate EGF receptors 
appears to be due to persistent activation of c-Src, because pretreatment of the cells with PP2 and 
over-expression of a dominant negative mutant of c-Src both render morphine into an agonist 
that is now able to down-regulate EGF receptors and to desensitize ERK1/2 signaling. 
Conversely, over-expression of c-Src prevents EGF receptor down-regulation by etorphine, 
resulting in persistent ERK1/2 stimulation. These findings indicate that individual capacities in 
stimulating c-Src activity account for agonist-specific differences in DOR-mediated stimulation 
of the EGF receptor/Ras/Raf-1/ERK1/2 signaling cascade. 
 
THE DELTA-OPIOID RECEPTOR INTERACTS DIRECTLY WITH THE TRANSCRIPTION 
FACTOR STAT5B 
E-M Georganta, A. Agalou ,  Z. Georgoussi 

Laboratory of Cellular Signaling and Molecular Pharmacology, Institute of Biology, N.C.S.R. 
ÇDemokritosÈ, Athens, Greece 

 
Our previous observations have shown that the transcription factor STAT5A interacts directly 
within the YXXL conserved motif of the C-terminal region of the mu-opioid receptor (MOP) and 
is phosphorylated upon receptor activation (Mazarakou & Georgoussi, 2005). In this regard, we 
sought to determine whether STAT5A/B interact in a similar manner with the delta-opioid 
receptor (DOP) that contains the same structural motif within its C-terminal tail (delta-CT). Co-
immunoprecipitation and pull-down assays, have shown that STAT5# interacts directly with the 
conserved portion of delta-CT. Additional experiments have indicated the formation of a 
constitutive complex between STAT5B, G beta gamma subunits and the DOP. Furthermore, 
DSLET administration resulted in a PTX-dependent STAT5# phosphorylation and 
transcriptional activation by a c-Src kinase. Collectively, our results demonstrate the formation 
of dynamic complexes between STAT5B, G beta gamma and DOP and reveal novel signaling 



pathways in the regulation of transcription by the delta-opioid receptor.  This work is supported 
by the EU grant ÇNormolifeÈ (LSHC-CT2006-037733) and the GSRT 
 
CALCIUM RELEASED FROM INTRACELLULAR STORES MEDIATES ANDENYL 
CYCLASE SENSITIZATION AFTER OPIOID TREATMENT. 
V.C. Dang and M. von Zastrow. UCSF 600 16th Street San Francisco, CA 94158. 
 
Enhanced adenylyl cyclase (AC) function after persistent opioid stimulation is thought to be the 
biochemical basis for opioid tolerance and dependence.  To date however, the mechanism by 
which this occurs is still poorly understood.  Current studies examining the mechanism of AC 
sensitization focused mostly on the MOR (function and regulation), with little effort spent 
studying AC function following opioid treatment directly.  For this study, HEK293 cells stably 
expressing MOR were used to determine the effect of DAMGO pre-treatment (1hr) on AC 
function.  The results show that after DAMGO pre-treatment, AC exhibited enhanced sensitivity 
to both forskolin stimulation as well as Gi (MOR and SST receptor) mediated inhibition of 
[cAMP]i accumulation (AC sensitization).   Interestingly, AC enhanced sensitivity to Gi 
inhibition completely occludes MOR desensitization caused by the DAMGO pre-treatment.  
Attempts to elucidate the underlying mechanism of AC sensitization show that this process is 
dependent on calcium released from intracellular stores.  Depletion intracellular calcium stores 
with thapsigargin abolishes AC sensitization and reveals MOR desensitization caused by 
DAMGO pre-treatment.  
 
THE ROLE OF AKT SIGNALING IN MORPHINE TOLERANCE 
Tara A. Macey, Michael M. Morgan, and Susan L. Ingram, WSU Vancouver, Vancouver 
WA 98686 
 
Opioids are the most effective treatment for pain.  Unfortunately, the analgesic effects of 
opioids decrease with repeated use because of the development of tolerance.  Many 
studies have focused on mu opioid receptor (MOR) signaling as possible mechanisms 
for tolerance.  The role of Akt signaling during the development of tolerance is a 
potentially important and relatively unexplored signaling pathway that may contribute to 
tolerance.  The adaptations in Akt signaling following tolerance may directly impact G-
protein coupling to MOR.  This study tests whether inhibition of PI3K affects 
antinociception or the development and expression of morphine tolerance to morphine 
antinociception in the ventrolateral periaqueductal gray (vlPAG), a key structure in 
tolerance.  The PI3K inhibitor, LY294002, when microinjected into the vlPAG enhanced 
morphine tolerance (D50=11.6 µg/µl) compared to saline, morphine tolerant animals 
(D50=5.6 µg/µl) during the expression of morphine tolerance.  If PI3K activation blocks 
tolerance as expected, it may be possible to develop treatments that enhance 
antinociception by blocking PI3K-Akt activation.  This study was supported in part by 
NIH grant DA023318 (TM) and the American Pain Society (TM). 
 

PHOSPHOINOSITIDE 3-KINASE GAMMA AS A MEDIATOR OF MU-OPIOID 
RECEPTOR SIGNALING 

C. Kšnig (1),  R. Bauer  (1), G. Segond v. Banchet (2), H.-G. Schaible (2), S. Schulz (3), 



I. Rubio (1),  R. Wetzker (1) (1) Inst. Mol. Cell Biol., Center Mol. Biomed., Univers. 
Jena, Germany (2) Inst. Physiol., Univers. Hospital, Jena, Germany (3) Inst. Pharmacol. 
and Toxicol., Univers. Hospital, Jena, Germany  

Phosphoinositide 3-kinases (PI3K) have been shown to affect central intracellular 
signaling pathways. Thus PI3K are able to control activation of the antiapoptotic 
signaling protein PKB (Akt). Likewise, PI3K have been reported to contribute to the 
regulation of proliferation, differentiation and cellular migration in diverse cell types.  

Recent findings suggest involvement of PI3K in nociceptive signal transduction of the 
my-opioid receptor (MOR). However, it is unknown which subtype of PI3K conveys 
these effects. In vivo investigations addressing this issue are missing. 

In our study we examined putative regulatory function of G-protein coupled PI3K species 
gamma in opioid signal transduction. We observed a marked suppression of morphine-
induced analgesia in PI3Kgamma)-deficient mice in comparison to wild type. 
Histochemical analysis disclosed expression of PI3Kgamma in small-diameter sensory 
dorsal root ganglia neurons. Further functional investigations revealed involvement of 
PI3Kgamma in my-opioid receptor signaling in vivo and in vitro. The data depict 
PI3Kgamma as a novel player in the propagation of opioid effects. 

This study has been supported by the German Research Council (DFG). 

 
C-JUN N-TERMINAL KINASE ACTIVATION BY MORPHINE INACTIVATES MU 
OPIOID RECEPTOR SIGNALING 
E.J. Melief, M.R. Bruchas, M. Xu, C. Chavkin Dept of Pharmacology, Univ Washington, 
Seattle, WA 
 
In contrast to other opioid agonists, acute analgesic tolerance following morphine treatment was 
not blocked by G-protein receptor kinase 3 (GRK3) deletion, consistent with the concept that 
acute morphine tolerance does not occur through beta-arrestin mediated-internalization. We 
previously showed that kappa-opioid recetor (KOR) inactivation by long-lasting antagonists was 
caused by JNK activation (Bruchas 2007). Consistent with that result, we now report that 
morphine also activates JNK and pretreatment with the selective JNK inhibitor SP600125 blocks 
acute analgesic tolerance to morphine but not other mu-opioid receptor (MOR) agonists in the 
warm-water tail withdrawal assay. Morphine injection caused a subsequent reduction in 
DAMGO stimulated [35S]GTPyS binding in spinal cord membranes. Pretreatment SP600125 
prevented this inhibition of [35S]GTPyS binding. These results suggest that JNK phosphorylates 
a key component of the MOR signaling complex resulting in acute analgesic tolerance to 
morphine.  Supported by DA11672. 
 
DOWN REGULATION OF RGS4 PROTEIN BY BOTH MU- AND DELTA-OPIOID RECEPTOR AGONISTS 
IN SH-SY5Y CELLS: IMPLICATION FOR CROSS-TALK.  
Q. Wang, and J.R. Traynor. Dept. of Pharmacol., Univ. of Michigan, Ann Arbor, USA.  

We have reported that regulator of G protein signaling protein 4 (RGS4) is abundantly expressed in SH-SY5Y cells. 
Knockdown of the endogenously expressed RGS4 in these cells by shRNA targeted to RGS4 altered delta (SNC80), 
but not mu (morphine), opioid signaling to adenylyl cyclase and the MAP kinase pathway. There is evidence that 



chronic morphine alters RGS4 levels, therefore we studied whether exposure to mu- and delta-opioid receptor 
agonists would regulate RGS4 in SH-SY5Y cells. Overnight treatment with either DAMGO or DPDPE (10-5 M) 
decreased RGS4 protein by ~50%, but RGS4 mRNA was not changed. The decrease in RGS4 was completely 
blocked by treatment with the proteasome inhibitor MG-132 (2 x 10-5 M) indicating involvement of the ubiquitin-
proteosome degradation pathway. In RGS4-deficient SH-SY5Y cells, or SH-SY5Y cells treated with DAMGO 
overnight, carbachol (10-4 M) modestly increased cAMP accumulation. This effect was not observed in control, 
na•ve cells and was completely abolished by pretreatment with thapsigargin (10-6 M), indicating a Ca2+-sensitive 
mechanism of cross-talk between muscarinic receptors and opioid receptors involving RGS4. Supported by 
DA04087. 

 

*Differential GIRK channel activation and block by l- & d-methadone in Rat Locus 
Coeruleus 
Aya Matsui, & John T Williams, Vollum Institute, Oregon Health Sciences University, Portland, 
OR 97239 
 
Like the other opioid agonists, methadone binds to opioid receptors and activates g-protein 
coupled inwardly rectifying potassium (GIRK) channels. In the present study, the magnitude of 
hyperpolarization produced by GIRK channel was utilized to measure the activation of mu-
opioid receptors in rat locus coeruleus (LC). Intracellular sharp-electrode recordings were used 
to monitor the hyperpolarization induced by various concentration of l- and d-methadone in brain 
slices. The results indicated that l-methadone was a full agonist and ≈ 16-fold more potent 
compare to the d-methadone. In addition, the GIRK channel blocking of methadone was 
examined using the hyperpolarization produced by $2-adrenoceptor in the presence of 
methadone and mu-opioid antagonist, %-chlornaltrexamine (%-CNA). Both l- and d-methadone 
decreased the hyperpolarization, implying that methadone partially blocked GIRK channel. 
Finally, methadone inhibited NMDA channel activation. The concentration dependent and extent 
of NMDA receptor block is under study. The results demonstrate that methadone activates GIRK 
channel through mu-opioid receptor coupling, and at high concentrations block channel. 
Supported by JTW-DA08663. 
 
STANDARD OPIOID AGONISTS SELECTIVELY ACTIVATE HETEROMERIC 
RECEPTORS IN HEK-293 CELLS 
A.S. Yekkirala (1,2) and P.S. Portoghese (1,2) (1) Dept. of Medinal Chemistry, College. of 
Pharmacy; (2) Dept. of Pharmacology, Medical School., University of Minnesota, Minneapolis, 
MN 
 
Tools for the investigation of opioid receptor-mediated pharmacology has traditionally involved 
the use of presumably selective, standard opioid agonist ligands. In this regard, agonists such as 
morphine and DAMGO, U69593 and bremazocine, and DPDPE and deltorphin-II are among the 
standard ligands that have been widely employed as tools for the three opioid receptor types, mu, 
delta, and kappa, respectively. The selectivity of these ligands was established mainly through 
binding assays and based on the dogma that the receptors exist only as homomers in animal 
tissues. However, over the past decade, numerous studies in cultured cells have suggested that 
opioid receptors and other members of the GPCR family can associate as heteromers when 
coexpressed in cultured cells. In view of these reports, we have investigated the selectivity of 
standard opioid agonist ligands using intracellular calcium release and [35S]GTPγS assays in 



HEK-293 cells that contain singly and coexpressed opioid receptors. The results of the present 
study clearly show that the above standard opioid agonists selectively activate heteromeric 
opioid receptors. The far-reaching implications of these results will be presented. 
Support: NIH DA01533. 
 
THE ROLE OF SPECIFIC G PROTEIN &LPHA SUBUNITS IN MORPHINE 
ANTINOCICEPTION 
J.A. Thomson, E.M. Jutkiewicz, J.K. Sun, J.R. Traynor 
University of Michigan, Department of Pharmacology, Ann Arbor, MI 
 
Galpha(o) is expressed at higher levels in brain than other Galpha subtypes, especially in regions 
involved in pain modulation. To evaluate the role of Galpha(o) in mu-opioid receptor (MOPr)-
mediated antinociception, we have probed the effect of Galpha(o) knockout on responses to the 
MOPr agonist morphine. In brain membranes from mice heterozygous (+/-) for Galpha(o), there 
was lower basal G protein activity than wild-type mice, although there was no change in MOPr 
receptor number and the MOPr agonist DAMGO was still able to stimulate [35S]GTP!S binding. 
In these mice there was no genotype difference in the antinociceptive effect of morphine (i.p.) in 
the warm-water tail-withdrawal test. In contrast, the potency of morphine (i.p.) to produce 
antinociception in the hot-plate test was decreased approximately three-fold in the Galpha(o) +/- 
mice compared to their wild-type littermates. A genotype difference was not observed in a 
Galpha(i2) knockout mouse. These data indicate that Galpha(o) participates in morphine 
antinociception in an assay- or region-specific manner. Supported by GM077667 (JAT) and 
DA04087 (EMJ/JRT). 
 
Ultra-low dose naloxone restores the antinociceptive effect of morphine in PTX-treated rats 
by reversing the coupling of µ-opioid receptors from Gs-protein to Gi-protein  
Chih-Shung Wong1, Ru-Yin Tsai2, Yueh-Hua Tai1 Pao-Luh Tao3 
1Department of Anesthesiology, Tri-Service General Hospital and National Defense Medical 
Center, Taipei, Taiwan. 2Graduate Institute of Medical Science, National Defense Medical 
Center, Taipei, Taiwan. 3Department of Pharmacology, National Defense Medical Center, 
Taipei, Taiwan 
    Pertussis toxin (PTX) treatment results in ADP-ribosylation of Gi-protein and thus disrupts µ-
opioid receptor signal transduction and loses the antinociceptive effect of morphine. We had 
previously demonstrated that ultra-low dose naloxone pretreatment preserves the antinociceptive 
effect of morphine in PTX-treated rats. The present study further examined the underlying 
mechanism of ultra-low dose naloxone on µ-opioid receptor signal transduction in PTX-treated 
rats. Male Wistar rats implanted with an intrathecal catheter; rats received intrathecal (i.t.) 
injection of either saline or PTX (1 µg in 5 µl of saline), then, four days later, pretreated with 
either saline or ultra-low dose naloxone (15 ng, i.t.), thirty min later, followed by saline or 
morphine (10 µg, i.t.). Four days after PTX injection, thermal hyperalgesia was observed, 
together with increased coupling of Gs-protein to µ-opioid receptors in the rat spinal cords. 
Ultra-low dose naloxone pretreatment preserved the antinociceptive effect of morphine, and this 
effect was completely blocked by µ-opioid receptor antagonist CTOP, but not by κ-opioid 
receptor antagonist nor-BNI or δ-opioid receptor antagonist naltrindole. Moreover, co-
immunoprecipitation study showed that ultra-low dose naloxone restored the µ-opioid 
receptor/Gi-protein coupling and inhibited the PTX-induced µ-opioid receptor/Gs-protein 



coupling. In addition to the anti-neuroinflammatory effect and glutamate transporter modulation 
previously observed in PTX-treated rats, ultra-low dose naloxone re-established the µ-opioid 
receptor�� Gi/Go-protein coupling, which may be responsible for the restoration of the 
antinociceptive effect of morphine via the mechanism of normalizing the balance between the 
excitatory and inhibitory signaling pathways of µ-opioid receptors. 
 
This study was supported by grants from the National Health Research Institutes, Taiwan 
(NHRI-EX97-9401NP) and Tri-Service General Hospital (TSGH-C97-71). It was performed at 
the Nociception Signal Transduction Laboratory, Department of Anesthesiology, Tri-service 
General Hospital and the National Defense Medical Center. 
 
CORRELATION OF EFFICACY FOR G PROTEIN ACTIVATION AND ARRESTIN 
TRANSLOCATION FOR A SERIES OF MOPr AGONISTS  
 
J McPherson (1) M Baptist (1) G Rivero (1) A Al-Sabah (2) C Krasel (2) CP Bailey (3) E 
Rosethorne (4) S Charlton (4) G Henderson (1) E Kelly (1) (1) Dept of Physiology and 
Pharmacology, Univ of Bristol UK (2) School of Pharmacy, Univ of Reading UK (3) Dept of 
Pharmacy and Pharmacology, Univ of Bath UK (4) Novartis Institutes for Biomedical Research, 
Horsham UK 
 
There is evidence to suggest that agonists such as DAMGO and morphine can induce different 
active conformations of MOPr (functional selectivity), which as a result undergo regulation by 
GRK- or PKC-dependent mechanisms, respectively. In many systems however, morphine 
behaves as a partial, and DAMGO as a full agonist; perhaps therefore the different mechanisms 
of regulation we observe are simply related to the efficacy of the agonist? To investigate this, we 
have correlated the relative efficacies of more than twenty MOPr agonists to couple to G protein 
and promote non-visual arrestin binding. For some agonists there is an apparent lack of 
correlation between these measures. This suggests that agonists stabilise different active 
conformations of MOPr, a scenario that might explain the different behaviour of opioid agonists 
with respect to MOPr desensitisation, trafficking and the occurrence of tolerance to opioid drugs. 
 
 
ULTRA-LOW NALOXONE (NLX) ENHANCES G PROTEIN COUPLING INITIATED BY 
DAMGO AT THE PARABRACHIAL MU-OPIOID RECEPTORS (MOR). 
Chaijale N., Aloyo V., Simansky KJ. Dept. of Pharm. & Phys., Drexel Univ. College of 
Medicine. Philadelphia, PA 19102. 
 
The pontine parabrachial nucleus (PBN) has been implicated in regulating ingestion and contains 
opioids that promote feeding. However, acute activation of MOR by DAMGO into the lateral 
PBN increases food consumption only after a 15-20min delay (Wilson et al, 2003). Recently, 
Wang and Burns (2009) showed that acute stimulation of MOR by morphine causes a transient 
MOR-Gs coupling, with subsequent switching to Go coupling. In this study, we tested if NLX 
could enhance DAMGO stimulated G-protein coupled receptors in the PBN. To measure MOR 
agonist-stimulated incorporation of [35S]GTP!S and to compare in vitro coupling of MOR at 
different doses of NLX we used autoradiography. In rat brain sections (n=5), 15min co-treatment 
of DAMGO (1µM) with 0.001nM NLX enhanced coupling 70% relative to DAMGO alone. 



However, higher doses of NLX inhibited DAMGO stimulation (basal values: 50±7fmol/g). 
Furthermore, this effect was regionally heterogeneous, being only significant at the lateral 
subregions of the PBN. Future studies will compare this MOR enhanced stimulation with the 
initiation of opioid mediated feeding in the PBN (USPHS Grant DK067648, NIDDK to KJS). 
 
KAPPA-SELECTIVE ANTAGONISTS ARE LONG-ACTING AND WASH-RESISTANT 
BECAUSE THEY ARE NEUTRAL ANTAGONISTS 
J.M. Bidlack.  Dept. of Pharmacology and Physiology, University of Rochester, School of Med. 
and Dent., Rochester, NY, USA 
 
As reported for the β-adrenergic receptor, neutral antagonists only bind to G protein-coupled 
receptors when the receptor is coupled to a G protein that is occupied with guanine nucleotide 
(R.K. Sunahara, personal communication).  The κ-selective antagonist nor-BNI binds with high 
affinity to the κ receptor, has a long duration of action in vivo, and is resistant to centrifugal 
washes of brain membranes to remove the antagonist, as measured by the inhibition of receptor 
binding.  However, when guanine nucleotides were thoroughly removed from membranes, nor-
BNI had a lower affinity for the κ receptor, and was easily washed from the membranes.  Most 
of the classical opioid antagonists that bind to and antagonize the κ opioid receptor, such as 
naloxone, naltrexone and nalmefene, have partial agonist properties at the κ receptor as 
measured by the [35S]GTPγS binding assay and adenylyl cyclase activity.  While we have known 
for decades that guanine nucleotides inhibit agonist opioid binding, neutral antagonists bind to 
the receptor with high affinity only when the receptor is coupled to guanine nucleotide-occupied 
G protein.  Supported by K05-DA00360 from NIDA and the Margo Cleveland Fund. 
 
 
INVOLVEMENT OF THE MU OPIOID RECETOR DISTAL C-TERMINUS IN THE TIMING 
OF MAP KINASE ACTIVATION AND DEACTIVATION 
D.E. Selley and H. He, Dept. of Pharmacol. & Toxicol., Virginia Commonwealth Univ., 
Richmond, VA 23298 
 

G-protein-coupled receptor desensitization and trafficking can regulate the timing of MAP 
kinase signaling.  To examine this issue, a mutant mu opioid receptor (MOR1) with the last 45 
C-terminal residues deleted was stably transfected in CHO cells.  This delta-C-45-MOR1 
showed normal G-protein activation and adenylyl cyclase inhibition.  However, there was 
marked reduction in agonist-induced desensitization and receptor internalization compared to 
cells expressing wild-type MOR1.  Maximal activation of extracellular-regulated kinases 1/2 
(ERK1/2) or protein kinase B/Akt were similar between cells expressing wild-type or mutant 
MOR1.  However, the timing of ERK1/2 activation was greatly slowed in delta-C-45-MOR1 
compared to wild-type MOR1 (peak activation = 2 hr versus 8 min), but deactivation was only 
slightly reduced.  In contrast, there was no difference in the timing of Akt activation, but the rate 
of deactivation was greatly reduced in delta-C-45-MOR1 cells, suggesting dependence on MOR1 
desensitization.  These results implicate the distal MOR1 C-terminus in regulating the rate of 
activation and deactivation of MAP kinase signaling.  Supported by DA-10770 from NIDA. 
 
MORPHINE TOLERANCE IN ADOLESCENT RATS AND DECREASED EFFICACY OF 
INHIBITION OF GABA RELEASE IN THE PAG  



Cleary D. R.(1) and Ingram S. L.(2)  
(1) Neuroscience Graduate Program, Oregon Health and Science University, Portland, OR, USA. 
(2) Department of Psychology, WSU Vancouver, Vancouver, WA, USA. 
 
In the PAG, tolerance to the analgesic effects of morphine occurs through cellular adaptions by 
GABAergic neurons. Morphine disinhibits PAG output neurons by attenuating presynaptic 
GABA release, which results in antinociception. Chronic exposure to morphine results in 
tolerance to the analgesic effects of morphine, and here we correlate antinociceptive tolerance 
with decreased opioid inhibition of GABA release in the PAG.   Repeated injections of morphine 
twice a day for 2 days shifted the dose-response for morphine antinociception to the right (D50 = 
5.221 in saline vs. 9.975 in morphine pretreated rats, p<0.05). In rats pretreated with saline, 
DAMGO, met-enkephalin, and morphine inhibited the evoked release of GABA to 31.25 ± 
6.098%, 26.84 ± 6.165%, and 22.50 ± 8.533% of baseline values, respectively, but only 44.35 ± 
5.540%, 58.93 ± 10.75%, and 54.41 ± 6.328% inhibition relative to baseline occurred in 
morphine pretreated rats. Interestingly, there was little evidence for acute desensitization of the 
inhibition of GABA release with prolonged superfusion (15 min) of the opioid agonists.  Our 
results suggest that morphine pretreatment alters agonist interactions with MOP receptor in 
GABAergic terminals differently than postsynaptic MOP receptors in the PAG.  Supported by 
State of Washington Initiative Measure No. 171. 
 
 
Oxycodone leads to greater striatal mu opioid receptor density in adolescent mice that had self 
administered oxycodone than in adults.   
Y Zhang; R Picetti, S D. Schlussman; A Ho; M J Kreek  
The Laboratory of the Biology of Addictive Diseases, Rockefeller University, New York, NY 
10065 
We extended our study (Zhang et al., 2008) on oxycodone by measuring the effect of self-
administration of oxycodone on mu opioid receptor density (MOP-r) in the striatum.  Mice (4 or 
10 weeks old) acquired oxycodone self-administration (0.25 mg/kg/infusion, 2 hr/day) for 9 
days. For the next 10 days, they self-administered varying doses of oxycodone (from 0 to 0.75 
mg/kg per infusion, 2 hr/day).  Six days later, oxycodone challenge was given i.p. at hourly 
intervals (1.25, 2.5 and 5.0 mg/kg) to mice that had received oxycodone; saline was administered 
in controls.  Mice were sacrificed 1 hr after the last injection, brains were removed.   MOP-r 
densities were measured in coronal sections by autoradiography.    
The MOP-r density was higher in adolescents than in adults (p < 0.01).  Mice that self-
administered oxycodone had greater MOP-r density in nucleus accumbens and dorsal striatum 
after challenge with oxycodone than controls (p < 0.005).  Differences in striatal MOP-r densities 
may explain, in part, behavioral differences found in these mice. 
Support: NIH-NIDA P60 DA05130.  
 
 

ROLE OF ARF6 PROTEIN IN THE REGULATION OF MU-OPIOID RECEPTOR 

FUNCTION  

T. Koch, M. Rankovic, L. Jacob, and Volker Höllt  

Dept. of Pharmacol. and Toxicol., Magdeburg University, Magdeburg, Germany 



 
Endocytosis of the mu-opioid receptor (MOPr) has been shown to play a protective role 

in the development of tolerance to opioid drugs by facilitating receptor reactivation and 

recycling. It has been further demonstrated, that the opioid-mediated and ADP-

ribosylation factor (ARF)-dependent activation of phospholipase D2 (PLD2) is a 

prerequisite for MOPr endocytosis. In this study, we investigated which particular ARF 

protein is involved in opioid-mediated PLD2 activation and what are the mechanisms of 

ARF function in MOPr trafficking and activity. By coexpressing the MOPr and dominant 

negative or constitutively active ARF mutants in human embryonic kidney (HEK) 293 

cells and primary cultured cortical neurons as well as with the use of siRNA-technology, 

we identified the ARF6 protein to be involved in regulation of MOPr endocytosis. 

Furthermore, we demonstrated that ARF6 function in MOPr trafficking is PLD2-

mediated and that opioid-mediated activation of PLD2 is blocked in the presence of 

dominant negative ARF6 mutants. Finally, we also showed that ARF6 protein influences 

the dephosphorylation and recycling/resensitization of internalized MOPr and thus 

affects the development of opioid receptor desensitization and tolerance. Supported by 

Deutsche Forschungsgemeinschaft - GRK 1167 and Forschungszentrum "Center for 

Behavioural Brain Sciences" Land-Sachsen Anhalt.   

 
 
SENSORY NEURON ADAPTATION TO CHRONIC MORPHINE TREATMENT IN MICE 
LACKING ARRESTIN3 
M Connor, EE Johnson 
BMRI, Uni. Sydney, NSW 2006, Australia 
 
Chronic morphine treatment (CMT) changes MOP signalling in pain-related neurons. In sensory 
neurons CMT results in attenuated morphine inhibition of calcium channels (ICa) and decreased 
ICa density. We re-examined these phenomena in acutely isolated trigeminal ganglion (TG) 
neurons from arrestin3 -/- mice. Adult male mice were injected s.c. with slow release morphine 
base (300mg/kg) emulsion on day 1, 3 and 5, experiments were done on day 6 or 7. Morphine 
inhibition of ICa was identical in naive wildtype (WT, pEC50 6.6 ± 0.2, max 43 ± 4 %) and 
arrestin3 -/- (pEC50 6.4 ± 0.2, max 44 ± 4 %) mice. Morphine inhibition of ICa was significantly 
reduced in CMT WT (36 ± 4 % to 19 ± 3 %) and arrestin3 -/- (43 ±  5 % to 22 ± 5 %) TG 
neurons. ICa density was not reduced in arrestin3 -/- cells. We found no evidence of constitutively 
active MOP modulation of ICa in na•ve or CMT neurons of either genotype. These data provide 
further evidence that arrestin3 is not required for adaptations in acute MOP signalling during 
CMT, but that the unique CMT-induced reduction of ICa in sensory neurons may be mediated by 
an arrestin-dependent process. 



 
 
MU RECEPTOR INTERNALIZATION AND DESENSITIZATION ARE NOT PREVENTED 
IN MICE LACKING BETA-ARRESTIN2 
B.C. Chieng, Y. Azriel and M.J. Christie. Brain and Mind Res. Inst. and Pain Management Res. 
Inst. University of Sydney, NSW, Australia 
 
Internalization of MOR is thought to require recruitment of beta-arrestin2 (BARR2) by activated 
MOR. However, this study using immunochemical visualization of MORs indicates that opioid-
induced MOR internalization can occur in the absence of BARR2. Similar MOR internalization 
was clearly visible in lateral parabrachial (LPB) neurons in both WT and BARR2-knockout mice 
(KOs) following sufentanil treatment in vivo.  Morphine induced minimal internalization in LPB 
neurons of both WT and BARR2-KO mice.  In parallel experiments with LPB slices, met-
enkephalin (ME) produced desensitization of GIRK currents in both WT and BARR2-KO mice, 
with ME-induced currents attenuated by 50% and 33%, respectively. Desensitization was 
homologous (GABAB-induced GIRK currents unaffected) and was not blocked by dynamin 
inhibition. ME-induced MOR internalization occurred in LB neurons incubated in vitro from 
both BARR2-KO and WT mice. Effects of dynamin inhibition on internalization will also be 
presented. The results suggest that BARR2 is not essential for the internalization of MOR. 
Supported by the National Health & Medical Research Council of Australia (351446 and 
511914) 
 
RESENSITIZATION OF DESENSITIZED MOR DOES NOT REQUIRE BETA-ARRESTIN-2 
MEDIATED TRAFFICKING 
V.C. Dang (1,3), Y. Azriel (1,2), and M.J. Christie (1,2). 
PMRI (1) and Brain & Mind Research Inst. (2), U. Sydney, Australia. UCSF, CA 94158 (3). 
 
G-protein coupled receptors (GPCRs) function is regulated to ensure the balance between 
establishing cellular homeostasis and maintaining ability to detect and respond to stimuli.  For 
many GPCRs, agonist stimulation leads to desensitization, endocytosis, and eventual 
resensitization.  Resensitization is thought to require the trafficking of endocytosed receptors to 
the endosomes, where receptor de-phosphorylation and resensitization occurs.  However, this 
process has not been validated for MOR in native neurons. This study used whole-cell patch 
clamp recording to determine the role of trafficking on MOR resensitization in locus coeruleus 
neurons. Contrary to the established model, the results show that trafficking is not required for 
MOR resensitization.    On the contrary, disruption of §arr-2 dependent MOR trafficking using 
§arr-2 knockouts, GRK2 and/or Dynamin inhibitors all facilitated receptor resensitization, 
suggesting that §arr-2 dependent MOR trafficking, and presumably endocytosis, prolongs 
desensitization and is not required for resensitization.  Supported by the National Health & 
Medical Research Council of Australia (351446 and 511914) 
 
 
DISRUPTION OF BETA-ARRESTIN-2 MEDIATED MOR TRAFFICKING RESCUES 
RECEPTOR RESENSITIZATION IN NEURONS FROM MORPHINE TREATED MICE. 
V.C. Dang (1,3), B.C-H. Chieng (1,2), and M.J. Christie (1,2). PMRI (1) and Brain & Mind 
Research Inst. (2), U. Sydney, Australia. UCSF, CA 94158 (3). 



 
Long-term morphine treatment causes opioid tolerance, an adaptive response that is not fully 
understood.  Previous reports have shown that following morphine treatment, the mu-receptor 
(MOR) fails to exhibit rapid recovery from acute desensitization, which can contribute to the 
reduced MOR function in neurons from morphine treated (tolerant) animals.  However, it 
remains uncertain how this process occurs.  This study used whole-cell patch clamp recording to 
determine the mechanism of delayed MOR resensitization of locus coeruleus neurons from 
opioid tolerant mice.  The results show that disruption of beta-arresitn-2 function or dynamin 
dependent receptor trafficking had no affect on MOR desensitization but profoundly increased 
MOR resensitization in LC neurons from opioid tolerant mice.  This suggests that beta-arrestin-2 
dependent MOR trafficking, and presumably endocytosis, may contribute to opioid tolerance not 
by mediating acute desensitization but by delaying receptor resensitization. 
Supported by the National Health & Medical Research Council of Australia (351446 and 
511914) 
 
 
PHOSPHORYLATION OF THE MU OPIOID RECEPTOR AT TYROSINE 166 (Y3.51) 
REDUCES AGONIST EFFICACY 
C.C. Clayton, M.R. Bruchas & C. Chavkin. Dept of Pharmacol, Univ. Washington, Seattle, WA 
 
The highly conserved DRY motif of G-protein coupled receptors is though to play a key role in 
receptor signaling.  Prior work showed that mutation of aspartate 3.49 (D164) in MOR confers 
constitutive activity, and phosphorylation of tyrosine 3.51 (Y166) was found to regulate agonist 
activity in heterologous gene expression systems.  To assess the mechanisms of phosphorylation 
of Y166, we developed an antibody recognizing phospho-tyrosine 166 (MOR-Y166p).  In 
HEK293 cells stably expressing GFP-MOR, neither H2O2, EGF, or DAMGO alone was able to 
change MOR-Y166p-ir.  However, treatment with H2O2 or EGF following activation of MOR 
with DAMGO robustly increased MOR-Y166p-ir. Y-phosphorylation was blocked by 
pretreatment with naloxone or the src inhibitor, PP2. Using the GTPyS binding assay, we found 
that Y-phosphorylation of MOR expressed in HEK cells caused a 90% reduction in G-protein 
activation. These results demonstrate that agonist pretreatment is required for the tyrosine 
residue to be phosphorylated, phosphorylation is src dependent and Y166 phosphorylation of 
MOR reduces agonist efficacy. Supported by DA11672. 
 
 
TYROSINE PHOSPHORYLATION OF Kir3 FOLLOWING KAPPA OPIOID RECEPTOR 
ACTIVATION OF p38-MAPK CAUSES CHANNEL INACTIVATION AND 
HETEROLOGOUS DESENSITIZATION  
C.C. Clayton, M. Xu, & C. Chavkin, Dept Pharmacol, Univ. Washington, Seattle, WA 
 
Prior studies showed that tyrosine phosphorylation of the G-Protein gated inwardly rectifying 
potassium channel Kir3 facilitates channel deactivation by increasing its intrinsic GTPase 
activity. Using a phosphoselective antibody, we found that partial sciatic nerve ligation increased 
pY12-Kir3.1-ir in the dorsal horn of wild type, but not in KOR-/- or GRK3-/- mice.  In AtT-20 
cells stably expressing KOR-GFP, U50,488 activated p38 MAPK and increased pY12-Kir3.1-ir. 
The increase in p(Y12)Kir3.1-ir was blocked by the p38 inhibitor. Cells expressing 



KOR(S369A)-GFP did not increase either phospho-p38-ir or pY12-Kir3.1-ir following U50,488 
treatment. WCVC of AtT20 cells showed that p38 activation by U50,488 reduced the Kir3 
currents. Channel deactivation produced was blocked by SB203680 and was not evident in cells 
expressing KOR(S369A)-GFP.  These results suggest that KOR induces phosphorylation of 
(Y12)Kir3.1 through a GRK3- and p38 MAPK-dependent mechanism and causes heterologous 
desensitization. Reduced inward potassium current following nerve ligation would increase 
neuronal excitability and may contribute to the pain response. Supported by DA11672. 
 
 
OPIOID AGONISTS FROM COMBINATORIAL LIBRARIES WITH DIFFERENTIAL 
ABILITIES FOR RECEPTOR INTERNALIZATION  
C. Dooley, J. Misler, and L. Li. Torrey Pines Institute for Molecular Studies, Port St. Lucie, FL 
 
Opioid agonists elicit differential regulation of the opioid receptor (OR).  Certain agonists promote robust 
receptor phosphorylation and internalization while others are less effective. Moreover, while some 
agonists (e.g. DAMGO) induce OR internalization, the receptors are recycled to the surface, apparently 
reducing the magnitude of receptor desensitization. In contrast, others agonists (e.g. morphine) induce OR 
phosphorylation and beta-arrestin binding, but poorly induce internalization, thereby increasing receptor 
desensitization. A third class of agonists (Herkinorin) does not induce internalization, but also do not 
induce the binding of beta-arrestin to the OR.  We searched combinatorial libraries to systematically 
identify agonists with different potencies for receptor internalization. Agonists previously identified from 
peptide and non-peptide libraries were screened for receptor internalization using fluorescently labeled 
OR in HEK293 cells, as were several high affinity peptides from a tetrapeptide library. Agonists lacking 
an internalization response were then screened for their ability to recruit GFP labeled beta-arrestin to the 
plasma membrane. 
 
 
DIFFERENT MECHANISMS OF TOLERANCE TO MORPHINE AND DAMGO IN RAT 
LOCUS COERULEUS NEURONS 
 
J. Llorente (1), C.P. Bailey (2), W.L. Dewey (3), E. Kelly (1), G. Henderson (1). (1) Dept 
of Physiology & Pharmacology, University of Bristol, Bristol UK (2) Dept of Pharmacy & 
Pharmacology, University of Bath, Bath UK (3) Dept of Pharmacology & Toxicology, 
Virginia Commonwealth University, Richmond USA 
 
Using whole-cell patch-clamp recording we show that MOPr desensitisation can be 
observed in rat LC slices following prolonged in vitro exposure of the slices to morphine 
or DAMGO, or in slices taken from animals treated with morphine for 3 days. Ongoing 
PKC activity was required to maintain the morphine-induced but not the DAMGO-
induced MOPr desensitisation in the LC neurons. Interestingly, the morphine-induced 
desensitisation could also be reversed by a brief application of ethanol (20 mM, 10 min), 
whilst the DAMGO-induced acute desensitisation could be reversed by small molecule 
inhibitors of GRKs. These results demonstrate that prolonged morphine treatment 
induces extensive homologous desensitisation of MOPrs in mature neurons, that this 
desensitisation is at least partly PKC-dependent and that it may well underlie the 
maintenance of morphine tolerance. Furthermore the molecular mechanisms of 
morphine- and DAMGO-induced desensitisation and tolerance are different. 
 



*NOVEL TRAFFICKING PROPERTY OF THE MU-RECEPTOR IN THE CONTEXT OF 
THE DELTA-MU RECEPTOR HETEROMER. 
L. Milan-Lobo L. He J.L. Whistler  
Ernest Gallo Clinic and Research Center, Dept. of Neurology, Emeryville, USA 
 
Opioid receptors show pharmacologically-defined subtypes that have not been recapitulated in 
heterologous systems when only a single receptor is expressed, suggesting that the receptors are 
modified in some way in vivo. Opioid receptor heterodimerization might alter their 
pharmacology, producing the unique opioid receptor subtypes. We have examined whether 
receptor heterodimerization affects receptor endocytosis and post-endocytic sorting and have 
identified a novel trafficking property of the mu-receptor (MOR)/delta opioid receptor (DOR) 
heteromer. While MOR homomers recycle back to the plasma membrane after endocytosis, 
MOR/DOR heteromers are degraded. We know that receptor trafficking is important for 
tolerance and dependence to opioid drugs. Hence, understanding the trafficking of receptor 
heteromers might shed light on the molecular mechanisms underlying these side effects of opioid 
treatment.  This work was funded by the department of defense grant DAMD62-10-5-071 
(J.L.W.), National Institute on Drug Abuse Grants R01 DA015232 and DA019958 (J.L.W.) and 
funds provided by the State of California for medical research and research on alcohol and 
substance abuse through the University of California, San Francisco (J.L.W.). 
 
 
*DOES MOR1C EXIST IN RATS? 
S.A. Schnell and M.W. Wessendorf, Dept Neuroscience, Univ Minnesota, Minneapolis, MN  
55455   

We have previously reported the existence of MOR1C mRNA and MOR1C-
immunoreactivity (-ir) in rats.  However, the sequence that we reported for rat MOR1C appears 
not to be present in the rat genome.  We have therefore reexamined whether MOR1C mRNA or 
MOR1C-ir exist in rats. 

We used RT-PCR to attempt to amplify MOR1, MOR1A, MOR1B, the rat MOR1C 
sequence we previously reported, and MOR1C1 and MOR1C2 (which have recently been 
reported to exist in rats).  In rats we were able to demonstrate MOR1 and MOR1A after 35 
cycles; MOR1B was observed after an additional 25 cycles.  All three products were confirmed 
as related to MOR1 by Southern blot.  However, we were unable to detect either the MOR1C 
product reported previously by us or the MOR1C-like products reported by others. To test the 
specificity of our MOR1C antiserum, we examined MOR1C-ir in knockout mice.  MOR1C-ir 
had a distribution in mice similar to that previously reported in rats, including coexisting with 
vGLUT2.  However, although MOR1-ir was absent in MOR1 knockout mice, the distribution of 
MOR1C-ir was unchanged, suggesting that the MOR1C-ir we observed in tissue with this 
antiserum was artifactual. 

We conclude that neither MOR1C mRNA nor MOR1C protein exist in rats.  Supported 
by PHS grant DA 017758 (NIDA). 
 
 
ROLE OF SRC IN LIGAND-SPECIFIC REGULATION OF DELTA-OPIOID RECEPTOR 

DESENSITIZATION AND INTERNALIZATION 



M.H. Hong(1), C. Xu(1), Y.J. Wang(1), J.L. Ji(1), Y.M. Tao(1), X.J. Xu(1), J. Chen(1), X. 

Xie(2), Z.Q. Chi(1), J.G. Liu(1) (1)State Key Laboratory of Drug Research, (2)National Center 

for Drug Screening, Shanghai Institute of Materia Medica, Chinese Academy of Sciences, 

Shanghai, 201203, PeopleÕs Republic of China 

Differential receptor desensitization and internalization properties following activation by 

distinct agonists are well characterized. In this study, we investigated the signaling of delta-

opioid receptor initiated by two ligands, DPDPE and TIPP. We found that although both ligands 

inhibited adenylyl cyclase and activated ERK, only DPDPE induced DOR desensitization and 

internalization, GRK2 phosphorylation and Src translocation. Activation of GRK2 led to Ser 

phosphorylation in the C-terminal tail and facilitates %-arrestin1/2 membrane translocation. We 

also found that DPDPE strengthens %-arrestin function by promoting %-arrestin recruitment and 

dephosphorylation at the plasma membrane in a Src-dependent manner. All effects initiated by 

DPDPE could be abolished or suppressed by PP2. Morphine also behaved as TIPP in failure to 

utilize Src in regulating DOR signaling. These findings point to the role of Src in regulating 

DOR signaling and reveal the correlative molecular events. This work was supported by the 

National Basic Research Program grant from the Ministry of Science and Technology of China. 

 
INCREASED RECOVERY FROM DESENSITIZATION IN β-ARRESTIN2 KNOCK-OUT 
MICE 
N. Quillinan(1),  J. Williams(1) (1)Vollum Institute, OHSU, Portland OR 
ß-arrestin2 (ß-Arr2) has been proposed to play an important role in regulating mu opioid receptor 
signaling and trafficking. Tolerance to morphine is reduced in ß-Arr2 KO mice but how receptor 
regulation is altered in these mice remains unclear. In this study, [Met]5enkephalin (ME) induced 
desensitization and internalization was investigated in locus coeruleus brain slices in drug naïve 
and morphine-treated mice lacking ß-Arr2. Desensitization to a supersaturating concentration of 
ME and recovery from desensitization were similar in naïve WT and ß-Arr2 KO mice.  Recovery 
following desensitization was reduced in morphine treated WT, but not ß-Arr2 KO.  To 
determine whether this difference in recovery was due to altered receptor trafficking ME-induced 
internalization was measured in WT and ß-Arr KO.  No difference was observed in receptor 
internalization between naïve and chronic-morphine treated WT and ß-Arr2KO mice. There was 
a reduction in receptor recycling to the plasma membrane in WT after chronic treatment 
compared to untreated WT.  Reduced recycling may account for the loss recovery from 
desensitization observed in WT after chronic morphine treatment.  Receptor recycling in ß-Arr2 
KO mice is currently under investigation.  Thus, ß-arr2 is not essential for desensitization and 
internalization of mu opioid receptors, but does regulate receptor resensitization after chronic 
morphine treatment.   
NQ- DA023793 NRSA, JTW-DA08663 NARSAD 
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‐ 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Receptor Interactions 
 
RECEPTOR HETEROMERIZATION EXPANDS THE REPERTOIRE OF CANNABINOID 
SIGNALING  
Raphael Rozenfeld, Ivone Gomes, Khatuna Gagnidze, Achla Gupta and Lakshmi A. Devi 
Department of Pharmacology and Systems Therapeutics, Mount Sinai School of Medicine, New 
York 
 
The specificity of cannabinoid receptor 1 (CB1R) functions that leads to the broad effects of 
cannabinoids is not well understood but is thought to be promoted by protein interactions with 
specific co-expressed partners. In this study, we examined the implications of interaction with 
delta opioid receptor (DOR). We find that CB1R and DOR can be isolated in an interacting 
complex. This association with DOR leads to an increased cell surface localization of CB1R and 
to a decreased CB1R coupling to the G protein. Interestingly, this decrease in coupling is not 
correlated with a comparable decrease in ERK1/2 phosphorylation. Association with DOR, in 
addition to activating G protein-PLC-mediated ERK1/2 phosphorylation, allows for the initiation 
of novel signaling cascades involving arrestin- or Src-mediated ERK1/2 phosphorylation. While 
receptor heteromerization has been shown to lead to quantitative modulation of signaling, this 
study demonstrates that this can also lead to subtle changes in the nature of GPCR-mediated 
signaling cascades. These results indicate that heteromerization expands the signaling options of 
CB1R and could contribute to directing cannabinoid signaling to independent cascades with 
distinct outcomes.  Supported by NIH grants DA08863, DA19521, and NS053751 to L.A.D. 
 
NOP RECEPTOR ACTIVATION ATTENUATES MU-OPIOID RECEPTOR 
ANTINOCICEPTIVE AND REWARD  
L Toll (1), NT Zaveri (2), WE Polgar(1), C Olsen(1), F Jiang(1), TV Khroyan (1) (1)SRI 
International, Menlo Park, CA, USA, (2) Astraea Inc. Sunnyvale, CA  
 
It has been hypothesized that activation of NOP receptors may lead to attenuation of mu-
mediated antinociception and reward. We used the selective NOP antagonist SB612111 and the 
opioid antagonist naloxone to determine the receptors mediating analgesic and rewarding 
activities induced by mixed NOP/mu agonists. SB612111 was able to potentiate antinociception 
induced by the mixed NOP/mu ligands SR14150, SR16435, and SR16507, as well as 
buprenorphine, but not morphine or the partial agonist pentazocine, while in each case naloxone 
blocked antinociception. SB612111 also blocked hypolocomotive effects of these mixed 
compounds.  Although some mixed compounds are rewarding, the more selective NOP agonist 
SR16835 is not, and blocks morphine CPP, an effect attenuated by SB612111. These results 
support the hypothesis that activation of NOP receptors leads to attenuation, but not complete 
inhibition of mu-mediated antinociception and reward elicited by mixed NOP/mu-receptor 
compounds.  Mixed compounds with an appropriate profile might be useful as analgesics with 
reduced addiction liability or drug abuse medications. R01DA023281 (LT) and R01DA14026 
(NZ). 
 



EXPLORING NOCICEPTIN RECEPTOR (NOP) LIGAND STRUCTURE-ACTIVITY 
RELATIONSHIPS FOR DESIGNED BIFUNCTIONAL LIGANDS TARGETING THE 
NOP/OPIOID RECEPTORS. *NT Zaveri,1 F Jiang,2 C Olsen,2 WE Polgar,2 TV Khroyan,2 L 
Toll.2 1Molecular Medicine Research Institute, Sunnyvale, CA; 2SRI International, Menlo Park, 
CA, USA 
 
The nociceptin receptor (NOP) and its endogenous agonist, nociceptin/Orphanin FQ (N/OFQ) 
appear to modulate the pharmacological effects of opioid ligands, particularly in reward and 
nociception pathways. We have hypothesized that compounds containing both NOP and opioid 
receptor activity may have interesting pharmacological profiles as non-addicting analgesics or as 
drug abuse medications. We have discovered several series of potent NOP ligands and developed 
structure-activity relationships (SAR) for selectivity versus the opioid receptors and for 
agonist/antagonist functional activity of the ligands. We have used this information to discover 
Ôdesigned bifunctional ligandsÕ that bind to both the NOP and mu opioid receptors and have 
different profiles of functional activity at these receptors. The SAR of the various high affinity 
NOP-binding chemical scaffolds suggests pharmacophoric elements that may be modified to 
modulate opioid affinity. The SAR and in vitro activity of these NOP/opioid ligands will be 
presented. This work was supported by grant R01DA14026 (NZ). 
 
 
*SOMATOSTATIN AND OPIOID RECEPTORS DO NOT REGULATE PROLIFERATION OR 
APOPTOSIS OF THE HUMAN MULTIPLE MYELOMA U266 CELLS 

C. KERROS, T. CAVEY, B. SOLA, Ph. JAUZAC and S. ALLOUCHE 
Laboratoire de biologie molŽculaire et cellulaire de la signalisation, UPRES-EA 3919, IFR 146 ICORE, UniversitŽ 
de Caen, 14032 Caen, France. 
Background: opioid and somatostatin receptors (SSTRs), which can assemble as heterodimer, were individually 
reported to modulate malignant cell proliferation and to favour apoptosis. Materials and methods: SSTRs expression 
was examined by RT-PCR, cell proliferation was studied by XTT assay and propidium iodide (PI) staining and 
apoptosis by annexin V-PI labelling.  
Results: almost all human malignant haematological cell lines studied here expressed the five SSTRs. Further 
experiments were conducted on the human U266 multiple myeloma cells, which express also opioid receptors. XTT 
assays and cell cycle studies provide no evidence for a significant effect upon opioid or somatostatin receptors 
stimulation. Furthermore, neither direct effect nor potentiation of the Fas-receptor pathway was detected on 
apoptosis after these treatments. 
Conclusions: these data suggest that SSTRs expression is not a guaranty for an anti-tumoral action in U266 cell line.  
Financial support : Ligue contre le Cancer. 

 
THE ROLE OF THE ENDOGENOUS OFQ/N/ORL-1 RECEPTOR SYSTEM IN 
COCAINE-INDUCED MOTOR STIMULATION AND LOCOMOTOR SENSITIZATION 
IN MICE 
P Marquez (1), D Bebawy (1), D Parikh (1), A Hamid (2) and K Lutfy (1,2); (1) Dept. of Pharm. 
Sci., Coll of Pharmacy, Western Univ. of Health Sci., Pomona, CA 91766; (2) Dept. of 
Endocrinology/Medicine, Charles Drew Univ.; Los Angeles, CA, 90059, USA 

Orphanin FQ (also known as nociceptin; OFQ/N) exerts its effects via the opioid receptor-like 
(ORL-1) receptor, a G-protein coupled receptor that shows high homology to the classical opioid 
receptors. Previous studies from our laboratory have shown that OFQ/N reduced the motor 
stimulatory action of cocaine and blocked locomotor sensitization that developed following 
repeated intermittent cocaine administration in rats. In the present study, we sought to determine 



whether intracerebroventricular OFQ/N administration would alter cocaine-induced motor 
stimulation and locomotor sensitization in mice and whether these actions of OFQ/N are 
mediated via the ORL-1 receptor. Furthermore, we determined the role of the endogenous 
OFQ/N/ORL-1 receptor system in cocaine-induced motor stimulation and locomotor 
sensitization. Mice lacking the ORL-1 receptor and their wild-type littermates were habituated to 
motor activity chambers for one hour, injected with vehicle or OFQ/N (1 nmol; i.c.v.), 
immediately followed by cocaine (15 mg/kg) and motor activity was recorded for an additional 
one hour. The same treatment was repeated once daily for three consecutive days and mice were 
tested for locomotor sensitization following a challenge dose of cocaine on day 8. Our results 
showed that OFQ/N reduced the motor stimulatory action of cocaine in wild-type but not in 
ORL-1 knockout mice. Repeated cocaine treatment induced locomotor sensitization and this 
phenomenon was significantly attenuated in mice treated with OFQ/N in conjunction with 
cocaine. However, OFQ/N failed to alter the magnitude of sensitization in mice lacking the 
ORL-1 receptor. To assess the role of the endogenous OFQ/N/ORL-1 receptor system in 
cocaine-induced motor stimulation and locomotor sensitization, mice lacking the ORL-1 receptor 
and their wild-type littermates were tested for motor activity following once daily cocaine (0, 15, 
30 mg/kg) administration for three consecutive days and then challenged with cocaine (15 
mg/kg) five days later (day 8). Our results showed that sensitization developed to the locomotor 
stimulatory action of cocaine and the magnitude of this response was greater in mutant mice as 
compared to their wild-type littermates. Taken together, the current results suggest that the 
endogenous OFQ/N/ORL-1 receptor system plays a modulatory role in the development of 
locomotor sensitization. (Supported by NIDA Grant # R01 DA016682 to KL) 
 
REPEATED MORPHINE POTENTIATES SCRATCHING BEHAVIOR IN RATSJ.H. Lee, M. Xu, 
G.W. Terman, Dept. of Anesthesiology, Univ. of Washington, Seattle, Wa., USA 

We have previously reported an increase in nociceptive primary afferent synaptic transmission following 
repeated opiate treatment.  In this study, we find that repeated opiates not only sensitize nociceptive 
afferents but spinal pruritic afferents as well.  21 day old rats were injected s.c. twice daily for three days 
with either saline or increasing doses of morphine (15, 30 and 45 mg/kg on days 1-3 respectively)(n=8). 
One day following their last morphine injections, animals were intrathecally administered either the CB1 
antagonist AM251 (AM; 30 "g in 2 "l), Gastrin Releasing Peptide (GRP; 1"g in 2"l) or a DMSO vehicle. 
Both CB1 antagonists and GRP have been associated with scratching behaviors in rodents.  Following 
intrathecal injections rats were placed in a Plexiglas chamber and video-recorded for 15 min.  Scratching 
behaviors were counted off-line.  Both AM and GRP significantly increased the number of scratches and 
bouts of scratching after intrathecal injections compared to vehicle controls.  Further, animals that had 
previously been treated with repeated morphine had significantly more scratching compared to opiate 
na•ve controls following injections of either AM or GRP.   Supported by NIH grant DA14588. 
 
 
Comparison of the interaction of buprenorphine with the mu-opioid and ORL1/NOP 
receptors in rat brain assessed by [35S]GTPgammaS autoradiography 
Emily M Jutkiewicz, Sarah T Kaminsky, John R Traynor 
Department of Pharmacology, University of Michigan, Ann Arbor, MI 
 
Buprenorphine is a partial agonist at mu-opioid receptors (MOPr) and has been reported to have 
agonist activity at ORL1/NOP receptors (NOPr), thereby limiting its antinociceptive activity.  
This study investigated the effects of buprenorphine at MOPr and NOPr using [35S]GTPgammaS 



autoradiography in rat brain slices.  The MOPr agonist DAMGO and the NOPr agonist OFQ 
demonstrated concentration-dependent stimulation and region-specific patterns of 
[35S]GTPgammaS binding, specifically in the cortex and caudate putamen.  Buprenorphine did 
not stimulate [35S]GTPgammaS binding in any brain region indicating a high efficacy 
requirement for this assay.  Similar to naloxone, buprenorphine attenuated DAMGO-stimulated 
[35S]GTPgammaS binding in the cingulate cortex, caudate putamen, and nucleus accumbens.  
The NOPr antagonist J113397 completely antagonized OFQ-stimulated [35S]GTPgammaS 
binding in all brain regions tested, but buprenorphine (10 µM) shifted the dose response curve of 
OFQ in the cingulate cortex only.  These data suggest buprenorphine has limited actions at the 
NOPr in the rat brain.  Supported by USPHS grants DA04087.   
 
DISTRIBUTION OF THE DELTA OPIOID RECEPTOR (DOR) REVEALED 
BY AGONIST-INDUCED INTERNALIZATION IN DOREGFP KNOCKIN 
MICE 
Scherrer G (1), Kieffer BL (2), Basbaum AI (1). 
(1) UCSF, USA, (2) IGBMC, France. 
 
Using a DOReGFP reporter mouse, we recently showed that contrary to the 
prevailing view, the DOR is constitutively trafficked to the plasma membrane of 
dorsal root ganglia (DRG) neurons, independently of substance P (SP). Moreover, 
the DOR and mu opioid receptor (MOR) are expressed by different subsets of 
DRG cells in which they control distinct pain modalities (mechanical and heat, 
respectively): only the MOR is expressed in SP+ neurons, whereas the DOR 
predominates in myelinated afferents. We now have studied the distribution of 
DOR+ neurons in the central nervous system. While in basal conditions the 
dispersion of the DOR throughout the plasma membrane renders the DOReGFP+ 
neurons difficult to identify, we observed that agonist-induced receptor 
internalization reveals their presence in the spinal cord and the brain. Finally, 
following up on the DOR Ð SP/MOR dissociation, we have determined the 
contribution of SP and DOR to morphine analgesic tolerance. While tolerance was 
strongly decreased in mice lacking SP (ppt-A null mice) as reported earlier, it 
developed normally in dor null mice, indicating that SP, rather than the DOR, is a 
major contributor to morphine tolerance. 
 
*THE SUBSTANCE P AMINOTERMINAL SP1-7 ATTENUATES MORPHINE 
TOLERANCE AND AFFECTS DYNORPHIN B AND NOCICEPTIN IN THE MALE 
RAT BRAIN  
A. Carlsson, Q. Zhou, F. Nyberg (1) 
(1) Uppsala University, Pharmaceutical Biosciences, Uppsala, Sweden   
The N-terminal substance P (SP) fragment SP1-7 is recognized for several biological actions. For 
instance, SP1-7 is shown to attenuate the effect of SP on opioid withdrawal. This work focuses on 
the effect of injection (i.p.) of SP1-7 on tolerance to analgesic effect of chronic morphine and the 
effect of SP1-7 on the levels of dynorphin B (DYN B) and nociceptin/orphanin FQ (NOC) in 



various brain regions. Morphine tolerance was induced by injection (s.c.) of morphine (10mg/kg) 
twice daily for 7 days. SP1-7 (185nmol) was injected i.p. 30 min prior to each separate morphine 
injection. The result indicated that co-administration of SP1-7 with morphine can decrease the 
development of morphine tolerance. Radioimmunoassay analyses revealed alterations in levels 
of DYN B and NOC in the NAc, VTA, spinal cord, PAG, SN and FC of rats treated with both 
SP1-7 and morphine compared to those receiving morphine alone. These data suggest that the 
peptide systems responsible for the generation of these peptides may be involved in the SP1-

7 effect of opioid tolerance.  
The study was supported by grants from the Swedish Research Council (Grants K2009-62X-
09459-19-3). 
 
*CHRONIC MORPHINE INCREASED LEVEL OF ORPHANIN  FQ/NOCICEPTIN IN RAT 
ROSTROVENTRAL MEDULLA, LOCUS COERULEUS, NUCLEUS ACCUMBENS AND 
PERIAQUEDUCTAL GRAY 
Y. Zhang and K.M. Standifer. Dept. Pharmaceutical Sciences, Univ. of Oklahoma Health Sci. 
Ctr., OKC, OK 73117 
Orphanin FQ/Nociceptin (OFQ/N) has been shown to contribute to the development of 
morphine tolerance. Previous studies reported that OFQ/N content increased in 
periaqueductal gray (PAG) and amygdala of the rat with morphine treatment, and this 
increase is associated with the development of tolerance to the analgesic actions of 
morphine. In this study we further determined the effect of chronic morphine treatment on 
the level of endogenous OFQ/N in several other rat brain regions. Female Wistar rats were 
sacrificed after development of tolerance after morphine injection (10‐80 mg/kg, s.c) twice 
daily for five consecutive days. Measurements of tissue content of OFQ/N‐IR using 
radioimmunoassay indicated that OFQ/N levels in rat PAG, rostroventral medulla (RVM), 
locus coeruleus (LC) and nucleus accumbens (NAc) significantly increased after chronic 
morphine treatment. There was no significant change in OFQ/N levels in spinal cord dorsal 
horn and cerebellum. The increase of OFQ/N in PAG and NAc was also noted in male Wistar 
rats following chronic morphine treatment. These findings suggest that endogenous OFQ/N 
may be involved in the actions of chronic morphine and play a role in nociceptive 
modulation. The studies were supported by NIH R01‐DA017380 and a seed grant from the 
Presbyterian Health Fund to KMS. 
 

Binding of 125I-Y10-OFQ/N (1-11) in ORL1 knock out mice 
Susruta Majumdar 1, John Mathis 1, Michael Ansonoff 2, Maxim Burgman 1, John E Pintar 2and 
Gavril W. Pasternak 1 
1Laboratory of Molecular Neuropharmacology  and Neurology, Memorial Sloan Kettering 
Cancer Center, New York, NY 10065, USA. 
2Department of Cell Biology and Neuroscience, University of Medicine and Dentistry of New 
Jersey, 683 Hoes Lane, Piscataway, NJ 08854, USA. 
 
Abstract: OFQ /N (1-11), a metabolite of the endogenous ligand for ORL1 receptors, OFQ/N (1-
17) has been shown in the past to have a site distinct from OFQ/N (1-17). Here we show that in 
ORL1 knock out mice, 125I-Y10-OFQ /N (1-11), the iodinated derivative of OFQ/N (1-11), labels 
a distinct high affinity site with a Kd value similar to the one seen in wild type C57 mice. 
However, the abundance of this site was only 20% of 125I-Y10-OFQ/N (1-11) binding seen in 



wild type CD57 mice. Competition studies with various opiates and opioid peptides revealed that 
this site was recognized by OFQ/N (1-17), OFQ/N (1-11), NalBzoH with very high affinity and 
morphine with moderate affinity. OFQ/N (1-11) thus labels a novel site in mice brain with a 
binding profile that persists in an ORL1 knockout mouse with properties distinct from those of 
traditional opioid or OFQ/N receptors.   
 
THE ROLE OF THE ORL-1 RECEPTOR IN MOTOR STIMULATORY AND 
REWARDING ACTIONS OF MORPHINE 
D Parikh (1), P Marquez (1), A Hamid (2) and K Lutfy (1,2); (1) Dept. of Pharm. Sci., Coll of 
Pharmacy, Western Univ. of Health Sci., Pomona, CA 91766; (2) Dept. of 
Endocrinology/Medicine, Charles Drew Univ.; Los Angeles, CA, 90059, USA 

Orphanin FQ (also known as nociceptin; OFQ/N) is considered as an anti-opioid peptide in the 
brain. Previous studies have shown that intracerebroventricular administration of OFQ/N reduces 
the rewarding effect of morphine. OFQ/N exerts its effects via the opioid receptor-like (ORL-1) 
receptor, a G-protein coupled receptor that shows high homology to the classical opioid 
receptors. Previous studies have shown that chronic morphine treatment causes the release of 
OFQ/N-immunoreactivity in some brain regions, raising the possibility that the endogenous 
OFQ/N/ORL-1 receptor system may be involved in morphine tolerance. Thus, in the present 
study, we determined the role of the ORL-1 receptor in motor stimulatory and rewarding actions 
of morphine following its single and repeated administration. Mice lacking the ORL-1 receptor 
and their wild-type littermates were tested for motor activity following morphine (10 mg/kg) for 
five consecutive days. We also determined conditioned place preference (CPP) induced by single 
or repeated morphine conditioning in mutant mice and their wild-type littermates. Our results 
showed that although there was no significant difference between ORL-1 knockout mice and 
their wild-type littermates in the motor stimulatory and rewarding action of acute morphine, both 
actions of morphine were greater in mutant mice following repeated morphine administration. 
This enhancement was probably due to the development of tolerance to the actions of morphine 
in wild-type mice. Together, these results suggest that tolerance may develop to the motor 
stimulatory and rewarding actions of morphine and the ORL-1 receptor may be important in this 
phenomenon. Further studies are under investigation to define the mechanism of the modulatory 
role of the endogenous OFQ/N/ORL-1 receptor system in tolerance to these actions of morphine. 
(Supported by NIDA Grant # R01 DA016682 to KL) 
 
GPCR INTERACTIONS IN CHRONIC PAIN: A NEW ROLE FOR CANNABINOID 
RECEPTOR PLASTICITY 
Ittai Bushlin (1), Raphael Rozenfeld (1), Shekhar Patil (2), George W. Huntley (2), and Lakshmi 
A. Devi (1); Dept. of Pharmacology (1), Dept. of Neuroscience (2), Mount Sinai School of 
Medicine, NY 
 
We have shown that the cannabinoid receptor, CB1R, can interact and form complexes with mu 
or delta opioid receptors (CB1R-MOR or CB1R-DOR) in the CNS.  Activation of CB1R-MOR or 
CB1R-DOR can lead to antagonism of G-protein activation and signaling changes downstream of 
G-protein coupling.  Previous studies have shown that a decrease in CB1R expression can lead to 
an increase in DOR activity, and vice versa, in tissues expressing both receptors.  However, few 
studies have evaluated changes in CB1R-MOR or CB1R-DOR during disease states.  Recently, 
we found that in an animal model of peripheral neuropathic pain, CB1R expression is 



significantly altered in specific brain regions.  These changes are directly proportional to pain 
sensation as measured by a test for mechanical allodynia.  We will present studies that 
investigate the extent to which the activity of GPCRs known to interact with CB1R is altered in 
these animals, and determine the contribution of GPCR crosstalk to the pathogenesis of this 
condition.  Supported by NIH grants DA08863, DA19521, and NS053751 to L.A.D and 
NYSDOH-SCIRB # C022055 to S.P. 
 
*DELTA OPIOID RECEPTOR AGONISTS ENHANCE PERIPHERAL MU OPIOID 
RECEPTOR FUNCTION 
C. Schramm, C. N. Honda. Dept. of Neurosci., Univ. Minnesota, Minneapolis, MN 
 
Peripherally restricted opioids are relatively ineffective analgesics under normal conditions, but 
peripheral opioid analgesia is enhanced after injury or inflammation. Clinical results remain 
inconsistent, however, and recent studies have aimed to elucidate mechanisms of enhancing 
peripheral opioid receptor function. In the present study, we examined whether pretreatment with 
a delta opioid receptor (DOR) agonist enhances the effect of subsequently applied mu opioid 
receptor (MOR) agonists in normal peripheral tissue. Treatment with deltorphin or morphine 
alone did not significantly inhibit potassium-evoked immunoreactive calcitonin gene-related 
peptide (iCGRP) release. In contrast, administration of both drugs in sequence resulted in 
concentration-dependent and antagonist-reversible inhibition. Similar results were obtained using 
other DOR and MOR agonists. These results suggest that trafficking of endogenous opioid 
peptides to the site of injury may contribute to enhanced function of opioid receptors during 
inflammation and that combined local administration of DOR and MOR agonists may be useful 
for enhancing peripheral opioid analgesia. Support: NIH DA009641, DA007097, Minnesota 
Medical Foundation. 
 
THE DELTA-1 OPIOID RECEPTOR IS A HETERODIMER THAT OPPOSES THE ACTIONS OF 
THE DELTA-2 RECEPTOR ON ALCOHOL INTAKE 
R.M. van Rijn  J.L. Whistler 
Ernest Gallo Clinic and Research Center, Dept. of Neurology, Emeryville, USA 
 
Opioid receptors are clinically important targets for both pain and alcohol abuse. Three opioid 
receptors have been cloned: mu (MOR), delta (DOR), and kappa (KOR), all of which effect 
alcohol consumption in animal models. Naltrexone is a non-selective opioid antagonist used for 
alcoholism, whose clinical utility is limited by poor efficacy and adverse side-effects. We 
demonstrate that the therapeutic limitations of naltrexone may reflect its poor selectivity. Despite 
decades of research, several mysteries surround the pharmacology of these receptors. For 
example, in vivo two pharmacologically-defined subtypes of delta receptors exist. We show that 
the subtypes of the DOR, DOR1 and DOR2, have opposing effects on ethanol consumption. We 
find that the effects are synergistic, thereby suggesting that DOR1 and DOR2 are distinct 
molecular targets. Indeed, we provide in vivo evidence that the DOR1 subtype is a DOR-MOR 
heterodimer and that the DOR2 is most likely a DOR homomer. Together, these data provide 
insight into the actions of the clinically-important drug naltrexone, and identify a novel target 
with improved specificity and efficacy for reducing ethanol consumption.  This work was funded 
by the department of defense grant DAMD62-10-5-071 (J.L.W.), National Institute on Drug 
Abuse Grants R01 DA015232 and DA019958 (J.L.W.) and funds provided by the State of 



California for medical research and research on alcohol and substance abuse through the 
University of California, San Francisco (J.L.W.). 
 
 
THE EFFECT OF GROWTH HORMONE ON KAPPA OPIOID RECEPTORS IN THE MALE 
RAT BRAIN 
J. Johansson, A. Gršnbladh, F. Nyberg, M. Hallberg. Department of Pharmaceutical Biosciences, 
Uppsala University, Sweden   
 
Growth hormone (GH) has been demonstrated to improve brain functions such as motivation, 
mental alertness and memory. GH has also been shown to stimulate cell growth and counteract 
apoptosis in brain cells. Recently, we demonstrated that GH may reverse the opiate-induced 
apoptosis in cells derived from prenatal mouse hippocampus. Thus, GH might be able to prevent 
the impaired cognitive capabilities that may occur in both humans and other mammals  
in connection to chronic opiate treatment. In the present study we investigated the effects of 
chronic GH treatment on the levels of kappa opioid peptide (KOP) receptors in the male rat 
brain. The rats were treated with GH (0.7 or 0.07 IU/kg s.c.), twice daily, during 7 days. 
Following treatment the rats were decapitated and coronal frozen sections were cut in a cryostat. 
The levels of KOP receptor activation were determined with the GTPgS assay, using the 
selective agonist U50488. In the results we demonstrate the effect of GH treatment on KOP 
receptors in regions of the male rat brain.  Support: We acknowledge the Swedish Medical 
Research Council (Grant 9459).  
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TREATMENT WITH GROWTH HORMONE AFFECT THE LEVELS OF DELTA AND MU 
OPIOID RECEPTORS IN THE MALE RAT BRAIN 
 
A. Gršnbladh, J. Johansson, F. Nyberg, M. Hallberg. Dep. of Pharm. Biosciences, Uppsala 
University, Sweden 
 
Chronic treatment with opiates may inhibit cell growth and trigger apoptosis. On the contrary, 
Growth Hormone (GH) has been demonstrated to stimulate cell growth and counteract apoptosis. 
In fact, we recently demonstrated that GH might reverse the opiate-induced apoptosis in cells 
derived from prenatal mouse hippocampus. Thus, GH might be able to prevent the impaired 
cognitive capabilities that may occur in both humans and other mammals due to opiate treatment. 
In the present study, we investigated the effects of chronic GH treatment on the levels of delta 
and mu opioid peptide (DOP and MOP) receptors in the male rat brain. The rats were treated 
with GH (0.7 or 0.07IU/kg), twice daily, during 7 days. The levels of DOP and MOP receptor 
activity were determined with the GTPgS autoradiography assay, using the agonists DPDPE and 
DAMGO, respectively. The results demonstrate that GH affects the levels of DOP and MOP 



receptors in certain areas of the brain (e.g amygdala). Thus, the beneficial effect of GH on 
counteracting apoptosis might involve an interaction with the DOP and MOP receptors. 
 
We acknowledge the Swedish Medical Research Council (Grant 9459) for financial support. 
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EFFECT OF GP120 ON ANTINOCICEPTION INDUCED BY WIN 55212-2 IN THE COLD WATER TAIL-
FLICK TEST  
X. Chen, J. Palma, E. B. Geller, T. K. Eisenstein, M. W. Adler, Center for Substance Abuse Research, Temple 
University School of Medicine, Philadelphia, PA, USA 

 
We have recently reported that gp120, the surface envelope protein associated with HIV infection, can reduce 
the antinociception induced by the opioid receptor-selective agonists DAMGO (mu) and dynorphin (kappa). 
This glycoprotein binds to the same receptor (CXCR4) as the chemokine CCL12/SDF-1alpha, which also cross-
desensitizes with opioids.  Having previously demonstrated cross-desensitization between the receptors for the 
cannabinoid receptor agonist WIN55212-2 and the chemokine CCL12/SDF-1alpha in antinociception, we 
investigated the effect of gp120 on the antinociception induced by WIN55212-2. Rats were housed individually 
after surgical implantation of cannulae into the periaqueductal grey (PAG).  The cold-water tail-flick test was 
used as an antinociceptive index. The results showed that gp120 (100 ng/"l, PAG) markedly reduced the 
antinociception induced by WIN 55212-2 (1 mg/kg, s.c.). These results suggest that the gp120 antagonism of 
antinociception induced by cannabinoids, like that of opioids, is at least partially via CXCR4 receptors 
expressed in the brain of rats.  (Supported by NIDA Grants DA 06650 & DA 13429) 
 
OPIOIDS AND CANNABINOIDS INHIBIT INTERLEUKIN-2 PRODUCTION OF 
ACTIVATED T LYMPHOCYTES BY INDUCTION OF CYCLIC AMP FORMATION 
C. Boerner, J. Kraus, V. Hoellt. Dept. of Pharmacol. and Toxicol., Magdeburg University, 
Magdeburg, Germany 
 
Opioids and cannabinoids inhibit functions of activated T lymphocytes, in particular the T cell 
receptor-triggered induction of interleukin-2 (IL-2). It is known that T cell receptor-mediated 
activation is inhibited by cAMP. Investigating the mechanisms we show that short-time 
incubation of Jurkat T cells with opioids and cannabinoids caused decreased levels of cAMP. 
Remarkably however, we observed a strong and long lasting increase in cAMP levels thereafter. 
The cAMP-activated PKA then caused superactivation of Lck, which repressed the initiation of 
theT cell receptor-induced signaling cascade as demonstrated by the lack of phosphorylation of 
kinases like MAPK and LAT. Whereas cannabinoid-induced cAMP levels were stably increased 
up to 48 hours, the morphine-induced cAMP levels droped again after 8 hours. This effect was 
prevented by  the unspecific phosphodiesterase inhibitor IBMX. Further experiments with 
specific phosphodiesterase inhibitors indicated the involvement of phosphodiesterases IV and 



VII. Our data demonstrate mechanisms how cannabinoids and opioids interfere with the T cell 
receptor-activated signaling cascade and inhibit IL-2 production. 
 
MORPHINE FAILS TO INCREASE HIV-1 GP120 AND TAT-INDUCED OXYRADICAL PRODUCTION IN 
MURINE AND HUMAN ASTROGLIA: RELATION TO INFLAMMATION  
E. Podhaizer (1), P.E. Knapp (2), K.F. Hauser (1), N. El-Hage (1) (1)Dept. of  Pharm. Tox., (2)Dept. of Anat. 
Neurobiol., Virginia Commonwealth Univ., Richmond, VA, USA 
 
We previously reported that morphine potentiates Tat-induced reactive oxygen species (ROS) production in 
microglia, while paradoxically reducing cytokine production and proteasome function. We explored the 
interrelationship of ROS and [Ca2+]i in astroglia, due to the opposing responses of this cell type, which show 
morphine-Tat driven amplification of cytokine production.  It was hypothesized that the response to opiates and 
gp120 or Tat by astrocytes relies on convergent ROS and Ca2+ signals at NF-kB. The results indicate that morphine 
minimally affects ROS production in Tat and gp120-treated astrocytes, which sharply contrasts the synergistic 
increases seen in microglia. Ongoing studies are assessing the interrelatedness of ROS and [Ca2+]i signals on NF-kB-
induced inflammation in astrocytes; however, we speculate that ROS in astrocytes are sufficient to trigger NF-kB-
induced increases in cytokines without interfering with proteasome function, revealing fundamental differences in 
the response of microglia and astrocytes to combined opiates and HIV proteins. Support: NIH P01 DA 19398 
 
 
KAPPA OPIOID RECEPTORS ON U-937 HUMAN MONOCYTES MEDIATE TUMOR 
NECROSIS FACTOR ALPHA PRODUCTION 
J.M. Bidlack and C.M. Tipton, Dept. of Pharmacology and Physiology, University of Rochester, 
School of Medicine and Dentistry, Rochester, NY, USA 
 
A human monocyte cell line, U-937, was used to investigate changes in proinflammatory 
cytokine production in response to the κ-selective agonist, U50,488.  Lipopolysaccharide (LPS) 
was used to induce proinflammatory cytokine production from U-937 cells.  RT-PCR of RNA 
extracts from the cells was performed to observe changes in cytokine mRNA levels.  Tumor 
necrosis factor-α (TNF-α) mRNA levels were inhibited by the κ agonist U50,488.  An ELISA 
assay showed that U50,488 also inhibited TNF-α protein levels.  The inhibition of TNF-α 
mRNA and protein levels was blocked by the addition of the κ-selective antagonist nor-BNI.  
Mechanisms responsible for the inhibition of TNF-α production by a κ agonist were explored 
with a luciferase-reporter construct containing NFκB consensus binding sequences.   U50,488 
inhibited LPS-induced NFκB activity.  Also, degradation of IκB was blocked by the activation of 
the κ opioid receptor.  This study suggests that κ agonists inhibit LPS-induced TNF-α 
production by inhibiting NFκB activity.  Supported by K05DA00360, T32DA03742, and 
R01DA04355 from NIDA. 
 
 
REGIONAL SPECIFICITY IN STRUCTURAL PLASTICITY OF STRIATAL VERSUS HIPPOCAMPAL 
NEURONS TO MORPHINE AND TAT INDUCTION IN HIV-1 TRANSGENIC MICE 
S. Fitting (1), S.K. Buch (2), P. E. Knapp (3), and K.F. Hauser (1) (1) Dept. Pharmacol. Toxicol., (3) Dept. Anat. 
Neurobiol., Virginia Commonwealth Univ., Richmond, VA, USA; (2) Dept. Anat., Univ. Kentucky, Lexington, KY, 
USA 
To assess whether morphine and/or the HIV Tat-induced disruptions in neuronal plasticity or injury might 
accompany the CNS complications seen with combined opiate abuse and HIV-1 infection, we examined Golgi-
Kopsch impregnated neurons in GFAP-driven, doxycycline (DOX)-inducible Tat transgenic mice.  Following a 7-
day exposure to morphine (5 mg/kg/day; time-release sc implant) and DOX, dendritic length/spines were examined 
in striatal spiny and pyramidal neurons in hippocampal field CA1.  Data indicate that both morphine and Tat 
reduced the dendritic length/spines in the striatum, whereas in the hippocampus only Tat significantly reduced the 



number of dendritic spines.  Further, opioids tended to additively increase most measures of Tat-induced losses in 
plasticity (dendrite and spine pruning), as well as neuronal injury (dendritic beading; degeneration) in the striatum, 
but not in the hippocampus, suggesting regional differences vulnerability to morphine and Tat. Support: NIDA 
DA19398. 
 

NEURONAL PLASTICITY MEDIATES NEUROENDOCRINE AND IMMUNE 
DYSFUNCTION IN A MODEL OF HEROIN ABUSE 
R. J. Weber (1 2), R. Gomez-Flores (2), J. E. Smith (3), T. J. Martin (3) (1) University of Illinois 
College of Medicine at Peoria, IL, (2) Universidad Autonoma de Nuevo Leon, Mexico, (3) Wake 
Forest University School of Medicine, Winston-Salem, NC. 
 
Opioid receptor mediated action in the central nervous system (CNS) has been shown 
consistently to suppress a variety of immune functions in investigator-delivered paradigms. 
Interestingly, chronic intermittent self-administration of heroin induces neuronal circuitry 
adaptions in specific brain regions related to a distinct immunosuppressive profile. Mu-opioid 
receptor stimulated (DAMGO) guanosine-5Õ-O-(gamma-thio)-triphosphate ([35S]GTPgammaS) 
binding in the anterior hypothalamus is increased following chronic heroin and is correlated with 
elevated plasma adrenocorticotrophic hormone and glucocorticoid production. Sensitization of 
mu-opioid receptor-activated G-protein coupling in the anterior hypothalamus and triggering of 
the hypothalamic pituitary adrenal (HPA) axis results in a profound thymic hypoplasia and 
selective suppression of T lymphocyte function without altering additional parameters of 
immune function. The effects may be related to the documented increased incidence of infectious 
diseases among addicts. Supported by NIDA/NIH. 
 

ASSOCIATION OF OPRM1 DNA METHYLATION WITH CD4+ COUNT IN HIV 
INFECTED WOMEN  D. A. Nielsen (1,2), S. Hamon (1), C. Jackson (1), M. Randesi (1), A. Ho 
(1), M. J. Kreek (1) (1)The Rockefeller University, New York, NY, USA, (2)Baylor College of 
Medicine, Houston, TX, USA 
 
Morphine has been reported to promote HIV infection.  Methylation of CpG dinucleotides in the 
OPRM1 promoter was measured in HIV+ women enrolled in the WomenÕs Interagency HIV 
Study (N = 659) by bisulfite treatment, PCR, and sequencing.  A total of 509 subjects had 
lymphocytes collected at an ÒearlyÓ and ÒlateÓ visit, an average of 6.5 years apart.  Methylation 
was significantly associated experiment-wise with CD4+ count at three sites, -18, -10, and +12 
(P = 0.0035, 0.0003, and 0.0016, respectively) in the combined group of all ethnicities.  In 
African Americans alone (N = 380), the -18, -10, and +12 sites were found to be significantly 
associated experiment-wise with CD4+ count (P = 0.024, 0.021, and 0.024, respectively).  No 
significant association was found between HIV viral load and DNA methylation.  Altered 
methylation of the mu-opioid receptor gene may play a role in the survival of these lymphocytes 
in HIV infected individuals.  Support:  NIH grants R03- DA022266 (D.N.), ROl-MH79880 
(MJK),  and R01-MH076537 (MJK).  
 

IDENTIFYING SITES OF CONVERGENCE OF STRESS AND COCAINE IN THE DYNORPHIN 
KAPPA OPIOID RESPONSE 
C.A. Roth (1), J. Lemos (2), C Chavkin (1,2) (1)Dept. Pharm. (2) Prog. in Neurobio. & Behav., Univ. 
Washington, Seattle, WA.  



 
Stress increases the rewarding effects of cocaine by stimulating dynorphin release and activating the 
kappa opioid receptor (KOR) and p38 MAP kinase. Using fluorescent immunohistochemistry, the time 
course, localization and intensities of phospho-KOR and phospho-p38 MAPK (pp38) were assessed in the 
dorsal raphe (DR), nucleus accumbens (NAc) and basolateral amygdala (BLA) following U50,488 (a 
selective KOR agonist), cocaine or repeated forced swim stress. Both U50,488 injection and repeated 
forced swim stress significantly increased tail flick latency in the warm water immersion assay. 
Phosphorylated KORp-ir peaked at 30 min after treatment and returned to baseline 6 hr after treatments. 
Similarly, an increase in pp38-ir was observed 30 min after either swim stress or U50,488, and p-p38-ir 
was primarily localized in neurons. The increases in both KORp-ir and pp38-ir were blocked by 
pretreatment with 10 mg/kg norBNI. The increase in pp38-ir in the BLA and NAc was more transient 
than in the DR, which showed a persistence of activation. These results suggest that p38 MAPK is 
activated broadly in brain following stress-induced activation of KOR. Supported by DA16898 
 

Reversal of stress-induced behaviors by disruption of memories during reconsolidation 
S. Gomes(1), A.N. Carey(1), J.P. McLaughlin (1,2) (1)Dept. Psychology, Northeastern U., 
Boston, MA, (2) Torrey Pines Institute for Molecular Studies, Port St. Lucie, FL 
 
Repeated exposure to stress increases cocaine seeking and depression-like behaviors for a 
prolonged period. We hypothesized that the disruption of memories during a reconsolidation 
might reverse established stress-induced increases in cocaine conditioned-place preference (CPP) 
and the time spent immobile in a forced-swim stress (FSS) test. Compared to unstressed 
littermates, mice subjected to repeated social defeat stress (SDS) demonstrated significant 
increases in the time spent immobile in a subsequent FSS test up to 7 d later, and a potentiation 
of cocaine-CPP. Stress-exposed mice administered vehicle or the protein synthesis inhibitor 
cycloheximide (CHX) were then exposed again to SDS, and tested in CPP or FSS assays the next 
day.  Whereas vehicle-pretreated mice continued to demonstrate increased CPP and time spent 
immobile in the FSS test, CHX-treated mice showed a time- and dose-dependent reversal of the 
potentiated responses. Overall, these results suggest that a pharmacological disruption of 
stressful memories made labile by re-exposure may have therapeutic value in the treatment of 
established PTSD-related behaviors. 
 

ACUTE SOCIAL DEFEAT STRESS DECREASES BRAIN DERIVED NEUROTROPHIC 
FACTOR MESSAGE IN HIPPOCAMPUS BY A KAPPA OPIOID RECEPTOR DEPENDENT 
MECHANISM. 
S. Schattauer, C. Chavkin. Dept. of Pharmacology, University of Washington, Seattle, WA 
 
BDNF mRNA and protein levels are decreased in the hippocampus following stress exposure in 
several animal models of repeated stress. These changes in BDNF expression are thought to 
underlie stress induced depression.  Because dynorphin and kappa opioid receptor (KOR) 
systems are activated by stress exposure and KOR antagonists have been proposed as potential 
antidepressants, we hypothesize that stress-induced changes in hippocampal BDNF message are 
dependent on KOR activation.  To test this hypothesis, we have used qRT-PCR to measure 
BDNF message in hippocampus 24 hours after an acute social defeat stress.  Using this method 
we see a significant decrease in BDNF message in hippocampus following social defeat stress.  
This decrease in BDNF message is seen in wild type but not KOR-/- mice or in mice pretreated 
with norBNI (10mg/kg, i.p.).  This data suggests that stress regulation of BDNF in hippocampus 



is KOR dependent. QRT-PCR analysis of BDNF transcripts I-V suggests that KOR regulation of 
BDNF is mediated in part by decreased BDNF transcript III and IV.  Supported by GM007750, 
Hope for Depression Research Foundation, DA11672. 
 

ANXIETY INDUCED BY STRESS IS MEDIATED BY CRF1-R ACTIVATION OF THE 
DYNORPHIN/KOR SYSTEM IN THE BLA 
M.R. Bruchas (1), B.B. Land (1,2), J.C. Lemos (1,2), D. Messinger (1),  M. Aita, (1), V. Navarro (3), M. 
Gottsch (3), R. Steiner (3), C. Chavkin (1,2) (1) Dept. of Pharmacol, (2) Neurobio. and Behav., (3) Dept 
of Physiology, Univ. of Washington, Seattle, WA 
Stress- and CRF-induced dysphoria require the dynorphin/kappa opioid peptide receptor (KOPr) system. 
Corticotropin-releasing factor (CRF) peptides are primary stress neurotransmitters and have also been 
implicated in anxiogenesis. Thus, we asked if CRF receptors regulate dynorphin/KOPr-dependent anxiety 
responses using the elevated-plus maze (EPM). CRF injection (i.c.v.) decreased open arm time (OAT) in 
the EPM, and this was blocked by norBNI. CRF did not decrease OAT in Dyn (-/-) mice. The effects of 
CRF were mimicked by the R1 agonist stressin-1, but not by the R2 agonist urocortin-III. Consistent with 
this, CRF also decreased OAT in CRF2-R(-/-) mice. These results suggest that stress-induced anxiety is 
mediated by CRF1-R activation of the dyn/KOPr system. The basolateral amygdala (BLA) has been 
reported to be necessary for anxiety-like behaviors. NorBNI infused into the BLA blocked the CRF-
induced reduction in OAT. The results suggest that KOPr in the BLA is required for CRF1-R-induced 
anxiety-like responses.  Funded by DA20570, DA16898. 
 

STRESS-INDUCED ANTINOCICEPTION & ENDOGENOUS OPIOIDS 
Drupad Parikh (1), Paul Marquez, Abdul Hamid, and Kabirullah Lutfy; College of Pharmacy, 
Western University of Health Sciences, Pomona, California 91766 (USA) 

D Parikh (1), P Marquez (1), A Hamid (2) and K Lutfy (1,2); (1) Dept. of Pharm. Sci., Coll of 
Pharmacy, Western Univ. of Health Sci., Pomona, CA 91766; (2) Dept. of 
Endocrinology/Medicine, Charles Drew Univ.; Los Angeles, CA, 90059, USA 

Previous studies have implicated the endogenous opioid system in stress-induced antinociception 
(SIA). Although a role for beta-endorphin has been established in SIA, the role of other 
endogenous opioid peptides in this phenomenon is not well characterized. For instance, most of 
the studies have used the radiant heat tail flick assay or warm water tail withdrawal test, spinally 
mediated responses, to assess the role of endogenous opioid peptides in SIA. Given the fact that 
stress causes activation of the hypothalamic-pituitary-adrenal axis (HPA) with a subsequent rise 
in the level of proopiomelanocortin (POMC) derived peptides (such ACTH and beta-endorphin) 
not only in the periphery but also in some brain regions, the hot plate test that measures 
supraspinally mediated nociceptive responses may be more relevant nociceptive assay to 
determine the role of endogenous opioid peptides in SIA. Thus, using mice lacking beta-
endorphin, enkephalins or dynorphins and their respective wild-type littermates, the present 
study was designed to assess the role of each opioid peptide in SIA in the hot plate test. Mice 
were tested for baseline hot plate latency and then exposed to swim in lukewarm (32°C) water 
for three minutes, which is known to induce opioid-mediated SIA. Mice were then tested for SIA 
at 2, 12 and 27 min post-swim. Our results showed that beta-endorphin and to a lesser extent 
enkephalins play a functional role in this form of SIA.  Mice lacking dynorphins and their wild-
type littermates express comparable SIA. We then studied the effect of longer stress exposure (a 
15-min swim) in mice lacking beta-endorphin, enkephalins or dynorphins and their respective 
wild-type littermates. Our results showed that beta-endorphin had a somewhat lesser effect when 
the 15-min swim paradigm was used. However, mice lacking enkephalins or dynorphins and 



their respective wild-type littermates showed comparable SIA following this form of SIA. We 
also used a 3-min swim in cold (15°C) water, known to induce non-opioid mediated SIA, and 
observed that mice lacking beta-endorphin and their wild-type littermates expressed comparable 
SIA, implying that beta-endorphin is the major mediator of the opioid mediated form of SIA. 
(Supported by NIDA Grant # R01 DA016682 to KL) 
 

METHAMPHETAMINE’S EFFECTS ON REACTIVE OXYGEN SPECIES 
ACCUMULATION AND MU-OPIOID RECEPTOR EXPRESSION IN NEURONAL AND 
GLIAL CELLS.  EF Langsdorf1,2, X Liu1, SL Chang1,2; 1Institute of NeuroImmune 
Pharamacology, 2Department of Biological Sciences, Seton Hall University, South 
Orange, NJ 07079, USA.  
Methamphetamine (METH) has been shown to induce oxidative stress in SH-SY5Y, a 
neuroblastoma cell line, and astrocytes isolated from the striatal and mesencephalic 
regions of the murine brain.  Recent experimental evidence points to increased mRNA 
levels of preproenkephalin, the precursor of opioid peptide, enkephalin, in the striatum 
and nucleus accumbens regions of METH-sensitized mice.  Our goal of this in vitro 
study using SH-SY5Y and U87 MG, an astroglioma cell line, was to examine how 
treatment with METH affects cellular reactive oxygen species (ROS) accumulation and 
to elaborate how METH exposure modulates mu-opioid receptor (MOR) expression.  A 
novel confocal laser scanning microscopic procedure was developed using the Olympus 
FV1000 to quantitatively measure the weighted mean fluorescence area of SH-SY5Y 
and U87MG following METH treatment using dihydrorhodamine 123, an indicator of 
ROS.  METH significantly increases ROS levels in SH-SY5Y and U87 MG in a time- 
and dose-dependent manner.  Furthermore, confocal microscopic images showed 
METH-induced morphological changes in each cell line that appear to be indicative of 
stress, i.e.  cell body contraction.  Additionally, real time PCR data indicated that there is 
a temporal correlation between METH-induced ROS accumulation and increase of 
MOR expression in SH-Y5Y and U87 MG.  Ongoing studies are examining a possible 
link between METH-induced oxidative stress and functionality of MOR in SH-SY5Y and 
U87 MG.  (This study was partially supported by R21 DA019836 and K02 DA016149 to 
SLC) 
 

ATTENUATION OF MORPHINE-INDUCED ASTROCYTE ACTIVATION AND 
TOLERANCE DEVELOPMENT BY ULTRA-LOW DOSE NALTREXONE 
TA Mattioli1, B Milne1, 2, CM Cahill 1, 2 
1Dept of Pharmacol and Toxicol, 2Dept Anesthesiol, QueenÕs Univ, Kingston, ON 
 
Ultra-low doses of naltrexone (ULD-N) inhibit the development of spinal morphine 
antinociceptive tolerance. Chronic morphine administration induces spinal astrogliosis in tolerant 
animals. Activated astrocytes are characterized by increased production of glial fibrillary acidic 
protein (GFAP) and increase in cell size. Spinal cord sections from rats administered chronic 
morphine showed significant increase in GFAP immuno-labelling compared to saline controls 
(p<0.001). GFAP labelling was attenuated in rats co-administered ULD-N (p<0.001 compared to 
morphine alone) and did not differ from controls. 3-D images of astrocytes from animals 
administered chronic morphine had significantly larger volumes compared to saline controls 



(p<0.001). Co-injection of ULD-N attenuated this increase in volume (p<0.001), but the mean 
volume differed from saline treated controls (p<0.05). Thus, there is a positive correlation 
between prevention of tolerance and inhibiting activation of spinal astrocytes by treatment with 
ULD-N.  Further research is required to determine if the ULD effect on modulation of astrocyte 
function is direct or indirect. Supported by CIHR, CRC, and CFI. 
 

INTERLEUKIN-1 BETA MODULATION OF MORPHINE REWARD AND REINSTATEMENT OF 
EXTINGUISHED MORPHINE SEEKING BEHAVIOR. 
J.P. McLaughlin Dept. Psychology, Northeastern Univ, Boston, MA, and Torrey Pines Institute 
for Molecular Studies, Port St. Lucie, FL. 
 
We hypothesized that the inflammatory agent interleukin-1 beta (IL-1 beta) modulates the 
rewarding effects of morphine through the signaling of the IL-1 receptor and its downstream 
effector systems. C57Bl/6 mice administered IL-1 beta (0.02-2 ug/kg, i.p.) 1 h prior to morphine 
place conditioning demonstrated a dose-dependent suppression of morphine conditioned-place 
preference (CPP) coinciding with the hyperalgesia induced by IL-1 beta and reversed by 
pretreatment with the IL-1 receptor selective antagonist. In contrast, mice allowed to recover 
from acute (2 d) or repeated (7 d) IL-1 beta treatment (2 ug/kg/d, i.p.) prior to morphine place 
conditioning demonstrated a paradoxical 2-fold potentiation of morphine-CPP.  Moreover, 
exposure to IL-1 beta induced the reinstatement of previously extinguished morphine-CPP in a 
time- and dose-dependent manner. These results suggest that peripheral IL-1 beta may 
bidirectionally modulate opioid reward, suggesting a biological mechanism through which the 
immune system may regulate systems mediating opioid reward and reinstatement of drug 
seeking behavior. (Supported by NIH grant R03 DA016415.) 
 

DIFFERENTIAL EFFECTS OF MORPHINE ON GLUCOCORTICOID RECEPTOR 
TRANSLOCATION IN DIFFERENT CELL TYPES 
S. Das(1), S. Roy(1)(2) (1)Dept. of Surgery (2) Dept. of Pharmacol, Univ of Minnesota, MN, 
USA. 
Acute and chronic stress activates the HPA axis with a resultant increase in plasma 
corticosteroids and β- endorphin. However, very little is known regarding the effect of mu opioid 
receptor  (MOR) activation and its role in modulating Glucocorticoid receptor (GR) activation 
and its downstream signaling including nuclear translocation. Both receptors are induced during 
a stress- response. In the current project, the cross-talk between MOR and GR were investigated 
and the roles of other adaptor proteins in their cross-talk were identified. Preliminary data 
indicate that translocation of GR  to nucleus is modulated by morphine treatment. Our results 
show the differential effect of MOR activation on GR translocation in different cell types. While 
nuclear translocation of GR is attenuated in murine macrophages, in neuronal cells, the 
translocation is increased when the cells are treated with corticosterone in the presence of 
morphine as compared to corticosterone alone. Since in inactive state, the glucocorticoid receptor 
makes a complex with Hsp70 and other co-chaperones, we hypothesize that Hsp70 plays an 
important role in morphine-modulated nuclear translocation of GR. Since activated GR induces 
MKP-1 to dephosphorylate the MAPKs in its immunosuppressive signaling pathway, our 
hypothesis is that MKP-1 mediated dephosphorylation of MAPKs is involved in morphine-
modulated nuclear translocation. Therefore, studying the role of MKP-1 in nuclear translocation 
will provide new insight in downstream signaling pathways. (supported by DA12104, DA 
15349, DA22935) 



 

ROLE OF DOPAMINE D3 RECEPTOR FUNCTION IN THE NEURAL DIFFERENTIATION 
FROM EMBRYONIC STEM CELLS 
N. Kuzumaki(1), Minoru Narita(1), M. Yajima(1), Michiko Narita(1), S. Imai(1), Y. Okada(2), 
H.J. Okano(2), H. Okano(2), T. Suzuki(1) 
(1) Dept. Toxicol., Hoshi Univ. Sch. Pharm. Pharmaceut. Sci., Tokyo, Japan 
(2) Dept. Physiol., Keio Univ. Sch. Med. Tokyo, Japan 
 
The aim of present study was undertaken to examine the role of dopamine D3 receptor in ES cells 
derived-neural stem cells (NSCs) on the neural differentiation from stem cells.  We examined the 
expression of dopamine receptors on either ES cells, embryoid bodys (EBs) or neurospheres. We 
found that dopamine D2 and D3 receptors were expressed in all cell types. A critical question is 
whether the stimulation of dopamine D3 receptors promotes neurogenesis. Using either primary 
or secondary neurospheres, the addition of a dopamine D3 receptor agonist 7-OH-DPAT for 7 
days produced a dramatic increase in levels of the %III -tubulin-immunoreactivity compared to 
that found in control cultured cells. These findings raise the intriguing possibility that the 
stimulation of D3 receptors promotes neural differentiation of ES cells-induced NSC. 
 
PROTECTION OF OPIOID PEPTIDE CATABOLISM FOR PAIN CONTROL IN 
PERIPHERAL INFLAMED TISSUE 
A. Schreiter(1), C. Gore(1) B.P. Roques(2), M.C. FourniŽ-Zaluski(2), C. Stein(1), H. 
Machelska(1) (1)Anaesthesiologie, CharitŽ-Campus Benjamin Franklin, Berlin, Germany, 
(2)Pharmaleads, Paris, France 
 
Opioid peptide degradation by aminopeptidase N (APN) and neutral endopeptidase (NEP) has 
been extensively examined in the CNS. Here we investigate the prevention of opioid peptide 
catabolism with inhibitors of NEP (thiorphan) and of APN (bestatin) as well as a novel dual 
inhibitor RB3008 to enhance opioid analgesia in inflamed painful tissue. Co-injection of 
thiorphan and bestatin or of RB3008 into inflamed rat paws produced dose-dependent and opioid 
receptor-specific antinociception. In in vitro leukocyte membrane or sciatic nerve preparations, 
exogenous specific APN or NEP substrates (Ala-§-naphthylamine and Suc-Ala-Ala-Phe-p-
nitroaniline) were cleaved. This was reversible with the inhibitors. Degradation of exogenous 
Met-enkephalin but not of endorphin, was prevented by thiorphan + bestatin or RB3008. Thus, 
opioid degradation can be prevented by blockade of APN and NEP expressed on immune cells 
and peripheral nerves in painful inflammation. This represents a promising strategy for pain 
control without adverse CNS-mediated side effects. Supported by DFG MA 2437/2-1. 
 

 

 

 

 

 

 



 

 
 
 

Hyperalgesia and Chronic Pain 
 
Effects of Reuptake Inhibitors When Combined with Morphine in Rats and Mice. 
R. George, D. Wiant, P. Little, Adolor Corporation, Exton PA 19341 

 
Monoamine reuptake inhibitors are commonly used as adjunct analgesics combined with mu 
opioid agonists to increase the potencies of opioids and potentially improve their therapeutic 
indices. To determine whether selective or dual action reuptake inhibitors potentiate morphine 
analgesia and improve its side effect profile, reboxetine, duloxetine, fluoxetine and desipramine 
(NRI, SNRI, SSRI and TCA, respectively) were each tested in combination with morphine in the 
rat hot plate, gastrointestinal transit and rotarod assays. The objective of these studies was to 
determine if an SSRI or NRI offer an advantage over a TCA to potentiate morphine-induced 
analgesia and reduce its CNS and GI effects. Treatment with 30 mg/kg IP of reboxetine, 
fluoxetine, or desipramine increased the analgesic effect of morphine (3 mg/kg SC) by 117, 81 
and 123%, respectively. Finding the balance between inhibition of NET and 5-HT reuptake that 
potentiates morphine-induced analgesia without enhancing side effects may lead to a better 
understanding of the benefits of adjunct analgesics used with opioids in the treatment of chronic 
pain. 
 

SUSTAINED MORPHINE-MEDIATED HYPERALGESIA, ALLODYNIA AND 
ANTINOCICEPTIVE TOLERANCE WERE ATTENUATED BY INTRATHECAL RAF-1 
OR PKA SIRNA ADMINISTRATION IN VIVO.  

Suneeta Tumati(1), Henry I. Yamamura(1),  Todd W. Vanderah(1), William R. Roeske(1), and 
Eva V. Varga(1). (1)Department of Pharmacology, University of Arizona, Tucson, AZ 85724, 
USA. 
Studies have reported that chronic treatment with opioids induce paradoxical pain sensitization 
(hyperalgesia, allodynia) and antinociceptive tolerance. However, the molecular mechanisms 
underlying these effects is not yet clear. It has been shown earlier that sustained morphine 
exposure augments pain neurotransmitter (such as calcitonin gene related peptide (CGRP)) 
release in the dorsal horn of the spinal cord in response to the heat-sensing TRPV1 receptor 
agonist, capsaicin. Recently, we have shown that sustained morphine-mediated augmentation of 
CGRP release from isolated primary sensory DRG neurons is dependent on PKA and Raf-1. In 
the present study, we show that intrathecal administration of Raf-1 or PKA siRNA attenuated 
sustained morphine-mediated thermal hyperalgesia, tactile allodynia and antinociceptive 
tolerance in vivo. These results indicate that intracellular adaptations produced upon sustained 
opioid treatment may be the primary cause of increased pain sensitivity, and the development of 
antinociceptive tolerance.  This work was supported by grants from NIH. 
 
ACUTE PAIN MODIFIES MORPHINE EFFECT ON MONOAMINE CELL GROUPS 
D. Bajic, K.G. Commons 



Dept. of Anesthesia, Children’s Hospital Boston, Boston, MA 
 
It is not known how pain may modify the effect of opioids on neural systems mediating reward, 
addictive behavior and pain processing. Ascending dopaminergic neurons of the ventral 
tegmental area (VTA) and serotonin neurons of the dorsal raphe nucleus (DRN) have a role in 
addiction. Noradrenergic neurons of the A7 cell group and serotonergic neurons of the nucleus 
raphe magnus (NRM) comprise descending pain modulatory pathways. We tested if intraplantar 
formalin injection modified the effect of morphine on these monoamine nuclei using Fos 
expression as an endpoint. Rats were injected with: normal saline, formalin after normal saline, 
morphine, or formalin after morphine. Formalin in combination with morphine increased the 
number Fos cells in ascending (DRN), but not descending (NRM) serotonergic neurons 
compared to other groups. Also, descending noradrenergic (A7 cell group), and not the 
ascending dopaminergic neurons (VTA) had increased number of Fos-labeling in the formalin-
morphine combination. The results provide evidence that the effect of morphine on components 
of ascending serotonergic system involved in addiction, and descending noradrenergic pathways 
is modified by the presence of noxious stimulation. NIDA Grant DA 021801 
 
THE ENDOMORPHIN-1 ANALOG ck1/CYT1010 IS MORE POTENT THAN MORPHINE IN 
ALLEVIATING NEUROPATHIC PAIN. 
G.Guidry (1) X. Zhang (2) J.E.Zadina (1, 2, 3, 4).  
Neurosci. Program (1) Dept. Med (2) & Pharm (3), Tulane Univ., & SE LA Veterans HCS (4), New 
Orleans, LA, USA. 
 
An opioid agonist effective in alleviating neuropathic pain but with less abuse potential than morphine 
could be of considerable clinical value. In this study, we tested an analog of endomorphin-1 (EM-1), 
ck1/CYT1010, for its ability to alleviate neuropathic pain relative to that of morphine. The analog shows 
reduced abuse potential: when tested at doses producing analgesia closely matched for maximal effect and 
duration to morphine, the analog did not produce conditioned place preference (CPP) while morphine did.  
In the spared nerve injury (SNI) model of chronic pain, intrathecal administration of the analog produced 
dose-dependent alleviation of allodynia. The analog produced maximal effects and duration of action that 
could be matched to the dose-response curves of morphine. The doses required to alleviate allodynia, 
however, were over 3 times lower for the analog than for morphine on a molar basis.  These data indicate 
the potential of ck1/CYT1010 as a novel therapeutic drug for the alleviation of neuropathic pain with 
reduced abuse liability relative to morphine. Support: VA, ONR, and LA Board of Regents. 
 
 
THE ENDOMORPHIN-1 ANALOGUE ck1/CYT1010 IS MORE POTENT THAN MORPHINE IN 
ALLEVIATING NEUROPATHIC PAIN INDUCED BY SPARED NERVE INJURY. 
G.Guidry (1) X. Zhang (3) J. Zadina (1, 2, 3) (1)Neurosci. Program, Tulane Univ., New Orleans, La. 
(2)Dept. Of Pharmacol., Tulane Univ., New Orleans, La. (3)Dept. of Med., Tulane Unvi., New Orleans, 
La. 
 
The effectiveness of morphine in the treatment of neuropathic pain has been controversial, with claims 
ranging from a lack of effectiveness to high effectiveness if doses are sufficiently monitored and raised as 
needed. An opioid agonist effective in alleviating neuropathic pain but with less abuse potential than 
morphine could therefore be of considerable value.  In this study, we tested an analog of Endomorphin-1 
(EM-1) for its ability to alleviate neuropathic pain relative to that of morphine. EM1 has been shown to be 
more effective than morphine in some studies of neuropathic pain, and has been shown to have reduced 
rewarding properties relative morphine. A recently-developed, metabolically stable and potent analog of 



EM-1, ck1/CYT1010, also showed reduced rewarding properties relative to morphine. When tested at 
doses producing analgesia closely matched for maximal effect and duration as morphine, ck1/CYT-1010 
did not produce conditioned place preference (CPP) while morphine did, consistent with reduced abuse 
potential.  This analog was tested for its effectiveness in alleviating mechanical allodynia, using the von 
Frey test, in the spared nerve injury (SNI) model of chronic pain. Intrathecal administration of the analog 
produced dose-dependent alleviation of allodynia. The analog produced maximal effects and duration of 
action that could be matched to dose-response curves generated by morphine under the same conditions. 
The doses required to alleviate allodynia, however, were over 3 times lower for the analog than for 
morphine on a molar basis.  These data indicate the potential of ck1/CYT1010 as a novel therapeutic drug 
for the alleviation of neuropathic pain with reduced abuse liability relative to morphine.  Supported by the 
VA, ONR, and LA Board of Regents. 
 
CAMKIIα INHIBITION REVERSED OPIOID INDUCED HYPERALGEISA 
Y. Chen, C.Yang, Z.J.Wang, University of Illinois, Chicago, IL, 60607, USA   
 
Repeated administration of opioids not only leads to tolerance and dependence, but also results 
in nociceptive enhancement, called opioid-induced hyperalgesia (OIH). The mechanism of OIH 
is poorly understood. CaMKII is a major protein kinase that is capable of regulating the activities 
of many ion channels and receptors. In this study, we tested the hypothesis that CaMKII$ is an 
underlying mechanism mediating OIH. Opioid-induced hyperalgesia was induced by chronic 
morphine treatment in mice. Correlating with the development of thermal hyperalgesia and 
tactile allodynia, spinal CaMKII$ activity was significantly increased. KN-93, a CaMKII 
inhibitor was able to block OIH and CaMKII activation in a dose- and time- dependent manner. 
To further test the hypothesis, OIH was studied in CaMKII$T286A mutant mice lacking 
functional CaMKII$ and wildtype littermate mice. Whereas morphine induced OIH in the 
wildtype mice, it did not induce hyperalgesia mutant mice. These data suggest that  CaMKII$ 
serves as a cellular mechanism leading to opioid induced hyperalgesia. 
 

*THE ANTINOCICEPTIVE PROPERTIES OF REBOXETINE  
Schreiber, S1, Frishtick, R.2, Volis, I.2,  Rubovitch, R.2, Weizman, R.3and Pick, CG2. 1Dept. of 
Psychiatry, Tel Aviv Sourasky Medical Center and Sackler Faculty of Medicine, Tel-Aviv 
University. 2Dept. of Anatomy, Sackler Faculty of Medicine, Tel-Aviv University.3Dept. of 
Psychiatry, Sackler Faculty of Medicine, Tel Aviv Israel. 
The antinociceptive effects of the selective noradrenaline reuptake inhibitor antidepressant drug 
reboxetine and its interaction with the opioid and noradrenaline systems were evaluated. When 
mice were tested with a hotplate analgesia meter, reboxetine was found as a weak 
antinociceptive substance. Reboxetine antinociception was significantly inhibited by naloxone, 
nor-BNI, naltrindole and b-FNA, implying a non-selective role for the opioid receptors. 
Yohimbine and phentolamine partially abolished reboxetine-induced antinociception, implying a 
minor adrenergic mechanism of antinociception. When reboxetine was administered together 
with various agonists of the opioid and a2- receptor subtypes, no significant potentiation of the 
antinociception was seen. Summing up these results, we conclude that the antinociceptive effect 
of reboxetine is rather weak, exerted mostly through non-selective opioid receptors and only 
slightly influenced by noradrenaline. These results suggest that reboxetine per se has no role in 
the management of pain syndromes. However, further research is needed in order to establish its 
possible use in combination with other antidepressants when prescribed for pain.  



 
*MORPHINE-INDUCED ANALGESIA IN PHASIC AND TONIC PAIN MODELS IN RHES KNOCKOUT MICE 
Frank A. Lee, Brandon Baiamonte, R. Denis Soignier 
Department of Psychology, University of New Orleans, New Orleans, LA 
Rhes (Ras homologue enriched in striatum) is a striatally expressed guanidine triphosphate-
binding protein involved in dopamine signaling. Studies using a recently developed strain of 
mice homozygous for the Rhes null mutation (-/-) suggest that Rhes is involved in D2 signaling 
in the striatum. Given that many opioid effects involve dopamine receptor signaling in the 
striatum, we sought to determine if morphine analgesia could be demonstrated in Rhes (-/-) mice. 
To do this we injected mice homozygous for the wild-type gene (+/+), and heterozygous (+/-) or 
homozygous for the deleted Rhes gene (-/-) with 0.0, 1.0, 3.0 or 10.0 mg/kg morphine i.p. and 
measured pain levels in the tail flick and formalin pain test.  Morphine produced long-lasting, 
dose-dependent analgesia in all genotypes. There was a trend towards decreased latency of 
analgesic action and enhanced analgesic efficacy in Rhes (-/-) mice over (+/+) and (+/-) mice. 
Overall, alterations in dopaminergic signaling resulting from Rhes deletion do not significantly 
alter opioid analgesia.  Supported by UNO New Investigator Funds. 
 
DOR ENHANCED ANTINOCICEPTION IN CHRONIC PAIN STATES IS CONSISTENT 
WITH M/DOR OLIGOMER FORMATION 
K.A. Sutherland(1), L.A. Devi(4), C.M. Cahill(1,2,3) Dept (1)Pharm. & Tox (2)Anesthes, 
(3)Cent. for Neurosci, QueenÕs Univ, CAN, (4) Pharm. & Sys. Ther., Mt Sinai Sch. Med, US 
 
In a model of neuropathic (NP) pain induced by peripheral nerve injury (PNI), the spinal 
administration of selective delta opioid receptor (DOR) agonists produces antinociceptive and 
antiallodynic effects. Increases in DOR functional competence correlate with a change in the 
sub-cellular location in spinal dorsal horn neurons. In this study we examined whether the DOR 
molecular species targeted to neuronal plasma membranes in a NP pain model is complexed with 
mu receptors. Male Sprague Dawley rats were subjected to PNI via chronic constriction of the 
common sciatic nerve, or sham surgery. Spinal cords from NP and sham animals were used for 
co-immunoprecipitation with an antibody (AB) that recognizes M/DOR.  Examination of the 
immunoprecipitate by Western blotting with DOR or MOR ABs revealed a molecular species of 
high molecular weight (~225 kDa). This is consistent with studies that demonstrate greater 
antinociception in NP rats when treated with DOR agonists that have a higher affinity for 
M/DOR. These data may account for altered pharmacology of selective DOR and MOR agonists 
in NP pain. (CIHR, CRC, CFI, NIDA) 
 
CONDITIONED PLACE PREFERENCE PREDICTS DRUG EFFECTIVENESS IN 
ALLEVIATING NEUROPATHIC PAIN 
Claire Magnussen(1), K. Anne Sutherland(1), Mary C. Olmstead(2,4), Catherine M. 
Cahill(1,3,4). (1) Dept. of Pharm. & Tox., (2) Dept. of Psych., (3) Dept. of Anesthes., (4) Centre 
for Neurosci., QueenÕs Univ., Kingston, CAN. 
  
Neuropathic (NP) pain is a chronic pain condition characterized by burning, stabbing, or 
spontaneous pain and is associated with hyperalgesia or allodynia; various animal models exhibit 
face validity in mimicking features of NP pain. Preclinical studies that investigate the treatment 
of NP pain rely primarily on threshold behavioral assays, however, drugs that show effectiveness 



in such tests have failed to alleviate pain clinically. In this study, peripheral nerve injury (PNI) 
via chronic constriction of the common sciatic nerve was used to induce NP pain in Long-Evans 
rats and conditioned place preference (CPP) was used to test drug effect. Six days post surgery, 
sham and PNI rats were conditioned with deltorphin II (Delt) (30ug/ 15ul i.t., 8 days). Delt 
significantly induced CPP in the PNI, but not sham condition. As Delt only exhibited CPP in NP 
animals, we suggest that the reward was alleviation of pain, not the activation of reward 
pathways.  These data provide validation for a non-threshold test for assessment of 
pharmacotherapy in NP pain. (CIHR, CRC, CFI, OIT). 
 
CAERULEIN-INDUCED ACUTE PANCREATITIS PAIN AND ITS MECHAMISM 
K. Miyashita, Minoru Narita, S. Hirayama, S. Furuta, S. Imai, Michiko Narita, T. Suzuki 

Dept. Toxicol., Hoshi Univ. Sch. Pharm. Pharmaceut. Sci., Tokyo, Japan  
 
Acute pancreatitis is a potentially lethal disorder involving complex neuroimmune interactions. 
We investigated the peripheral and central pain transmission of the acute pancreatitis induced by 
caerulein in mice. Repeated treatment with caerulein showed a cutaneous tactile allodynia of the 
upper abdominal region. Furthermore, BCTC, a TRPV1 antagonist, suppressed both pancreatic 
hyperalgesia and cutaneous tactile allodynia. Under these conditions, mRNA levels of IL-6 and 
IL-1beta were increased in the DRG, not in the thoracic spinal cord. On the contrary, the 
expression level of COX-2 mRNA was obviously increased in the thoracic spinal cord of 
caerulein-injected mice. In addition, the expression level of EP2R mRNA in the thoracic spinal 
cord was also increased by caerulein injection. These results indicate that caerulein injection in 
mice causes both pancreatic hyperalgesia and cutaneous tactile allodynia due to not only an 
enhancement of the TRPV1 activity in the nociceptive nerve ending of pancreas, but also an 
upregulation of COX-2 and EP2R mRNAs in the thoracic spinal cord. 
 
IMPLICATION OF SPINAL DYNORPHIN IN ACTIVATION OF ASCENDING PAIN 
PATHWAY UNDER INFLAMMATORY NOXIOUS STIMULI IN THE MOUSE 
K. Niikura(1), Y. Taketa(2), Y. Kobayashi(1), M. Furuya(1), M. Iseki(2), T. Suzuki(1), M. 
Narita(1) (1)Dept. Toxicol., Hoshi Univ. Sch Pharm. Pharmaceut. Sci., Tokyo, Japan  
(2)Dept. Anesthesiology and Pain Medicine, Juntendo Univ. Sch. Med., Tokyo, Japan 
 
 Here we investigated whether peripheral inflammatory pain associated with the activation of 
dynorphin (DYN) A (1-17) could change brain activation using a pharmacological functional 
magnetic resonance imaging analysis. The intraplantar injection of complete Freund's adjuvant 
(CFA) induced a dramatic increase in signal intensity in the cingulate cortex (CG), 
somatosensory cortex (S1), insular cortex (IC) and thalamic nuclei (TH). These effects were not 
seen in proDYN knockout mice. Furthermore, i.t. injection with DYN A (1-17) caused pain like 
behavior and a remarkable increase in the activities of the CG, S1, IC and TH. These effects 
were suppressed by i.t. pretreatment with the NMDA receptor antagonist. These findings indicate 
that DYN A within the spinal cord is directly involved in the activation of ascending pain 
transmission under an inflammatory pain-like state through NMDA receptors. Support: Grants 
from the Ministry of Education, Culture, Sports, Science and Technology of Japan (Frontier 
Research). 
 



FUNCTIONAL ROLE OF MU-DELTA HETERODIMERS IN THE MORPHINE-INDUCED 
ANTI-HYPERALGESIA UNDER THE DEVELOPMENT OF FENTANYL TOLERANCE 
ALONG WITH NEUROPATTIC PAIN-LIKE STATE 
S. Imai(1), M. Narita(1), A. Ozeki(1), A. Nakamura(1), N. Kuzumaki(1), L.A. Devi(2), Y. 
Uezono(3), T. Suzuki(1) 
(1) Dept. Toxicol., Hoshi Univ. Sch. Pharm. Pharmaceut. Sci., Tokyo, Japan 
(2) Dept. Pharmacol. Syst. Ther., Mt. Sinai Sch. Med., NY, USA  
(3) Cancer Pathophysiol. Div., Nat. Cancer cent., Tokyo, Japan 
 
Previously, we have shown that beta-endorphin (B-END) prolonged the fentanyl (FEN)-induced 
internalization of monomeric mu-opioid receptors (MORs) in cultured cells, which may 
correspond to the development of tolerance to FEN-induced anti-hyperalgesic effects under a 
neuropathic pain-like state. In contrast, we demonstrated here that, unlikely monomeric MORs, 
rapid internalized mu-delta heterodimers after co-treatment with B-END and FEN came back to 
the plasma membrane in cultured cells. Furthermore, in sciatic nerve-ligated mice following 
repeated injection of FEN, hyperalgesia was completely abolished by s.c. injection of a relatively 
higher dosages of morphine. The present data indicate that the resensitization of mu-delta 
heterodimers after co-treatment with B-END and FEN may be responsible for the anti-
hyperalgesic effects of morphine in sciatic nerve-ligated mice following repeated treatment with 
FEN. 
 
CHANGES IN THE EXPRESSION OF CHLORIDE TRANSPORTERS AND ITS 
ASSOCIATION WITH ANXIETY UNDER THE CHRONIC PAIN 
S. Suzuki(1), Minoru. Narita(1), A. Kasakura(1), K. Hashimoto(1), D. Ikegami(1), T. 
Amano(1,2), Michiko Narita(1), S. Imai(1), N. Kuzumaki(1), T. Suzuki(1) 
(1)Dept. Toxicol., Hoshi Univ. Sch. Pharm. Pharmaceut. Sci., Tokyo, Japan 
(2)Dept. Mol. Pharmacol. Neurosci., Grad. Sch. Biomed. Sci., Hiroshima Univ., Hiroshima, 
Japan 
 
The cation-chloride cotransporters, K+-Cl- cotransporter 2 (KCC2) and Na+-K+-2Cl- cotransporter 
1 (NKCC1), play an important role in neuronal responses mediated by ionotropic GABA 
receptors. The present study was to examine the involvement of chloride transporters in anxiety 
under the chronic pain. NKCC1 and KCC2 mRNAs were expressed in the frontal cortex of adult 
mice, whereas KCC2 mRNA was absent in neuronal stem cells. In immature neurons, GABA 
caused the Cl- efflux and transient increase in intracellular Ca2+ concentration. Several weeks 
after nerve ligation, the level of functional KCC2 in the frontal cortex was gradually decreased 
compared to that observed in sham-operated mice. The time spend in open-arm was decreased in 
nerve-ligated mice. These results suggest that reduction of KCC2 in the frontal cortex under a 
chronic pain-like state may correspond to aggravated anxiety through a loss of GABAergic 
inhibition. 
 
Changes in the mRNA expression of endogenous opioid peptides in diabetic mice 
M. Asato (1), M. Ohsawa (1), Minoru Narita (2), S. Imai (2), Michiko Narita (2), T. Suzuki (2), 
J. Kamei (1) 

(1) Dept. Pathophysiol. Ther., (2) Dept. Toxicol., Hoshi Univ. Sch. Pharm. Pharmaceut. Sci., 
Tokyo, Japan 



 
Diabetic neuropathy is one of the most common complications of diabetes. We previously 
reported that diabetic mice exhibit thermal allodynia and hyperalgesia. We examined the 
possible change in the expression of endogenous opioid peptides in the spinal cord and DRG of 
diabetic mice. The mRNA expression of activating transcription factor 3 (ATF-3), a marker of 
neuronal injury, in the dorsal root ganglion (DRG) was increased in streptozotocin-induced 
diabetic mice compared with non-diabetic mice. Under these conditions, there were no changes 
in mRNA levels of PDYN in the spinal cord and DRG.  Furthermore, PENK mRNA was not 
detected in the spinal cord and DRG of diabetic and non-diabetic mice. These findings suggest 
that the enkephalinergic and dynorphinergic systems in the spinal cord and DRG are not directly 
involved in the hyperalgesia related to ATF-3-dependent nerve injury in diabetic mice. We are 
currently investigating the possible change in the expression of PENK and PDYN in the brain of 
diabetic mice. 
 
DOES CHRONIC PAIN INDUCE CHANGES IN THE REWARDING AND ANALGESIC 
EFFECTIVENESS OF MORPHINE? 
TV Khroyan, WE Polgar, J Orduna, J Montenegro, L Toll SRI International, Menlo Park, CA, 
USA 
Negative consequences following chronic opiate use such as tolerance development and 
addiction have resulted in a concern for their chronic use. In rodents, the presence of chronic 
pain may alter the development of tolerance to morphine. Chronic pain may also modulate 
reward. A decrease in morphine conditioned place preference (CPP) in animals in chronic pain 
relative to na•ve animals has been reported, although there are some studies that do not report 
this difference. In the following experiments we used the place conditioning paradigm to 
examine whether the analgesic effects and CPP induced by morphine (given on alternating days) 
would be altered in mice that have undergone chronic constriction injury (CCI) compared to 
sham controls. Animals that were in chronic pain did not exhibit a decrease in morphine CPP 
relative to sham. In regards to thermal analgesia, acute injections of 1-3 mg/kg morphine blocked 
CCI-induced hyperalgesia. Furthermore, tolerance developed at 1 and 3 mg/kg morphine in CCI 
animals but not sham controls. These data indicate that although morphine CPP is unaltered, 
tolerance develops more rapidly in CCI animals relative to shams. R01DA023281 (LT) and SRI 
International (TVK). 
 


