PEPTIDES

Peptides 21 (2000) 1975-2034
Review article

Endogenous opiates: 1999
Anthony L. Vaccarin*, Abba J. Kasti"°

“Department of Psychology, University of New Orleans, New Orleans, LA 70148, USA
bVeterans Affairs Medical Center and Tulane University School of Medicine, New Orleans, LA 70146, USA

Abstract

This paper is the twenty-second installment of the annual review of research concerning the opiate system. It summarizes pap
published during 1999 that studied the behavioral effects of the opiate peptides and antagonists, excluding the purely analgesic effec
although stress-induced analgesia is included. The specific topics covered this year include stress; tolerance and dependence; learr
memory, and reward; eating and drinking; alcohol and other drugs of abuse; sexual activity, pregnancy, and development; mental iline
and mood; seizures and other neurologic disorders; electrical-related activity; general activity and locomotion; gastrointestinal, renal, al
hepatic function; cardiovascular responses; respiration and thermoregulation; and immunologic responses. © 2000 Elsevier Science Inc.
rights reserved.
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1. Introduction adaptions, as well as interactions between opiate and non-
opiate systems. Among these changes, receptor internaliza-
In 1999, as in previous years, interest in the role of tion was described as a possible mechanism to explain
endogenous opiates in mediating behavior remained high.functional desensitization after chronic administration of
Although much of the research focused on characterizing opiates. The clinical application of various pharmacological
the role of opiate receptor types, there was still a great dealtreatments to treat opiate dependence also were assessed,
of interest in the interactions between opiate and nonopiateincluding the use of various opiate agonists and antagonists.
systems. This paper will review work published in 1999 that Interest in the role of endogenous opiates in learning, mem-
studied the behavioral and nonanalgesic activity (exceptory, and reward remained high. In particular, the reinforcing
stress-induced analgesia) of endogenous opiate systemsand discriminative properties of opiates were used to assess
This represents the twenty-second installment of the seriesboth their motivational and subjective effects, findings that
of reviews that attempts to summarize the developments inhave important clinical relevance for understanding opiate
the field during the past year. abuse. Research in the role of endogenous opiates in eating
Stress-induced activation of endogenous opiate systemsand drinking remained high, but it is becoming increasingly
and the changes that occurred because of stress, continuedpparent that the motivational state is important in deter-
to be of interest in 1999. Much of the research focused on mining the outcome, and that the palatability of foods is a
stress-induced analgesia, and as had been reported in predynamic feature that can change as a function of the choices
vious years, the parameters of the stressor influenced bothpresented. The role of opiates systems in the modulation of
its behavioral effects and physiological consequences.alcohol consumption also were examined, and opiate antag-
There was continued concern regarding opiate tolerance,onists were used as a means of modifying its motivational
dependence, and abuse. Chronic administration of opiatesand rewarding properties. However, this was not without
produced a number of changes within opiate systems thatcontroversy as opiate antagonist tended to decrease con-
were complex, including long-lasting molecular and cellular sumption in general, thus raising doubts about the specific-
ity of their effects. Furthermore, in recent years there has
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Studies of endogenous opiates in sex and developmentswim [159,174,603], foot-shock [14,122,168,174,341,342,
remained high, including the ontogeny of opiate systems 343,352,515,602], exposure to animals exposed to foot-
during development. The effects of prenatal exposure to shock [174], tail-shock [161,215], restraint/immobilization
opiates on development continued to be addressed, and haflL3,77,269,505,559,603], overcrowding/confinement [26,
obvious clinical implications for opiate use and abuse dur- 122,602], isolation [602], ether [592], air exposure [26],
ing pregnancy. There was more interest this year than inwater or food deprivation [26,602], whole body vibration/
previous ones regarding the role of endogenous opiates inshake [122,602], maternal deprivation [124], handling [159,
some mental ilinesses, in particular anxiety and depression.424], soiled cages [602], cage tilt [602], parturition [235],
However, attempts to link opiate systems to other mental biting flies [268,269], hypothermia [503], bright light [122,
illnesses were for the most part inconclusive. The role of 559,602], blood sampling [206], noxious heat [212,213,
opiates in mediating seizure activity was examined, and it 559], lithium chloride injections [352], forced walking [387,
was generally the case that opiate agonists were proconvul-421], physical exercise [331], intracerebroventricular (ICV)
sive and antagonists anticonvulsive. The involvement of injections of saline [368], white noise [122,602], and social
opiates in ischemic brain damage were elucidated and re-conflict and threat [131,146,394,495,533]
search indicated that-agonists may have neuroprotective As in previous years, there was continued interest in
effects. Animal models also were used to examine opiate stress-induced analgesia (SIA). Based on their sensitivity to
modulation of other neurologic disorders, including the Par- opiate agonists and antagonists, some stressors are known to
kinson’s and Alzheimer's disease. Interest in opiate in- activate endogenous opiate systems whereas others do not.
volvement in electrical-related activity remained high in Exposure to a local hypothermic stress (immersion of leg in
1999, and used various in vitro preparations to examine 6°C water for 10 min) produced analgesia in frogs that was
opiate modulation of neural events in both the spinal cord both opiate- and nonopiate-mediated because it was only
and supraspinal structures. As in previous years, locomotorpartially antagonized by doses of naltrexone and naloxone
activity was influenced by opiate agonists, but the results that completely blocked morphine-induced analgesia [503].
were generally inconsistent and depended on the paradignHowever, there is now increasing evidence that stressors
that was used. that had previously been defined as opiate-mediated, includ-

Research continued to focus on the inhibition of gastro- ing intermittent immobilization [505] and foot-shock [14],
intestinal functions by opiate agonists and on the potential interact with nonopiate systems as well. Early exposure to
therapeutic benefits of the use of opiate antagonists to treat-stress may have long-lasting effects on endogenous analge-
ment gut motility and transit. However, the involvement of sic systems, as mice deprived of maternal/nest odor for 15
endogenous opiates in renal and hepatic functions is still notmin/day during the first 2 weeks of life showed decreases in
entirely clear. The role of endogenous opiates in mediating pain sensitivity and morphine analgesia in the formalin and
cardiovascular function continued to be studied, including tail-flick assays when tested as adults [124].
the potential benefits of usingropiate receptor agonists to The opiate receptor subtypes that mediate SIA were
treat hypertension. Research also examined the possible rolelucidated. Analgesia induced I6 h of forced walking in
opiate receptors located in the heart to protect against infarctmice is mediated by the-opiate receptor because it is
after ischemia, and arrhythmia. Research continued to ad-blocked by ICV injection of the-opiate receptor antagonist
dress opiate modulation of respiratory functions, but interest g-endorphin (1-27), but not by thg-, -, and k-opiate
in opiate involvement in thermoregulation was once again antagonist naloxone [387]. It likely that increasgendor-
low. Research on the relationship between opiate and im-phin levels within the periaqueductal gray matter and/or the
mune function remained high, revealing that opiates can arcuate nucleus areas are involved, since increasesim
both suppress and enhance immune functions, determineddorphin content was observed in these areas after forced
in part by whether they were tested in vitro or in vivo. walking [387], and ICV B-endorphin produces analgesia
Furthermore, because of the high incidence of human im- blocked byg-endorphin (1-27) [387] and naloxone [497].
munodeficiency virus (HIV) among intravenous drug users, In contrast, subanalgesic doseseéndorphin (0.03 nmol)
the role of opiates in the progression of this disease receivedreduced the analgesia produced by repeated exposure to a
much attention. Besides having obvious clinical implica- noxious heat source (hot-plate), suggesting {Bandor-
tions, the results also highlight the importance of specifying phin may have antianalgesic properties as well [212]. Sim-
whether or not opiate analgesic are used in studies thatilarly, the endogenous antiopiate peptide Tyr-MIF-1 also
examine immunologic processes. has antianalgesic effects that are centrally mediated because

it prevented the analgesic effects of foot-shockshock and

forced swim when injected intraperitoneal (IP) or ICV
2. Stress [174]. Itis possible that Tyr-MIF-1 attenuates the emotional

factors associated with SIA, as it also prevented analgesia

Many stressors interact with endogenous opiate systemsproduced by watching other animals exposed to foot-shock
In 1999, the physiological and behavioral effects of a vari- [174]. Free hand ICV injections of saline alone can be
ety of stressors were further elucidated, including forced stressful depending on the strain of mice used as it produced
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analgesia in AKR, BALB/c, CBA, and Swiss-Webster blocked [603]. Since stress did not affect sucrose preference
strains of mice, but not in CD-1 and C3H strains [368]. The without morphine pretreatment, however, it suggests that
opiate-mediation of SIA after ICV injections of saline also morphine facilitated the occurrence of stress-induced anhe-
is strain-dependent as the nontraditional opiate orphanindonia [603]. In contrast, a single restraint stress enhanced
FQ/nociceptin (OFQ/N), which is distributed in various amphetamine-induced conditioned place preference (CPP),
brain areas involved in stress and analgesia [390], blockedbut does not involve opiate systems as naloxone did not
the analgesia in BALB/c and Swiss-Webster strains, but not block the enhancement [77]. Stress also is important in the
in the AKR and CBA strains [368]. development of ethanol reward as ethanol produced a CPP
Stress can modulate the analgesic actions of opiates, asn rats exposed to an environment that was previously
repeated exposure to a noxious heat source (hot-plate) repaired with electric foot shock, but not in nonstressed rats
duced analgesia produced Iyendorphin [212] or mor- [341,342,343]. It is likely thatu- and 8-opiate receptors
phine [213] injected into the ventrolateral periaqueductal mediate the effects of stress on ethanol reward, as ethanol-
gray [212], or by morphine given systemically [213]. There- induced CPP was blocked by naloxone, thepiate antag-
fore, although stress has analgesic properties given alone, ibnist -FNA, and thed-opiate antagonist naltrindole [343].
may have antianalgesic properties when combined with Furthermore, doses of morphine or tldeopiate agonist
opiates [212,213]. In contrast, defeat stress did not alter theTAN-67 that did not produce CPP when given alone en-
analgesic effects of morphine administered into the ventro- hanced ethanol-induced CPP [341,342,343] that was
lateral periaqueductal gray, as sensitivity to morphine anal- blocked by B-FNA and naltrindole, respectively [341].
gesia was similar between defeated and inexperienced ratdHowever, nonopiate systems are likely involved as well, as
[533]. The reasons for these differential effect of stress on dopaminergic [342] and serotonergic antagonists [341] also
opiate analgesia are not clear but may be related to theattenuated the enhancement of ethanol-induced CPP by
stressors used, as repeated exposures to the hotplate pranorphine and TAN-67. In contrast;opiate receptors may
duces nonopiate analgesia [212], whereas defeat stress isegatively modulate the rewarding effects of ethanol during
opiate-mediated [533]. stress, as the selective-opiate antagonist nor-BNI en-
Conditioned SIA, in which an auditory signal is paired hanced ethanol CPP under conditions of stress, whereas the
with a foot-shock, is mediated hy-opiate receptors within  k-opiate agonist U50488H attenuated it [343].
the rostral ventromedial medulla because injection of the  Stress also affects locomotor activity that is opiate-me-
wn-opiate antagonist CTOP, but not by tkeopiate antago-  diated, as restraint increased immobility during forced swim
nist nor-BNI, into that brain region blocked the analgesia and naloxone blocked it [603]. Social conflict altered loco-
[168]. However, conditioned SIA depended on both the motor activity in crickets that depended on social rank, as it
stressor and pain test used because exposure to a contextcreased jumping responses to tactile stimulation in dom-
previously paired with a foot-shock elicited analgesia in the inant males, but decreased it in subordinate males. Both
tail-flick test, whereas exposure to an environment paired effects are opiate-mediated because fhiepiate agonist
with an injection of the emetic agent lithium chloride pro- DAMGO reversed the effects in dominant crickets, and
duced hyperalgesia in the tail-flick test but analgesia in the naloxone reversed the effects in subordinates [146]. In so-
hot-plate and formalin tests [352]. It is likely that the anal- cially defeated rats, however, morphine injections into the
gesic and hyperalgesic effects of the context paired with ventral periaqueductal gray decreased autogrooming, rear-
lithium chloride injections are mediated by opiate and non- ing, and inactivity, and increased crouching and locomotion
opiate systems, respectively, because naloxone blocked thehat was not opiate-mediated because naloxone had no ef-
analgesia in the formalin test but did not block hyperalgesia fect on its own, nor did it not modify the effects of morphine
in the tail-flick test [352]. Conditioned SIA also can be [533].
produced in deer mice exposed to biting flies, as exposure to  Previous exposure to inescapable tail-shock enhanced
biting flies that have had their mouth parts removed pro- freezing behavior and produced deficits in escape behavior
duced analgesia in mice that had been exposed to biting fliesthat opiate receptors in the dorsal raphe nucleus mediate
but did not produce analgesia in fly naive mice or mice that because injection of naltrexone into that brain area pre-
were exposed to restraint stress [269]. However, althoughvented both the escape deficits and enhanced freezing [197].
naloxone blocks SIA after exposure to biting flies and thus Conversely, when combined with systemic morphine, sub-
is opiate-mediated, the acquisition of conditioned analgesiathreshold inescapable shocks that do not by themselves have
to the altered biting flies in not opiate-mediated because any effects also induced deficits in escape behavior and
naloxone did not affect it [269]. Since the development of enhanced conditioned freezing that naltrexone injections
such a conditioned response facilitates the activation of into the dorsal raphe nucleus blocked [197]. In contrast, the
analgesic and defense mechanisms before biting occurs, idorsolateral periaqueductal gray is probably not involved in
probably serves an adaptive function [268,269]. opiate-mediated conditioned fear responding after inescap-
Besides analgesia, stress also affects reward systems thaible shocks because injections of naltrexone into that area
are opiate-mediated because restraint stress decreased shad no effect [197]. Chronic variable stress for 7 days that
crose preference in morphine-treated rats that naloxoneincluded horizontal shaking, white noise, crowding, isola-
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tion, water deprivation, cage tilting, soiled cages, and bright immunoreactivity but did increase other stress-related hor-
lights, facilitated the onset of escape-avoidance deficits mones, including corticosterone and adrenocorticotropic
[602] and release of dopamine from the frontal cortex [122] hormone (ACTH) [559]. Similarly, no differences in plasma
in rats pre-exposed to inescapable shock. It is likely that B-endorphin were found in the offspring of stressed fe-
endogenous opiates are involved because pretreatment witimales, as compared with offspring of nonstressed females
naloxone blocked both the enhanced escape failures [602][559]. Endogenous opiate activity during stress modulate
and dopamine release [122] after chronic stress, whereaghe release luteinizing hormone (LH), as exposure to foot-
morphine increased escape failures [602]. Furthermore, be-shock in female ewes increased hypothalagyendorphin
cause the antidepressant, desipramine, blocked both theafter the first and third day of exposure, whereas LH was
sensitization of escape failures produced by the chronicincreased after the first day but suppressed after the third
variable stress and its enhancement by morphine, theseday [515].
results suggest that unavoidable stress may contribute to As in previous years, there was continued interest in the
depression and endogenous opiate systems are involveaellular and molecular changes produced by stress. Social
[602]. defeat increasedqi-opiate receptor mRNA in the ventral
Restraint stress decreased the frequency of entries into artegmental area, but not in the substantia nigra [394]. Be-
open arm maze and introductory activity to an unfamiliar cause the ventral tegmental area is involved in addictive
opponent, suggesting that the stressor also increased anxiprocesses, increasqdopiate receptor mRNA after stress
ety-related behaviors [13]. However, the nature of opiate may be involved in sensitization to morphine after pro-
involvement is not clear, as restraint stress incregsed- longed exposure [394]. Tail-shock produced increased en-
dorphin content in the anterior pituitary, but decreased it in kephalin mRNA in the paraventricular nucleus that was
the neurointermediate lobe [13]. The effects of stress on similar whether the shock was controllable or uncontrolla-
pituitary B-endorphin may depend on HPA activity because ble, suggesting that the effects of stress on opiate gene
the corticotropin releasing hormone (CRH) antagonist, expression depend on the physical but not psychological
a-helical CRH,_,, prevented both the increases in the characteristics of the stressor [215]. Neonatal handling in-
anterior pituitary and decreases in the posterior lobe ob- duced long-term changes in opiate peptide content that may
served after restraint stress [13]. In contrast, neonatal han-be related to its anxiolytic effects, including an up-regula-
dling may reduce anxiety and decrease fearfulness to noveltion of dynorphin A in the hypothalamus, pituitary, and
environments because it increased locomotion and rearingstriatum, and of dynorphin B in the hypothalamus, pituitary,
behavior in an open field test and the number of entries andhippocampus, medulla oblongata, and midbrain [424].
total time spent in open arms of an elevated plus maze in  Peripheral tissue trauma alters neuronal excitability, as
male handled rats as compared with non-handled controlsinflammation-induced by complete Freund’'s adjuvant in-
[424]. It is likely that the effects of neonatal handling on creased spinal cord preprodynorphin [239,317] and pre-
locomotion-related behaviors are opiate-mediated becauseroenkephalin [317] mRNA. Endogenous opiates likely
handling also was correlated with an up-regulation of modulate the effects of peripheral tissue injury on neuronal
dynorphin A and B in various brain areas [424]. Further- excitability because naloxone increased c-Fos mRNA ex-
more, because-opiate agonists can modulate hypothalam- pression induced by formalin injections [460]. Similarly,
ic-pituitary-adrenal (HPA) activity, it is possible that the naloxone enhanced the expression c-Fos immunoreactivity
decreased response to stressful environments after handlingfter experimental tooth movement in ipsilateral neurons of
is related to an inhibitory effect of dynorphins on HPA the trigeminal subnucleus caudalis [7]. In contrast, endog-
activity during stress [424]. However, the effects of neona- enous opiates do not modulate increased spinal cord c-Fos
tal handling on the stress response are sex-dependent, asnmunoreactivity after carrageenin injections, as jhepi-
manipulation (daily injections of saline) from birth to post- ate antagonists CTOP [82] aigiFNA [294], the k-opiate
natal day 19 decreased basal levels of corticosterone inantagonist nor-BNI [82,83], and th&-opiate antagonist
females but not males, and prevented corticosterone in-naltrindole [82] had no effect. Although the reasons for the
creases after a 3-min forced swim in males but not femalesdifferential effects of opiate antagonists on injury-induced
[159]. It is likely that 6-opiate receptors are involved in the c-Fos expression are not clear, it may be related to sensi-
stress reactivity of females because naltrindole treatmenttivity of the technique to measure c-Fos activity, as the
inhibited the stress-induced rise in corticosterone [159].  former study used c-Fos mRNA assays that may provide
Increased endogenous opiate activity during labor may more sensitive measures than Fos proteins [460].
reflect response to pain and discomfort, as plagreador- Blood-sampling is stressful, as plasiandorphin lev-
phin concentrations increased during labor in goats, and inels were increased in response to 4 blood samples drawn
heifers that needed assistance during labor [235]. In con-from the tail vein in rats within a 2-h period [206]. Further-
trast, resting levels oB-endorphin were lower in pregnant more, because repeated blood sampling produced only tran-
female rats during the third trimester, as compared with sient increases in corticosterone, levelgeéndorphin may
nonpregnant rats, and repeated stress during the third tri-therefore be more sensitive in reflecting states of moderate
mester of pregnancy did not change plasgiandorphin stress than corticosterone [206]. Similarly, exposure to air
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or confinement in sea bream produced sustained increases iantagonist {H]Diprenorphine inu- and 8-opiate receptor-
B-endorphin, but only a transient increase in corticosterone expressing SH-SY5Y cells [286]. However, the agonists did
[26]. In contrast, walking stress in sheep caused a sustainedso with differences in potency because at the highest con-
increase in corticosterone, but only a transient decrease incentration tested DAMGO produced a 58.3% decrease,
a-neoendorphin [421]. Ether induced increases in plasmamorphine a 37% decrease, and DPDPE only an 8.8% de-
B-endorphin in rats that was blocked by clonidine, suggest- crease [286]. Furthermore, although SH-SY5Y cells express
ing that patients suffering from hypertension and treated both u- and é-opiate receptors, the effects of DAMGO on
with clonidine may have altered stress responses [592].  opiate-receptor binding were probably-opiate-mediated
The effects of stress in humans also were examined. because no changes were foundiapiate receptor density
Strenuous physical exercise has been shown to interact withafter DAMGO [286]. Repeated morphine produced changes
endogenous opiates, as plasf@ag&ndorphin levels were in §-opiate receptor density that was both site- and time-
increased in healthy males 2 min after a maximal cycling dependent, as it decreased béth and é,-opiate receptor
exercise [331]. Furthermore, although the synthetic cortico- binding in the nucleus accumbens at 3, 24, and 48 h after
steroid dexamethasone decreased plagrmadorphin lev- administration, and in the striatum at 24 and 48 h [521]. The
els and is sometimes used by athletes to presumably in-finding that changes if-opiate receptor density were most
crease performance, it did not alter any subjective or pronounced later suggests their possible role in dependence
objective parameters of performance [331]. Stress may be[521]. Chronic morphine decreased spinal dynorphin A (1—
involved in the expression of self-injurious and stereotyped 17) immunoreactivity that returned to normal levels after
behavior in mentally retarded subjects, but endogenous opi-electroacupuncture, indicating that electroacupuncture may
ates are likely not involved as no differences in plasma be effective in treating tolerance and dependence [563]. In
B-endorphin levels were found between mentally retarded contrast, repeated injections of increasing doses of 20—100
subjects with or without stereotyped and/or self-injurious mg/kg morphine twice daily for 10 days did not produced
behaviors [528]. changes in braip-opiate receptor density in rats [521], and
no changes inu-opiate receptor density in the parieto-
occipital cortex were found after prolonged consumption of
3. Tolerance and dependence the u-opiate etonitazene [344].
Chronic exposure to morphine up-regulatéefFTyr
As in 1998, much of the research on opiates dealt with OFQ/N-immunoreactivity in the superficial layers of the
the induction of tolerance and dependence after chronicspinal cord after 3, 5, and 7 days of morphine infusion, but
administration. A better understanding of the biologic not after 2 days [194]. OFQ/N-density also was up-regu-
mechanisms that underlie these phenomena could help inlated supraspinally after chronic morphine that depended on
the identification of pharmacological targets for treatment. the length of morphine exposure, as 1, 3, and 5 days of
However, as was evident in previous years, the physiolog- morphine injections produced an increase of3f
ical mechanisms that underlie tolerance and dependence ar@yr*JOFQ/N-immunoreactivity in the periaqueductal gray
complex, involving long-lasting changes in opiate signal of 17%, 48%, and 81%, respectively, and in the amygdala a
transduction mechanisms, and interactions between opiate36% increase was noted after 3 days, and a 55% increase
and nonopiate systems [302,351,552]. Furthermore, it alsoafter 5 days [582]. Similarly, OFQ/N-immunoreactivity in
should be stressed that, particularly for addiction, chronic cerebroventricular perfusate increased 25% after 3 days of
opiate use produces behavioral changes as well, thus requirmorphine and 52% after 5 days of morphine, as compared
ing treatment approaches that include both behavioral andwith control [582]. Taken together, these results suggest that
pharmacological interventions [121,302,547]. continuous infusions of morphine may accelerate the release
Chronic administration of opiate agonists was associatedand biosynthesis of this antiopiate peptide, and may be
with changes in endogenous opiate systems, as dynorphirinvolved in the induction of compensatory responses after
and preproenkephalin mRNA in the caudate and nucleuschronic morphine [194,582]. However, in various in vitro
accumbens was decreased after 7 days of morphine [184]. Incell preparations, chronic morphine also increased enzy-
the mollusk pedal gangligs-opiate receptor transcript was matic activity responsible for the biotransformation of
down-regulated to almost zero after chronic morphine, in- OFQ/N into its metabolites, which is opiate-mediated be-
dicating thatu-opiate receptors are well developed in in- cause naloxone blocked it [535]. Therefore, although
vertebrates [73]. Furthermore, because the mollusipiate chronic morphine up-regulates OFQ/N-immunoreactivity
receptor reveals 95% identity with the humanopiate [194,582], it also increases the biotransformation of OFQ/N
receptor [73], it is possible that these and perhaps otherinto its fragments, raising the possibility that elevated levels
opiate receptors first appeared in invertebrates and wereof OFQ/N fragments during chronic morphine also may
retained during evolution [73,126,129,500]. Prolonged in have antiopiate effects [535].
vitro exposure tqu-opiate agonists morphine or DAMGO, As shown in previous years, chronic morphine produced
or the é-opiate receptor agonist DPDPE for 24 h down- long-lasting molecular and cellular adaptions including
regulated opiate receptor binding of the nonselective opiate-changes in cAMP pathways and signaling proteins [302,

14]
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481]. DPDPE and deltorphin | inhibited adenylyl cyclase or DELT IlI, which correlates with the relative distribution
activity in human SK-N-BE cells that was opiate-mediated densities of these receptor subtypes [520]. However, the
because naloxone blocked their effects [12]. However, by levels of agonist-stimulated®JS]GTPyS binding may not
30 min desensitization of adenylyl cyclase inhibition was always be a valid indication of receptor density because in
greater for DPDPE and deltorphin | than for etorphine, the opiate-dense striatum and forebrain the level of G-
indicating that the agonists interacted differentially with protein activation was relatively low for all 3 agonists [520].
é-opiate receptors [12]. This is supported further by the  Functional desensitization after prolonged agonist expo-
finding that etorphine pretreatment totally blocked DPDPE- sure may be related to receptor internalization, as prolonged
and deltorphin I-inhibition adenylyl cyclase, whereas pre- exposure to thé-opiate agonist, DADLE, produced a time-
treatment with DPDPE and deltorphin | did not block etor- dependent redistribution a-opiate receptors in neuronal
phine-induced inhibition [12]. cells, decreasing-opiate receptor staining in the cell sur-
Supersensitization of the adenylyl cyclase system occursface throughout the 24-h exposure period while gradually
after chronic morphine, as forskolin-stimulated cAMP ac- increasing intracellular receptor concentration up to 4-h
cumulation was elevated above control levels after naloxone after exposure [275]. Furthermore, although recycling of
in u-opiate receptor-expressing HEK293 cells exposed to internalized receptors occurred after short-term agonist
morphine [544]. The naloxone-induced overshoot in cAMP treatment, prolonged exposure to the agonist results in a
after chronic morphine is likely.-opiate-mediated because lysomal-dependent degradation and/or decreases in receptor
naloxone had no effect in morphine-treated HEK293 cells synthesis because intracelluiopiate receptor immunore-
that did not express thg-opiate receptor [544]. Similarly,  activity gradually decreased after 4-h that was up-regulated
forskolin-induced cAMP accumulation was elevated be- by chloroquinine, a lysosomotropic agent [275]. However,
yond control levels in Chinese hamster ovary cells express-the effects of agonists treatment on rece@apiate inter-
ing - or k-opiate receptors treated with morphine or nalization depended on the agonists studied because the
U69593 and challenged with naloxone or nor-BNI, respec- nonselective opiate agonist etorphine promoted internaliza-
tively [386,402]. Since pertussis toxin blocked cAMP over- tion in é-expressing HEK293 cells, but morphine did not
shoot after chronic treatment, it is likely that,&poroteins [593]. The inability of morphine to caus&receptor inter-
are involved [386,402]. However, opiate receptors also have nalization is correlated with its inability to promote G-
the capacity to interact with pertussis toxin-insensitive G protein-coupled receptor kinase-dependent phosphorylation
and G, -proteins because the effects of sustained agonistof the receptor, as etorphine but not morphine triggers
treatment on cAMP accumulation were unaffected by per- receptor phosphorylation argtarrestin membrane translo-
tussis toxin in Chinese hamster ovary cells co-expregsing cation [593].
or k-opiate receptors and the, subunit [402], or in cells Internalization of thek-opiate receptor after agonist
co-expressing-opiate receptors and the, subunit [386]. treatment depended on the species studies because
Protein kinase C (PKC) contributes toopiate receptor ~ U50488H, U69593, ethylketocyclazocine, and tifluadom,
regulation after chronic opiates because the onset of opiate-promoted internalization in human but not rabpiate re-
receptor down-regulation after DAMGO parallels PKC ceptor-expressing Chinese hamster ovary cells [306]. Fur-
translocation to the plasma membrane, with both effects thermore, since naloxone, but not pertussis toxin, blocked
blocked by naloxone but not by th®opiate receptor an-  U50488H-induced internalization, it suggests tkaipiate
tagonist naltrindole [286]. Furthermore, DAMGO-induced receptor internalization requires receptor activation, but

down-regulation ofw-opiate receptors ip-expressing Chi-  does not require pertussis toxin-sensitive receptor/G-protein
nese hamster ovary cells is mediated by G-protein-coupledcoupling [306]. However, receptor activation in of itself is
receptor kinase dependent phosphorylation that°fmeg not sufficient to induce receptor internalization for all ago-

ulates because it is partially reduced by pertussis toxin or by nists because etorphine activakegpiate receptors but does
mutagenesis of TAP* [405]. However, a G-protein-inde  not promote internalization [306]. U50488H-induced inter-
pendent pathway also is involved that is dependent uponnalization of humark-opiate receptors involve G-protein-
tyrosine kinase because the tyrosine kinase inhibitor, coupled kinase-p-arrestin-, and dynamin-dependent pro-
genistein, partially blockeg-opiate down-regulation, and cesses because internalization was reduced in Chinese
inhibited receptor down-regulation after mutagenesis of hamster ovary cells transfected with dominant negative mu-
Thr3®4[405]. Alterations in signal transduction in the pari  tants GRK2-K220R,B-arrestin (319-418), or dynamin
eto-occipital cortex were found after consumption of etoni- 1-K44A [306]. Similarly, the ratex-agonist-induced desen-
tazene, including changes in the maximum efficacy in basal sitization can be facilitated by co-expression of GRK2 or
[3°S]GTPyS that was higher 2 days, but not 6 weeks after GRK5 along withB-arrestin, thus further demonstrating the
etonitazene intake [344], and G788, which decreases role of G-protein-coupled kinase ardarrestin [22].
[®*HIDAMGO binding affinity in opiate-naive rats, did so to DAMGO, endomorphin-1, and endomorphin-2 activate
a lesser extent after etonitazene consumption [344]. Levelsu-opiate receptors to induce receptor internalization be-
of opiate stimulated*PS]GTPyS binding in the mouse and cause inu-opiate transfected neurons of the guinea-pig
rat midbrain were greater after DAMGO than after DPDPE ileum incubated with these agonisis,opiate receptors are
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concentrated in endosomes in the soma and neurites, but noHowever, the functional significance of the up-regulation of
in the plasma membrane [347]. Since pre-incubation with 8- and k-opiate receptor binding after naloxone may be
naloxone prevented both DAMGO- [338,347] and endo- small, as $°S]GTPyS binding was increased only in the
morphin-2 [347]-induced endocytosis, receptor activation is cerebral cortex and caudate in response to drepiate
apparently necessary. The #f phosphorylation site in agonist, DPDPE, and no changes MS|JGTPyS binding
fluences the rate and extent of internalization ofjihepiate were found in response to theopiate agonist, U-50488H
receptor-1 isoform, however, as mutagenesis of thé°fhr  [236]. The effects of opiate antagonists on opiate receptor
accelerates both internalization after DAMGO exposure and up-regulation are independent of basal receptor density be-
resensitization after its removal [561]. It is possible that cause naltrexone produced similar increases in whole brain
rapid internalization and resensitization functions to coun- w- and é-opiate receptor density and & protein levels in
teract DAMGO-induced desensitization because the rate of Swiss Webster mice, as compared wijtkopiate receptor
desensitization is slower after mutagenesis of the®*fhr  deficient CXBK mice [145].
[561]. Furthermore, although morphine fails to internalize Antiopiate peptides may tonically regulate opiate recep-
w-opiate receptors in NG 108-15 cells, it does internalize tor density and thus modulate the effects of opiates, as
them wheng-arrestin is overexpressed in these cells, sug- continuous ICV infusion of anti-dynorphin A IgG and anti-
gesting that internalization depends@arrestin-dependent «-MSH IgG increaseds-opiate receptor labeling in the
uncoupling of the receptor from its G-protein complex caudate, nucleus accumbens, and cingulate cortex, whereas
[470]. anti-NPFF IgG decreasetllabeling in the caudate, nucleus
Long-lasting cellular changes after chronic morphine accumbens, claustrum, olfactory tubercle, and cingulate
also were shown by morphine-induced c-Fos expression incortex [193]. Chronic activation of the opioid receptor-like
the brain as rats given repeated doses of morphine twicereceptor with the endogenous antiopiate peptide OFQ/N
daily for 10 days showed increased c-Fos expression inproduces changes in cAMP pathways, as chronic treatment
limbic and limbic-related structures, including the dorsome- with OFQ/N enhanced forskolin-induced adenylyl cyclase
dial and lateral striatum, lateral septum, medial mammillary activity in HEK293 and SK-N-SH cells expressing the opi-
nuclei, anterior thalamus, and the cingulate cortex [152]. In oid receptor-like receptor [91]. Since adenylyl cyclase su-
contrast, a single dose of morphine produced only minimal persensitivity after chronic treatment with OFQ/N was
c-Fos expression [152]. Furthermore, sensitization to c-Fosblocked in both cell lines by pertussis toxin, it is likely that
expression occurred after repeated morphine as the c-Fos5,/G,-protein are involved [91]. Repeated administration of
response was induced in the dorsal caudate, cingulate cormorphine decreased and naloxone increased galanin binding
tex, mammillary nuclei, and anterior thalamus by a single in the nucleus accumbens, indicating that endogenous opi-
injection of morphine when given 4 weeks after the cessa- ates tonically regulate galanin binding which may have
tion of morphine injections [152]. Although the functional antiopiate properties [583]
significance of the sensitized c-Fos response is not entirely  Behaviorally, chronic administration of opiates generally
clear, retrograde labeling studies showed that these areaproduces tolerance [10,18,43,52,118,125,131,133,174,222,
receive input from limbic and motor areas, suggesting a 229,279, 284,295,304,314,315,316,430,463,466,491, 540,
possible relationship to morphine-induced sensitization of 544, 591,598]. Tolerance after chronic morphine was sex-
locomotor responses and relapse in opiate addicts [152].dependent, as the EP for morphine analgesia was
Chronic morphine also produces changes in long-term po-increased 6.9-fold in male rats after repeated morphine, as
tentiation (LTP) that may be related to addiction, as rats compared with only 3.7-fold in females, an indication that
given morphine in their drinking water for 20—-30 days males developed more tolerance than females [118]. The
showed enhanced orthodromic population spike delays andnutritive value of a solution also affected tolerance because
amplitude in hippocampal slices, as compared with rats rats that drank a sucrose or polysucrose solution showed
given no morphine or only short-term morphine [327]. less tolerance than rats that drank a saccharin-based solution
Chronic treatment with opiate antagonists generally pro- [125]. Although tolerance was typically demonstrated after
duced an up-regulation of opiate receptors [132]. Continu- systemically administered opiates, tolerance developed to
ous infusion of naloxone via osmotic minipumps for 7 days topical morphine as well, as immersion of the tail in a
increasedu- and k-opiate receptor density in the cerebral DMSO solution containing morphine produced a local an-
cortex, caudate, nucleus accumbens, medial habenulla, thalalgesic effect that tolerated after repeated exposures [279].
amus, basolateral amygdala, and hippocampus, as compared Stress modified tolerance because concurrent exposure to
with controls [236]. Similar increases iBropiate receptor  foot-shock in mice, or exposure to mice being shocked,
density was found after chronic naloxone, except in the suppressed the development of tolerance to morphine anal-
hippocampus where no changes were noted [236]. Thisgesia [174]. The prototypic antiopiate peptide Tyr-MIF-1 is
up-regulation ofu-opiate density after chronic naloxone is probably involved because it prevented the stress-induced
functional because it also increased G-protein activation in suppression of morphine tolerance [174]. Pain also influ-
all the brain areas studied, as measured by binding ofenced the development of tolerance to morphine analgesia
[*°S]GTPyS in response to thg-agonist DAMGO [236]. as tolerance to the analgesic effects of intravenous (1V)
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infused morphine in the tail-flick test developed more with morphine, etorphine, levorphanol, dezocine, pentazo-
slowly in rats that received abdominal surgery, as comparedcine, and nalbuphine [491]. It is likely that butorphanol
with unoperated controls [222]. Furthermore, since no dif- possesseg.-opiate agonist activity under these conditions
ferences were found between groups in plasma morphinebecause it increased the acute analgesic effects of these
concentrations during the 8-h infusion period, the appear- opiates when tested for analgesia at this temperature of
ance of tolerance after morphine infusion is likely not phar- water. However, cross-tolerance differed between opiates
macodynamic in nature [222]. Taken together, these resultsthat was inversely related to their relative efficacy to fhe
show that tolerance is not an inevitable response to chronicreceptor, as cross-tolerance was greater for the low efficacy
morphine, especially when given in the presence of pain andopiates (dezocine, pentazocine, and nalbuphine), as com-
stress [174,222]. This also may translate clinically, as the pared with the high-efficacy ones (morphine, etorphine,
development of tolerance to spinally administered morphine levorphanol) [491]. Interestingly, although butorphanol has
does not greatly limit its use for pain control, as successful antagonistic properties when tested for analgesia at higher
pain relief was achieved in 50% of chronic nonmalignant temperatures (55°C water) because it antagonized the ef-
pain patients after 24 months [18]. Furthermore, although fects of morphine, etorphine, levorphanol, and dezocine,
30% of the patients developed some tolerance to morphine,cross-tolerance was still conferred between butorphanol and
switching to another opiate could manage the pain effec- these opiates [491]. This finding is in contrast to the typical
tively because of incomplete cross tolerance [18]. However, effects of ‘pure’ opiate antagonists, which enhance sensi-
physicians should be cautious when switching opiates as thetivity to opiates when administered chronically, and may
degree of cross tolerance may change as opiate doses areeflect differential effects on endogenous opiate systems, as

increased [357]. naloxone and naltrexone generally up-regujatepiate re-
The opiate receptor subtypes that mediate tolerance wereceptors [132], whereas chronic butorphanol usually down-

elucidated and involve phosphorylation of theopiate re- regulates them [491].

ceptor because IBMX both inhibits bagalopiate receptor Cross-tolerance did not occur between morphine and the

phosphorylation and prevents tolerance [544]. A role for peripherally actingc.-opiate agonist asimadoline in rats with
5-opiate receptors also was demonstrated-apiate recep- peripheral nerve injuries, indicating that this peripherally
tor knockout mice did not develop tolerance to morphine selectivek-agonist has potential for the treatment of neuro-
analgesia [598]. In contrast, although the knockout mice pathic pain [540]. Administration of dynorphin A (1-13)
showed reduced spinal analgesia after DPDPE, supraspinaénhanced analgesia in morphine-treated chronic pain pa-
analgesia was retained without tolerance, indicating that atients that may be due to its direct analgesic effects and/or
seconds-opiate-like analgesic system may exist [598]. It is a reversal of morphine tolerance [428]. An interaction be-
important to recognize, however, that inactivation of one tween 6 and p receptors was demonstrated, as chronic
opiate receptor subtype gene may result in the compensaneonatal treatment with th&opiate antagonist naltrindole
tory expression of other opiate receptor subtypes [64,488] blocked subsequent analgesia in the tail-flick withdrawal
and should be considered when interpreting the results oftest to theu-agonist alfentanil, but not the-agonist CL-977
these procedures. [160]. In contrast, chronic treatment with naltrindole did not
The endogenoug-opiate receptor agonists, endomor- block the inhibitory effects of morphine on the vocalization
phin-1 and endomorphin-2, produced transient analgesicdischarge to a painful stimulus [161]. Since vocalization
and antihyperalgesic effects that are probably related todischarge is related to the affective component of pain that
acute tolerance because a 10 ug dose of endomorphin-2 wamvolves supraspinal mechanisms, whereas the tail-with-
more potent in the tail-flick test when applied in the first drawal test is spinally mediated, it suggests that there is no
intrathecal (IT) injection than in the third injection [229]. In -8 interaction in the modulation of the affective compo-
contrast, tolerance was not observed in the acetic writhing nent of pain [161]. Tolerance did not develop to the anal-
test after repeated ICV injections of 6d, a naloxone-derived gesic effects of the mixedk-agonist/antagonist, Tyr-W-
compound with mixedu-agonists-antagonist properties  MIF-1, indicating its potential for pain treatment [43].
[17]. Similarly, the mixed p-agonistb-antagonist DIPP-  Interestingly, however, although rats pretreated with Tyr-
NH,[W¥] produced more potent analgesia and less toleranceW-MIF-1 showed cross-tolerance with morphine, cross-
than morphine in the tail-flick test [463]. Therefore, because tolerance with Tyr-W-MIF-1 was not conferred in mor-
the 8-antagonist component of these compounds could di- phine-pretreated rats [43]. The reasons for the lack of
minish tolerance, compounds that possess mjx@gjonist/ symmetrical cross-tolerance between Tyr-W-MIF-1 and
é-antagonist properties may have great therapeutic valuemorphine are not clear, but may be related to the action of
[17,140,463]. Tyr-W-MIF-1at its own receptor or to a differential activity
Typically, cross-tolerance occurs between opiate ago- at w-opiate receptor subtypes [43].
nists with affinity for the same receptor. When tested for =~ Besides analgesia, tolerance to other opiate effects was
analgesia to a relatively low temperature stimulus (tail- examined. Methadone increased immobility in mice after an
withdrawal from 50°C water), tolerance developed to the acute injection, but not after chronic injections, indicating
analgesic effects of butorphanol, that was cross-tolerantthe development of tolerance [131]. However, tolerance
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does not develop to the antiaggressive effects of methadoneallosteric modulation of the glutamate site [295,315]. The
because it decreased attack behaviors between male micéype of NMDA antagonist used also was important in the
similarly after acute and chronic injections [131]. Tolerance development of tolerance to the discriminative stimulus
to the rewarding effects of morphine also was not demon- effects of morphine, as eliprodil and D-CPPene prevented
strated as mice chronically treated with morphine in one tolerance, but MK-801 and HA-966 did not [52]. In con-
environment were still able to acquire morphine CPP when trast, all the antagonists prevented the induction of tolerance
subsequently paired with a different environment [110]. In to morphine’s rate decreasing effects [52]. The role of the
contrast, tolerance develops to the subjective, but not theNMDA receptor in the development of tolerancedopiate
physiological effects of buprenorphine, as positive mood agonists is not clear because ACEA-1328 partially (but not
decreased during buprenorphine maintenance in opiate-exsignificantly) restored analgesia in U50488H-tolerant mice
perienced human volunteers, whereas buprenorphine-in-that was confounded by a decrease in U50488H analgesia
duced miosis and respiratory depression did not [466]. Tol- after chronic treatment with ACEA-1328 [316].
erance does not occur to the rate decreasing effects of It is possible that tolerance is related to a NMDA-medi-
mirfentanil, that is not explained by to low opiate activity, ated enhancement of pain sensitivity because acute or re-
because cross-tolerance was conferred with the effects ofpeated injections of heroin enhanced pain sensitivity that
morphine [180]. Conversely, morphine induced ipsilateral MK-801 prevented [291]. Similarly, MK-801 reversed nal-
turning behavior in rats with nigostriatal lesions that showed oxone-induced hyperalgesia after morphine or fentanyl in-
sensitization, as daily injections of morphine progressively jection [86], and repeated injections of heroin produced an
increased turning over 13 days [536]. The morphine-in- immediate analgesic response that ketamine enhanced and a
duced sensitization to turning behavior is long-lasting as a long-lasting hyperalgesic response that ketamine prevented
10 mg/kg dose of morphine increased ipsilateral turning 71 [86]. Taken together, these results suggest that besides tol-
days after the last morphine-injections [536]. Long-lasting erance, decreases in analgesia after chronic opiate treatment
sensitization also occurs to morphine-induced oral stereo-also may be related to increases in pain sensitivity triggered
typy, as daily injections of morphine progressively in- by opiate treatment, both of which are sensitive to NMDA
creased biting behaviors over 4 days, and a challenge dos@antagonism [86,87,291,351].
of morphine given up to 6 weeks later still produced biting Morphine tolerance may be related to an up-regulation of
behaviors [550]. NMDA receptors because chronic administration of mor-
As was the trend in previous years, in 1999 there was phine up-regulated NMDA receptors, whereas MK-801
continued interest in the role of the glutamate receptor in the given concomitantly with morphine down-regulated them
development of morphine tolerance. Themethyl-D-as- [284]. Changes in gene expression in the NR1 subunit if the
partate receptor (NMDA) receptor plays a functional role in NMDA receptor also may be involved because increases in
the development of tolerance to morphine analgesia as thethe NR1, but not the NR2A and NR2B subunit, mMRNAs was
NMDA antagonist MK-801 [284] and the NMDA receptor/ found in the locus coeruleus and the hypothalamic paraven-
glycine site antagonist ACEA-1328 [315] given concur- tricular nucleus after 3 days of ICV morphine infusions
rently with repeated morphine prevented the development[597]. Activation of the NMDA receptor can lead to the
of tolerance. Furthermore, co-administration of ACEA- production of the second messenger nitric oxide (NO) that
1328 with morphine for 7 days in morphine-tolerant mice also is involved in morphine tolerance because administra-
also prevented tolerance, indicating that once establishedtion of the NO synthase (NOS) inhibitor L-NAME attenu-
ACEA-1328 can reverse tolerance [315]. However, it did ated both the development and expression of tolerance to
not prevent the expression of tolerance because an acutenorphine analgesia [430]. Similarly, cyclo-oxygenase in-
injection of ACEA-1328 did not reinstate analgesia in mor- hibitors, ketorolac and ibuprofen, also prevented tolerance,
phine-tolerant mice [315]. In contrast, although the NMDA possibly due to their NMDA antagonistic actions [430].
receptor antagonist LY235959 also prevented the develop- In humans, the potential therapeutic benefit of combining
ment of tolerance to morphine analgesia, the same doses oNMDA antagonists with morphine treatment was suggested
LY235959 could not reverse pre-established tolerance [10]. as post-operative morphine consumption after laparotomy
Peripheral NMDA receptors mediate tolerance to the local was lower in patients given simultaneous IV ketamine with
analgesic effects of topical morphine, as the NMDA antag- patient controlled morphine analgesia, as compared with
onist MK-801 prevented tolerance when given topically or those given only morphine [6]. Furthermore, there was a
systemically, but not when given IT [279]. trend toward fewer total side-effects in the ketamine-treated
The type of NMDA antagonist used was important be- patients, including a significant decrease in the incidence of
cause MK-801 and LY235959 prevented tolerance to the nausea [6]. Similar beneficial effects of combined opiate
suppressive effects of morphine on carrageenin-induced c-and ketamine treatment were reported in the case studies
Fos expression, whereas the glycine site antagonist HA-966that included an 80-year-old man with prostate cancer and
did not [295]. This is in contrast to the effects of ACEA- skeletal metastasis, a 23-year-old man with a spinal neurec-
1328 which prevented tolerance [315], indicating that dif- todermal tumor, and a 67-year-old woman with squamous
ferences exist between ACEA-1328 and HA-966 in their cell carcinoma of the lung and skeletal metastasis [42]. The
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beneficial effects of combining opiates and ketamine are analgesia in males [8]. Adrenergic compounds may be ef-
possibly explained by their additive or synergistic actions at fective in managing pain in morphine tolerant patients, as IT
different receptors, as naloxone did not block ketamine- morphine and clonidine produced analgesic effects that
induced sedation or its effects on hyperalgesia [362]. were synergistic in morphine-tolerant mice [155]. Agmatine
Interactions between opiates and dopamine receptorsprevented tolerance to morphine analgesia related to its
were noted after chronic morphine that depended on theactions at imidazoline receptors because the imidazoline
brain area studied because morphine-induced dopaminereceptor antagonist idazoxan blocked it, but éheadrene
transmission was increased in the core of the nucleus ac-ceptors antagonist yohimbine did not [304]. An interaction
cumbens and the caudate-putamen after repeated morphinbetween opiate and nicotinic receptors was shown because
injections, but decreased in the shell of the nucleus accum-tolerance developed to both morphine- and nicotine-induced
bens [74]. Furthermore, although acute intrastriatal mor- analgesia in mice treated chronically with either morphine
phine injections decreased extracellular dopamine releasepr nicotine [591].
they did so less in rats chronically treated with morphine,  Chronic administration of opiates usually results in de-
indicating that tolerance develops to this response [418]. pendence as measured by the appearance of withdrawal
Both u- and 5-opiate receptors interact with mesolimbic symptoms after cessation of the drug, or when an opiate
dopamine receptors because intra-accumbens administraantagonist is delivered. In animals, withdrawal symptoms
tion of theu-agonist DAMGO, theéb;-agonists DPDPE, and  included abnormal posture/writhing/stretching [76,78,118,
the 6,-agonist deltorphin Il enhanced nucleus accumbens 147,157,308,309,463,469,512,527,563], attenuated gait
dopamine release [576], and 39% &bpiate receptors in  [76], aggression [443], body tremors [76,297], body groom-
the nucleus accumbens either contained dopamine transing [76,133,157,512], changes in operant responding [78,
porter or apposed dopamine transporter-immunoreactive147,181,301,469], chromodacryorrhea [76], contractures of
terminals [509]. Fentanyl also increased extracellular dopa- the guinea-pig ileum [311,444], diarrhea [78,118,133,157,
mine in the nucleus accumbens that can be explained by its297,308,309,469,512,527,590], digging/burrowing [157,
actions at bothu- andé,-opiate receptors because naloxone, 527], ejaculation [78,469,563], excessive eye blinks [469],
the pu-antagonist CTOP, thé-antagonist naltrindole, and freezing [76], hyperalgesia [291], hyperlocomotion/explo-
the 6,-antagonist naltriben blocked it, whereas theantag ration [118,308,309], irritability [78,118,133,147,469,527],
onist BNTX did not [576]. However, GABAergic systems leaning [76], lying [76], nose irritability [133], jumping/
also are likely involved because the GABA-transaminase escape [33,61,76,118,157,284,297,304,305,308,309,463,
inhibitor, y-vinyl GABA blocked heroin-induced increased 469,512,527,544,563,589,590], paw tremors [157,297], pe-
nucleus accumbens dopamine release [185]. Mesolimbicnile erections/licking [76,78,469,527], piloerection [512],
dopamine receptors likely mediate sensitization to mor- ptosis [43,78,118,133,297,308,309,469,512,527], rearing
phine’s locomotor effects because doses of caffeine that[308,309,512,563], rhinorrhea [76,527], salivation [76,147,
decrease the firing of dopamine neurons in the ventral teg-469,527], scratching [308,309], sniffing [76,297,308,309,
mental area also prevent morphine-induced sensitization to512], swallowing [78,147,469], teeth chattering/mastica-
ambulatory activity [548]. Since the adenosine receptor tion/chewing [43,76,78,118,133,297,308,309,512,463,469,
antagonist PACPX also prevents morphine-induced sensiti-527,563], vocalization [76,563], weight loss [76,78,118,
zation, it is possible that the effects of caffeine are mediated 147,284,297,304,305,469,527], wet dog shakes [43,78,118,
by the adenosine receptor [548]. However, behavioral sen-133,147,297,308,309,463,469,527,563], and yawning
sitization to morphine can occur independently of sensiti- [512].
zation to psychomotor stimulants because cross-sensitiza- In humans, withdrawal symptoms included abdominal
tion between morphine and amphetamine or cocaine did notdistention/cramps  [54,189,200,336,356,523], backaches
occur [74,536]. [200,356], changes in pupil diameter [149,356,414,523],
Serotonergic systems are likely involved in both opiate changes in heart rate/blood pressure/perspiration/skin tem-
tolerance and sensitization because serotonin re-uptakeperature [11,189,200,356,415,523], depression/sadness [54,
blockers prevented both the development of tolerance to 356], clammy/damp skin [189,200,356], diarrhea [189,336],
sufentanil-induced analgesia [314] and the expression ofdrooling [336], nausea/vomiting [189,336,356,523], goose
sensitization to morphine-induced oral stereotypy [550]. flesh/piloerection [54,189,200,356,523], sluggishness [200],
Although opiate-cholecystokinin (CCK) interactions have hot/cold flashes [54,189,200,356,523], hyperphagia [336],
been shown [552], tolerance to morphine analgesia caninsomnia [54], irritability [54,200,356], muscle cramps/pain
occur without changes in CCK synthesis or release becausd54,189,200,356,523], painful joints [54,200], poor appetite
no differences in extracellular CCK were found in the spinal [54], restlessness [54,189,200,356,523], runny nose/nasal
cord of tolerant and nontolerant rats [133]. Sex differences congestion [54,189,200,356,523], sleepiness [356], sneez-
were found in the interaction betwee&hopiate anda,- ing [54,356], stomach sickness [54,200,356], sweating [54,
adrenergic receptors as chronic treatment with naltrindole 189,200,356,523], tenseness [54,356], tremors [54,189,356,
during the neonatal period prevented clonidine-induced an-523], watery eyes [54,189,200,356,523], week knees [54],
algesia in females, whereas it allowed the appearance ofyawning [189,200,356,523], and other symptoms recorded
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on observer- and self-rating scales [41,93,105,149,336,414 were examined and, like tolerance, involve phosphorylation
523]. of the u-opiate receptor because inhibition @fopiate re-
Chronic morphine produced dependence as shown byceptor phosphorylation with IBMX attenuated naloxone-
withdrawal symptoms precipitated by naloxone [11,33,43, induced jumping [544]. It is likely that-opiate receptors in
61,76,78,118,149,157,189,297,304,305,311,356,415,443the medullary nucleus paragigantocellularis participate in
444,456463,469,512,527,544,563,589,590], nalmefene [189], withdrawal-induced discharge activity of the locus coer-
naltrexone [41,284,415,523], and abstinence [54,76,93,105,uleus becausg-opiate receptors are distributed along plas-
184,200,291,336,356,414,502]. Sex-differences were notedmalemmal sites of neurons in the nucleus paragigantocel-
however, as naloxone precipitated greater withdrawal symp-lularis that project to the locus coeruleus [524].
toms in morphine-dependent male rats than females, especialljFurthermore, electrical stimulation of the nucleus paragi-
with respect to wet-dog shakes [118]. gantocellularis produces withdrawal-like behaviors in opi-
Increased sensitivity to naloxone may provide an index ate-naive rats that is mediated py and 8- but notk-opiate
of dependence, as naloxone doses ranging from 0.003—0.03eceptors because ICV injections of naloxoAeENA, and
mg/kg affected heroin-self administration rates in mor- naltrindole, but not nor-BNI, blocked the withdrawal-like
phine-dependent rats, whereas self-administration ratesbehaviors [309]. In contrast, electroacupuncture suppressed
were modified only by the highest dose (0.03 mg/kg) in naloxone-precipitated withdrawal in morphine-dependent
placebo controls [78]. Dependence is likely progressive, asrats that involves<-opiate receptors because nor-BNI and
naloxone-precipitated withdrawal occurred after a single dynorphin A (1-13) antibodies blocked it [563]. Theopi-
injection of morphine, and in rats chronically infused with ate receptor is likely involved in dependence as chronic
morphine greater signs of withdrawal were precipitated by morphine decreasetlopiate receptor density that was most
lower doses of naloxone that increased as a function thepronounced later in withdrawal [521]. As opposed to mor-
amount of morphine infused [147]. Similarly, naloxone sup- phine, however, the mixeg-agonists-antagonist DIPP-
pressed operant response rates in rats after a single injectio™NH,[W] does not produce dependence as measured by nal
of morphine that was potentiated with repeated morphine oxone-precipitated withdrawal symptoms, indicating that
presentations given at 24-h, 1-week, 3-week or 6-week this novel analgesic may have low abuse potential [463].
intervals [469]. Naloxone-precipitated somatic withdrawal Interestingly, although tolerance did not develop to the
signs, however, were not increased when morphine wasmixed p-agonist/antagonist Tyr-W-MIF, it showed similar
given at intervals of 1 week or more, suggesting that operantlevels of dependence as morphine, indicating that different
responding is a more sensitive index of dependence than thenechanisms may mediate tolerance and dependence, and
appearance of physical withdrawal symptoms [469]. A sim- this peptide may have abuse potential [43].
ilar dissociation between affective and physical signs of  As with tolerance, interactions between opiate depen-
withdrawal also was demonstrated by the finding that a low dence and nonopiate mechanisms were shown [302]. Dopa-
dose of naloxone (0.003 mg/kg) that increased heroin self- minergic systems are involved as the selectiyabtagonist
administration in morphine-treated rats, did not elicit so- SCH 23990, the selective antagonist raclopride, and the
matic signs of withdrawal [78]. mixed D,/D, antagonists haloperidol equally decreased the
Drug discrimination paradigms were used as a means ofoccurrence of aggressive encounters after spontaneous with-
assessing subjective effects of naloxone associated withdrawal in morphine-dependent male mice. However, when
opiate withdrawal. In morphine-dependent monkeys trained withdrawal was precipitated with naloxone, the antiaggres-
to discriminate between SC injections of naltrexone from sive effects of SCH 23990 and haloperidol but not raclo-
saline under a fixed ratio 5 schedule of shock termination, pride were more pronounced, indicating that- [Bnd D.-
SC administration of naltrexone or naloxone was more dopamine receptors are differentially involved in
potent than oral administration in producing naltrexone- spontaneous and naloxone-precipitated withdrawal [443]. In
appropriate responding [181]. However, there was little contrast, neither haloperidol nor the atypical neuroleptic
difference between the potency of the two antagonists whenclozapine modified naloxone-precipitated jumping [33].
given by either route, indicating that the preferred use of Withdrawal is associated with a down-regulation of dopa-
oral naltrexone over naloxone in the treatment of abuse ismine receptors, as both,Dand D, receptor mRNA are
not supported by differences in bioavailability [181]. The decreased 1 day after abstinence in morphine-dependent
discriminative stimulus effects of naltrexone could be dem- rats, that gradually increased by the second and third day
onstrated after an acute injection of morphine as rats could[184].
discriminate between naltrexone that was preceded by a Noradrenergic transmission in the locus coeruleus is not
single injection of morphine or saline [147]. Furthermore, involved in opiate withdrawal because lesions of noradren-
naloxone-appropriate responding was observed under con-ergic neurons in that area did not affect naloxone-precipi-
ditions in which somatic withdrawal signs were minimal tated and spontaneous withdrawal [76]. Furthermore, the
[147], supporting further the notion that the affective and lesions did not prevent suppression of naloxone-precipitated
physical signs of withdrawal can be dissociated [78,469]. withdrawal by clonidine, indicating that the effects of
The opiate receptor subtypes that mediate dependenceclonidine are mediated by post-synaptig-adrenoceptor
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stimulation [76]. In contrast, the ability of clonidine to though the A agonist CPCA also decreased naloxone-
suppress withdrawal symptoms was not demonstrated inprecipitated jumping and diarrhea, thg &ntagonist DMPX
another study, as it did not modify naloxone-induced jump- only decreased the CPCA-inhibition of diarrhea, suggesting
ing [33]. Agmatine also prevented naloxone-induced jump- that A, receptors are involved in naloxone-precipitated
ing and loss in body weight but is related to its actions at jumping, whereas A and A, which are present in the
imidazoline receptors because idazoxan blocked it and yo-gastrointestinal tract, are involved in naloxone-precipitated
himbine did not [304]. diarrhea [590]. The involvement of €ain dependence was

A role of CCK in dependence was shown as CCK-8 demonstrated as €achannel blockers inhibited naloxone-
enhanced naloxone-induced contractures of isolated guinegrecipitated withdrawal contractures of the ileum of mor-
pig ileum preparations exposed @ie and k-agonists [444]. phine-dependent guinea pigs [311].
Furthermore, both the nonselective CCK agonist caerulein  As with tolerance, excitatory amino acids play a func-
and the CCK receptor agonist CCK-4 reduced naloxone- tional role in opiate dependence as reduction of glutamate
precipitated jumping after acute morphine, although CCK-4 release by the metabolically active glutamate receptor ago-
was less potent that caerulein [61]. Since the GGitdtag nist LY354740 attenuated both naltrexone-precipitated ac-
onist devazepide reversed the effects of caerulein andtivation of locus coeruleus neurons and behavioral signs of
CCK-4, whereas the CCKantagonist LY 288,513 blocked  withdrawal [527]. Similarly, opiate withdrawal-like behav-
the effects of CCK-4 but not caerulein, it is likely that iors induced by electrical stimulation of the nucleus para-
CCK, receptors are involved [61]. Interactions between gigantocellularis are correlated with increases in extracellu-
GABAergic systems and withdrawal also were demon- lar glutamate in the locus coeruleus, and these withdrawal-
strated as the GABA agonist, baclofen, and the GABA like behaviors are reduced by injection of the glutamate
agonist, muscimol, reduced naloxone-precipitated jumping, antagonist kynurenic acid injected into the locus coeruleus
whereas the GABA antagonist CGP35348 increased-nal [308]. Glutamate receptors within the nucleus accumbens
oxone-precipitated jumping and decreased the effects ofalso are involved in dependence because chronic morphine
baclofen [589]. A role for neuropeptide FF was demon- produced changes in NMDA receptor-mediated synaptic
strated because it potentiated naloxone-precipitated with-transmission in that area that persisted for 1 week after
drawal, and the neuropeptide FF antagonist dansyl-PQR-withdrawal [333]. However, the interactions between opiate
amide attenuated withdrawal [512]. Changes in cholinergic and NMDA receptors is probably more complex that orig-
systems occurred after chronic morphine that dependent oninally thought, as the dopamine agonist apomorphine atten-
the length of abstinence, as morphine decreased acetylchouated decreased naloxone-precipitated withdrawal symp-
line release in the nucleus accumbens during the early phaséoms after dextromethorphan, indicating an opiate-NMDA-
of abstinence, but increased it during the later phase whendopamine interaction [157]. NOS also is involved in
no withdrawal symptoms were present [167]. An interaction dependence as naloxone-induced jumping in morphine de-
between brain cannabinoid systems and dependence wapendent mice was correlated with increases in NOS activity
noted as cannabinoid receptor knockout mice showed fewerin the cerebellum, forebrain, and thalamus [305]. Further-
naloxone-precipitated withdrawal symptoms than wild-type more, agmatine prevented both naloxone-induced with-
controls [297]. drawal and NOS activity, that was mediated by its actions at

Chronic opiates produce long-lasting changes in signal the imidazoline receptor because idazoxan antagonized the
transduction mechanisms that may contribute to depen-effects of naloxone [304,305].
dence, including alterations in cAMP pathways [302]. Pharmacotherapies for the treatment of opiate abuse and
Changes in PKC activity occur after chronic butorphanol dependence included the use of both opiate agonists and
that may contribute to dependence as binding of the phorbolantagonists. The long-lasting-agonist methadone may
ester ligandi{H]PDBu was increased in multiple brain areas have potential for the treatment of opiate addiction that
after withdrawal from butorphanol [243]. In contrast to depends on the dosage used, as opiate addicts maintained on
morphine, however, withdrawal from chronic butorphanol high doses of daily oral methadone (80—100 mg) had lower
treatment produced only minor alterations in adenylyl cy- rates of opiate-positive urine test and lower self-reported
clase activity, indicating that the mechanisms that mediate opiate use than those maintained on moderate doses (40-50
morphine and butorphanol dependence are different [243]. mg) [502]. However, although methadone dose may be an
A role for endogenous adenosine in dependence was demimportant treatment characteristic, in 1994 44% of metha-
onstrated, as higher levels of adenosine metabolites weredone treatment programs in Spain used daily methadone
noted in the striatum and nucleus accumbens in morphine-doses below the acceptable limit (60 mg) [139]. Since the
dependent rats after naloxone-precipitated withdrawal drop-out rate increases when doses below 60 mg/kg are
[456]. Consistent with the role of adenosine in dependence, used [545], a need for improved treatment in that country is
the adenosine Aagonist CHA decreased naloxone-precip indicated [139]. Hyperphagia is commonly found in infants
itated jumping and diarrhea, and the Antagonist DPCPX  withdrawing from methadone, as 56% of infants born to
blocked the effects of CHA but increased jumping and mothers maintained on methadone during pregnancy had
decreased diarrhea when given alone [590]. However, al-oral intakes of greater than 190 cc/kg/day by post-natal day
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16 [336]. However, its relationship to dependence is not ment as buprenorphine attenuated both heroin use and hy-
clear because those born with hyperphagia did not havedromorphone’s reinforcing and subjective effects in some
higher withdrawal scores than those born without hyperpha- subjects, but did not do so in others [200].
gia [336]. Abnormal brain metabolism and phospholipid Opiate detoxification with opiate antagonists continued
balance were found in short-term methadone-maintainedto be used, but there are some risks associated with it
subjects, which improved after prolonged methadone treat-[207,514], especially in non-compliant relapse patients
ment, an indication that chronic opiate use can lead to given naltrexone without an appropriate opiate-free period
altered brain neurochemistry that may be ameliorated after[514]. Furthermore, adaptational changes occur in opiate
prolonged methadone-maintenance [267]. systems after antagonist treatment that could contribute to
The syntheticu-opiate agonistlevo-a-acetylmethadol adverse side-effects, including receptor up-regulation that
(LAAM) also is used to treat opiate dependence and may be could enhance opiate agonists responses and possibly con-
more potent that methadone because it produced greatetribute to overdose [132]. Rapid opiate detoxification with
physiological and subjective effects [149]. Furthermore, high doses of opiate antagonists given under general anes-
since naloxone fully reversed pupil constriction after meth- thesia were used but yielded results that were inconsistent,
adone but only partially reversed it after LAAM, LAAM  and indicated that risks may be associated with it. Detoxi-
overdose may require greater antagonist treatment [149].fication was completed in 20 opiate addicts given naloxone
Heroin maintenance also may be effective in treating opiate followed by nalmefene over a 2—3 h period under general
dependence as the retention rate was 75% after 18 months iranesthesia, as defined by minimal post-treatment with-
patients that had previously failed in methadone treatment, drawal responses to naloxone [189]. Although the rate of
although various methodological constraints confound in- abstinence was high it was still comparable to traditional
terpretation of these results [142]. detoxification techniques, as 3 of 17 patients remained ab-
As in previous years there was continued interest in the stinent after 18 months, and 4 others had relapses that were
use of the partialt-agonistk-antagonist buprenorphine for  brief [189]. However, one patient died on the second day
the treatment of opiate abuse [247]. Although buprenor- after the procedure of unknown causes, indicating the pos-
phine can be delivered by both tablet and liquid, the dosessible risks of this type of treatment and the need for con-
may have to be adjusted as an 8 mg tablet produced lowertinuous monitoring [189]. In contrast, detoxification was not
plasma concentration than the liquid [467]. Biodegradable completed within 48 h in opiate addicts detoxified with
sustained release preparations to deliver buprenorphine alsmaloxone and naltrexone under general anesthesia, and no
were examined, indicating that by the first week cumulative differences in withdrawal symptoms were found in a small
drug release was 2—-3% and by 45 days between 63—64%sample of dihydrocodeine-addicted patients treated with this
[324]. Plasma concentrations of buprenorphine 24 h after method as compared with a sample previously treated with
administration of 16 mg/70 kg buprenorphine daily were conventional detoxification methods [415]. Furthermore,
comparable to plasma levels 72 h after 44 mg/70 kg bu- the risks associated with this method may be high, as the
prenorphine and 48 h after 34 mg/kg buprenorphine in study was terminated because of renal and respiratory fail-
subjects given buprenorphine 3-times a week [93]. Since ure, although the cause of these side-effects was not deter-
withdrawal symptoms were low across all dosing regimens mined [415]. Electrocardiographic abnormalities occur dur-
and no differences were found in heroin use, this supportsing recovery from rapid detoxification under general
the use of higher doses of buprenorphine given 3-times aanesthesia that are reversible but should still be monitored,
week as opposed to daily dosing, as it may increase com-including bradycardia [11]. Rapid detoxification under min-
pliance with treatment [93]. Similarly, effective buprenor- imal sedation may be effective and safe, as 60% of the
phine treatment can be accomplished by administration of patients reported that the procedure was ‘quite’ acceptable,
higher than standard doses twice-weekly, as no differences60% required only one night of hospitalization, and 80%
were found in agonist or withdrawal effects or percentage of later accepted naltrexone, although the relapse rate was
drug-positive urine samples in opiate-dependent subjectshigh, as only 23% remained abstinent after 3 months, and
given either a maintenance dose every 24 h, a doubled dosene patient died of an overdose [41]. However, treatment
every 48 h, a tripled dose every 72 h [54,414], or a quadru- compliancy might be improved if incentives are provided,
pled dose every 96 h [414]. Furthermore, although some as opiate-addicts given vouchers for each naltrexone dose
withdrawal effects were found to increase as a function of ingested had a longer treatment retention period and con-
time since the last injection, they were low and therefore sumed more naltrexone as compared with controls [431].
should not limit its clinical use [54,414]. Buprenorphine When combined with buprenorphine, naltrexone may
attenuated the subjective and physiological effects of hy- shorten detoxification as withdrawal symptoms were abol-
dromorphone in opiate-experienced volunteers that de-ished after 5 days in subjects maintained on buprenorphine
pended on the dose, as 8 mg blocked most effects of hy-for 4 days combined with naltrexone [523]. In contrast,
dromorphone, whersaa 2 mgdose was only partially  those maintained on buprenorphine alone for 4 days showed
effective [466]. However, individual differences existed in significant withdrawal symptoms when challenged with nal-
the ability of buprenorphine to attenuate opiate reinforce- trexone on day 8 [523]. Since the peak withdrawal symp-
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toms were only of moderate intensity, these results suggestcrease vulnerability to relapse [302,496]. Besides exposure
that combined buprenorphine and naltrexone treatment is anto cues associated with opiate-use, exposure to opiates, such
acceptable alternative procedure [523]. Furthermore, al-as morphine, meperidine, hydromorphone, fentanyl, and
though buprenorphine itself may have a potential for abuse codeine, may reinstate drug-craving and thus contribute to
[584], buprenorphine and naloxone combinations may haverelapse in abstinent opiate-addicts undergoing surgery [452,
low abuse potential because they decreased the pleasurabl&84]. However, although this should be of concern to both
effects and estimated street value, and increased withdrawahnesthesiologists and abstinent addicts, a survey revealed
symptoms, as compared with buprenorphine or morphine that less than 50% of abstinent opiate-addicts expressed
alone [356]. However, the dose combination ratios are im- such concerns, and 50% of anesthesiologists would try to
portant because buprenorphine with naloxone ratios of 2:1use opiate-free perioperative drugs in patients that ex-
and 4:1 produced moderate to high withdrawal symptoms, pressed concerns of relapse [452]. Similarly, a survey of
whereas a dose ratio of 8:1 produced only mild symptoms physicians in Sweden revealed that although it presented
[356]. Detoxification with clonidine could be improved them with a dilemma, very few denied prescribing opiates to
when combined with benzodiazepines, as 59.7% of opiatedrug-seeking patients [45]. This may in part be because of
addicts detoxified with clonidine left treatment against med- the dichotomy presented in the pain management and chem-
ical advice, as compared with 22.6% in those detoxified ical dependency communities, as the former advocates the
with combined clonidine and diazepam treatments [28].  safe use of opiates, whereas opiates are the problem to the
Significant twin resemblance for opiate use, abuse, andlatter [165].
dependence was found for monozygotic female twins, but
not for dizygotic ones, an indication that genetics may
contribute to opiate addiction [271]. An association between 4. Learning, memory, and reward
the proenkephalin gene and opiate dependence was demon-
strated because 66% of opiate dependent subjects carried In 1999, as in previous years, there was interest in the
the 81 bp allele of the proenkephalin gene, as comparedrole of endogenous opiate systems in learning, memory, and
with 49% in controls and 40% in subjects with nonopiate reward. In particular, research continued to emphasize that
substance abuse [106]. In contrast, an association betweeithe reinforcing and discriminative properties of opiates pro-
genetic variation of thé-opiate receptor 921T/C allele and vide a means of assessing their motivational and subjective
heroin dependence was not demonstrated because no differeffects, thus evaluating their potential for abuse. A review
ences were found between heroin-dependent subjects anaf the literature indicates that both the primary and condi-
controls, nor was there a preferential transmission of the C tioned reinforcing effects of opiates, and their role in cog-
allele from parent to offspring [169]. Similarly, no differ- nition, involve interactions with both opiate and nonopiate
ences were found between opiate-dependent and nondepemechanisms [162,346,358].
dent subjects in the allele frequency of two polymorphic The role of opiates in mediating classically conditioned
variations, Ala6Val and Asp40Asn, that affect coding of the responses was examined. In particular, the CPP paradigm
n-opiate receptor [183]. Furthermore, no association was was used to evaluate the reinforcing properties of morphine
found between opiate dependence and the dopamipe D by pairing morphine with a distinctive environment, and a
receptor Ball or serotonin transporter region 5-HTTLPR placebo with another environment. The reinforcing proper-
polymorphisms, as no differences in allele or genotype ties of morphine were demonstrated because when tested in
frequencies were found between heroin addicts and controlsa drug-free state the animals chose the side paired with
[283]. morphine [53,110,346,380,396,426,506,583]. However,
HIV is linked to iv drug use as 60% of patients receiving testing an animal in a drug-free state may not always reflect
methadone treatment in Spain also were HIV-positive whether conditioning occurred because mice conditioned to
[139]. Similarly, in Northern Thailand the incidence of HIV  morphine that did not show a CPP when tested in a drug-
was dramatically higher in iv opiate users as compared with free state 2 and 3 days later, did when given morphine
those who smoked or inhaled opiates [85], indicating that before testing for place preference [53]. Conversely, condi-
increased access to sterile needle may help limit the spreadioned place aversion (CPA) produced by naloxone was
of HIV [85,165]. Furthermore, opiate drug use also may demonstrated when animals were primed with naloxone on
influence the progression of AIDS, as higher levels of the test day, but not when tested in a drug-free state [53].
plasma viral load was associated with continued drug use inFurthermore, since heroin, fentanyl, cocaine and pentobar-
HIV-infected patients with a long history of opiate use [79]. bital given on the test day did not facilitate morphine CPP,
Many factors can trigger relapse after extended periodsit is likely that the ability of morphine to cue CPP is
of opiate abstinence, including reexposure to both positive explained by state-dependent learning thus reflecting mor-
and negative states that become associated with drug enviphine’'s unique pharmacological profile [53]. Although
ronment [302]. Furthermore, long-lasting changes in brain maximum CPP is demonstrated after 4 pairing with mor-
reward systems and stress response after chronic opiatephine, CPP could be demonstrated in the same animals
may provide motivation for drug-seeking behavior and in- when additional pairings with a new environment were
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made, thus showing that morphine maintains its rewarding 343]. OFQ/N also mediates the reinforcing properties of
properties and tolerance does not occur in this paradigmethanol because it too blocked ethanol CPP [99]. In contrast,
[110]. The ability of morphine to produce CPP is influenced «-opiate receptors may negatively modulate ethanol reward
by pain and inflammation that involves activationobut during stress because ethanol-induced CPP in stressed ani-
not é receptors, as an injection of formalin into the hind paw mals was enhanced by nor-BNI and attenuated by
of rats attenuated CPP, that was blocked by nor-BNI but not U50488H, and conversely the CPA produced by U50488H

naltrindole [506].
The antiopiate peptide OFQ/N modulates the acquisition

was enhanced by stress [343]. Endogenous opiates are not
involved in the stress-induced enhancement of amphet-

of morphine-induced CPP that depended on the dose usedmine-induced CPP, however, because naltrexone did not

because 3 and 10 nmol, but not 30 nmol, of OFQ/N injected
ICV prevented it [380]. In contrast, doses of Tyr-W-MIF
(25-100u4, ICV) suggested to have-opiate antagonistic
properties did not prevent the development of morphine-
induced CPP [396]. Since at low doses, Tyr-W-MIF pref-
erentially binds to bothu, receptors and a nonopiate Tyr-
MIF-1 site, these findings suggest that eithej-opiate
receptors are not involved in morphine CPP, or that Tyr-
W-MIF modifies the analgesic but not rewarding properties
of morphine [396]. However, the former possibility was not
supported because the;-opiate agonist etonitazene pro
duced CPP and thequ,-opiate antagonist naloxonazine
blocked it, suggesting the., receptors are involved in
opiate reward [419]. Furthermore, at higher doses Tyr-W-
MIF may haveu-opiate agonist properties that are reinforc-
ing because 20Gwg of the peptide produced CPP when
given alone [396].

The reinforcing properties of morphine are mediated in
part by nonopiate systems including mesolimbic NMDA
receptors, as injection of the NMDA antagonist NPC 17742

affect it [77].

Conditioned taste aversion (CTA) is another classical
conditioning paradigm that occurs when a novel and detect-
able flavor (conditioned stimulus or CS) is avoided after it
has been paired with an aversive stimulus (unconditioned
stimulus or US). Naltrexone is aversive because it decreased
the intake of a novel Kool-Aid® solution when paired with
it [556]. When lithium chloride was used as the aversive
US, pretreatment with morphine dose-dependently in-
creased the acquisition of CTA, indicating that morphine
can serve as a CS [244,245]. Furthermore, morphine itself
may have aversive properties because when given alone at
the highest dose (10 mg/kg) it also suppressed fluid intake
[245]. In contrast, endogenous opiates are probably not
involved in conditioned flavor preferences as naltrexone did
not modify the preference for a novel cherry or grape
flavored solution (CS) previously paired with a sucrose
solution (US) [578].

Analgesic responses to stress can be classically condi-
tioned and involve endogenous opiates because an auditory

into the nucleus accumbens and ventral tegmental area atsignal (CS) that was previously paired with lithium chloride

tenuated the expression of morphine-induced CPP [426].

(US) produced analgesia (conditioned response or CR) and

However, NMDA receptors in the caudate-putamen also naloxone blocked it [352]. Furthermore, conditioned anal-

may be involved in mediating the rewarding effects opiates
becausen and NMDA receptors are highly colocalized in

gesia induced by a white noise (CS) that was previously
paired with a foot-shock (US) is mediated py but not 8-

that area [542]. Mesolimbic dopamine systems also are or k-opiate receptors in the rostral ventromedial medulla
involved as naloxonazine prevents both etonitazene-inducedbecause injections of CTAP, but not naltrindole or nor-BNI
CPP and increases striatal and nucleus accumbens dopanto that area prevented it [168]. In contrast, the conditioned
mine transmission [418]. Furthermore, CPP produced by the analgesia produced by exposure to flies that have had their

pn-opiate agonist dihydroetorphine involves but not D,

mouth parts removed in mice that had been exposed to

receptors because it was attenuated by systemic or intra-biting flies was not blocked by naloxone and thus is not

accumbens injections of the,[D, antagonist haloperidol,
the D, antagonist SCH-23390, but not the, Bntagonists

opiate-mediated [269]. Respiratory depression induced by
opiates also can be classically conditioned as a placebo

I-sulperide and spiperone [312]. An interaction between saline injection (CS) given after 2 days of buprenorphine
morphine reward and galanin receptors in the nucleus ac-treatment (US) produced a respiratory depressant effect
cumbens was demonstrated as galanin attenuated morphinéCR) that was opiate-mediated because naloxone blocked it
CPP, which was correlated with a decrease in galanin bind-[46]. Furthermore, it is unlikely that cognitive or motiva-
ing in the nucleus accumbens after morphine, and an in-tional factors were involved because the verbal instructions
crease after naloxone [583]. used by the experimenter did not suggest any expectation of
Endogenous opiates also modulate CPP produced byrespiratory depression, nor did the subjects notice any overt
other drugs as ethanol-induced CPP in stressed rats wasigns of respiratory discomfort [46].
attenuated by3-FNA and naltrindole, indicating a role of Besides classical conditioned, operant conditioning par-
both p- and 8-opiate receptors [343]. Similarly, doses of adigms also were used to evaluate the rewarding properties
ethanol (75 mg/kg) that did not produce CPP in nonstressedof opiates [105,346], including self-administration of mor-
animals, did so when combined with nonreinforcing doses phine [15,335,453], heroin [78,105,298], and methadone
of morphine and theé-agonist TAN-67 [341,342,343], that  [543]. Naloxone increased self-administration of both 1V
was blocked byB-FNA and naltrindole, respectively [341, heroin [78] and oral methadone [543], which is suggested to
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reflect a compensatory response to a decrease in their opinon-traditional opiate OFQ/N was demonstrated in opiate
ate-reinforcing value [78]. However, the dose of naloxone reward because it decreased nucleus accumbens dopamine
was important because low doses increased methadone rerelease that a GABA antagonist injected into the ventral
sponding, whereas high doses decreased it [543], and integmental area attenuated [381]. Adenosine receptors are
morphine-dependent rats 0.01 mg/kg naloxone increasedinvolved in morphine self-administration because the aden-
heroin self-administration and 0.03 mg/kg decreased it [78]. osine antagonists theophylline and DMPX reduced self-
Although the training dose and time of access did not affect administration when given before the test session and in-
the rate of heroin responding, the naloxone-dose responsecreased it when given during the training period, whereas
curve shifted when the training dose and access time wasthe adenosine agonists NECA and CGS21680 increased
reduced, thus reflecting a decrease in potency [78]. self-administration when given before the test session and
When allowed to self-administer heroin under a progres- decreased it when given during the training period [453]. It
sive ratio schedule, morphine-dependent animals were moreis likely that these effects are due to interactions with
motivated to obtain heroin than non-dependent rats as dem-adenosine Areceptors because adenosingréceptor ago
onstrated by a higher heroin break-point value [78]. Fur- nists and antagonists had no effect [453]. A role Ak
thermore, in opiate addicts self-administering heroin under tetrahydrocannabinol (THC) was not shown, however, as
a progressive-ratio schedule of reinforcement, although IV maternal exposure to THC did not modify morphine self-
heroin was 4-times more potent than intranasal (IN) heroin, administration in adult male and female rats [15].
their reinforcing efficacy and potential for abuse may notbe = Endogenous opiates mediate operant responding to other
different because the heroin break-point value was similar types of reinforcement, including ethanol [55,177,178,218,
for both routes [105]. Therefore, since IN heroin can be 231,256,361,442,556,557,558], cocaine [80,114,115,355,
self-administered more conveniently than IV heroin, it may 462], phencyclidine [442,558], sucrose [558,603], saccharin
become an increasing popular route of administration to [256,442], milk [486,487], food [70,442,469,539], and wa-
abuse [105]. Sex-differences also were noted in morphineter [361,557]. In general, opiate antagonists reduced etha-
self-administration as female rats had higher break-points nol-maintained responding that was independent of the spe-
than males when responding under a progressive ratiocies studied, as they reduced it in monkeys [442,556,557,
schedule of reinforcement [15]. 558], rats [55,177,231,256], and mice [361]. The effects of
The neural mechanisms that mediate opiate reward werenaltrexone on ethanol-maintained responding depended on
elucidated, and a review of intracranial self-administration the regimen of administration because an acute injection did
and place conditioning studies indicated a critical role of the not alter responding, whereas repeated treatment with the
ventral tegmental area, nucleus accumbens, central graysame dose progressively suppressed responding [55]. The
hippocampus, and possibly the lateral hypothalamus [346]. motivation to consume alcohol also was an important factor
Strain differences related to differences in basal opiate ac-because an acute injection of naltrexone suppressed ethanol-
tivity existed as Lewis rats responded to higher morphine maintained responding for longer periods in ethanol-expe-
breaking points than Fischer rats that was correlated with rienced rats that were ethanol-deprived as compared with
differences in basal proenkephalin mRNA levels in the non-deprived ones [231]. Similarly, acute naltrexone inhib-
dorsal striatum and nucleus accumbens [335]. However, theited the reinstatement of ethanol responding produced by
role of the nucleus accumbens in mediating drug-seeking non-contingent delivery of ethanol, and increased extinction
behavior is not entirely clear as only 20% of the neurons in when ethanol was substituted with water [55].
that area exhibited naloxone-reversible inhibitory responses The alcohol content was important because naloxone had
after heroin-self administration [298]. There are some indi- a greater effect on operant responding for beer containing
cations that the medial prefrontal cortex may be involved in 4.5% ethanol v/v as compared with beer containing less than
opiate reinforcement because 40% of neurons in that area0.5% ethanol v/v [177]. However, naltrexone only de-
were inhibited after heroin self-administration, although the creased ethanol-responding when it was the preferred solu-
small number of neurons studied € 5) make any conclu-  tion as naltrexone decreased responding to a 2% ethanol
sions premature [298]. concentration that was preferred to water, but did not de-
GABAg receptors are involved in opiate reward because crease responding to a 32% ethanol solution that was not
systemically administered baclofen suppressed both the acpreferred to water [557]. When the rats were presented with
quisition and maintenance of heroin self-administration, and an ethanol concentration (8%) and water that were equally
when injected into the ventral tegmental area baclofen in- preferred naltrexone decreased both [557]. Similarly, nal-
creased it [566]. Furthermore, heroin reinforcement also is trexone decreased ethanol responding when it was preferred
related to nucleus accumbens dopamine release that is meto water in low thirsty rats, although selectivity for ethanol
diated by GABA; receptors in the ventral tegmental area, as reward may exist because in thirsty mice a dose of naltrex-
intra-ventral tegmental area baclofen blocked heroin-in- one (1.25 mg/kg) that reduced ethanol-reinforced respond-
duced nucleus accumbens dopamine release that was attenng did not reduce water-reinforced responding [361]. It is
uated by intra-ventral tegmental area injections of the important to recognize, however, the effects of naltrexone
GABAg antagonist, 2-hydroxysaclofen [566]. A role for the on operant responding also could be related to an aversive
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introceptive state produced by the antagonist that is incom- speedball abuse may require antagonists that target both
patible with consummatory behaviors because it also pro- opiate and dopamine receptors [355].
duces a CTA [556] and CPA [53]. Opiate agonists and antagonists have been used as stim-
It is likely that opiate receptors in the amygdala and uliin drug discrimination tasks, in which animals trained to
nucleus accumbens are involved in ethanol-reinforced re-respond differentially to a test dose of the drug from vehicle.
sponding because injection of methylnaloxonium into those As in previous years, drug discrimination paradigms were
areas reduced it [218]. A role fqu-opiate receptors was  useful to both identify the neurobiological mechanisms of
suggested as both naltrexone and quadazocine reduced etifirug action, and to evaluate the abuse liability of opiates
anol-maintained responding in rhesus monkeys at doses that104]. When morphine was used as the discriminative stim-
correlate with their selectivity for thew-opiate receptor  ulus (S’) against saline, the"Seffects of morphine gener
[558]. However, the effects were not entirely selective for alized to fentanyl and naltrexone antagonized it, suggesting
ethanol because the antagonists also reduced responding fdhat the stimulus properties of morphine areopiate-me-
sucrose and phencyclidine in the same animals [558]. In diated [423]. In contrask andé receptors are probably not
contrast, when rhesus monkeys were presented with pro-nvolved Dbecause thec-agonists U50488H [423] and
gressive ratio schedules of reinforcement, naltrexone atten-J69593 [119], and thé-agonists SNC 80 and BW 373U86
uated operant responding and decreased break point valuek#23], did not substitute for morphine. _
for both ethanol and saccharin, but did not alter responding __ Sex differences existed in the potency of morphine as a
maintained by phencyclidine and food [442]. A role of S because the Efgfor morphine discrimination was lower
s-opiate receptors in mediating ethanol reward was shown N female than in males trained to discriminate 3.0 mg/kg
as the, antagonist naltriben attenuated ethanol-responding MOrPhine from saline [119]. Furthermore, the &Lior
in alcohol-preferring rats, which was specific for ethanol MerPhine discrimination was higher in gonadectomized rats
because doses that suppressed ethanol responding did né?an Intact ones, anq althougH Sffects of morphine gen .
affect the responding maintained by saccharin [256]. erahzeq to fentanyl in k_)oth males and fgmales, the partial
Morphine and dezocine suppressed food-maintained re_pb-agomsts buprenorphine and nalbuphine substituted for

sponding that wag.-mediated because both naltrexone and Sme?/rg:mgr:g d]::::rlr?iie&:jn?nla?(teasm 1rT1]gleSTr?<laJtrrl1r:acohn;>r/1i;?rL:; (t)rf1at
B-FNA antagonized their effects [539]. Food-maintained 9 [119].

responding under a fixed ratio 20 schedule invo iate mediate these differences, however, are not clear because
P 9 . hormone replacement did not reverse the effects of gonad-
receptors because U69593 decreased responding and quada

zocine blocked that decrease [70]. However, although the ectomy, and although naltrexone differentially antagonized

. . the stimulus effects of morphine, no group differences
endogenousc-opiate dynorphin A (1-17) also decreased g, 4 iy opiate receptors thgt mediategth'é IC3e‘fects of
responding, it was not because of interactions witbr « morphine [119]. The potency of morphine as tHdsd not
receptors because quadazocine did not block its effects [70].

D f food-maintained ding th d fdepend on the strain of rats studied because thg, E@
ecreases of food-maintained responding that occurre a'morphine discrimination against water was the same in

ter naloxone may serve as an index of opiate-fjependencq:344’ Sprague-Dawley, Long-Evans, and Lewis rats [374].
because the suppression of operant responding progresginmiiarly the & effects of morphine generalized to levor

sively incr.ease(-:i with repef';\ted morph.ine injections.[469]. phanol, buprenorphine, butorphanol, and nalbuphine
The reinforcing properties of cocaine involyeopiate  gqually across strains [374]. Since strain differences in the
receptors as injections of DAMGO into the ventral tegmen- 4naigesic effects of the agonists were related to their intrin-
tal area [114] and pedunculopontine tegmental nucleus sjc activity at theu-opiate receptor, it is likely that different
[115] altered IV cocaine self-administration. A role of neyral systems mediate the analgesic aRdeSects of
k-opiate receptors also was demonstrated because U6959%piates [374].
decreased responding to low doses of cocaine and attenu- \whether or not opiates could substitute for tieeSfects
ated cocaine-induced reinstatement of drug-seeking behavyf morphine varied with the training dose as morphine
ior, suggesting that-opiate antagonists may have potential generalized to nalorphine in rats trained with a low dose (5.6
for relapse prevention [462]. In contrast, injections of mg/kg) of morphine but not in those trained with a high
U50488H and nor-BNI into the ventral tegmental area did dose (10 mg/kg) [196]. An opiate mechanism is indicated
not alter cocaine self-administration, indicating tlkabpi- because naloxone blocked both tHeefects of morphine,
ate receptors in that area are not involved [114]. However, and the ability of nalorphine to substitute for morphine in
there are indication that-opiate receptors in the nucleus the low dose group [196]. In contrast, methadone general-
accumbens may modulate cocaine reinforcement, as theized to morphine in rats trained at higher doses of morphine
sites for k-opiate receptor activation are mainly on axon as well, thus reflecting differences between the methadone
terminals containing dopamine [508]. Self-administration of and nalorphine in their intrinsic activity at the opiate recep-
‘speedball’ combination of heroin and cocaine was reduced tor [196]. In pigeons trained to discriminate between mor-
by combinations of quadazocine and flupenthixol, but not phine, nalbuphine, and saline, nalbuphine only produced
by the antagonists given alone, suggesting that treatment ofnalbuphine-like responding, whereas low doses of morphine
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produced saline-like responding, intermediate doses pro-the hydrocodone [301]. However, more research is neces-
duced nalbuphine-like responding, and high doses producedsary to address this issue because budipine itself may have
morphine-like responding [538]. It is likely that these dif- opiate antagonist properties as it also diminished the effects
ferences in substitution patterns reflect differences-opi- of hydromorphone [301].
ate efficacy between morphine and nalbuphine, rather than There was continued interest in the interactions between
differences in receptor selectivity, because the same dose othe discriminative stimulus effects of opiates and dopami-
naltrexone reversed the®ffects of both morphine and  nergic compounds, primarily because of the increasing use
nalbuphine [538]. Opiate agonists also produce discrimina- of opiate/stimulant combinations (i.e. speedballs). When
tive stimulus effects in humans, as six of eight nondepen- cocaine was used as thé,Scocaine-opiate interactions
dent heroin users could discriminate between saline anddepended on the training dose and opiate agonist studied as
different doses of hydromorphone [253]. Consistent with morphine substituted for cocaine in the low but not high
the animal studies showing that generalization from high training dose condition, whereas U50488H did not produce
training doses requires opiates with higher efficacy than do cocaine-like responding in either condition [262]. In the low
lower training doses, pentazocine, butorphanol, nalbuphine,dose condition, pretreatment with morphine enhanced the
and buprenorphine produced generalization with low but SP effects of cocaine and U50488H attenuated it, suggesting
not high training doses, whereas hydromorphone producedthat u and « receptors have opposing effects on the S
generalizations with both training doses [253]. effects of cocaine, and thatagonists may have therapeutic
The & effects of butorphanol are primarily-mediated potential for the treatment of cocaine abuse [262]. However,
because naloxone was more potent than naltrindole in an-opiate-stimulant interactions may be related to individual
tagonizing the stimulus effects, and tjpeopiate agonists  differences because th& gffects of morphine generalized
morphine, methadone, fentanyl, buprenorphine, pentazo-to cocaine and amphetamine in three of five squirrel mon-
cine, nalbuphine, metazocine, and nalorphine substitutedkeys, which the dopamine antagonist flupenthixol but not
completely for butorphanol [417]. Furthermore, although naltrexone blocked [423]. Similarly, pretreatment with co-
the potency of the agonists decreased as the training dose ofaine or amphetamine increased titeeffects of morphine
butorphanol increased, differences in intrinsic activity ex- in these three monkeys, but attenuated or did not affect it in
isted because the rank order of potency for the agonists waghe other two monkeys [423]. This raises the possibility that
the similar across all doses tested [417]. In contrast, varioussimilar individual differences exist in humans such that
k-agonists only partially substituted for butorphanol in the some people combine stimulants and opiates to enhance
low dose group that was not reversed by naloxone, andeuphoria, whereas others combine them to attenuate the
8-agonists completely substituted for butorphanol in the low unwanted side effects [423]. Furthermore, since no individ-
dose group but only partially in the medium and high ual differences were found in thé®ffects of morphine, it
training dose groups. The ability @tagonists to produce s likely that the neural mechanisms that mediate the S
butorphanol-like responding is likely explained by its ac- effects of morphine and the morphine-like effects of cocaine
tions at thed receptor because naltrindole but not naloxone and amphetamine are different [423]. The involvement of
blocked the effects [417]. Taken together, these resultsopiates in mediating the SSeffects of ethanol also was
suggest thap-, k-, andd-agonists share stimulus properties shown because both naltrexone [282,361] and morphine
with low training doses of butorphanol, whereas only [282] attenuated the BSeffects of ethanol. The stimulus
p-agonists share stimulus properties with higher training properties of noribogaine, a metabolite of ibogaine, are not
doses [417]. However, although butorphanol did not substi- explained by its interaction with the receptor because it
tute for the & effects of thex-agonist, EKC, it did so when  did not substitute for the Seffects of U50488H [599].
challenged with an insurmountable amount of thepiate Morphine produces state-dependent learning as it im-
antagonist clocinnamox, suggesting thatagonist-like paired retrieval of an operant task when the task was ac-
stimulus effects for butorphanol can be demonstrated whenquired in a drug-free state, but not when morphine was
its p-agonist properties are abolished [534]. given during acquisition [486,487]. Conversely, when
In studies that used naloxone or naltrexone as the S tested in a drug-free state, retrieval was impaired only when
morphine-dependent animals could discriminate the antag-morphine was present during acquisition [486,487]. It is
onists against saline, and was used to measure the subjectivikely that u-opiate receptor activation is involved because
effects associated with opiate withdrawal [147,181,301]. In naloxone, but not naltrindole, antagonized the effects of
morphine-deprived monkeys, morphine [181,301], hydro- morphine, and retrieval partially occurred in rats trained
codone, and hydromorphone [301] reversed naltrexone-le-with morphine and then tested with heroin or (-)-cyclazo-
ver responding that was opiate-mediated because naltrexoneine, but not when tested with U50488H \-cyclazocine,
shifted the discriminative effects of the agonists to the right and SNCB80 [487]. Furthermore, since retrieval was not
[181, 301]. The discriminative effects of hydrocodone may complete when higher or lower doses of morphine were
in part be dependent upon its conversion to hydromorphonegiven than those during acquisition, and bell-shaped re-
because budipine, which diminishes the conversion of hy- sponses similarly occurred with heroin and (-)-cyclazocine,
drocodone to hydromorphone, also attenuated the effects ofthe degree of receptor activation is important [487].
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Naloxone may be effective in ameliorating cognitive «k-opiate agonist U69593 decreased food-maintained re-
deficits associated with electroconvulsive therapy becausesponding that was opiate-mediated because quadazocine
when given before therapy it reduced anterograde amnesiablocked it [70]. In contrast, although IV dynorphin A (1-17)
and increased verbal fluency and attention [433]. OFQ/N is also decreased food-responding, it did so to a lesser extent
involved in learning and memory as OFQ/N-knockout mice that was not blocked by quadazocine, an indication that
performed better in a variety of cognitive tasks, as compared nonopiate mechanisms are involved [70]. The reasons for
with wild-type mice [385], and normal mice treated with the differential effects of U69593 and dynorphin A (1-17)
OFQ/N were impaired [220,221,323,385]. However, a tra- are not clear, but may be related to their differential ability
ditional opiate receptor site does not mediate the memoryto cross the blood-brain barrier after systemic injection and
impairment produced by OFQ/N because naloxone andaccessc-opiate receptors located in the brain that mediate
U50488H had no effects [323]. Rather, a naloxone benzo- feeding [70], or to possible nonopiate actions of dynorphins
ylhydrazone recognition site may be involved because [511]. Indeed, a number of differences have been noted in
OFQ/N impaired performance on a passive avoidance taskthe ability of peptides to cross the blood-brain barrier, in-
that was blocked by naloxone benzoylhydrazone [323]. Fur- dicating that it is a dynamic process and cannot be predicted
thermore, nocistatin, a biologic active peptide isolated from solely based on size, lipophilicity, and receptor binding
the same precursor as OFQ/N, also may play a modulatorycharacteristics [265].
role in learning and memory because it too attenuated OFQ/ The effects of opiate antagonists were inconsistent as
N-induced memory impairments [221]. Dynorphin A (1-8) they sometimes decreased eating and drinking [44,103,231,
may be involved in age-related memory deficits as a de- 236,330,361,442,472,556,557,558], or had no effect [117,
crease in peptide immunoreactivity was noted in the hip- 170,442,557]. However, because opiate antagonists are
pocampus of aged rats that showed memory impairment inknown to produce both CTA [556] and CPA [53], it is
the water maze [120]. possible that they also may have nonspecific effects related

to nausea and aversion. Naltrexone suppressed saccharin-

but not food-maintained responding in rhesus monkeys that
5. Eating and drinking is not explained by differences in their reinforcing effec-

tiveness because naltrexone similarly decreased break point

In 1999, there was interest in the opiate modulation of values for saccharin but not food when monkeys were
eating and drinking. In particular, research continued to presented with a progressive ratio schedule of reinforcement
emphasize the interactions between opiate systems, motiva{442]. When presented with a choice between two solutions,
tional states, and palatability of foods. However, it is be- naltrexone preferentially decreased responding to the pre-
coming increasingly evident that palatability is both a dy- ferred, more palatable solution as it suppressed water intake
namic and relative characteristic because when givenwhen it was preferred to a 32% ethanol [557] or saccharin
concurrent choices between foods of different palatability solution [442], and preferentially decreased ethanol when it
opiate agonists and antagonists selectively influence thewas preferred to water [361,557]. Similarly, when presented
intake of the preferred one [187,361,442,557]. with a choice between a sucrose solution that was preferred

Opiate agonists stimulated feeding, including jhag- to a saccharin solution, naltrexone selectively decreased the
onist DAMGO which increased food (lab chow) but not intake of the sucrose solution in freely fed rats, that was not
water intake when injected into the paraventricular nucleus explained by differences in post-ingestion actions because
[187]. However, when presented with a choice between lab the rats had open gastric fistula [578]. The motivational state
chow and 10% sucrose solution, DAMGO only increased of the animal also may be important because naltrexone
the intake of the 10% sucrose solution [187]. Therefore, equally decreased the intake of both the sucrose or saccharin
these results indicate that endogenous opiates mediate the hungry rats, and naltrexone preferentially decreased eth-
palatability of foods, and that the rewarding value of a food anol responding in thirsty mice even though it was equally
changes as a function of the choices presented [187]. Ratpreferred to water [361]. Selectivity may exist, however,
chow did not alter morphine analgesia even when levels of because when presented with a choice between equally
protein, minerals, or vitamins were manipulated, suggesting preferred solutions of ethanol and saccharin, higher doses of
that the enhancement of morphine analgesia observed aftenaloxone and theé, antagonist naltriben were required to
long-term intake of a palatable sucrose solution is explained suppress saccharin responding as compared with ethanol
by an activation of endogenous opiate systems that is not[256]. A role for the antiopiate peptide OFQ/N was not
related to levels of protein or vitamins and minerals [259]. demonstrated in food intake, although there was a slight but
Furthermore, endogenous opiates are not involved in thenot significant trend to increase it [99].
modulating the energy needs of an organism because al- Besides mediating food-preferences based on the taste of
though a sucrose solution has less calories than the rat chowthe food, endogenous opiates mediate flavor preferences
DAMGO-treated rats derived 85% of their caloric intake that are socially transmitted because mice ate more of a
from the sucrose solution [187]. cocoa-flavored solution when exposed to another mouse

Not all opiate agonists increased feeding, however, as thethat had previously eaten a cocoa diet, and naltrexone
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blocked it [369]. Furthermore, although naltrexone blocked administration of naltrexone decreased daily food intake
the preference when given before or after the interaction, it and body weight in obese Zucker rats that was reversed by
is likely that opiates are involved in the expression but not morphine pretreatment [330]. Overconsumption of palat-
acquisition of socially acquired food preferences becauseable foods can alter endogenous opiates systems and may
naloxone, which is shorter lasting than naltrexone, had no contribute to obesity by increasing the pleasurable response
effect when given before the interaction [369]. Although to foods because naloxone suppression of sucrose intake
naltrexone reduces the intake of sweet flavored solutions,yas greater in rats that had been given free access to sucrose
endogenous opiates are probably not involved in condi- for 3 months as compared with sucrose-naive controls
tioned flavor preferences as naltrexone did not modify the [472]. Similarly, the dietary history is important in deter-
preference for a novel cherry or grape flavored solution mining the effects of opiate antagonists as, 8,. and

preénoEslylpalred W'thda SU(CerOSG _SOIUUZ” [5;8]' o Karantagonists produced greater weight loss in rats given a
oth naltrexone and quadazocine reduced sucrose inta ehigh-fatdiet relative to those given a high-carbohydrate diet

in rhesus monkeys that is probably related to thewpiate . . :
activity because the doses correlated with their selectivity [103], Th? opiate-receptor subtypgs that ”?ed'ate. weight
loss for high-fat or -carbohydrate diets are likely different

for that receptor [558]. However, whether the effects of the because thes-antadonist was more potent than- and

antagonists on sucrose intake are related to palatability or i Qt . ?h hiah-carboh dp t a h

are because of nonspecific aversive effects produced by th -antagonists n the “high-carbohydrate group, whereas
oth theu- and §,-antagonists were more potent than the

antagonists is not clear as they also reduced intake of PC T _ .
which has a taste that is similar to quinine [558]. In contrast, Ki-antagonist in the high-fat group [103]. However, since

although acute naloxone treatment reduces both water andne differential effects of the antagonists on weight loss
food intake, intake eventually returns to normal after pro- could not be predicted by differential effects on food intake,
longed naloxone treatment and surpasses control levels aftetne effects of the antagonists are probably related to differ-
the antagonist is removed [236]. Although the overshoot €nces in gastrointestinal transit and absorption [103]. Hy-
after antagonist removal may be explained by a compensa-Perphagia is commonly found in infants withdrawing from
tory response to restore body weight and nutrient balance, anethadone, but is likely related to higher metabolic de-
concurrent up-regulation of opiate receptors suggests thatmands in these infants because it was not associated with
changes endogenous opiate systems also may be involveé@bnormal weight gains [336].
[117,236]. Acute ICV injections of zinc decreased water intake in
The neural mechanisms that mediate opiate-induceddehydrated rats that involved endogenous opiates because
feeding have been further elucidated. Naloxone suppressechaloxone attenuated it at doses that when given alone had no
food intake in rats that was potentiated by knife cuts placed effect [170]. Acute fasting decreased hypothalamic POMC
ventral to the dorsomedial hypothalamic nucleus, suggest-mRNA and lipopolysaccharide up-regulated preprodynor-
ing that this brain area is part of an opiate-mediated feeding phin mRNA in fed rats but not fasted ones, an indication
system [44]. In contrast, feeding was not related to basal that fasting impairs endogenous opiate systems [182]. Fur-
opiate activity in the dorsal striatum and nucleus accumbensthermore, although preprodynorphin mRNA was not af-
as food—r_emforced behavior was similar betweer_1 Fischer focteq by fasting, it increased 42% in animals re-fed after
and Lewis rats, even though basal proenkephalin mRNA faqiing, which may reflect an increase in the rewarding
levels are hlgher_ in the Fischer strain [335]. HOW(_aver, properties of the food [182]. Endogenous opiates are in-
although the strains were not compared for responding to volved in thyrotropin-stimulating hormone secretion during

more pleasurable foods, there are indications that the tWOstarvation because when combined with the cholinergic

strains might be different in that respect because differencesa onist pvridostiamine. naloxone restored the blunted thy-
were noted between Fischer and Lewis rats in the reinforc- 9 Py 9 ' Y

. . . . . rotropin-stimulating hormone response to thyrotropin-re-
ing actions of morphine [335]. Parabrachial nucleuepi- leasing h ft | d st tion 11021, Althouah
ate receptors are localized on amygdaloid projection neu- easing hormone after prolonged starvation [102]. oug

rons, indicating that ability ofu-antagonists to attenuate the role of endogenous opiates in mediating age-related

eating when injected into the parabrachial nucleus may be d€Créases in eating remains to be clarified, a review of the
explained by projections to the amygdala [90]. Similarly, literature indicates that impairments in opiate function may

the ability of u-agonists to increase eating when injected P& @ contributing factor [58,376]. Stress also decreased
into the nucleus of the solitary tract also may be modulated féeding that involved endogenous opiate systems because
by the amygdala ag.-opiate receptors are localized in restraint reduced sucrose intake in morphine- but not vehi-
targets of efferent projections from the central nucleus of cle-treated rats that was blocked by naloxone [602]. How-
the amygdala to the nucleus of the solitary tract [416]. ever, although interleukin-1 (IL-1) influence the expression

There is evidence that endogenous opiates are involvedof opiates [225], endogenous opiates are not involved in
in obesity because leptin-receptor deficient obese rats hadliness-induced hypophagia as IL-1 decreased intake of a
lower levels of hypothalamic proopiomelanocortin (POMC) sweetened milk solution that was unaffected by naloxone
and B-endorphin mRNA than lean rats [281], and systemic [510].
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6. Alcohol and other drugs of abuse g/kg, raising the possibility that at high concentrations the
taste of the ethanol was aversive, and the increased water
In 1999, as in previous years, there was continued inter- intake served to dilute that taste [557]. Furthermore, the
est in the modulation of alcohol intake by endogenous interaction between ethanol and naltrexone was not typical
opiates. A number of different paradigms were used to study of opiate antagonist effects because the suppressive effects
the effects of opiate antagonist on alcohol intake, including were not overcome by increasing the concentration of the
limited alcohol access [218,236,401], two-bottle free choice ethanol [557], and the doses of naltrexone and quadazocine
[99,116,117,202,218,383,236,401], and ethanol-reinforcedrequired to reduce ethanol consumption were higher than
responding [55,177,178,231,256,282,361,442,556,557,558] those needed to antagonize exogenous opiate effects [558].
However, although opiate antagonists generally decreased alinterestingly, although opiate agonists would be expected to
cohol consumption that was independent of the paradigm usedjncrease ethanol consumption because antagonist typically
a number of issues still remain to be clarified regarding their decreased it, comparable to naltrexone morphine also de-
mechanism of action. First, since opiate antagonists also de-creased ethanol-responding in a drug-discrimination task
creased consumption of nonalcoholic solutions [137], it is [282]. It is possible that their similar effects are related to a
unclear to what extent their effects are specific to alcohol common non-opiate pharmacokinetic and pharmacody-
consumption or on consumption in general. Secondly, becausenamic mechanism because both naltrexone and morphine
opiate antagonists produce CPA [53] and CTA [556], their decreased plasma levels of ethanol and delayed the time of
effects on ethanol consumption could be related to an aversivepeak concentrations [282]. An interaction between endoge-
introceptive state produced by the antagonist that is incompat-nous opiates and non-opiate systems was demonstrated as
ible with consummatory behaviors [556]. However, selectivity morphine increased dopamine metabolism and release more
for ethanol consumption apparently exists because doses ofn the caudate-putamen of alcohol-preferring rats than in
naltrexone that reduced ethanol consumption did not reducenon-preferring ones [228], and may be important in medi-
water [32,361] or saccharin [442] responding. Similarly, a dose ating the reinforcing properties of ethanol [116].
of naltrexone (3 mg/kg) that did not modify water-reinforced The effects of chronic opiate antagonist treatment also
responding, decreased ethanol responding during extinctionwas examined, and the results are important to evaluate the
and inhibited reinstatement of ethanol-responding produced byclinical benefits of long-term antagonist treatment for alco-
a non-contingent delivery of ethanol [55], or after a period of hol dependence. In high-alcohol drinking rats, continuous
abstinence [32]. Furthermore, when presented with a progres4infusion of naloxone via osmotic minipumps decreased al-
sive ratio of reinforcement, naltrexone decreased break pointcohol drinking that was independent of the dose used be-
values for ethanol but not food [442], and naloxone decreasedcause infusions of 0.3 and 3.0 mg/kg/h produced similar
the break point values more for beer containing 4.5% ethanol decreases in a 1-h limited access procedure during the entire
v/v than to the same brand of “near-beer” containing only 0.5% 7 days of treatment [236]. Consistent with this finding,
ethanol viv [177,178]. Since lower break point values reflect continuous infusion of the 3.0 mg/kg/h dose regimen also
lower reinforcing effectiveness it suggests that naloxone inter- suppressed ethanol consumption with a continual 24-h ac-
acts with brain reward systems to decrease ethanol intakecess procedure [236]. The clinical significance and speci-
[177,178,442]. Therefore, although opiate antagonist haveficity of this procedure is questionable, however, because
nonspecific effects that should be considered when interpretingnaloxone also suppressed water- and food-intake, and up-
their effects on alcohol consumption, it also is apparent that regulatedu-, 8-, and k-opiate receptor binding that could
opiate antagonist can decrease consumption by modulating théead to a rebound increase in alcohol craving when the
reinforcing properties of alcohol as well. antagonist is removed [117,236,401]. Furthermore, toler-
Both naltrexone and quadazocine reduced ethanol rein-ance may develop to continuous opiate receptor blockade
forced-responding, but the effects were not specific for because infusion of naloxone [401] or naltrexone [117] via
alcohol because the same doses reduced responding foosmotic minipumps produced an initial suppression in both
sucrose and PCP, thus indicating that ethanol, sucrose, andimited and continuous consumption of alcohol that gradu-
PCP produce similar degrees of opiate activation [558]. The ally returned to baseline. It is possible that this tolerance is
effects of naltrexone on ethanol responding, however, de-related to opiate receptor up-regulation because concurrent
pended on both the concentration used and whether alterincreases in opiate receptor density were noted in the vari-
native solutions were available, as it decreased respondingous brain areas after the antagonist treatment [117,401].
to a 2% ethanol concentration that was preferred to concur- The effects of prolonged naloxone treatment depended
rently available water, but did not decrease responding to aon the route of delivery as daily SC injections of 0.5 or 2.5
32% ethanol solution that was not preferred to water [557]. mg/kg naloxone before a 1-h limited access to alcohol
These results suggests that naloxone modulates respondinguppressed intake for up to 14 days, although similar to
to the preferred solutions rather than interacting specifically continuous infusion tolerance developed in rats given con-
with ethanol’'s pharmacological effects [557]. In contrast, tinuous access to alcohol [401]. Differences in the route of
although ethanol-responding decreased as a function of con-administration were even more evident when motivation to
centration, total ethanol intake constantly remained above 1drink alcohol was high as continuous naltrexone infusion
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for 3 days increased both ethanol intake and preference inin the nucleus accumbens and striatum in rats exposed to
ethanol-experienced rats deprived of alcohol, whereas in-ethanol in utero [143]. However, although the increases in
termittent treatment with a comparable dose of naltrexone the nucleus accumbens persisted up to postnatal day 19, its
(5 mg/kg) suppressed it [231]. Similarly, in alcohol-prefer- functional significance is not clear because no change in
ring rats, daily injections of naloxone suppressed alcohol proenkephalin content was found in that brain area [143].
intake for up to 30 days, and inhibited reinstatement of = Rodent lines that were bred for low or high alcohol
ethanol-responding after a period of abstinence [32]. Al- preference were used to examine the contribution of genet-
though acute ICV injection of the antiopiate peptide OFQ/N ics to alcohol consumption. However, it is important to note
increased ethanol intake, subchronic treatment for 7 daysthat although studies have demonstrated that differences in
progressively reduced ethanol but not food intake, that grad-endogenous opiate systems exist between lines of rats that
ually returned to baseline levels when OFQ/N treatment differ in alcohol preference, the modifications are not al-
ended [99]. Since OFQ/N also blocked ethanol-induced ways the same but are discrepant, an indication that some of
CPP, it suggests that the increase after an acute injectiornthe differences are not directly related to alcohol preference
reflects a compensatory response to the reduction in ethano[154]. Genetic modification in endogenous opiate systems
reinforcement, that is followed by an extinction of ethanol may account for differences in alcohol consumption in rats
drinking after chronic treatment [99]. selectively bred for alcohol preference because, as com-
The brain areas involved in the opiate-mediation of al- pared with Sardinian alcohol-nonpreferring rats, Sardinian
cohol consumption were elucidated. A role for nucleus alcohol-preferring rats had reducged and 5-opiate recep-
accumbensu-opiate receptors was demonstrated as anti- tors binding in the caudate-putamen [154]. Furthermore,
sense oligodeoxynucleotide directed against ghepiate [*H]naloxone binding also was reduced in the nucleus ac
receptor, but not the corresponding mismatch antisense,cumbens of Sardinian alcohol-preferring rats that may or
injected into the nucleus accumbens dose-dependently deimay not be because of its affinity for tleopiate receptor.
creased free-access alcohol drinking in high-alcohol prefer- [154]. Enkephalin mRNA also differed between the strains
ring rats [383]. Similarly, injections of methylnaloxonium that depended on the brain areas studied as the levels were
into both the nucleus accumbens and amygdala reducedower in the ventral caudate and higher in the cerebral
ethanol but not water self-administration when concurrently cortex of alcohol-preferring rats as compared with alcohol-
available [218]. However, although the dissociation be- nonpreferring rats [154]. Since the rats were alcohol-naive,
tween the effects of methylnaloxonium on ethanol and wa- these differences are not a consequence of alcohol intake
ter responding suggests that the effects were ethanol-speand suggests that alcoholism may be related to a genetic
cific, it is important to note that since baseline responding predisposition [154].
for ethanol was higher than the concurrently available wa-  Differences in alcohol consumption between C57BL/6
ter, the antagonistic may have modulated responses to thgalcohol-preferring) and DBA/2 (alcohol-avoiding) mice
preferred solution [218]. also is related to differences in endogenous opiated systems
Alcohol intake is associated with changes in endogenousbecause as compared with DBA/2 mice, C57BL/6 mice had
opiate systems that depended on the brain area studied, aa higher content of POMC mRNA in the arcuate nucleus
ethanol consumption up-regulatgebpiate receptor density — and higher proenkephalin mRNA in the nucleus accumbens
in the caudate, island of callega, nucleus accumbens, olfac-and caudate-putamen [242]. In contrast, Met-enkephalin
tory tubercle, and septum, but down-regulated receptor den-content in the amygdala, hippocampus, ventral tegmental
sity in the substantia nigra in ethanol-preferring Fawn- area, and periaqueductal gray was lower in C57BL/6 mice
Hooded rats [117]. However, the effects of ethanol on as compared with the DBA/2 strain [242]. Although no
endogenous opiate systems also are strain-dependent adifferences in3-endorphin content were found in any brain
n-opiate receptor density in outbred Wistar rats was down- region between C57BL/6 and DBA/2 mice [242], a role for
regulated in the nucleus accumbens and striatum after long-B-endorphin was demonstrated becagsendorphin defi-
term exposure to ethanol [521]. AlthougFopiate receptors  cient C57BL/6 mice (knockouts) drank less alcohol in a
may be involved in alcohol abuse [293], their role is not two-bottle free choice paradigm, as compared with wild-
clear because both naloxone and 8g@antagonist naltriben  type controls [202].
reduced ethanol-reinforced responding in alcohol-preferring ~ Genetic variation inu-opiate receptor may contribute to
rats [256], whereas chronic ethanol treatment did not changealcohol dependency in humans, as th&18A/G polymor-
8, or &, receptor density in the nucleus accumbens or phism within the u-opiate receptor gene was associated
striatum [521]. The reasons for these discrepancies are nowith alcoholism, as compared with nonalcoholic controls
known, but suggests that either theopiate receptors that [518]. The functional significant of the 118A/G polymor-
mediate ethanol consumption are located in other brain phism is not clear, and although its differential affinity for
areas, or that chronic ethanol treatment affects the affinity B-endorphin suggests th@tendorphin is involved [518],
rather than the density @opiate receptors [521]. Prenatal no differences were found in cerebrospinal fluid levels of
exposure to alcohol also can produce changes in endoge-endorphin between early- and late-onset alcoholics and
nous opiate systems as proenkephalin mRNA was increasedaontrols [413]. Furthermore, the genetic variation may not
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be specific to alcohol dependency because the nonalcoholiccravings, as fewer abstinent alcohol-dependent subjects
controls were not selected out for other abuse or psychiatricgiven naltrexone for 1 week reported the urge to drink when
disorders [518]. In male subjects with substance abuse in-exposed to alcohol, as compared with placebo controls
cluding alcohol, genetic variations of the enkephalinase [372]. In contrast, endogenous opiates do not mediate alco-
gene were associated with a low amplitude P300 wave hol effects in healthy alcohol-nondependent subjects, be-
[107]. Since hereditary alcoholism has been linked to low cause naltrexone did not modify the acute subjective effects
amplitude P300 waves, reduced enkephalin activity may of ethanol or ethanol-impaired performance [450]. In a
contribute to a genetic predisposition to abuse alcohol randomized, double-blind crossover study, heavy beer
[107]. An association between genetic variation of the drinkers given naltrexone for 7 days consumed less beer,
5-opiate receptor 921T/C allele and alcohol dependence washad fewer urges to consume alcohol, took longer to finish
not demonstrated because no differences were found be-each glass of beer, and were more likely to stop drinking
tween alcohol-dependent subjects and controls, nor wasearlier than placebo control [130]. However, it is not clear
there a preferential transmission of the C allele from alco- why some subjects drank more beer after naltrexone, as it
holic parent to offspring [169]. was not related to a family history of alcohol dependence or
Altered opiate control over the HPA axis may contribute to differences in blood levels of the active metabofiteal-
to alcoholism as naltrexone produced a significant rise in trexol [130].
ACTH and cortisol in alcohol-dependent subjects as com-  Although naltrexone decreased positive mood states,
pared with placebo controls [156]. Similarly, nonalcoholic suggesting a decease in ethanol reward [130], it also in-
male sons with a family history of alcohol dependence had creased the incidence of nausea and headache [130,223] that
higher ACTH responses to naloxone as compared with may have contributed to the observed reductions in alcohol
males without a family history of alcoholism, and to females intake [130]. In fact, in social drinkers naltrexone reduced
with or without a family history of alcoholism [541]. Al-  alcohol consumption, but similar to the studies in animals
though it is not conclusive that stress is related to alcohol- [557,558] it also decreased intake of a nonalcoholic placebo
ism [484], or that an altered HPA responses stress contrib-beverage, thus calling into question the specificity of its
utes to both alcoholism [156] and the high incidence of effect [137]. Naltrexone treatment may benefit from con-
alcoholism in male children of alcoholics [541], it is inter- current cognitive behavioral therapy, as abstinent alcohol-
esting to note that in animals stress enhances the rewardinglependent patients treated with 12 weekly sessions cogni-
effects of ethanol [341,342,343]. tive behavioral therapy drank less, took longer to relapse,
Besides alcohol consumption, the role of endogenous had more time between relapse, and had fewer urges to
opiates in modulating alcohol’s motivational effects was drink alcohol when given naltrexone than when given pla-
examined in the CPP paradigm. The rewarding effects of cebo [21]. However, since both naltrexone- and placebo-
ethanol depended on stress because ethanol produced CPtreated subjects received cognitive behavioral therapy, the
in the presence of foot-shock, but not in the absence of thespecific contribution of the therapy cannot be determined.
stressor [341,342,343]. Itis likely that ethanol-induced CPP The neurophysiological mechanisms that mediate nalox-
in stressed rats is mediated by bathand é-opiate recep-  one’s effects in alcoholics is not understood but may be
tors because it was attenuated ByFNA and naltrindole related to metabolic activity in the basal ganglia and mesial
[343]. Conversely, nonreinforcing doses of ethanol pro- temporal lobe because regional cerebral blood flow in these
duced CPP in nonstressed animals when combined withareas was decreased after naltrexone in abstinent alcoholic
nonreinforcing doses of morphine and tB@gonist TAN- patients [81]. This may play a role in naltrexone’s effect on
67, that was blocked by-FNA and naltrindole, respec- drug craving, as these areas are also involved in emotional
tively [341,342,343]. In contrast, ethanol-induced CPP in memories and obsessive-compulsive disorder [81].
stressed animals was enhanced by nor-BNI and attenuated In addition to alcohol, endogenous opiates are involved
by U50488H, and U50488H produced a CPA that was in the reinforcing actions of cocaine [80,114,115,259,423].
enhanced by stress, indicating thabpiate receptors neg- Morphine modified the reinforcing effects of cocaine that
atively modulate ethanol reinforcement [343]. Ethanol also depended on the training dose used as it enhanced the
may affect sexual function that is opiate-mediated becausestimulus effects of a low training dose of cocaine (3.0
chronic ethanol exposure suppressed testosterone and nalng/kg) but not a high dose (10 mg/kg) [259]. This result is
trexone blocked the suppression [150]. consistent with the notion that stimulant and opiates are
Considering that opiate antagonists reduce alcohol con-often abused together to enhance euphoria [259]. However,
sumption in animals, naltrexone has been evaluated clini- pretreatment with cocaine or amphetamine increased the
cally for the treatment of alcoholism [484]. A review of the stimulus effects of morphine in some monkeys, but attenu
literature indicated that although naltrexone may decreaseated it in the others, suggesting that although some individ-
drinking and the risk of relapse in heavy drinkers, it may not uals combine stimulants and opiates to enhance euphoria,
substantially increase the incidence of complete abstinenceothers combine them to attenuate the unwanted side effects
[179,223,484]. Naltrexone decreased the incidence of re-[423]. The treatment of speedball abuse may require antag-
lapse that may be related to a decrease in cue-elicitedonists that target both opiate and dopaminergic systems
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because the opiate antagonist quadazocine did not reducelemonstrated [15,100,111,112,113,173,178,297,329,339,
self-administration of heroin and cocaine combinations, 340,501,549], indicating that some of the behavioral and
whereas combinations of quadazocine and the dopaminephysiological effects of marihuana and hashish are opiate-
antagonist flupenthixol did [355]. mediated. Repeated administrationASETHC produced an

It is likely that u-opiate receptors participate in cocaine increase in proenkephalin mRNA in both the paraventricu-
reinforcement as injection of DAMGO into the ventral teg- lar and ventromedial nucleus of the hypothalamus, and an
mental area decreased self-administration during the de-increase in POMC mRNA in the arcuate nucleus of the
scending limb of the cocaine dose-response curve, whereafiypothalamus and anterior lobe of the pituitary [112,113].
self-administration of a dose of cocaine on the ascending Since increases in ACTH and corticosterone also were
limb of dose-response curve was increased by DAMGO noted afterA®-THC that was blocked by naloxone [329], it
[114]. Furthermore although injections of DAMGO into the is possible that endogenous opiates are part of a stress-
pedunculopontine tegmental nucleus also decreased cocaineesponse associated with cannabinoid abuse [112,113].
self-administration [115], injection of a-antagonist had no ~ Proenkephalin mRNA was increased after administration of
effect, indicating that a tonically active opiate system is not A>-THC in the caudate-putamen that was functional be
involved in cocaine reinforcement [114,115]. A role of cause DAMGO-stimulated®}S]GTPyS binding also was
k-opiate receptors was demonstrated that indicated theirincreased [111]. Both of these effects were blocked by
potential in treating cocaine abuse and preventing relapse,naloxone and thus were opiate-mediated [111]. Although
as U50488H attenuated the discriminative effects of low the functional significance of this finding is not clear, the
dose of cocaine [262], and U69593 decreased responding tdnvolvement of the caudate-putamen in the regulation of
low doses of cocaine and attenuated cocaine-induced rein-motor activity suggests that endogenous opiates may be
statement of drug-seeking behavior in ‘abstinent’ rats involved in changes in motor behavior that occur after
primed with cocaine [462]. The neural mechanisms that chronic exposure to cannabinoids [111]. This is further
mediate these effects are not fully understood, but may supported by the finding that cannabinoid-receptor knock-
involve the ventral striatum because amphetamine-inducedout mice show both reduced locomotor activity and reduced
rearing, sniffing, and hole-poking behaviors, as well as levels of dynorphin and enkephalin in the striatum, as com-
amphetamine-induced dopamine and glutamate releasepared with wild-type controls [501]. Cannabinoids produce
from the ventral striatum, were attenuated by U69593 and analgesia that may involve spina-opiate receptors as
nor-BNI antagonized the effects of U69593 [199]. In con- AS-THC and the synthetic cannabinoid CP55,940 enhanced
trast, the ventral tegmental area is probably not involved spinal dynorphin A (1-17) release [339,340], and the can-
because injections af-agonists and -antagonists into that nabinoid levonantradol increased release of dynorphin B
area did not alter cocaine self-administration [114]. [549]. In contrastA®-THC enhanced the analgesic effects

Changes in endogenous opiate systems were noted afteof both morphine and codeine that was blocked by naltrin-
administration of amphetamine as both acute and chronicdole but not nor-BNI, indicating a role @éFopiate receptors
administration of methamphetamine up-regulated prodynor- [100].
phin mRNA in the hypothalamus but not the hippocampus,  Cannabinoid receptors may be involved in morphine-
whereas chronic but not acute administration increaseddependence and abuse, as both naloxone-precipitated mor-
dynorphin A content in the hypothalamus and striatum phine withdrawal and morphine self-administration was de-
[445]. Similarly, repeated administrations of cocaine in- creased in cannabinoid receptor knockout mice as compared
creased dynorphin A-like immunoreactivity in the striatum, with wild-type controls [297]. However, prenatal exposure
substantia nigra, and nucleus accumbens, indicating thatto THC may not increase the likelihood morphine abuse
k-Opiate receptors in these areas also are involved in co-because it did not modify morphine self-administration in
caine-reward [9]. Changes i®-opiate receptors also oc  rats exposed to THC in utero and tested as adults [15].
curred as chronic administration of cocaine decreased bind-Cannabinoid receptors also may modulate the reinforcing
ing of the selectivé-antagonistJH]TIPP[¥] in the nucleus actions of alcohol that is opiate-mediated because CP55,940
accumbens and striatum 24 and 48 h later, but had no effectdncreased beer-reinforced responding that was blocked by
on binding of thed,-antagonist{H]DELT [521]. Similarly, naloxone [178] Cannabinoid receptors may mediate the
n-opiate receptor density was down-regulated, but only in dysphoric effects ofk-opiate agonist because U50488H-
the nucleus accumbens and only at 24 h after administration,induced CPA was higher in cannabinoid receptor knockout
thus obscuring its functional significance [521]. Prenatal mice as compared with wild-type controls [297].
exposure to cocaine affected endogenous opiate systems Endogenous opiates likely mediate smoking behavior
that depended on the brain areas studieg-apiate recep-  and reinforcement because smokers given a nicotine patch
tor mMRNA was down-regulated in the diencephalon, but not smoked fewer cigarettes and had fewer smoking-induced
the frontal cortex, striatum, and midbrain in rhesus macaquecravings as compared with placebo controls that was
fetuses exposed to cocaine from days 22—70 of gestation, adlocked by naltrexone [66]. In contrast, when given alone
compared with controls [89]. Interactions betwekhtet naltrexone did not affect cigarette cravings, the number of
rahydrocannabinolA®-THC) and endogenous opiates were cigarettes smoked, or the aversive effects of the first ciga-
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rette of the day, although it decreased measures of wake-species that must compete for a common female [429]. This
fulness produced by smoking [66]. Nicotine dependence is is further supported by the finding that morphine did not
opiate-mediated because, as compared with nonsmokersnhibit contractions in monogamous deer mice in which
and placebo controls, naloxone dose-dependently increasedhere is no adaptive advantage to regulating sperm delivery
withdrawal symptoms in nicotine-dependent subjects, and [429].
low doses of naloxone increased their urge to smoke and Male sexual behaviors appear to involyeopiate recep-
tiredness [287]. Furthermore, since smokers also had lowertors in the paraventricular nucleus of the hypothalamus as
levels of cortisol than nonsmokers, and naloxone producedmorphine injected into that area prevented penile erections
a greater cortisol response in nonsmokers than smokers, iin male rats placed in the presence of an unattainable re-
suggests that altered opiate control over the HPA axis mayceptive female, and this was opiate-mediated because nal-
contribute to nicotine-dependence [287]. Naltrexone in oxone blocked it [354]. In contrask-opiate receptors are
combination with nicotine replacement may have therapeu- probably not involved because injections of U69595 into the
tic potential in abstinent smokers as those maintained on aparaventricular nucleus had no effect [354]. Furthermore,
transdermal nicotine patch showed fewer urges to smoke,the effects of morphine are likely mediated by the preven-
less negative effects, and a decrease in withdrawal symp-tion of NO production in the paraventricular nucleus as NO
toms when given naltrexone than when given placebo [234]. production increased during noncontact erections that was
Nicotine produced changes in endogenous opiate systems aprevented by morphine and the effects of morphine were
rats given nicotine 3 times a day for 14 days at doses antagonized by naloxone [354]. These results may help
representative of human smoking showed an up-regulationexplain the high incidence of penile dysfunction in opiate
of u-opiate receptor binding in the striatum and a decreaseaddicts, and the common occurrence of penile erections
in Met-enkephalin levels [551]. Although the functional during withdrawal [354]. The altered sexual function in
significance of these changes are not clear, they may beopiate addicts may be related to decreased levels of testos-
related tolerance to nicotine-induced analgesia because théerone as chronic morphine administration decreased
changes correlated with the development of tolerance to plasma testosterone in male rats, indicating that sexual func-
nicotine-induced analgesia [551], and cross-tolerance be-tion in male opiate addicts may be restored with testosterone
tween morphine- and nicotine-induced analgesia was con-supplementation [573]. Furthermore, since plasma levels of
ferred [591]. Smoking-induced changes in respiratory func- LH, which stimulates testosterone production, were de-
tion involves u- but not 8- or k-opiate receptors because creased after morphine without affecting testicular weight
cigarette smoke increased plasma exudation in the guineaand morphology, it is likely the effects of morphine on
pig bronchi that was inhibited by morphine and DAMGO, testosterone production is by way of the hypothalamo-hy-
but not by DPDPE or U50488H [300]. pophyseal-gonadal axis rather than a local testicular mech-
anism [573]. In contrast, although chronic ethanol exposure
also suppressed testosterone that was opiate-mediated be-
7. Sexual activity, pregnancy, and development cause naltrexone blocked the suppression, the effect possi-
bly is mediated at the gonadal level as no changes in
As in previous years, there was continued interest in the hypothalamic LH-releasing hormone mRNA were observed
opiate modulation of sexual and reproductive function, and [150]. However, the contribution of endogenous opiates in
prenatal and postnatal development. In general, endogenousnediating LH release depends on the seasonal reproductive
opiates appear to play an inhibitory role in sexual behavior cycle, as naloxone-induced stimulation of LH release in
[27,35] as opiate agonists decreased sexual behaviors [354sheep was higher during sexually active short days, as
429] and antagonists increased them [439]. A tonically compared with long days [517]. Testosterone does not in-
active opiate-mediated inhibition of male sexual behavior fluence endogenous opiates during maturation because opi-
was demonstrated as central injections of naloxone in- ate receptor density in the brain was not different in prepu-
creased copulation in castrated, testosterone-treated Japaertal, pubertal, and postpubertal mice even though plasma
nese quail as compared with placebo controls [439]. Such anlevels are known to fluctuate during stages of development
opiate-mediated inhibition of sexual responses may have an[204]. Therefore, although testosterone is known to sup-
adaptive function by allowing an individual to avoid dan- press LH, the role of endogenous opiates in mediating the
gers that might result from excessive sexual activity, includ- suppression is not clear [204,219]. In that respect, it is
ing incest, population overcrowding, and a lowering of ultimately important to recognize that nonopiate mecha-
available sperm stores [35]. Sperm production is mediated nisms also may participate in the opiate regulation of LH
by w-opiate receptors located in the vas deferens as mor-[36].
phine inhibited electrically evoked contraction of the vas Sexual behavior in females involves endogenous opiates
deferens in non-monogamous deer mice [429]. Since com-as ICV naloxone inhibited lordosis in estrogen-primed
petitive interactions can affect levels of endogenous opiates,Sprague-Dawley female rats [516]. However, although ICV
it is possible thatu-opiate receptors located in the vas injection of B-endorphin facilitated lordosis when given at
deferens play a role in the regulation of sperm delivery in the time of estrogen priming, it inhibited lordosis behavior
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when given 12 h later [516]. Therefore, two different opiate placental lactogens suppress prolactin secretion and main-
systems appear to mediate steroid-primed sexual behaviortain the second half of pregnancy, the role of endogenous
an early facilitatory mechanism that is followed by an in- opiates in mediating this effect is not known because injec-
hibitory one during the final stages of estrogen-induced tion of placental lactogens-secreting cells into the lateral
sexual behavior [516]. Similarly, systemic administered nal- ventricle suppressed prolactin secretion without altering
trexone increased lordosis and proceptivity behavior in B-endorphin activity [299]. Prolactin secretion in androg-
obese Zucker rats when given 22 h after estradiol treatment,enized female rats also is opiate-mediated as prolactin se-
and this isu-mediated because injection of morphine pre- cretion was increased in androgenized rats and was antag-
vented the effects of naltrexone [330]. Since obese Zuckeronized by naloxone and increased by theagonist
female rats are sterile and show abnormally low levels of DAMGO, the k-agonist U50488H, but not thé-agonist
reproductive behavior, these results suggests that a tonicallyDPDPE [492]. Endogenous opiates may suppress prolactin
hyperactive endogenous opiate system may contribute to thesecretion in patients with Addison’s disease (hypoadrenal-
observed abnormalities in sexual-related behaviors in thisism) as naloxone increased it in these patients, although its
strain [330]. physiological role may be minor as it was similar during
Endogenous opiates are involved in pregnancy and re-periods of normocortisolism and hypercortisolism [210]
productive functions [29,51,230,250,299,411,515,574,575].  Prolonged stress can disrupt reproductive function by
Exposure of bovine anterior pituitary cells to estradioB17 opiate mechanisms as exposure to foot-shock for 3 days
increased both the LH response to gonadotropin-releasingincreased hypothalamjg-endorphin-like immunoreactivity
hormone (GnRH) and spontaneous release of prodynorphin-and decreased LHRH-like immunoreactivity in female ewes
derived peptides [250]. However, the functional link be- [515]. High levels of cortisol also can disrupt reproductive
tween prodynorphin-derived peptides and the effects of es-function in women as dexamethasone decreased the LH
tradiol-178 on LH secretion is not clear because, as response to GnRH that is opiate-mediated because naltrex-
compared with controls, antisense oligodeoxynucleotide di- one prevented the suppression [289]. In contrast, repeated
rected against bovine prodynorphin decreased the LH re-stress during the third trimester of pregnancy did not change
sponse to GnRH, without affecting basal release or synthe-plasma B-endorphin immunoreactivity, but did increase
sis of LH [250]. Furthermore, although soneendorphin other stress-related hormones including corticosterone and
neurons in the arcuate nucleus make direct connections withACTH [559]. Furthermore, although resting levels@en-
GnRH neurons, the ability of estrogen to influence these dorphin were lower in pregnant female rats during the third
neurons is questionable as only 4% of these neurons exprestrimester, as compared with nonpregnant ones [559], plasma
the estrogen receptor protein [482]. B-endorphin concentrations in goats increased during labor
The effects of various opiate agonists and antagonists onand may reflect a response to pain and discomfort [235].
the anticipated afternoon LH surge in female rats were Endogenous opiates also may function to inhibit HPA ac-
examined, but the results were inconclusive as plasma leveldivity during parturition to protect the offspring from stress-
of LH were low or undetectable in all animals that may have related hormones, as ACTH and corticosterone decreased
been because of the ketamine anesthesia used [574,575Huring and after delivery in rats, but were enhanced by
Endogenous opiates may mediated abnormal fluctuations innaloxone [553]. In contrast, although exposure to cortisol in
LH secretion in a subset of women with hypothalamic fetal sheep decreases epinephrine synthesis thus limiting
amenorrhea as naloxone increased LH pulse frequency inadrenal responses to stress, endogenous opiates were not
some women but did not in others [411]. Since LH provides involved as adrenal proenkephalin A mRNA was not af-
an index of GnRH secretion it is possible that endogenous fected [5].
opiates mediated abnormal GnRH in some individuals with ~ Maternal behavior involves endogenous opiates as mor-
this disorder [411]. Growth hormone (GH) also modulates phine increased the latency to express full maternal behav-
reproductive function that involves endogenous opiates asior on postpartum days 5 and 6 [366]. However, it is likely
naloxone increased GH release in ovary-intact mares, butthat nonopiate systems are involved as well because CCK
not ovariectomized mares, an affect that was most pro- antagonists potentiated the effects of morphine [366]. Suck-
nounced during the breeding season [29]. In contrast, al-ling suppresses LH secretion in sows as plasma LH in-
though THC [379] and nicotine [458] suppresses LH secre- creased in zero-weaned sows by 48 h postpartum but not in
tion in ovariectomized rats, an opiate mechanisms is not suckled sows [136]. Furthermore, since morphine decreased
involved because naloxone or naltrexone did not antagonizeLH secretion in both suckled and zero-suckled sows, it
their effects [379]. suggests that although endogenous opiates mediate the in-
Endogenous opiates may mediate prolactin secretionhibitory effect in suckled rats, not all the receptors are
during the first half of pregnancy in rats as diurnal rhythms occupied by endogenous opiates and exogenous opiates
of B-endorphin activity in the mediobasal hypothalamus were able to increase the inhibition [136]. Maternal depri-
were correlated with daily surges in prolactin secretion vation can alter endogenous opiate systems as mice de-
[299], and the nocturnal prolactin surge on day 8 of preg- prived of maternal/nest odor for 15 min/day during the first
nancy was decreased by naloxone [230]. However, although2 weeks of life showed decreases in pain sensitivity and
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morphine analgesia when tested as adults [124]. Neonatalsure to morphine may have altered the sensitivity of endog-
handling produces anxiolytic effects that may be related to enous opiate receptors [392].
long-term changes in opiate peptide content as dynorphin A Prenatal exposure to opiates affects eating behavior in
in the hypothalamus, pituitary, and striatum, and of dynor- newborns as 56% of infants born to mothers maintained on
phin B in the hypothalamus, pituitary, hippocampus, me- methadone during pregnancy had abnormally high oral in-
dulla oblongata, and midbrain was up-regulated after han- takes by post-natal day 16 that was related to higher meta-
dling [424]. bolic demands in these newborns [336]. The observation
Endogenous opiates may be involved in menopause asthat infants born to opiate-addicted mothers have a lower
POMC mRNA in the infundibular nucleus of the hypothal- incidence of respiratory distress as compared with nonad-
amus was reduced by 65% in postmenopausal women aglicted newborns may be related to an opiate-mediated ac-
compared with premenopausal women [1]. Given the role of celeration of lung maturation as heroin, morphine, and
endogenous opiates in mediating various physiological and methadone increased the development of type Il pneumo-
behavior processes, alterations of this system during meno-cytes and lamellar bodies per alveolar lining cell in isolated
pause can have important consequences for the health ofetal rat lungs [186]. In contrast, changes in respiratory-
elderly women [1], including alterations in thermoregula- control brainstem nuclei are not involved as DAMGO and
tion [208]. However, the loss of POMC-containing neurons naloxone had no effect neuronal development in these areas
in postmenopausal women may be caused by factors othef364]. Newborns are not at risk for early onset hearing loss
than ovarian failure, as hormone replacement therapy didas the rate of severe bilateral hearing impairment was not
not alter hypothalamic POMC mRNA in ovariectomized higher in newborn infants of opiate-addicted mothers as
monkeys that were used as a model of postmenopausatompared with controls [201]. Prenatal exposure to nonopi-
women [2]. ate drugs also affected endogenous opiates systems, as
Prenatal exposure to opiates can alter development andoroenkephalin mRNA was increased in the nucleus accum-
behavior. The ability of morphine to cross the human pla- bens and striatum in rats exposed to ethanol in utero [143],
centa is not affected by naloxone as the maternal-to-fetal and in rhesus macaque fetuses exposed to cocaine from days
transfer rate was similar in term human placental cotyledons 22—70 of gestationu-opiate receptor mRNA was down-
treated with morphine and naloxone, as compared with regulated in the diencephalon, as compared with controls
those treated with morphine alone [280]. Therefore, nalox- [89]. However, prenatal exposure to THC did not have
one antagonism of fetal distress during maternal exposure tolong-lasting effects on endogenous opiate systems as mor-
opiates is explained by direct interactions with fetare- phine self-administration was not different in adult rats
ceptors, and not because of a change in rate of transfer ofexposed to THC in utero as compared with controls [15].
morphine from mother to fetus [280]. Prenatal exposure to  As in previous years, interest in the ontogeny of endog-
morphine alters seizure susceptibility that in female rats is enous opiate systems continued. Audioradiographic local-
age-related and transient as exposure to morphine fromization of PHJDAMGO revealed thaji-opiate receptors are
gestational days 11-18 decreased seizure thresholds at pospresent in the human fetal spinal cord by week 12-13 of
natal day 15 but not at postnatal day 25, as compared withgestation with a high density in the superficial laminae I-II
saline controls [529]. Prenatal exposure to morphine af- [436]. However, a biphasic increase was noted that included
fected social- and play-related behaviors that depended onan increase inu-receptor density the dorsal horn between
the dose used as prenatal exposure to 10 mg/kg morphineveeks 12-17 that corresponded with neurogenesis, fol-
daily from gestational days 8-21 increased pinning and lowed by a second increase by week 24-25 that was similar
social grooming as compared with controls, whereas 1to the adults pattern of distribution [436]. In mice, the
mg/kg morphine increased pinning behavior only [392]. developmental onset of the preprodynorphin gene, which
Since morphine did not affect sensory motor development encodes for six different dynorphin peptides, starts at em-
in the offspring or the gestation of the pregnant mother, the bryonic day 12.5 and then dramatically increases between
effects are probably not because of global deficits in devel- days 12.5 and 14.5, indicating that dynorphins are involved
opment or to maternal toxicity [392]. However, there ap- in early developmental events [473]. Similarlg;opiate
pears to be a critical time in which in utero exposure to receptors appear early in development and may be involved
morphine can differentially affect play and social behavior in cell growth, as thec-opiate receptor gene is expressed in
because pinning was increased only in offspring exposed tothe mantle areas of the midbrain, medulla oblongata, hind-
morphine from gestational day 16 to parturition, whereas brain, cranial ganglion, and vagus nerve at embryonic day
social behavior was increased only in offspring exposed to 12.5 and 13, and in the eye, ear, neopallial cortex, caudate
morphine from gestational days 8—-15 [392]. This differen- putamen, lateral ventricle, thalamus, hypothalamus, and
tial effect of prenatal morphine on play and social behavior pons at embryonic day 15.5 and 17.5 [232].
may reflect the differential involvement of endogenous opi-  The endogenous.-opiate agonist endomorphin-2 ap-
ates systems [392]. Furthermore, naltrexone given at thepears later in development than other opiate peptides as
time of testing reduced play behavior in controls, but not in dynorphin- and enkephalin-like staining was noted in the
prenatally exposed juveniles, indicating that prenatal expo- spinal cord by postnatal day 3, whereas endomorphin-2-like
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immunoreactivity was not [37]. By postnatal day 7 limited of endogenous opiates, increased in rat brains during the
and faint endomorphin-2-like immunoreactivity was found first month postnatal and then decreased in 5- and 24-
that increased to adult levels by postnatal day 21 [37]. The month-old rats, indicating its possible role both in early
late appearance of endomorphin-2-like immunoreactivity neural development and later neuronal loss [25].
suggests that this peptide is not involved in early opiate- Endogenous opiates can inhibit cell proliferation as es-
mediated events, but may be involved in opiate-mediated tradiol increased cell densities in myometrial cells that was
stress-induced analgesia which also appears later in develinhibited by the opiate agonist D-MePro>-enkephalin
opment [37]. Changes in POMC mRNA in the central por- amide, and naloxone blocked that inhibition [285]. It is
tion of the arcuate nucleus were noted in male and femalelikely that these effects are.-opiate-mediated because
juvenile rats from 21 to 33 days of age, including an in- DAMGO also inhibited cell proliferation, whereas DPDPE
crease in POMC mRNA at 30 days of age [325]. Given that and dynorphin-A did not [285]. These results indicate that
opiates can inhibit parental behavior [366], and 20% of endogenous opiates are involved in the regulation of uterine
POMC neurons in the arcuate nucleus expresgceptor growth and provide a better understanding of the mecha-
MRNA [60], is possible that increases in POMC mRNA nisms that mediate estradiol-related disorders, including
contribute to the inhibition of parental responses observed atleiomyoma and endometrial cancer [285]. Exposure of es-
that time [325]. In respiratory-related brainstem regions, trogen receptor-transfected neuroblastoma cells to estradiol
é-opiate receptor density was minimal in the brainstem of induced neuronal differentiation that may involve endoge-
young piglets that increase with age, whergaspiate re- nous opiates because a concurrent down-regulation of opi-
ceptor density exceededopiate receptor density at all ate receptor density also was noted [322], and may provide
ages, and remained unchanged with age [290]. These resulta physiological basis for the sex-related differences in opi-
demonstrate that the developmendatceptors lags behind  ate-mediated analgesia [288,322].
that of u receptors, indicating that the influence jof and Opiates are involved in embryonic development as Met-
8-opiate systems on breathing changes during developmenenkephalin decreased and naloxone increased DNA synthe-
[290]. Age- and sex-related differences were noted.in sis in embryonic ectoderm, mesoderm, and endoderm cells
and k-opiate receptor densities in song bird vocal control [586]. Since Met-enkephalin and it&receptor site also
brain areas, indicating their possible role in song learning or were identified in human fetal tissue, it is possibly involved
sexual differentiation [203]. in human organ development and the pathogenesis of birth
The effects of aging on endogenous opiate systems alsodisorders [586]. In contrast, endogenous opiates also inter-
were studied, and may be important in understanding age-act with nerve growth factor to promote neuronal survival as
related changes in sensory, cognitive and motor functions Leu-enkephalin, Met-enkephalin, and DAMGO increased
[58,59,188,176,376,600]. Met-enkephalin but not dynor- neuronal survival in chick embryonic dorsal root ganglion
phin A (1-17) content was decreased in both the ventral andexposed to nerve growth factor that was blocked by nalox-
dorsal horns of 22-month-old rat spinal cords as comparedone [455]. These effects are likely-mediated because
with 3-month-old ones [188]. Furthermore, potentiation of dynorphin A (1-13), DPLPE, and U50488H had no effect
nerve growth factor with the neurotrophic ganglioside GM1 [455]. The role of endogenous opiates in mink hair growth
restored deficits in the ventral horns, suggesting that age-was not demonstrated as no changeg-@ndorphin levels
related deficits in sensory and motor function may be related were noted during the onset of winter hair growth [447].
to decreases in spinal cord opiate peptides, and GM1 can
restore these deficits [188]. Positron emission tomography
revealed both age- and gender-related differencesapi- 8. Mental illness and mood
ate receptor binding gg-opiate receptor binding potential
increased with age in the neocortex and putamen, and more Unlike the declining trend that had been observed in
binding was found in the brain of women than men [600]. recent years, interest in the role of opiate systems in mental
However, although women had higher binding than men illness and mood increased in 1999, particularly in the
during the reproductive years, after menopause it decreasednodulation of anxiety [13,20,30,65,172,174,278,398,424,
to levels below those observed in men an indication that 528] and depression [16,122,138,226,433,477,588,602]. In
changes in hormonal status can influence endogenous opiataddition, the involvement of endogenous opiates in autism
systems [600]. Although the functional significance of these [84,296,519], aggression [480,495], kleptomania [127], and
changes are not well understood, they clearly highlight the Tourette’s syndrome [526] also was examined.
importance of age and gender when interpreting the role of  Morphine has anxiolytic actions that are opiate-mediated
endogenous opiates in mediating various functions. The roleas it increased exploratory behavior in the elevated-plus-
of endogenous opiates in mediating age-related anorexiamaze, and naloxone [278] or naltrexone [20] blocked it.
remains to be clarified, but a review of the literature indi- However, nonopiate systems also are likely involved as the
cates that age-related impairments in opiate function may beCCKg agonist BOC-CCK-4 reversed the anxiolytic effects
one of the factors that contribute to it [58,376]. Leucine of morphine and the CCKantagonist L-365,260 potenti
aminopeptidase activity, which is involved the metabolism ated them [278]. The neural mechanisms that mediate the
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anxiolytic effects of morphine were elucidated. The nucleus opiate activity [30]. Furthermore, the species used was im-
accumbens is involved as morphine injections into that areaportant as chlordiazepoxide increased both the time spent in
increased the entries into the open arms of an elevated-plusthe open arms of an elevated-plus-maze and social interac-
maze, and this was opiate-mediated because naloxondions in rats, and naltrexone potentiated those effects [172].
blocked it [20]. Since morphine also increased general lo- In contrast, when rats were previously exposed to the test
comotor activity,u-opiate receptors in the nucleus accum- apparatus naltrexone had no effect on the anxiolytic effects
bens are involved in the motor output for motivational of chlordiazepoxide, suggesting that endogenous opiates are
processes [20]. In contrast, when injected into the dorsal involved in the anxiolytic effects of benzodiazepines in
periaqueductal gray morphine has differential effects that novel environments [172]. Clearly, the interaction between
depend on the dose used as 10 nmol increased entries intopiate and benzodiazepine systems is very complex, requir-
the open arms but 30 nmol decreased entries. [20]. It ising additional research to address the role of novelty and
likely that these differential effects are related to a differ- genetic factors [30,172,498].
ential activation of opiate receptor subtypes as naloxone Opiates may be involved in depression as patients with
blocked the low dose morphine effect amdantagonist ‘endogenous’ and ‘nonendogenous’ depression had lower
nor-BNI blocked the high dose effect of morphine [20]. The plasma levels of3-endorphin than normal volunteers, with
endogenous antiopiate peptide Tyr-MIF-1 also has anxio- the lowest levels observed in those with ‘endogenous’ de-
lytic properties in mice as it increased the time spent in the pression [138]. Furthermore, after a 4-week treatment with
open arms of an elevated-plus-maze as compared with conthe antidepressant fluvoxaming;endorphin levels were
trols [174]. Furthermore, since Tyr-MIF-1 also blocked be- increased and depressive symptoms were decreased in all
havioral responses to socio-psychological stress it may depressed patients, indicating tigaéndorphin serum levels
function to regulate anxiety-related responses to stresscould be used in the diagnosis of depression [138]. The
[174]. neural mechanisms that mediate these effects are not
Neonatal handling reduced anxiety that involved endog- known, but may involve the nucleus accumbens and arcuate
enous opiates as it increased locomotion and rearing behavnucleus as extracellulgs-endorphin levels in these areas
ior in an open field test, and the number of entries and total were increased 2—3 fold by fluoxetine [588]. Similar results
time spent in open arms of an elevated plus maze; this wasalso were observed after application of serotonin, indicating
correlated with an up-regulation of dynorphin A in the that the actions of antidepressant drugs involve interactions
hypothalamus, pituitary, and striatum, and of dynorphin B between serotonergic and opiate systems [588]. Further-
in the hypothalamus, pituitary, hippocampus, medulla ob- more, the caudate nucleus, dentate gyrus, lateral septum,
longata, and midbrain [424]. Stress, on the other hand, mayand frontal, parietal and piriform corticies also are involved
increase anxiety as it decreased the frequency of entries intdbecause fluoxetine increasgdopiate receptor staining in
an open arm maze and introductory activity to an unfamiliar those areas [135]. Such decreaggeéndorphin levels in
opponent [13]. The effects are likely mediated by endoge- depressed patients may lead to other symptoms that are
nous opiates that are under HPA axis control becauseopiate-mediated, including changes in pain threshold [477].
changes in pituitany3-endorphin content after stress were In a case study of a 57-year-old women with major depres-
prevented by ICV injection of a CRH antagonist [13]. High sion that did not respond to various antidepressants, parox-
levels of anxiety exhibited in enkephalin-deficient mice etine was found to completely alleviate the depression when
(knockouts) may be related to their alterations in endoge- augmented with 50 mg/day of naltrexone [16]. However,
nous opiate systems as they have increasaddé binding although this case report indicates that naltrexone may aug-
sites in limbic-related areas, as compared with wild-type ment the effects of antidepressants, a controlled clinical
controls [64]. In contrast, although aminopeptidase gene- study is obviously necessary to further evaluate its thera-
deficient mice spend less time and make fewer entries intopeutic potential [16]. Naloxone also may be effective in
open arms of a plus maze than controls, a role for endoge-ameliorating cognitive deficits associated with electrocon-
nous opiates was not demonstrated as no differences invulsive therapy that is sometimes used to treat depression,
distribution or intensity of Met- and Leu-enkephalin immu- as it reduced anterograde amnesia, and increased verbal
nohistochemistry was found in the brain of mutant mice as fluency and attention when given before therapy [433].
compared with controls [398]. Stressful life events may enhance vulnerability to depres-
The anxiolytic effects of benzodiazepines were opiate- sion that involves endogenous opiate as exposure to chronic
mediated but only in some strains as chlordiazepoxide in- variable stress facilitated the onset of escape-avoidance def-
creased the proportion of open-arm entries in Swiss, icits in rats pre-exposed to inescapable shock that was
C57BL/6, and BALB/c mice, but naloxone blocked those blocked by naloxone and enhanced by morphine, and the
effects in Swiss and C57BL/6 mice and potentiated the antidepressant, desipramine, blocked both the sensitization
effects in BALB/c mice [30]. The lack of naloxone antag- of escape failures produced by the stress and its enhance-
onism in the BALB/c mice suggests that opiates do not ment by morphine [602]. It is possible that nonopiate sys-
mediate the anxiolytic effects of benzodiazepines in this tems also are involved, however, as chronic variable stress
strain that may be explained by their low stress-induced increased the release of dopamine from the frontal cortex in
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rats pre-exposed to inescapable shock that was blocked by Exogenous opiates such as morphine, hydromorphone,
naloxone [122]. Preproenkephalin mRNA was increased in LAMM, methadone, and meperidine produced subjective
the olfactory tubercle in rats after bilateral olfactory bulbec- effects, including ‘liking the effects’, ‘floating’, ‘coasting’,
tomy that may be associated with the behavioral and phys-and ‘feeling good’ [23, 200, 149, 253, 466, 537], that are
iological alteration observed these animals that resembleopiate-mediated because naltrexone blocked the mood-al-
human depression [226]. tering effects of hydromorphone [466]. However, differ-
A role for endogenous opiates in kleptomania was indi- ences were noted in their relative effects on mood as mor-
cated as 2 kleptomaniac patients showed improved behaviomphine produced milder effects than hydromorphone and
after naltrexone administration [127]. The mechanisms that meperidine, with the effects of meperidine rated the highest
mediate these effects of naltrexone are not known, but may[537], and LAAM was more potent than methadone [149].
be related to an attenuation of poor impulse control becauseFurthermore, although some of the subjects reported liking
it also controlled compulsive gambling behavior in one of the effects of morphine, hydromorphone, and meperidine,
the subjects [127]. The possible role of endogenous opiatesothers also reported that they disliked them [537]. There-
in impulse control is further supported by the finding that fore, although ‘drug liking’ is associated with abuse poten-
disinhibitory behaviors in serotonin-depleted rats was re- tial, in healthy subjects who might be prescribed opiates for
versed by naloxone [495]. Similarly, naloxone also reversed pain relief u-agonists do not consistently produce these
aggressive attacks and acts in these animals, indicating aabuse-related effects [537]. Tlreagonists remifentanil and
possible role of endogenous opiates in aggressive acts realfentanil produced ‘drug liking’ effects that were consistent
lated to impulse control disorders [495]. A review of the with their reported short duration of action as their effects
literature also indicates that endogenous opiates are in-on mood was similar to placebo 60 min after the infusion
volved the regulation of feline aggressive behavior, in par- ended [57]. In contrast, their effects on physical perfor-
ticular w-opiate receptors in the periaqueductal gray [480]. mance was still present after 60 min indicating overt behav-
Atypical antipsychotic drugs may interact with endogenous ioral measures are more sensitive than mood measures in
opiates as the neuroleptic clozapine produced analgesia thaévaluating duration of action, and that they may have longer
was blocked by naloxongg-FNA, naloxonazine, and nor-  durations of action than originally thought [57].
BNI, although the role of opiates in mediating its antipsy- The effects of heroin on mood depended on the route of
chotic effect was not addressed [465]. A role for opiates in administration, as IV heroin was 4-times more potent than
Tourette’s syndrome was not demonstrated as cerebrospinalN heroin in producing ‘good drug effects’ and ‘drug liking’
fluid levels of dynorphin A (1-8) anf-endorphin were not  in heroin-dependent subjects [105]. However, although
elevated in these patients as compared with controls [526].these differences in potency exist between IV and IN routes,
Autism may involve alterations endogenous opiate sys- the potential for abuse may be the same as no differences
tems that can be maternally inherited as plasma levels ofwere found between routes in progressive ratio break point
B-endorphin were higher in autistic subjects, and in 53% of values during self-administration [105]. The subjective ef-
the mothers of autistic subjects, as compared with age- andfects of the mixed opiate agonists/antagonists pentazocine,
sex-matched controls [84,296]. Furthermore, long-term nalbuphine, and buprenorphine in nondependent heroin us-
treatment with naltrexone improved autistic symptoms in 11 ers reflected theig-agonist activity because, similar to
children, and reduce@-endorphin levels in 7 of the chil- hydromorphone and morphine, they all produced ‘drug lik-
dren [84]. In contrast, naloxone increasg@@ndorphin lev- ing’ effects [253, 356, 466]. In contrast, butorphanol pro-
els in 4 of the children, and although they also showed duced feelings of dysphoria and ‘bad effects’ that may
improvements none were noted in areas involving social reflect itsk-agonist activity [253]. Similarly, the-agonist
behavior [84]. The involvement of endogenous opiates in dynorphin A (1-13) produced negative mood effects, al-
the expression of self-injurious and stereotyped behavior in though some positive drug effects also were noted [273].
mentally retarded subjects was not demonstrated, as noThe effects of ‘pure’ opiate antagonists on mood were
differences in plasmg-endorphin levels were found be- conflicting and depended on whether or not the subjects
tween mentally retarded subjects that did or did not show were opiate-experienced as naloxone produced negative
stereotyped and/or self-injurious behaviors [528]. In con- mood effects in healthy subjects [585], but naltrexone did
trast, self-mutilation in patients with Lesch-Nyhan syn- not affect mood in opiate-experienced subjects [466]. The
drome may involve an altered opiate system as Met-en- effects of NO on mood are not opiated-mediated because
kephalin immunoreactivity was increased in the caudate, naloxone did not reverse it's mood-altering effects [585].
although no changes were noted in the periaqueductal gray
or spinal trigeminal nucleus [454]. A review of the literature
suggests although that the effects of naloxone on autism and. Seizures and other neurologic disorders
self-injurious behaviors have been inconsistent, the role of
opiates and efficacy of naloxone in treating these illnesses In 1999, interest in the role of endogenous opiates in
may merit further evaluation in patients that do not respond seizure activity continued, that included research on the
to other medications [519]. long term changes in endogenous opiate systems after sei-
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zures [158,248,440,446,490,594], as well as the effects ofopiate levels in the amygdala, up-regulajedpiate recep-
opiate agonists [40,292,325,529,601] and antagonists [384]tor binding in the cortex and amygdala but not in the
on seizure activity. In general, opiate agonists had pro- striatum or hippocampus, and enhanced proenkephalin
convulsive effects, as both IV fentanyl and alfentanil in- mRNA in the dentate gyrus, CA1-CA3 hippocampus, and
creased epileptiform spike activity in patients undergoing various cortical areas [440]. These results indicate that the
surgery for intractable temporal lobe epilepsy [325]. How- progressive susceptibility to seizure activity after daily sub-
ever, although both fentanyl and alfentanil increased activ- convulsive doses of pentylenetetrazol (i.e. kindling) is re-
ity that was most pronounced in the amygdala or hippocam- lated to progressive changes in endogenous opiate systems
pus, alfentanil was more potent than fentanyl and had athat occur after the first injection [440]. Long-lasting
shorter duration of action [325]. Since general anesthesiachanges in opiate systems in the hippocampus after seizures
can suppress electrical brain activity, induction of seizure induced by a single injection of kainic acid is related to the
activity with opiates during surgery can be useful in local- Sp-1 transcript factor as enkephalin-Sp-1 DNA-binding ac-
ization of the epileptogenic focus [325]. Prenatal exposure tivity was increased for up to 5 months after treatment
to opiates can affect seizure activity as exposure to mor-[158]. Kindling induced by sub-threshold electrical stimu-
phine from gestational days 11-18 decreased the thresholdsation of the amygdala produces time-dependent changes in
for seizures induced by flurothyl at postnatal day 15, as dynorphin systems that occur differently in different brain
compared with saline controls [529]. However, the effects areas, as prodynorphin mRNA in the hippocampus was
are transient as no differences in seizure activity were ob- increasd 1 h after kindled seizures that returned to baseline
served on postnatal day 25 [529]. by 2 h, and dynorphin A levels in that brain area decreased
Seizure activity also was produced in mice after ICV at 1 h, increased at 2 h, and returned to baseline by 6 h
injection of codeine-6-sulfate at doses below its maximal [446]. In contrast, in the temporal and frontal cortex, both
analgesic potency, indicating that the use of this opiate for prodynorphin mRNA and dynorphin A levels decreased at
pain control is limited because of its ability to induce sei- 2 h and stayed decreased for up to 24 h [446]. However,
zures [601]. In contrast, morphine-6-sulphate did not pro- although these results suggests that in the hippocampus
duce seizure activity [601]. Since the opiate binding profiles dynorphin release is followed by an activation of prodynor-
of codeine-6-sulfate and morphine-6-sulphate are different, phin genes that synthesis new peptides, whereas dynorphin
it suggests that the mechanisms that mediate the seizuresynthesis in the cortex is arrested after kindling, the func-
inducing activity of codeine-6-sulfate is opiate-receptor spe- tional significance of these changes in epilepsy is not known
cific or explained by possible non-opiate actions [601]. [446]. In humans with temporal lobe epilepsy, reorganiza-
Interestingly, although morphine-6-sulphate has an affinity tion of mossy fibers is often found in granule cells of the
for k5 receptors, codeine-6-sulfate does not [601], raising dentate gyrus that show alterations of dynorphin-immuno-
the possibility that seizure activity after morphine-6-sul- reactivity [248,594]. Since dentate granule cells isolated
phate is suppressed by itsagonist actions. In fact, there is  from epileptic patients with mossy fiber sprouting showed
evidence thatk receptors are involved as theagonist reduced dynorphin-inhibition of voltage-dependent €a2
enadoline suppressed the strength of pentylenetetrazol-inchannels, as compared with those without mossy fiber
duced seizure activity in rats [40]. This effect was long- sprouting, dynorphins may act as endogenous anticonvul-
lasting because seizure activity was still suppressed in en-sants thus limiting excitability in epilepsy [248].
adoline-treated animals when given a challenge dose of Endogenous opiates are involved after focal cerebral
pentylenetetrazol 8 days after kindling completion [40]. ischemia as preproenkephalin mRNA was down-regulated
Furthermore, it is possible that glutaminergic systems arein the ipsilateral infarcted striatum at 1.5ca8 h after a
involved as kindling resulted in increased glutamate binding 90-min cerebral artery occlusion [171]. However, at 24 h
in the hippocampus that was prevented by enadoline [40]. preproenkephalin mRNA was up-regulated and no cell
Opiate antagonists have anticonvulsive effects as injectionsdeath was noted, indicating that changes in preproenkepha-
of naloxone into the periaqueductal gray suppressed audio-lin gene expression occur before significant cell loss in
genic seizures in a strain of genetically epilepsy-prone rats regions undergoing infarct [171]. Opiate receptor density in
[384]. However, the effects of naloxone were delayed and the frontal parietal corticies was affected after a middle
incomplete, indicating that nonopiate systems also are in- cerebral artery occlusion that was time-dependent as de-
volved [384]. An interaction between opiate and GABA creases were noted &receptor density between 1h and 3 h
systems was suggested as opiate release from the amygdal@ost-ischemia, i receptor density between 6 and12 h, and
but not the hippocampus, was increased above basal levelsn « receptor density betwaee6 h and 24 h [62]. This
after administration of the GABAergic agent gabapentin, differential time course suggests that the early the changes
and may account for the antiepileptic actions of this drug in & receptor density may serve as markers for early neu-
[441] ronal death, whereas the delayed change ireceptor
Alterations in endogenous opiate systems were observeddensity indicate their possible neuroprotective function
after seizures that depended on the brain area studied as §2]. In rats, preproenkephalin mMRNA was increased for at
single sub-convulsive dose of pentylenetetrazol increasedleast 3 days even after a small cortical infarct, thus caution-
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ing researchers to take these long-lasting changes into acin opiate receptor density in the caudate, thalamus, anterior
count when electrodes and probes are placed into rat braingputamen, and amygdala in an animal model of Parkinson’s
[525]. disease produced by unilateral administration of 1-methyl-
The effects of opiates on ischemic brain damage was 4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) [101]. Abnor-
examined and the results are relevant because cerebral ischmalities in endogenous opiate systems in patients with Par-
emia sometimes occurs during surgery in patients main- kinson’s varied with severity as reduced Met-enkephalin
tained on opiates [277,494]. However, the results were in- immunoreactivity in the caudate nucleus was only found in
consistent as fentanyl increased neuronal death in one studya subset of patients and was correlated to higher disease and
[277], but did not affect it in another [494]. In rats given a gait scores [134]. Preproenkephalin mRNA was up-regu-
50 ng/kg loading dose of fentanyl followed by agty/kg/ lated in the caudate and putamen of monkeys after MPTP as
min maintenance dose for 30 min (1L@/kg total), or 800 compared with untreated control that was decreased by the
no/kg loading dose followed by a 32 ug/kg/min mainte- dopamine D agonist cabergoline, but was increased by
nance dose for 30 min (1760g/kg total), 15 min before a  dopamine ) agonist SKF-82958 in 2 monkeys that had
12-min artery occlusion, neuronal injury was exacerbated in improved Parkinson’s symptoms and developed dyskinesia
the caudate-putamen at both 6 and 18 h post-ischemia, and375]. These results suggest, therefore, that dopamipe D
in many brain areas at 18 h, as compared with controls and D, receptors have opposite effects on MPTP-induced
[277]. In contrast, no change in neuronal damage was re-preproenkephalin mRNA expression, and that increases in
ported 7 days after a 90-min focal ischemia in rats given 50 preproenkephalin mMRNA may be involved in the develop-
ra/kg of fentanyl loading dose and then maintained on 50 ment of dyskinesia in Parkinson’s patients [375]. The ef-
ra/kg/h (150ung/kg total), as compared with controls [494].  fects of MPTP on preproenkephalin gene expression, how-
The reasons for these discrepancies are not clear but may bever, depended on the duration of treatment as
related to changes in brain temperature as the former studypreproenkephalin mRNA was increased in the striatum of
noted an increase in brain temperature after fentanyl [277], monkeys that were acutely symptomatic after receiving
whereas the latter study did not [494]. Morphine prevented large doses of MPTP over short periods of time, but not in
peroxynitrate-induced cell death in human neuroblastoma monkeys that were symptomatic for long periods of time
SH-SY5Y cell, but was not opiate-mediated because it was after receiving escalating doses of long periods or large
not antagonized by naloxone, and DAMGO, DPDPE, and doses over short periods [464]. Since the level of sympto-
U-50488 did not prevent cell death [260]. However, mor- mology and degree of dopamine denervation was similar
phine also may have pro-oxidant effects that could render between these groups, the results call into question the role
the central nervous system susceptible to damage as canceasf increased enkephalin activity in the expression of par-
patients undergoing treatment with ICV morphine for in- kinsonian symptoms [464].
tractable pain showed depleted levels of the antioxidant Preproenkephalin gene expression in the globus pallidus
glutathione [195] 8-endorphin also may contribute to isch- is regulated by dopamine but not D, receptors because
emic brain damage as CRH-induced increases in cerebropreproenkephalin mRNA was increased in that area in rats
spinal fluid B-endorphin were greater after a subarachnoid that received 6-OHDA lesions or repeated Bntagonist
hemorrhage as compared with controls [216]. treatment, but not after repeated injections of gabtage
Changes in endogenous opiates were noted after spinahist [468]. Striatal prodynorphin gene expression may in-
cord injury that may help explain the inability of morphine volve FosB-related transcription factor as chronic L-dopa
to treat allodynia after spinal injury [577], asopiate re- gradually induced abnormal body movement in rats with
ceptor density was down-regulated in the dorsal horns 2 unilateral 60HDA lesions that was paralleled with the in-
days after spinal cord ischemia [577] and from 2 t016 days duction of FosB-like immunoreactivity in neurons that
after dorsal rhizotomy [224]. Increases in dynorphin A after showed regional and cellular colocalization with prodynor-
spinal cord injury may contribute to cell death as embryonic phin mRNA [19]. It is possible that this relationship is
spinal cord neuron treated with dynorphin A (1-13) showed causal as intrastriatal infusion é@dsB antisense inhibited
neurodegeneration that was exacerbated by naloxone andhe dyskinesia and down-regulated prodynorphin mRNA
the k-antagonist nor-BNI, and prevented by the NMDA [19]. Morphine may be effective in reducing L-dopa-in-
antagonists MK-801, AP-5, and CKA [211]. Since nor-BNI duced dyskinesia in Parkinson’s patients as low doses of
and naloxone had no effect when given alone, these resultsmorphine reduced it in 2 patients, although at high doses
suggests that dynorphin may activat®piate receptors to  morphine produced an increase in akinesia [48].
impart a neuroprotective effect, but also activate NMDA Patients with Alzheimer’s disease have altered HPA ac-
receptors that leads to neurodegeneration [211]. tivity that may reflect changes in endogenous opiate systems
In previous years there was interest in the role of the as naloxone-induced increases in cortisol were blunted in
opiate system in Parkinson’s disease, and it continued inAlzheimer’s patients as compared with age-matched con-
1999. Changes in endogenous opiate systems may contribtrols [513]. The potential benefits of naloxone in the treat-
ute to treatment responsiveness and disease progression asent of pathophysiological conditions, such as senile de-
positron emission tomography indicated bilateral decreasesmentia in Alzheimer's disease, may be explained by
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increases in cerebral functional activity, as it increased re- Dynorphin A (1-17) increased &evoked substance P-re
gional cerebral metabolic rate for glucose in the cerebral lease in trigeminal nucleus caudalis slices and may be re-
cortex, midbrain, cerebellum, and medulla [507]. lated to its antianalgesic and allodynic activities [24]. How-

ever, this effect is not opiate-mediated because naloxone,

B-FNA, naloxonazine, and nor-BNI did not block it, but the
10. Electrical-related activity NMDA antagonist MK-801 did [24]. It is likely tha&-opi-

ate receptors modulate voltage-dependerft Gaurrents in

Interest in the ability of opiates to modulate neural ac- rat primary sensory neurons as theenkephalin analog
tivity remained high in 1999, and that included measure- DADLE inhibited C&" influx in cultured dorsal root gan
ment of their effects on specific neurons, structures, andglion neurons that was prevented by naltrindole but not
pathways. The opiate modulation of neural events in the B-FNA [3]. Endogenous opiates modulate nucleus reticu-
spinal cord were further elucidated, and provided valuable laris gigantocellular-evoked inhibitory postsynaptic poten-
information about the role of opiates in spinal nociceptive tial (IPSPs) in cat spinal cord motoneurons during active
processes. In the isolated adult rat spinal cord, DAMGO, but sleep, as the amplitude of carbachol-induced IPSPs in lum-
not DPDPE or U50488H, inhibited slow depolarization of bar motoneurons was reduced by naloxone when compared
substantia gelatinosa neurons evoked by repetitive electricalwith controls [565].
stimulation of dorsal roots at C-fiber intensity, and this was  In recordings from slices of rat periaqueductal gray,
u-opiate-mediated because naloxone reversed the inhibitoryDAMGO activated inwardly rectifying K currents in the
effect of DAMGO [367]. Similarly, fentanyl inhibited  periaqueductal gray that involves G-proteins because the
wind-up in single motor neurons produced by electrical or effects of DAMGO were modified by intracellular applica-
mechanical stimulation [345]. It is likely that-opiate re- tion of the guanine nucleotide analogs G&Pand GTRs
ceptors modulate nociceptive transmission in the newborn [209]. Thus, the DAMGO-induced activation of G-protein-
spinal cord as DAMGO, and the endogenquspiate ago- coupled inwardly rectifying K currents would result in
nists endomorphin-1 and endomorphin-2, reduced slow hyperpolarization and inhibit periaqueductal gray activity
ventral root potentials in the isolated spinal cord of 1- to [209]. However, although DAMGO induced hyperpolariza-
6-day-old rats [504]. Furthermore the effects of endomor- tion and inhibited excitatory postsynaptic potentials
phin-1 and endomorphin-2 were blocked by CTOP, dem- (EPSPs) in ventrolateral periaqueductal gray, it increased
onstrating theij-opiate receptor selectivity [504]. Arole of cell firing in many of the neurons [95]. The ability of
endomorphins in modulating nociceptive transmission also DAMGO to increase cell firing under these paradoxical
is supported by the finding that endomorphin-2-like immu- conditions may be related to its ability to also block the
noreactivity is increased in the dorsal horns during electrical inhibitory drive of GABAergic inputs that can overcome
stimulation of the dorsal root entry zone [555]. It is likely DAMGO-induced hyperpolarization and EPSPs, as
that phospholipase C mediates the opiate regulation of volt-DAMGO inhibited EPSPs by 35.5% while also inhibiting
age-sensitive Ga channels in dorsal root ganglion neurons GABA-induced IPSPs by 60.7% [95]. Such flexibility
as greater DAMGO-inhibition of whole cell €& currents would provide dynamic control of periaqueductal gray func-
was found in phospholipase C-deficient mice, as comparedtion, allowing the actions of opiates to vary depending on
with controls [567]. Since these differences were correlated the state of the neurons [95]. Met-enkephalin, endomor-
with the behavioral effects of DAMGO, it is possible that phin-1, and DAMGO also modulate €achannels in the
differences among individuals in opiate sensitivity is related mouse periaqueductal gray that gsopiate-mediated be-
to similar genetic factors [567]. Botp- and k-opiate re- cause the agonists inhibited €achannel currents that was
ceptors modulate rat dorsal horn neurons that is dependenprevented by CTAP [108]. Thew-opiate modulation of
upon PKC as activation of PKC withgdphorbol 12-myris- Ca* channel currents is further supported by the finding
tate 13-acetate attenuated morphine-, dynorphin-, andthat DPDPE, deltorphin I, and U-69593 had no effect, and
U50488H-inhibition of N-type calcium currents [274]. in w-opiate deficient mice, Met-enkephalin, endomorphin-1,
A role for k-opiate receptors in the modulation of spinal and DAMGO did not inhibit C&" channel currents [108].

cord nociceptive activity was demonstrated as IV U50488H  Endogenous opiates mediate electrical activity in the
and fedotozine inhibited dorsal horn neurons that showed heart as Met-enkephalin increased intracellulat‘Clavels
sustained excitatory activity after colorectal distention, and in rat intracardiac neurons [490]. Furthermokereceptors
nor-BNI partially reversed that inhibition [391]. In contrast, also modulate neuronal excitability in the heart because
when administered IT, U50488H had no effect, whereas U50488H [409,564,579,595] and bremazocine [595]
fedotozine inhibited the evoked activity that was partially blocked forskolin- and electrically induced €atransients,
blocked by nor-BNI and completely blocked by naloxone that was blocked by nor-BNI and quadazocine [595]. Given
[391]. Taken together, these results suggest that U50488Hthe role of k receptors in arrhythmia and ischemia, these
and fedotozine have a peripheral site of action, but fe- results suggest that intracellular Tais involved in the
dotozine may additionally have a site of action within the antiarrhythmia [409,579,595] and cardioprotective [564] ef-
spinal cord that is mediated by nenepiate receptors [391].  fects of endogenous-agonists.
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Both OFQ/N and DAMGO reduced the magnitude of Neuronal activity of rat supraoptic nucleus vasopressin
depolarization-induced G4 channel transients in rat dorsal  cells (i.e. phasic cells) is regulated by an endogeneapi-
raphe nuclei [448]. Furthermore, although many more neu- ate agonist as U50488H decreased burst duration [68] and
rons responded to OFQ/N than DAMGO that is consistent suppressed inwardly rectifying K currents that was
with the rare occurrence ofi-opiate receptors on the blocked by nor-BNI [382]. Excitatory activity in the su-
perikarya of dorsal raphe nuclei neurons, both effects were praoptic nucleus also is modulated pyopiate receptors as
attenuated by a neuropeptide FF analog, indicting its anti- DAMGO reduced spontaneous glutamate-induced EPSPs
opiate activity [448]. Enkephalin, OFQ/N, endomorphin-1 that was blocked by CTOP [310], and increased inwardly
and endomorphin-2 all inhibited spontaneous discharge of rectifying K™ currents in oxytocin magnocellular neurons
ventrolateral medullary neurons, but did so with different that was blocked by naloxone [382]. Taken together, these
potencies as the Egwas 3.17 nM for endomorphin-1, 3.17  results suggest that bojh and k receptors modulate oxy-
nM for OFQ/N, 10.1 nM for endomorphin-1, and 150 nM tocin magnocellular neurons via voltage-dependehtckir-
for enkephalin [97]. It is likely that only the effects of rents, wherea receptors differentially modulate Kcur-
endomorphin-1 and endomorphin-2 areopiate-mediated  rents in vasopressin magnocellular [68,310,382]. A role for
because naloxone prevented the effects of the endomorphin®©FQ/N also was shown in the modulation of the supraoptic
and enkephalin but not OFQ/N, where@sFNA only nucleus as it hyperpolarize all the magnocellular neurons
blocked the effects of the endomorphins [97]. tested, with half of them identified as vasopressin neurons

The nucleus ventroposterolateralis of the thalamus is [489]. However, since thexs-opiate antagonist naloxone
involved in visceral nociception as 59% of the neurons benzoylhydrazone was without effect, it is unknown
responded to colorectal distention, that was attenuated bywhether OFQ/N tonically modulates activity within the su-
morphine and naloxone blocked the attenuation [571]. The praoptic nucleus [489].
role of opiates in mediating circadian rhythms, however, In hippocampal slices, morphine decreased the sponta-
was not demonstrated as basal or NMDA-evoked firing neous firing rate of CA1 hippocampal interneurons, and
rates in the hamster suprachiasmatic nucleus were not pro-blocked formalin-induced excitation of CA1 interneurons,
foundly affected by Met-enkephalin, Leu-enkephalin, or an effect that naloxone prevented [596]. Dynorphin also
morphine [123]. Interestingly, a rebound excitatory re- modulates the excitability of CA1 hippocampal neurons as
sponse was observed after washout of the agonists, or wherdynorphin A (1-17), but not DPDPE, deltorphin II,
naloxone was applied to morphine-treated neurons, and thueDAMGO, or DADLE, increased voltage-dependent+K
may have implications for circadian function during opiate currents that was blocked by naloxone and nor-BNI [320].
withdrawal [123]. In contrast, dynorphin inhibited voltage-dependentCa

Postsynapticu-opiate and OFQ/N receptors modulate channels in dentate granule cells isolated from epileptic
neuronal activity in both the ventromedial hypothalamus patients, that was reduced in those patients with mossy fiber
and arcuate nucleus as DAMGO and OFQ/N activated in- sprouting, suggesting that dynorphins may act as endoge-
wardly rectifying K currents in both structures, whereas nous anticonvulsants [248]. Although the synthetic estrogen
DPDPE and U69593 did not [151]. In contrast, presynaptic diethylstilbestrol modulates hippocampal activity, it is un-
modulation of excitatory transmission in the arcuate nucleus related to its actions at opiate receptors, as it increased the
occurs throughu, «, and OFQ/N receptors as DAMGO, amplitude of population spikes in the CA1 pyramidal layer
U69593, and OFQ/N depressed the amplitude of electrically that was not antagonized by naloxone [457].
evoked EPSPs and decreased the magnitude of pair-pulsed Endogenous opiates modulate LTP in mossy fibers in the
depression [151]. On the other hand, presynaptic modula- CA3 region of the hippocampus as naloxone inhibited LTP,
tion of the ventromedial hypothalamus only involves and DAMGO enhanced mossy fiber LTP and paired-pulse
receptors because only DAMGO depressed EPSPs and defacilitation that was blocked by the-opiate antagonist
creased the magnitude of pair-pulsed depression [151].CTOP [251]. However, nonopiate systems additionally are
Therefore, since the overlap of presynaptic and postsynapticinvolved as the GABA receptor antagonists phaclofen, and
opiate receptors is partially, and the localization of receptors SCH 50911 also inhibited the effects of DAMGO [251].
differs between the ventromedial hypothalamus and arcuateThis finding is complemented by the observation that many
nucleus, it is possible that these opiate receptor subtypesu-opiate-labeled neurons in the hippocampus also contained
have distinct modulatory functions [151]. The ability of GABA-like immunoreactivity [141]. The opiate modulation
DAMGO to hyperpolarize guinea pig hypothalamic neurons of LTP, however, is modified by chronic morphine as ortho-
is modulated by estrogen because DAMGO-induced in- dromic population spike delays and amplitude in hippocam-
creases in inwardly rectifying Kcurrents in that area were  pal slices were enhanced in rats given morphine in their
attenuated by 13-estradiol [270]. It is likely that activation  drinking water for 20—30 days, as compared with rats given
of PKA and PKC pathways are involved because the selec-no morphine or only short-term morphine [327].
tive PKA antagonists Rp-cAMP and KT5720 and the selec-  In contrast, both morphine and Met-enkephalin modulate
tive PKC inhibitor calphostin C blocked the effects of@t7 C&* channel currents in the locus coeruleus that is not
estradiol [270]. affected by chronic morphine pretreatment, indicating that
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functional u-opiate coupling is not altered in the locus that these effects are mediated by the OFQ/N receptor as an
coeruleus of morphine-dependent rats [109]. The opiate OFQ/N antagonist prevented their effects of U50488H,
peptides endomorphin-1, endomorphin-2, morphiceptin, he- sufentanil, and OFQ/N, whereas nor-BNI was without ef-
morphin-4, Tyr-MIF-1, Tyr-W-MIF-1, TAPS, and DALDA  fect, and naltrexone and naloxone were only minimally
inhibited spontaneous firing in all locus coeruleus neurons effective [233]. These results suggest, therefore, that some
tested that wag.-opiate-mediated as CTAP reversed their opiate responses that are defined as nonopiate because they
inhibitory effects [572]. However, differences were noted in are not sensitive to naloxone or naltrexone antagonism, may
the potency of the opiates to inhibit spontaneous firing in the in fact be mediated by OFQ/N receptors [233]. Endogenous
rank order of: TAPS> endomorphin-1 and endomorphin- opiates also modulate voltage-dependert'Cehannels to
2 > DALDA > morphiceptin> Tyr-W-MIF-1 > hemor- potentiate dopamine release from human neuroblastoma
phin-4 > Tyr-MIF-1 [572]. In the nucleus accumbens, her- cells as U50488H increased both basal and evoked dopa-
oin suppressed neuronal activity in freely moving rats that mine release [272]. In contrast, DAMGO had minimal stim-
was naloxone-reversible, but the results were confusing as itulatory effects that is probably related to the small number
only did so when self-administered by the rat and not when of w receptors on these cells, whereas &agonists DP-
administered non-contingently by the experimenter [298]. DPE and DSLET had both inhibitory and stimulatory ef-
The reasons for these differential effects are not known, butfects in human neuroblastoma cells [272]. Furthermore,
indicates a complex interaction between behavioral, phar- when the stimulatory effect of U50488H and DAMGO were
macological, and electrophysiological processes. Glutamateblocked by the N-type Cd channel antagonisf)-cono
receptor agonists inhibit the NMDA-evoked excitatory post- toxin an inhibitory effect was revealed, thus indicating that
synaptic currents in core nucleus accumbens neurons thatvithin the same cell opiates can have both stimulatory and
are potentiated by chronic exposure to morphine, suggestinginhibitory effects on transmitter release [272]. Morphine
that interactions between NMDA and metabotropic gluta- simulates intracellular G4 transits in both human enedo
mate receptors may be involved in opiate tolerance andthelial cells [163] and invertebrate immunocytes [393] that
dependence [333,334]. In the globus pallidus, endogenousnaloxone blocked [163,393], thus demonstrating opiate in-
p-opiates modulate GABAreceptor mediated IPSPs elic  volvement. Specifically, it appears that-opiate receptors
ited by stimulation of the striatum that is presynaptic in are involved because DAMGO, DADLE, DAMAZ-endor-
nature as DAMGO and Met-enkephalin reduced IPSCs andphin, and dynorphin (1-17) were without effect in both
increased paired-pulse facilitation of evoked IPSCs [499]. types of cells [164,393].

The role of endogenous opiates in mediating-&oked
release of L-glutamate and GABA from rat cerebrocortical
synaptosomes depended on the opiate subtype studies a%l. General activity and locomotion
L-glutamate and GABA release was inhibited by t#hag-

onist U50488H that nor-BNI blocked, and theagonist In 1999, as in previous years, interest in the opiate
endomorphin-1 that naloxone blocked, but was not affected modulation of general activity, in particular locomotion,
by the 6-agonist deltorphin or OFQ/N [461]. Similarly continued. However, the effects of opiate agonists and an-

but noté receptors modulate glutamate release from striatal tagonists were somewhat inconsistent, thus making gener-
synaptosomes as €adependent glutamate release was alizations difficult. Morphine generally increased locomo-
suppressed by U-69593 that nor-BNI antagonized, whereastion [74,459,533,536,548,550], although in some
the 8-agonist DPDPE was without effect [435]. Although circumstances it was decreased [533,603]. An acute injec-
the functional significance of these results is yet to be tion of morphine (10 mg/kg) increased locomotion in mice
determined, it may help clarify the mechanisms underlying [459,548] that was blocked by a dose of glucose (100
the opiate modulation of cortical functions, including pain, mg/kg) that did not by itself modify locomotion, thus dem-
motivation, reinforcement, learning, and anxiety [461]. En- onstrating that glucose can inhibit opiate functions [459].
dogenous opiates may regulate P300 wave amplitude asAntihistamines also modulate morphine-induced locomo-
genetic variations of the enkephalinase gene were assocition as the histamine H1-receptor antagonist tripelennamine
ated with low amplitude of the P300 wave in male subjects potentiated spontaneous locomotor activity in morphine-
with substance abuse [107]. Given the association of low treated mice that also was antagonized by glucose [459].
amplitude P300 waves to alcoholism, it is possible that such Since antihistamines are sometimes combined with opiates
alterations in endogenous opiate systems may contribute toto enhance euphoria, the ability of glucose to modulate their
a genetic predisposition to substance abuse, particularlylocomotor effects may have important implication for drug
alcoholism [107]. abuse [459]. In contrast, co-administration of caffeine or the
In neuroblastoma SK-N-SH cells, endogenous opiates adenosine receptor antagonist PACPX did not alter locomo-
modulate C&" channels as th&-agonists U50488H and tion, suggesting that dopamine and adenosine receptors are
U60593, and thew-agonist sufentanil, inhibited depolariza- not involved [548].
tion-induced C&" influx, whereas OFQ/N produced dual The neural mechanisms that mediate some of the loco-
excitatory and inhibitory effects [233]. However, it is likely motor effects of morphine were elucidated. Morphine injec-
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tions into the caudal ventrolateral periaqueductal gray also re-uptake blocker fluoxetine blocked the expression sensi-
increased locomotor activity in rats that was blocked by tization to morphine-induced oral stereotypy [550]. Mor-
naltrexone, suggesting that opiate receptors in this area arephine-induced behavioral sensitization is long-lasting as
involved [533].However, under conditions of stress mor- sensitization to morphine-induced turning in rats with ni-
phine differentially affected activity depending on the be- gral-striatal lesions was still presented 71 days after the last
havioral measure, as it produced explosive locomotion and morphine-injections [536], and sensitization to morphine-
decreased inactivity, but also decreased exploration, rear-induced oral stereotypy was present after 6 weeks [550].
ing, autogrooming, and increased explosive arrested behav- Besides morphine, the effects of other opiate agonists on
iors in rats that were placed under the threat of attack by anlocomotor activity were examined but the results were in-
intruder [533]. Although it is not clear why morphine de- consistent. In rats, injections of DAMGO into the ventral
creased exploratory behavior during threats of attack, it is pallidum increased locomotor activity that involves efferent
probably related to the increased time spent in arrested andprojections to either the medial dorsal nucleus of the thal-
explosive locomotor behaviors [533]. However, none of amus or the midbrain extrapyramidal area because injection
these behaviors were opiate-mediated because naltrexonef a local anesthetic into those areas prevented the increases
did not antagonize the effect of morphine in threatened ratsin locomotion [98]. It is likely that planaria (flatworm)
[533]. Previous opiate activation is an important factor in posses-opiate receptors, but npt- or §-opiate receptors,
regulating the behavioral response to stressful events, asas exposure to DAMGO or DPDPE did not increase motor
previous exposure to morphine increased immobility in rats activity in these organisms, whereas U50488H and brema-
in a forced swim test that was opiate-mediated becausezocine increased motor activity that was blocked by nalox-
naloxone blocked it [603]. Since behavioral inactivity is one and nor-BNI [408]. Furthermore, since the effects of
considered a defensive response to a threatening stimulus50488H and bremazocine also were blocked by the dopa-
these results indicate that when exposed to a novel andmine D, antagonist SCH-23390 and,@ntagonist sulpiride,
stressful environment previous opiate activation sensitizesdopamine systems are involved [408]. In 17-day-old
the expression of this adaptive response [603]. Indeed, sim-preweanling rats U50488H also increased locomotion [348,
ilar to morphine, previous exposure to restraint stress also389], but the involvement of dopamine systems is confusing
increased immobility that naloxone blocked [603]. because U50488H-enhancement of locomotor activity was
Repeated injections of morphine produced sensitization attenuated by the Plike agonist NPA [348,389] and the
to the stimulation of locomotor responses to an acute chal- dopamine antagonist flupenthixol [389], whereas the indi-
lenge of morphine [74,536,548,550], that may be explained rect dopamine agonists cocaine [348,389], methylphenidate,
by interactions with dopaminergic systems [74,536,548, and amphetamine [348] augmented the effects. It is not clear
550]. Sensitization to morphine-induced locomotion was why opposite effects were obtained by direct (NPA) and
demonstrated as mice injected with 10 mg/kg morphine indirect (cocaine, methylphenidate, and amphetamine) do-
every other day for 9 days showed a progressive increase inpamine agonists, but this may be related to their differential
locomotion on days 3, 5, 7, and 9, and also when challengedactivation of the Q) receptor [348].
with morphine 2 days later [548]. Furthermore, although Although k-agonists increase locomotion in young
caffeine and PACPX did not block the acute locomotor preweanling rodents [348,389] they decrease activity in
effects of morphine, they prevented the sensitization to it, adults as U50488H produced dose-dependent sedative ef-
suggesting that dopamine receptors mediate sensitization tdects in adult &6-weeks-old) CXBK and C57/BL mice
morphine’s locomotor reactivity that involves adenosine [237]. However, differences were noted between these two
receptors [548]. It is likely that dopamine transmission in strains as CXBK mice showed lower baseline locomotor
the nucleus accumbens and caudate-putamen is involved atevels and fewer sedative effects of U50, 488H than C57/BL
sensitization to both morphine-induced locomotion and ste- mice, indicating lower endogenous opiate levels in CXBK
reotypy was accompanied by sensitization to dopamine mice [237]. In rhesus monkeys, U50488H produced dose-
transmission in the those areas when rats were challengedlependent sedative effects that were centrally mediated be-
with morphine 15 days after being injected with morphine cause they antagonized for up to 35 days by intracisternal
twice daily for three days [74]. However, cross-sensitization but not by SC injection of nor-BNI [276]. In contrast,
did not occur to amphetamine or cocaine in morphine- although the bremazocine also produced sedation, neither
treated rats, indicating that behavioral sensitization to mor- SC or intracisternal. nor-BNI treatment affected it, suggest-
phine can occur independently of sensitization to psy- ing that at least twa-opiate receptor subtypes exist that can
chomotor stimulants [74]. Similarly, in rats with nigral- cause sedation when activated [276]. Indeed, the existence
striatal lesions, repeated morphine injections produced aof multiple k-opiate receptors was demonstrated in another
progressive increase in turning behavior over 13 days, butmodel as nor-BNI was about 50-times more potent at in-
did not show cross-sensitization when challenged with am- hibiting U69593-stimulated®fS]|GTP+-S binding than ti
phetamine or cocaine, but rather a decrease in cocainefluadom-stimulated®S]GTP+-S binding in the guinea pig
induced turning was observed [536]. Serotonergic systemscaudate [217].
also are involved in sensitization because the serotonin  When injected SC the peripherally selectiveagonist
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IC1204,488 and the dynorphin A (1-8) analog E-2078 were 12. Gastrointestinal, renal, and hepatic functions

relatively ineffective at producing sedation in rhesus mon-

keys as compared with the referene@agonist spiradoline, As in 1999, there was continued interest in the role of
indicating a central site of action [71]. However, at the endogenous opiates systems in gastrointestinal (GlI), renal,
highest dose both 1CI1204,488 and E-2078 produced seda-2nd hepatic function. Consistent with previous years, mor-
tion, suggesting that 1C1204,488 can indeed have central Phine [67,214,303,399,425,451,554,570] and other opiate
effects, and that E-2078 can cross the blood-brain barrier@gonists  [67,347,399,410,425,451,522,532,570,580,581],
[71]. The partialp-agonistk-antagonist buprenorphine in- ?nhibited Gl functions, including transit and gastric empty-
teracts with dopaminergic systems as a single administra-INg. and these effects were reversed by opiate antagonists
tion of buprenorphine shortly after 6-OHDA lesions poten- [67,303,347,399,410,570,580,581]. In patients with chronic

tiated L-DOPA-induced turning 3 weeks later, as compared pancreatitis, morphine increased orocecal and colonic tran-
with animals not given buprenorphine [4]. Although when sit times, and the patients felt more constipated, reported
given alone naltrexone [533], naloxone [408], and nor-BNI more strain on defecation, had harder stool consistency, and

. - S more bloating after 5 days of morphine, as compared with
[27.6’408] did np tatfect locomotor act!V|ty., Icv |nJect|on of the first day [554]. In contrast, the-agonists tramadol did
anti-B-endorphin reduced self-grooming in rats it, suggest-

ing that a tonically acti iat ¢ dulat not interfere with orocecal transit times, produced fewer Gl
Ing that a fonica’ly active opiate system may moduiate some symptoms than morphine, and fewer patients had prolonged
behavioral activities [427].

i ) _ _ . colonic transit times than with morphine [554]. Since tra-

Endogenous opiates may be involved in circadian 40| produced similar degrees of analgesia as morphine in
rhythms as c-Fos is spontaneously expressed in hypothaynese patients, it may be preferred over morphine because it
lamic g-endorphin neurasi1 h after dark onset in rats, but s fewer Gl side-effects [554]. In newborns, fentanyl may
is undetectable from late morning until 30 min after light paye therapeutic advantages over morphine, as both opiates
offset [241]. In contrast, neural activity in the hamster produced similar degrees of analgesia, whereas decreases in
suprachiasmatic nucleus were not greatly modified by Met- G| motility were less frequent after fentanyl than after
enkephalin, Leu-enkephalin, or morphine, although a re- morphine [451]. The effects of morphine on Gl function
bound excitatory response was observed that may haveshould be of concern at low doses as well, since duodenal
implications for circadian function during opiate withdrawal motility was increased within 15 min in 9 of 10 subjects
[123]. Opiates inhibit rapid eye movements (REM) during infused with 40ug/kg/h of morphine, and this was opiate-
sleep that may be related to cholinergic systems as mor-mediated because IV naloxone blocked the effects in 5 of 6
phine decreased acetylcholine in the medial pontine reticu- subjects [303].
lar formation, an area that contributes to REM sleep [377].  Low doses of methylnaltrexone were highly effective in
Morphine also produces changes in pupil diameter, and treating gut motility and transit changes in opiate addicts
therefore can be used as an objective criterion to measuremaintained on methadone as IV administration of the an-
drug effect [403]. tagonist (0.05-0.45 mg/kg) twice daily reversed metha-

Research continued to address the role of opiates duringdone-induced constipation and delay in gut transit time, as
strenuous exercise and physical motor activity. Running in €ompared with placebo controls [581]. Therefore, since
rats produced changes in endogenous opiate systems, a@ethylnaltrexone does _not cross t_he blood—_bra!n bc_arrler_, it
preproenkephalin mRNA in the striatum was increased 90% may prove FO b_e effecuve_ n treatlng_consnpatlpn In pain
in rats 2 h after running a treadmill for 20 min [307]. It is patients maintained on opiates by acting on peripheral opi-

likely that interactions with both dopaminergic and glu- ate receptor_s in the G| _tract, while sparing the c_entrally
h . . . , mediated opiate analgesic effects [581]. The gastric effects
taminergic systems are involved because increases in pre- . . o
; . of opiates may involve the nucleus tractus solitarius as
proenkephalin mRNA after running were blocked by the DAMGO applied to the gastric compartment inhibited neu
dopamine R-antagonist SCH-23390 and the NMDA antag PP 9 P

ist MK-801. and the d ine.m . icloprid ronal activity in this area that was antagonized by both
onist MK- o an the dopamine, nt.agonlst etlcoprl'e methylnaltrexone and naloxone [580]. It is likely thabpi-
enhanced it [307]. Plasm@-endorphin levels were in-

- ) A i _ ate receptors also are involved as U50488H inhibited nu-
creased in males 2 min after a maximal cycling exercise, ¢jq s tractus solitarius neurons, an effect that was blocked
that was decreased by the synthetic corticosteroid dexa-by naloxone, although much higher doses of methylnaltrex-
methasone [331]. However, although dexamethasone ispne were required [580]. In contrast, methylnaltrexone
sometimes used by athletes, it did not alter any subjective orgiven alone activated nucleus tractus solitarius neurons,
objective parameters of performance, thus not supporting itsindicating that endogenous gastric opiate tonically modulate
assumed performance-enhancing ‘doping’ effects [331]. brainstem and gastric responses [580].

B-endorphin levels also are increased in the periaqueductal Morphine and fentanyl inhibited both Gl transit and
gray matter and arcuate nucleus in rats after forced walking, permeability of the small intestine in mice; this involves
and this may be stress-related because it also producedentraluy-opiate effects because when administered ICV the
analgesia [387]. agonists were more potent than when given SC, and the ICV
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effects were decreased by IG\ opiate antibodies or anti-
sense oligodeoxynucleotides gisopiate receptors [425]. A
central u-opiate site of action is further supported as SC

injections of low doses of morphine and PL017, a periph-

erally actingu-agonist, inhibited Gl transit and permeabil-
ity that was unaffected by-opiate antibodies, whereas high
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of peripheralk-opiate receptors as-opiate agonists inhib-
ited visceromotor responses to colonic distention more so in
rats with inflamed colons than those with uninflamed colons
[471]. However, u-opiate receptors are probably not af-
fected because morphine was equally potent in rats with
inflamed or uninflamed colons [471]. Colonic irritation can

SC doses of morphine that should bind to both central and modify pain responses that involve endogenous opiates as
peripheral intestinal opiate receptors inhibited Gl transit and colonic distention decreased pain responses to IP acetic acid

permeability that was partially blocked by the-opiate

injections which naloxone reversed [337]. In rat model of

antibodies [424]. However, morphine and fentanyl were inflammatory bowel disease produced by intracolonic in-

more potent in inhibiting of GI transit than permeability,
suggesting that the inhibition of permeability may have
contributed to their antitransit effects [425]. In contrast,
although theé-agonist DPDPE was less potent than the

morphine and fentanyl, it had greater effects on permeabil-

ity than Gl transit that was not modified y-opiate anti-
bodies or antisense oligodeoxynucleotidesutopiate re-

stallation of trinitrobenzene sulfonic acid, morphine im-
proved performance in a discrimination task and naloxone
blocked it, thus providing a valuable paradigm to evaluate
analgesics in this pain model [359].

The classic guinea pig ileum perpetration has been used
to determine opiate modulation of contractions of the ileum
as a means of assessing selectivity for opiate receptors. The

ceptors [425]. OFQ/N has both peripheral and central inhibitory effect of mitragynine pseudoindoxyl, an alkaloid

actions that occur independently of traditional opiate sys-

tems as ICV injections OFQ/N inhibited GI transit and

synthesized from mitragynine used in Thai folk medicine,
on electrically induced contractions of the guinea pig ileum

contracted isolated colon preparations, actions that wereis p-opiate-mediated because it was prevented by naloxone
unaffected by naltrexone [399]. However, when doses of and theu receptor agonist naloxonazine [570]. Endomor-

morphine, DAMGO, and DPDPE that inhibited Gl transit
were co-administered with OFQ/N, a subadditivity was ob-
served with morphine and DPDPE, but not DAMGO, indi-

phin-1, endomorphin-2 [347], and DAMGO [347,410] also
caused a concentration-dependent inhibition of electrically
induced contractions of the guinea pig ileum that was

cating a possible functional interaction between cendral
and OFQ/N receptors [399].

blocked by naloxone, thus further supporting the hypothesis
that endomorphins are endogenous opiate ligands [347].
Stimulation of the sciatic nerve inhibits cholera toxin- The selectivity of various enkephalin analogs for opiate
induced secretion in the small intestine that is primarily receptors were analyzed in the guinea pig ileum perpetra-
centrally opiate-mediated as IV naloxone blocked the effect, tion, and it was found that dalargin, dalarginamide, and
whereas IV naloxone methiodide, which does not cross the N-Me-[L-phe*-dalarginamid, all inhibited electrically
blood-brain barrier, only partially antagonized it [254]. The evoked contractions that naloxone blocked, although
enkephalinase inhibitor, racecadotril, also has antidiarrhealdalarginamide, and N-Me-[L-pAelalarginamid were 2 and
effects that are opiate-mediated because it decreased cholera0-times respectively more potemtagonists than dalargin
toxin-induced hypersecretion of water, sodium, and potas- [410].
sium that naloxone blocked [432], and reduced acute diar- Opiate receptors are involved in renal excretory func-
rhea in both children [522] and adults [532]. Since raceca- tions, as naloxone decreased urine flow and sodium excre-
dotril has no effect on Gl motility, it may be safer to use tion in response to plasma volume expansion in conscious
than theu-agonist loperamide which reduces diarrhea, but rabbits [479]. Urinary function in spinally transected guinea
also increases Gl transit time leading to constipation and pigs involves endogenous opiates systems as IT morphine
abdominal distention [522,532]. Endogenous opiates arecompletely blocked the micturition reflex, and inhibition of
involved in vomiting as high doses of naloxone induced volume-induced bladder contractions by IT capscaicin was
emesis, and fentanyl inhibited nicotine-induced emesis in prevented by IT naloxone [406]. Neutral endopeptidase,
house musk shrews [449]. The antiemetic actions of fenta- which has been shown to inactivate enkephalins, is involved

nyl are likely mediated byu,-opiate receptors within the

in renal function as it was down-regulated in the plasma of

brain because its effects were antagonized by naloxone,rats after ischemia-induced acute renal failure, that was

naltrexone, theb/u- antagonist M8008, the/u-antagonist
MR2266, but not by theu,-antagonist naloxonazine, the
k-antagonist DIPPA, the-antagonist naltrindole, or the

preceded by a decrease in kidney cortical neutral endopep-
tidase mMRNA [388]. Given that neutral endopeptidase is
distributed in the glomerulus and proximal tubule of the rat

peripherally acting antagonists naloxone methylbromide and rabbit kidney [148], these results suggest that down-
and naloxone methyliodide [449]. However, since doses of regulation of this enzyme may contribute to acute renal

naloxone, naltrexone, and M8008 that blocked the anti-
emetic effects of fentanyl did not by themselves induce

vomiting, it is unlikely that emesis is regulated by a toni-
cally active opiate system [449].
Inflammation of the colon may produce an up-regulation

failure [388], perhaps by affecting enkephalin activity. A
down-regulated endogenous opiate system may explain the
extreme polydipsia and polyuria in inbred STR/N mice as
morphine did not produce analgesia in these mice, but when
the opiate system was up-regulated by repeated administra-
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tion of naltrexone analgesia was produced by morphine andvascular function ag-agonists consistently reduced blood
the animals drank less water [257]. pressure [347,474,475,476] and heart rate [353,437,474,
In 1999, research indicated that OFQ/N may play an 475,476], and therefore may be valuable in the treatment of
important role in renal function. In rats, ICV injection of hypertension. However, the effects lofagonists depended
OFQ/N decreased urinary sodium excretion [263] and renal on the dose used as systemic administration of BRL52626,
sympathetic nerve activity [263,478], and increased urine which freely crosses the blood-brain barrier, decreased heart
flow [263]. Furthermore, when combined with a dose of rate and blood pressure at low doses but produced hyper-
OFQ/N (10 nmol) that had no effect, naloxone decreased tension at higher doses in a strain of spontaneously hyper-
renal sympathetic nerve activity that may reflect an attenu- tensive rats [474]. In contrast, BRL52974xagonist that
ation of hypotension-induced increase in nerve activity, thus has limited access to the brain, produced hypertension at
unmasking an inherent decrease of nerve activity by OFQ/N low doses but hypotension at higher doses [474]. Since at
[478]. Although the mechanisms by which OFQ/N produces low doses BRL52974 would have selective peripheral ac-
diuresis and antinatriuresis is not clear, a pathway that istions, whereas high doses may have central effects as well,
independent of the renal nerves is probably involved be- it is reasonable to conclude thatagonist have centrally
cause renal-denervation had no effect on urine flow and mediated hypotensive effects but peripherally mediated hy-
sodium excretion [263]. Interestingly, ICV injections of the pertensive actions [474]. This is further supported by the
OFQ/N antagonist [FG]JOFQ/N (1-13)-NHalso produced  finding that continuous infusion of BRL52626 (0.2 mg/kg/
decreases in sodium excretion and urine flow, that were of day) decreased heart rate and blood pressure over the 14-
longer duration than OFQ/N, and low doses of [FG]JOFQ/N day period, whereas the same dose of BRL52974 had no
(1-13)-NH, did not block the effects of OFQ/N [264]. effect, except for a decrease in heart rate after 7 days of
Therefore, although [FG]JOFQ/N (1-13)-NHs presumed  treatment [474].
to be an antagonist of the OFQ/N receptor in vitro, the Isolation induced hypertension that ismediated as 7
present results suggest that in vivo it has central agonistsdays of isolation in normotensive rats increased heart rate
effects similar to OFQ/N in vivo [264]. The receptor also  and blood pressure that was returned to control levels after
is involved in renal function as EKC [534], U69593 [72, systemic injection of thec-agonist U62,066E [475]. It is
534], and the dynorphin A (1-8) [534] analog E-2078 likely that hippocampak-opiate systems are involved in
caused diuresis in rhesus monkeys that was blocked bycardiovascular regulation as intrahippocampal administra-
quadazocine [72]. Furthermore, although the butorphanol tion of U62,066E decreased heart rate and blood pressure in
did not alter urine output, it did when challenged with the isolated [475,476] and spontaneously [476] hypertensive

p-opiate antagonist clocinnamox, suggesting thagonist- rats, and normotensive group-housed controls [475,476],
like diuretic effects for butorphanol can be demonstrated that was blocked by nor-BNI [476]. Conversely, intra-hip-
when its-agonist properties are antagonized [534]. pocampal microinjection of antisense oligodeoxynucleotide

Endogenous opiates are involved in liver disease, in to the k-opiate receptor increased systolic and mean blood
particular the pruritus associated with it, as naloxone [252], pressure in normotensive and spontaneously hypertensive
naltrexone [360], and nalmefene [49] reduced itching in rats, as compared with missense controls [562]. In trans-
patients with cholestatic liver disease. It is possible that itch genic mice expressing Rol in the heart, an engineered
associated with cholestatis is mediated by cutaneous serofeceptor that can only be activated by a synthetic ligand, the
tonin receptors as injection of serotonin into the backs of k-agonist spiradoline caused an immediate bradycardia (
mice elicited scratching in the injected area that was min) that lasted for several hours [437]. Since Rol receptors
blocked by naloxone [569]. Pruritus associated with mor- cannot be activated by their endogenous ligands, this tech-
phine injections [205,255,266] also can be effectively nique can be used to activate G-protein signaling systems in
treated with opiate antagonists as prophylactic administra- a controllable fashion, thus allowing researchers to further
tion of nalmefene reduced the need for antipruritic medica- delineate their role in cardiovascular function [437].
tions and recall of itching in pain receiving IV morphine, as There also was interest in the role of OFQ/N in cardio-
compared with placebo control [255]. In rats, intracisternal vascular function because, similar to theagonists [347,
administration of the opiate peptide analog D-Ala-Met-en- 474,475,476], OFQ/N consistently reduced blood pressure
kephalinamide decreased bile flow that was blocked by [96,263,264,353,478] and heart rate [96,263,264,353,478].
naloxone, indicating that impaired bile flow in patients with In mice, bolus IV injections of OFQ/N reduced both heart
cholestatis may involve an endogenous opiate system [50].rate and blood pressure that was blocked by the OFQ/N-

antagonist [F/G]NC (1-13)NH[353]. Similarly, hypoten

sion and bradycardia also was produced by the OFQ/N
13. Cardiovascular responses fragments NC (1-17)NHand NC (1-13)NH although the

NC (1-13)OH and NC (1-9)Nfragments were without

As in previous years, interest in endogenous opiate sys-effect [353]. It is likely that the lack of effect observed after
tems and cardiovascular function continued. In particular, the NC (1-13)OH fragment is because of its high suscep-
there was interest in the role efopiate systems in cardio- tibility to enzymatic degradation because it produced hypo-
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tension and bradycardia when pretreated with the proteaseused as alfentanil decreased heart rate but not blood pres-
inhibitor thiorphan, which also enhanced the hypotensive sure [326], remifentanil decreased heart rate but increased
and bradycardic effects of OFQ/N [353]. OFQ/N and its blood pressure [422], and fentanyl [326] and morphine
fragments also produced hypotension and bradycardia wher{400] had no effect. In opiate-dependent patients maintained
administered centrally as ICV injections of OFQ/N [263, on opiates, administration of morphine [356], heroin [105],
264,478] and NC (1-13)NJ264] reduced blood pressure methadone [149], hydromorphone [200, 253], and LAAM
and heart rate; however the OFQ/N (2-17) was without [149] all failed to affect blood pressure and heart rate.
effect [264]. Furthermore, although the [F/GINC However, chronic morphine produced an up-regulation of
(1-13)NH, blocked the effects of OFQ/N when adminis cAMP in the right ventricle of the rat heart, indicating that
tered peripherally and thus has antagonists actions [353],adaptive changes also can occur in the heart of opiate-
when administered ICV [FG]JOFQ/N (1-13)-NHilso pre dependent subjects [363].
duced hypotension and bradycardia, and low doses of When given alone, opiate antagonists typically did not
[FG]JOFQ/N (1-13)-NH did not block the effects of affect basal heartrate or blood pressure [47,75,97], although
OFQ/N [264]. Taken together, these results suggest thata slight increase in heart rate over time was observed after
[FG]JOFQ/N (1-13)-NH has peripheral OFQ/N-antagonist naloxone in one study [479]. In contrast, in opiate addicts
properties [353], whereas centrally it possesses agonistsdetoxified with naltrexone under general anesthesia, heart
properties that are similar to OFQ/N [264]. The neural rate was lowered after detoxification, indicating that brady-
mechanisms that mediate the effects of OFQ/N were eluci- cardia should be of concern when this procedure is used
dated and probably involve the rostral ventrolateral medulla [11]. The cardiovascular effects of the partialagonistk-
because injection of OFQ/N into that area reduced blood antagonist buprenorphine in opiate-dependent subjects were
pressure and heart rate, effects blocked by [FG]JOFQ/N examined, but the results were inconsistent as it sometimes
(1-13)-NH, but not naloxone [96]. This finding that increased blood pressure [253] and other times had no effect
[FG]JOFQ/N (1-13)-NH blocked the effects of intra-rostral  [200,356,466]. However, when combined with naloxone,
ventrolateral medulla OFQ/N [96] is in direct contrast to the buprenorphine increased blood pressure and heart rate, in-
agonist-like effects observed after ICV injections [264]. dicating that withdrawal symptoms were present in these
Clearly, more research is necessary to further evaluate thesubjects [356].
potential OFQ-agonists/antagonist properties of [FGJOFQ/  The endogenous opiate system is involved in hypoten-
N (1-13)-NH, sion resulting from hemorrhage as plasma level$-&hn-
Met-enkephalin, which is highly concentrated in the dorphin are elevated during hemorrhage in rats [370]. It is
heart and alters neuronal excitability [313], reduced brady- likely that endogenous opiates are involved in the regulation
cardia induced by vagal stimulation that was opiate-medi- of hepatic arterial blood flow during hemorrhage as nalox-
ated because the opiate antagonist diprenorphine blocked ibne prevented increases in hepatic vascular resistance and
[75]. Since vagal influences are important in maintaining a decreases in hepatic arterial blood flow during hypotension
balance between sympathetic and parasympathetic influ-induced by stepwise bleeding from the right femoral artery
ences, these results suggest that elevated levels of endogesf cats [47]. Since hemorrhage hypotension was kept con-
nous opiates may reduce vagal control of the heart, andstant (mean arterial pressure50 mmHg), the increases in
possibly contribute to heart disease by increasing sympa-hepatic arterial blood flow after naloxone were probably
thetic activity [75]. Similarly, increased sympathetic activ- explained by a restoration of systemic vasoconstriction [47].
ity after leptin may elevate endogenous opiates as ICV  Arrhythmia may involve peripheral endogenous opiates,
injections of leptin increased blood pressure and naloxoneas systemic administration of methylnaltrexone, an opiate
blocked it [144]. In contrast, endogenous opiates also de-antagonist that does not cross the blood-brain barrier, re-
crease blood pressure as Met-enkephalin injections into theduced the incidence of ventricular fibrillation and arrhyth-
rostral ventrolateral medulla reduced blood pressure andmia during coronary artery occlusion, and naltrexone simi-
heart rate that was opiate-mediated because naloxondarly reduced ventricular fibrillation [378]. Furthermore,
blocked it [97], and. electroacupuncture inhibited bradyki- although morphine had no effect on its own, it attenuated
nin-induced hypertension in cats that was opiate-mediatedthe antiarrhythmic effects of methylnaltrexone, thus further
because it was blocked by naloxone given IV or microin- supporting a peripheral opiate mechanism of action [378].
jected into the rostral ventrolateral medulla [92]. Therefore, methylnaltrexone may have clinical potential in
A role for u- andé-opiate receptors was demonstrated as treating patients with myocardial ischemia by decreasing
the p-agonist endomorphin-1 induced a hypotensive re- ventricular arrhythmia, while sparing the central analgesic
sponse and th&-agonist Leu-enkephalin induced bradycar- effects of morphine [378]. A role fok-opiate receptors also
dia [353]. However, intra-hippocampal injections of was demonstrated as U50488H abolished norepinephrine-
DAMGO, DADLE, and DPDPE had no effect on heart rate potentiation of arrhythmia in the isolated rat heart that was
and blood pressure, indicating and é-opiate receptors in  blocked by nor-BNI [579]. It is likely that the antiarrhyth-
that area are not involved [476]. In patients treated with mic actions of U50488H are mediated by cAMP-dependent
opiates during surgery, the effects depended on the agonispathways because it also decreased forskolin- [579] and
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electrically- [409,564,595] induced [€4]; transients and  B-endorphin release with ketoconazole increased peripheral
norepinephrine- [579] and forskolin- [595] induced eleva- pain thresholds as compared with placebo controls [246].
tion of cAMP in the heart [579], that were blocked by However, it is unlikely that the presence of anginal symp-
nor-BNI and quadazocine [595]. Furthermore, it is likely toms depends on levels gfendorphin because the onset of
that bothk, and k, receptors are functional in the heart as anginal symptoms after treadmill exercise in these patients
bremazocine, which preferentially binds tg receptors, was unaffected by ketoconazole [246]. These results sug-
also blocked electrically induced [€4; transients and fer gest, therefore, that different systems mediate the perception
skolin-induced elevation of cAMP in the heart, and nor-BNI of somatic and cardiac pain [246], and elevated levels of
and quadazocine blocked it [595]. B-endorphin during exercise-induced silent ischemia may
Ischemic preconditioning produced by a 5-min coronary not suppress anginal symptoms.
artery occlusion givenl5 min before a 30-min occlusion in
rabbits produced a decrease in infarct size that is mediated
by peripheral opiate receptors because naloxone methiodidel4. Respiration and thermoregulation
given 1 min before ischemic preconditioning blocked it
[94]. Specifically, it is likely that opiate receptors in the Although endogenous opiates are involved in respiration
heart are involved as ischemic preconditioning in isolated and thermoregulation, research on this topic, in particular
rabbit hearts before a 45-min occlusion also reduced infarctthermoregulation, remained low in 1999, following a simi-
size that was blocked by naloxone [94]. The opiate receptor lar trend in recent years. In general, respiratory depression
subtypes in the heart that mediate the protective effects ofwas produced by opiate agonists, including morphine [205,
ischemic preconditioning also were examined. In the iso- 400,434,485], hydromorphone [466], heroin [105], LAAM
lated rat heart, preconditioning with a sublethal metabolic [149], remifentanil [328], sufentanil [530, 531], buprenor-
inhibition for 30 min given 20 h before severe metabolic phine [46, 466], and sameridine [400], although there were
inhibition reduced cell death that was attenuated by the some exceptions [200, 356]. Opiate-induced respiratory de-
k-antagonist nor-BNI, but not by the-antagonist CTOP or  pression is opiate-mediated because naloxone blocked mor-
the &-antagonist naltrindole [564]. The role of-opiate phine-induced respiratory depression [205], and naltrexone
receptors in mediating the cardioprotective effects of isch- blocked respiratory depression after hydromorphone [466].
emic preconditioning was demonstrated further as It is likely that u-opiate receptors are involved as hyp-
U50488H for 30 min also inhibited cell death produced by oxia and hypercapnia induced by the IT or IV injections of
severe metabolic inhibition that nor-BNI blocked [564]. the w-agonist sufentanil in rats was reversed by both nal-
However, there may two critical time windows fefopiate- oxone and naloxonazine given IV 5 min after the opiate
mediated cardioprotection as U50488H reduced cell death[531]. However, when the antagonists were administered
when given 1, 16, and 20 h before severe metabolic inhi- 24 h before the opiate, the effects depended on the antago-
bition, but not when give 6 h before the ischemia [564]. nist used as naloxonazine blocked both IT and IV sufen-
Furthermore, since both ischemic preconditioning [564] and tanil-induced hypoxia and hypercapnia, whereas naloxone
U50488H [409,564,595] blocked electrically induced given 24 h before had no effect on IT sufentanil, and only
[C&a?™]; transients, and the PKC inhibitor chelerythrine at partially blocked hypoxia after IV sufentanil [531]. Since
tenuated the effects of ischemic preconditioning and naloxonazine irreversibly blockg, receptors, whereas its
U50488H, it is likely that PKC and [C&]; are involved in antagonism ofuw, receptors is reversible and short-lasting,
k-opiate-mediated cardioprotection [564]. these time-dependent results suggest that eithezceptors
Taken together, these results suggest that opiate recepare not selectively involved in sufentanil-induced respira-
tors, in particulark-opiate receptors, are expressed in the tory depression as originally thought, or that naloxonazine
heart and may function to protect the heart from arrhythmia is not selective fop.,-opiate receptors [531]. Besidgsopi-
[378,409,579,595] and ischemic infarct [94,564]. Indeed, ate receptorsg,-opiate receptors are involved as hypoxia
cardiomyocytes in the heart synthesize opiate peptides asand hypercapnia induced by sufentanil was reversed by both
POMC mRNA transcripts were found to be present in both the -antagonist naltrindole and th&-antagonist naltrin
atrial and ventricular tissue of the rat heart, @dndorphin dole 5-isothiocyanate [530].
MRNA was localized in atrial myocytes [365]. Therefore, Placebos can induce respiratory depression as a saline
the heart can be viewed as a neuroendocrine organ capabl@jection given after 2 days of buprenorphine treatment
of synthesizing and releasing opiate peptides [365], and mayproduced a respiratory depressant effect that was blocked by
play an integral role in the interaction between sympathetic naloxone and thus is opiate-mediated [46]. Since the verbal
and parasympathetic control of the heart [38]. instructions used by the experimenter did not suggest any
Interactions between the opiate regulation of cardiovas- expectation of respiratory depression, these results suggest
cular function and pain sensitivity have been documented, that the placebo respiratory depression is not explained by
and may help explain the reported abnormalities in pain cognitive or motivational factors, but rather a conditioning
thresholds in patients with coronary heart disease [69]. In- mechanism that is mediated by endogenous opiates [46].
deed, in patients with stable angina, stimulation of pituitary There are indications that pain could antagonize the venti-
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latory depressant effects of morphine as revealed in caseEndogenous opiates may play a role in the pathophysiolog-
study of a 59-year-old man given large doses of morphine to ical processes that leads to allergic asthma as a reduction in
control severe pain because of spinal cord compression,plasma Leu-enkephalin hydrolysis was noted in patients
who developed acute respiratory depression after the painsuffering from seasonal allergies, as compared with controls
suddenly improved [434]. Thus, the high dose of morphine [175]. The functional significance of these changes is not
may have induced respiratory depression once the pain waglear, however, as more research is necessary to determine
relieved, an indication that caution should be practiced whether these observed modifications in opiate peptide hy-
when a change in disease status or pain-relief occurs indrolysis are involved in the pathogenesis of asthma, or are
patients maintained on high doses of opiates [434]. a consequence of it [175].

In opiate-dependent subjects maintained on buprenor- Endogenous opiates are localized in lung tissue and thus
phine respiration was depressed, which is consistent with itsmay play a role in its development. Rat fetal lung tissue
partial p-agonist properties [466]. Conversely, the same exposed in vitro to heroin, morphine, and methadone
dose of buprenorphine also blocked the respiratory depres-showed increased development of type Il pneumocytes and
sant effects of hydromorphone, thus indicating opiate recep-lamellar bodies per alveolar lining cell, an indication that
tor blockade as well [466]. Furthermore, although opiate opiates can directly accelerate lung development [186]. This
antagonists typically did not affect respiration when given finding may help explain why infants born to opiate-ad-
alone [46, 466, 530, 531], in opiate dependent subjectsdicted mothers have a lower incidence of respiratory dis-
naloxone increased respiration when combined with a dosetress as compared with nonaddicted newborns [186]. The
of buprenorphine (2 mg) that was without effect, indicating contribution of opiate systems to breathing during postnatal
that the response to the antagonist was a manifestation ofdevelopment may change a@sopiate receptor density in
withdrawal [356]. Since respiratory depression occurs after respiratory-related brainstem regions was minimal in young
heroin [105] and thus can contribute to overdose, buprenor-piglets but increased with age, wherga®piate receptor
phine and naloxone combinations may be safer than con-density remained constant through development and ex-
tinued heroin use [356]. Methadone-maintenance may beceeded-opiate receptor density at all ages [290]. However,
safer than LAAM-maintenance as 3 of the 9 opiate-depen- the role of endogenous opiates in mediating developmental
dent subjects that participated in the study had to withdraw changes in respiratory-control brainstem nuclei is not clear
because of clinically significant respiratory depression after as DAMGO and naloxone had no effect on neuronal devel-
60 mg of LAAM [149]. Although sameridine, a new drug opment in these areas [364].
with both p-agonist and local anesthetic properties, pro- Interest in the role of endogenous opiates in thermoreg-
duced more respiratory depression at high doses (0.73 mghlation was low in 1999, following a similar decline in
kg) than did morphine, a clinical dose (0.15 mg/kg) of this recent years. Morphine induced hypothermia in mice that
drug did not affect ventilation, indicating that sameridine is was opiate-mediated because naloxone blocked it [438]. In
safe for patients undergoing surgery [400]. contrast, opiate agonists produced variable results on tem-

Neutral endopeptidase, which is responsible for the deg- perature in opiate addicts, as methadone and LAAM had no
radation of various peptides including enkephalins, is in- effect on skin temperature [149], and hydromorphone either
volved ventilatory responses to hypoxia as neutral endopep-decreased it [253], increased it [466], or had no effect [200].
tidase-knockout mice showed increased respiration andln opiate-dependent subjects given buprenorphine skin tem-
minute ventilation, and decreased inspiratory and expiratory perature was not altered [200, 356, 466], although it did
times, after exposure to 8% oxygen, as compared with block increases in skin temperature produced by hydromor-
wild-type controls [198]. Similarly, exposure C57BL/6J phone, thus demonstrating opiate receptor blockade [466].
mice to the neutral endopeptidase inhibitor thiorphan causedAlthough naltrexone [466] and naloxone [356] did not alter
a greater ventilatory response to hypoxia, as compared withskin temperature, naloxone decreased it when combined
untreated controls [198]. However, although enkephalins with buprenorphine, indicating a possible withdrawal-re-
have been shown to be involved in hypoxia [153] and sponse to the antagonist [356].
respiratory processes [34], the specific contribution of en-  OFQ/N also has thermoregulatory functions as it induced
dogenous opiates to this ventilatory response cannot behypothermia when injected into the hypothalamus of rats
concluded, as neutral endopeptidase also is involved the[568]. Furthermore, in an vitro model of hypothalamic con-
breakdown of other peptides, including substance P [198]. trol of body temperature, OFQ/N produced concentration-

Endomorphin-1 and endomorphin-2 inhibited electrical dependent effects as low doses {#1) increased tempera-
field stimulation-induced tachyinergic contractions of the ture sensitivity of warm-sensitive neurons, whereas a high
guinea-pig isolated bronchus, indicating their possible role concentration (10(hM) decreased temperature sensitivity
in modulating lung function [166]. However, although the in both warm- and cold-sensitive neurons [568]. Further-
effects of endomorphin-1 agg-mediated because naloxone more, CTOP, nor-BNI, and naltrindole did not modify the
blocked it but naltrindole and nor-BNI did not, the effects of effects of OFQ/N, suggesting that a traditional opiate recep-
endomorphin-2 in this situation are possibly nonopiate-me- tor (u, , or 8) is not involved [568]. However, although
diated because none of the antagonists affected it [166].[FGJOFQ/N (1-13)-NH is proposed to be a selective
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OFQ/N antagonist it produced concentration-dependent ef-phine and also inhibited adenylyl cyclase activity by a
fects similar to OFQ/N and did not antagonize the effects of G-protein-mediated mechanism [318,319]. Morphine-stim-
OFQ/N, suggesting that it may have agonist-like properties ulated NO production may be involved in cancer progres-
as well [568]. Indeed, whether or not [FG]JOFQ/N (1-13)- sion as its production was increased and more prolonged in
NH, is an antagonist at the OFQ/N receptor is not without lung carcinoma than in normal lung [164]. Furthermore,
controversy as a similar agonist effect was reported in us-opiate receptors were found to be present in lung earci
another model after ICV injections [264]. noma, and may play a role in cancer progression via NO
release [164].
There was interest in the role of opiates in HIV, in part
15. Immunologic responses because of the high incidence of infection among iv drug
users [79,85,139]. Besides contributing to the spread of HIV
There was continued interest in the opiate modulation of because of sharing of contaminated needles [85,165], the
immune function in 1999. It appears that opiate have dual progression of HIV has been linked to iv drug use as higher
roles, suppressing immune function under some circum- levels of plasma viral load was associated with continued
stances [88,191,192,395,397,404,407,412,420,483] and fa-opiate use in HIV-infected patients [79]. In an vitro model
cilitating it in other [63,240,321,373,395,397,407,546]. Fur- of HIV-1 brain infection, endomorphin-1 potentiated viral
thermore, it was often the case that opiates enhancedexpression in HIV-1-infected brain cell cultures, an effect
immune function when tested in vitro [240,321] and sup- that was p-opiate-mediated becausg-FNA blocked it
pressed it when tested in vivo [191,192,404,420], although [412]. In contrast, neither morphine nor DAMGO affected
there were many exception to that rule [240,349,350,373, viral expression, indicating that the effects of endomor-
397,483,587]. Morphine tended to suppress the immune phin-1 were because of interactions with an atypjcalpi-
system in vivo [191,192,420], and may help explain the ate receptor [412]. However, morphine may have differen-
increased susceptibility of opiate addicts to infectious dis- tial effects in humans that are coinfected with human T-cell
eases [79,85,139,191,192,420,483]. It is likely that opiate leukemia virus type 1 (HTLV-1) and HIV as it enhanced
receptors in the periaqueductal gray are involved as injec-levels of HTLV-1, an effect attenuated by naltrexone in
tions of morphine into that area reduced natural killer cell vitro, while at the same time reducing HIV-1 infection that
(NKC) activity, IL-2 production, mitogen-induced T lym-  naloxone also diminished but less consistently [397]. There-
phocytes proliferation [192], NO and TNé-production, fore, it is apparently important to consider whether concur-
and phagocytosis by splenic macrophages [191]. Similarly, rent HTLV-1 and HIV-1 infections exist when planning
when injected peripherally both fentanyl and buprenorphine treatment programs, as some therapies used to treat HIV
dose-dependently decreased TNRproduction, an indica-  infection may not be as effective in treating patients that are
tion that the immune system was compromised [420]. Mor- coinfected [397].
phine may suppress immune function by enhancing apopto- Much attention focused on the modulation of immune
sis of T lymphocytes as it dose-dependently promoted responses by endogenous enkephalins, in particular Met-
apoptosis of Jurkat cells and isolated T lymphocytes [483]. enkephalin or opioid growth factor (OGF) [249]. Met-en-
This effect is probably.-opiate-mediated because DAMGO kephalin depressed the proliferation of human renal cancer
also promoted apoptosis of Jurkat cells and naltrexone cells within 12 h in vitro, a receptor mediated event because
blocked the effects of morphine [483]. naloxone and antibodies to Met-enkephalin blocked it
In patients receiving epidural morphine analgesia for [249]. Similarly, Leu-enkephalin, and some related peptides
thoracic pain, IL-8 levels were lower in these patients as also suppressed renal cancer cell proliferation, but not as
compared with those using patient-controlled analgesia potently as Met-enkephalin [249]. Furthermore, removal of
[373]. Since increased levels of IL-8 are linked to infectious OGF with antibody to this opiate and persistent opiate-
and inflammatory complications, these results suggest thatreceptor interaction with naltrexone increased cell prolifer-
epidural morphine could improve immune function and ation, indicating that Met-enkephalin tonically inhibits renal
potentially lower the incidence of some infections [373]. cancer cell growth [56]. The possibility of a tonically active
Similarly, in healthy human subjects who received fentanyl, Met-enkephalin system that modulates renal cancer growth
plasma NKC numbers increased as compared with placebais further supported by the finding that both OGF and its
controls, thus demonstrating an enhancement of immunereceptor were located in these cells, and suggests that the
function [240]. Furthermore, since fentanyl had no effect on production of OGF (or alternately a defect in production)
NKC function in vitro, it is possible that the enhancement of may contribute to cancer cell proliferation [56]. Consistent
NKC circulation after fentanyl is mediated by a central results also were obtained in the regulation of head and neck
mechanism, rather than a direct effect of the opiate on cell carcinoma [350], human pancreatic cancer [587], and
NKCs [240]. Interestingly, naturally occurring antibodies human neuroblastomas [349]. In all these instances OGF
also may exert their immunomodulatory effects by func- inhibited cancer cell proliferation, naloxone and OGF-anti-
tionally interacting withu-opiate receptors as natural hu- bodies blocked it, naltrexone and OGF-antibodies increased
man IgG inhibited fHIDAMGO binding similar to mor it, and OGF and its receptors were identified in the cells
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[349,350,587]. Furthermore, a number of synthetic and nat- tative relationship was observed between the reduction in hy-
ural agonists related tp-, 8-, k-, o-, e-opiate receptors  drolysis and modifications in the immune system [31].
were without effect, an indication that Met-enkephalin was  Binding studies revealed that OFQ/N has a uniquely
indeed the OGF involved in cancer cell proliferation [349, higher affinity for human B-cell lymphoblastic cell lines
350,587]. Low levels of enkephalin may contribute to im- derived from Burkitt's lymphoma (i.e. Raji cells) than tra-
paired immune function in the elderly as the activity of ditional opiates agonists and antagonists including mor-
enkephalin-degrading plasma enzymes was higher in el-phine, DAMGO, U69593, DPDPE, naltrindole, naloxone,
derly individuals (mean age 78.3 years) as compared with  naltrexone, diprenorphine, dynorphin A, Met-enkephalin,
controls (mean age 31.5 years) [59]. Met-enkephalin also  Leu-enkephalin,8-endorphin, and pentazocine [227]. Al-
affects lymphocytes in the skin as it increased the number of though the functional significance of these receptors is not
lymphocyte-positive cells in normal human skin, but de- clear, its location on these cells suggests a possible immu-
creased them in tuberculin-treated skin [395]. These resultshomodulatory role [227]. A role ok receptors in modulat-
suggest that Met-enkephalin can either suppress immuneiNg immune function also was suggested as they too are
responses or reverse immunosuppression, thus operating t§xPressed on cancer cells [258,332]. It is possible &hat
fine-tune’ the immune system [395]. Met-enkephalin also €ceptors are involved in bone marrow regeneration as bone
increased interferon- production in splenocytes infected Marrow macrophages express these receptors, the immuno-
with Friend leukemia virus, an effect that was enhanced €nhancing properties of melatonin were blocked by nor-
when combined with AZT treatment, and thus may have BN, and the colony stimulating activity of dynorphin A
implications for treatment of HIV [63,261]. was_nulllfled by antisense oligodeoxynucleotide to the
B-endorphin is found in immune tissue, including the <"OPiate receptor [321].

thymus [128], and also may have immunomodulatory func- | Although it is well established that opiates participate in
tions. Both B-endorphin and Met-enkephalin may prime immune responses [31,39,56,63,88,163,164,191,192,227,

human neutrophils as physiologically relevant concentra- iggffg 5243 4%35384%)63152552(1)95;7213323713Z?h39|5t 397,
tions of these opiates (I8 and 10°® M, respectively) ,412,420,483,493,546,560,587], a review of the litera-

enhanced chemiluminescence and chemotactic responses ihure |r_1d|cated_that m°$t scientific Ppapers describing Immu-
. : : . nologic experiments did not specify whether or not opiate
vitro which were opiate-mediated because naloxone atten-

uated their effects [406]. Similarly, phagocytic and chemo- analgesic were emplqyed [420.]' Cor_1verse|y, wh_||e some
. o . : .~ .~ researchers may refrain from using opiate analgesics in their
taxis activities of kidney leucocytes were increased in rain-

bow trout after injection of this opiate, as compared with experiments because they can modify immune responses
I . piate, mp and thus confound the results, the stress associated with
controls [546]. In contrast, higher concentrationspeén-

. . omitting analgesics also may contribute to changes in im-
dorphin and Met-enkephalin (18 and 10° M, respee g g y d

: : . _mune response [420]. Therefore, it is important that scien-
t|vel_y) may be IMMUNOSUPPTESSIVE as they d_eggased Cheml'tific papers specify whether or not opiates were used for
luminescence [406]. The increased susceptibility of young pain control [420], and employ the appropriate controls to

rats_ _to malignant tumor growths may be related to NKC 75,y the influence of these factors to be properly evaluated.
activity as 36-day-old rats had a higher lung tumor cell

retention and decreased NKC toxicity as compared with
100-day-old rats, and depletion of NKC increased tumor Acknowledgments
retention in all rats [404]. Although the contribution of

endogenous opiates to this response is not known, itmay be b5 Gayle A. Olson and Richard D. Olson retired from
related as plasma levels gfendorphin were higher in the  he ynjversity of New Orleans this year, and we congratu-
young rats than the old [404]. However, singendorphin  |4te and thank the Olson’s for their dedication and contri-
typically increases NKC activity, it is unlikely that these ) tion to the annual opiate review during the past twenty-
differences ing-endorphin levels contributed to the differ- 50 years. Supported in part by the VA (AJK) and NIDA
ences in lung tumor cell retention [404]. Acupuncture has grant DA11839 (ALV). Thanks are given to Scott A. Chen

been suggested to enhance immune function that may bepor his help with the preparation of this manuscript.
related to changes in endogenous opiates, as it also has been
reported to increase the release @Bendorphin and Met-
enkephalin [190]. Plasma morphine-like immunoreactivity References
was increased in immune tissue after physical trauma in
snails and mussels as compared with controls, and may be [1] Abel TW, Rance NE. Proopiomelanocortin gene expression is de-
involved in immunologic responses to trauma [493]. How- creased in the infundibular nucleus of postmenopausal women. Mol
ever, the relationship between physical trauma, endogenous __ Brain Res 1999,69:202-8.

. . : . [2] Abel TW, Voytko ML, Rance NE. The effects of hormone replace-
opiates, and immune responses is not clear as decreases in . : e

. o o ment therapy on hypothalamic neuropeptide gene expression in a

plasma hydrolysis and modifications in immune response were primate model of menopause. J Clin Endocrinol Metab 1999;84:

found in humans after severe physical trauma, but no quanti- 2111-8.



A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[3] Acosta CG, Lpez HS.8 Opioid receptor modulation of several
voltage-dependent €a currents in rat sensory neurons. J Neurosci
1999;19:8337—48.

[4] Adams AC, Keefe KA. Buprenorphine potentiates L-DOPA-in-
duced contralateral rotation in 6-hydroxydopamine-treated rats.
Neurosci Lett 1999;274:25-8.

[5] Adams MB, Ross JT, Butler TG, McMillen IC. Glucocorticoids
decrease phenylethanolamifemethyltransferase mRNA expres-
sion in the immature foetal sheep adrenal. J Neuroendocrinol 1999;
11:569-75.

[6] Adriaenssens G, Vermeyen KM, Hoffmann VLH, Mertens E, Ad-
riaensen HF. Postoperative analgesia with i.v. patient-controlled
morphine: Effect of adding ketamine. Br J Anaesth 1999;83:393-6.

[7] Aihara Y, Maeda T, Hanada K, Wakisaka S. Effects of morphine on
the distribution of Fos protein in the trigeminal subnucleus caudalis
neurons during experimental tooth movement of the rat molar. Brain
Res 1999;819:48-57.

[8] Alberti I, Fernandez B, Alguacil LF, Augilar A, Caamano M, Ro-

mero EM, Viveros MP. Preweanling naltrindole administration dif-

ferentially affects clonidine induced antinociception and plasma
adrenaline levels in male and female neonatal rats. Br J Pharmacol
1999;128:953-60.

Alburges AE, Hanson GR. Ibogaine pretreatment dramatically en-

hances the dynorphin response to cocaine. Brain Res 1999;847:139—

42.

Allen RM, Dykstra LA. The competitive NMDA receptor antagonist

LY235959 modulates the progression of morphine tolerance in rats.

Psychopharmacol 1999;142:209-14.

Allhoff T, Renzing-Kthler K, Kienbaum P, Sack S, Scherbaum N.

Electrocardiographic abnormalities during recovery from ultra-short

opiate detoxification. Addict Biol 1999;4:337—-44.

[12] Allouche S, Roussel M, Marie N, Jauzac P. Differential desensiti-
zation of humard-opioid receptors by peptide and alkaloid agonists.
Eur J Pharmacol 1999;371:235-40.

[13] Aloisi AM, Bianchi M, Lupo C, Sacerdote P, Farabollini F. Neu-
roendocrine and behavioral effects of CRH blockade and stress in
male rats. Physiol Behav 1999;66:523—8.

[14] Altier N, Stewart J. The tachykinin NK-1 receptor antagonist, RP-

67580, infused into the ventral tegmental area prevents stress-in-

duced analgesia in the formalin test. Physiol Behav 1999;66:717-21.

Ambrosio E, Martn S, Garcia-Lecumberri C, Crespo JA. The neu-

robiology of cannabinoid dependence: Sex differences and potential

interactions between cannabinoid and opioid systems. Life Sci 1999;

65:687-94.

Amiaz R, Stein O, Dannon PN, Grunhaus L, Schreiber S. Resolution

of treatment-refractory depression with naltrexone augmentation of

paroxetire - a case report. Psychopharmacol 1999;143:433-4.

Ananthan S, Kezar HSI, Carter RL, Saini SK, Rice KC, Wells JL,

Davis P, Xu H, Dersch CM, Bilsky EJ, Porreca F, Rothman RB.

Synthesis, opioid receptor binding, and biological activities of nal-

trexone-derived pyrido- and pyrimidomorphinans. J Medicinal

Chem 1999;42:3527-38.

Anderson VC, Burchiel KJ. A prospective study of long-term intra-

thecal morphine in the management of chronic nonmalignant pain.

Neurosurgery 1999;44:289-301.

Andersson M, Hilbertson A, Cenci MA. StriatldsB expression is

causally linked with L-DOPA-induced abnormal involuntary move-

ments and the associated upregulation of striatal prodynorphin
mRNA in a rat model of Parkinson’s disease. Neurobiol Disease
1999;6:461-74.

[20] Anseloni VCZ, Coimbra NC, Morato S, Brandao ML. A compara-

tive study of the effects of morphine in the dorsal periaqueductal

gray and nucleus accumbens of rats submitted to the elevated plus-
maze test. Exp Brain Res 1999;129:260-8.

Anton RF, Moak DH, Waid LR, Latham PK, Malcolm RJ, Dias JK.

Naltrexone and cognitive behavioral therapy for the treatment of

(9]

[10]

[11]

[15]

[16]

[17]

(18]

[19]

[21]

2019

outpatient alcoholics: Results of a placebo-controlled trial. Am J

Psychiatry 1999;156:1758—64.

Appleyard SM, Celver J, Pineda V, Kovoor A, Wayman GA,

Chavkin C. Agonist-dependent desensitization of the 95 opioid

receptor by G protein receptor kinase gd@rrestin. J Biol Chem

1999;274:23802—7.

Arasteh K, Poudevida S, Farre M, Roset PN, Cami J. Response

patterns of the Spanish version of the 49-item short form of the

Addiction Research Center Inventory after the use of sedatives,

stimulants, and opioids. Drug Alcohol Depend 1999;55:117-25.

Arcaya J-L, Cano G, Quez G, Maixner W, Suaz-Roca H. Dynor-

phin A increases substance P release from trigeminal primary affer-

ent C-fibers. Eur J Pharmacol 1999;366:27-34.

Arechaga G, Mattiez JM, Prieto |, Rafmez MJ, Alba F, Rarrez

M. Changes in membrane-bound leucine aminopeptidase activity

during maturation and aging of brain. Biochem Mol Biol Int 1999;

47:851-6.

Arends RJ, Mancera JM, Munoz JL, Bonga SEW, Flik G. The stress

response of the gilthead sea bream (Sparus aurata L.) to air exposure

and confinement. J Endocrinol 1999;163:149-57.

Argiolas A. Neuropeptides and sexual behavior. Neurosci Biobehav

Rev 1999;23:1127-42.

Armenian SH, Chutuape MA, Stitzer ML. Predictors of discharges

against medical advice from a short-term hospital detoxification

unit. Drug Alcohol Depend 1999;56:1-8.

Aurich C, Gerlach T, Aurich JE, Parvizi N. Seasonal variation and

opioidergic regulation of growth hormone release in cyclic, ovari-

ectomized, and pregnant pony mares. Biol Reprod 1999;61:1575—

80.

[30] Agmo A. Blockade of anxiolytic-like actions of chlordiazepoxide by
naloxone in the elevated plus-maze: Comparisons between Swiss,
C57BL/6, and BABL/c mice. Psychobiology 1999;27:105-13.

[31] Babst R, Bongiorno L, Marini M, Roda LG, Spagnoli G, Urbani A.
Trauma decreases leucine enkephalin hydrolysis in human plasma.
J Pharmacol Exp Ther 1999;288:766—73.

[32] Badia-Elder NE, Mosemiller AK, Elder RL, Froehlich JC. Naloxone
retards the expression of a genetic predisposition toward alcohol
drinking. Psychopharmacol 1999;144:205-12.

[33] Ballard TM, McAllister KH. Acutely administered clozapine does
not modify naloxone-induced withdrawal jumping in morphine-
dependent mice. Pharm Biochem Behav 1999;62:285-90.

[34] Balog T, Marotti T, Abramic M, Svoboda-Beusen I, Hrsak I. The
role of aminopeptidase N in Met-enkephalin modulated superoxide
anion release. Immunopharmacology 1999;41:11-20.

[35] Bancroft J. Central inhibition of sexual response in the male: A

theoretical perspective. Neurosci Biobehav Rev 1999;23:763—-84.

Barkhudaryan N, Dunn AJ. Molecular mechanisms of actions of

IL-6 on the brain, with special reference to serotonin and the hypo-

thalamo-pituitary-adrenocortical axis. Neurochem Res 1999;24:

1169-80.

Barr GA, Zadina JE. Maturation of endomorphin-2 in the dorsal

horn of the medulla and spinal cord of the rat. NeuroReport 1999;

10:3857-60.

Barron BA. Opioid peptides and the heart. Cardiovasc Res 1999;

43:13-16.

[39] Barsegov V. Kinetic studies of the d-opioid antagoni#i]PPN

induced receptor binding on suspensions of mouse spleenocytes.

Biophysical Chem 1999;76:55—-62.

Becker A, Braun H, Schider H, Grecksch G, Hollt V. Effects of

enadoline on the development of pentylenetetrazol kindling, learn-

ing performance, and hippocampal morphology. Brain Res 1999;

823:191-7.

Bell JR, Young MR, Masterman SC, Morris A, Mattick RP, Bam-

mer G. A pilot study of naltrexone-accelerated detoxification in

opioid dependence. MJA 1999;171:26-30.

[42] Bell RF. Low-dose subcutaneous (s.c.) ketamine infusion and mor-
phine tolerance. Pain 1999;83:101-3.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[36]

[37]

(38]

[40]

[41]



2020

[43] Bell RL, Vaccarino AL, Olson RD, Olson GA, Nores WL, Cambre
JG, Zadina JE, Kastin AJ. Tolerance and morphine-induced cross-
tolerance are not shown to Tyr-W-MIF-1 analgesia. Peptides 1999;
20:971-8.

[44] Bellinger LL, Bernardis LL. Effect of dorsomedial hypothalamic
nuclei knife cuts on ingestive behavior. Amer J Physiol Regul Integr
C 1999;45:R1772—-R1779.

[45] Bendtsen P, Hensing G, Ebeling C, Schedin A. What are the qual-
ities of dilemmas experienced when prescribing opioids in general
practice? Pain 1999;82:89-96.

[46] Benedetti F, Amanzio M, Baldi S, Casadio C, Maggi G. Inducing
placebo respiratory depressant responses in humans via opioid re-
ceptors. Eur J Neurosci 1999;11:625-31.

[47] Benyo Z, SzaboC, Kovach AGB, Sador P. Prevention of the
hemorrhagic hypotension-induced hepatic arterial vasoconstriction
by L-arginine and naloxone. Shock 1999;11:342—-6.

[48] Berg D, Becker G, Reiners K. Reduction of dyskinesia and induction

of akinesia induced by morphine in two Parkinsonian patients with

severe sciatica. J Neural Transm 1999;106:725-8.

Bergasa NV, Alling DW, Talbot TL, Wells MC, Jones EA. Oral

nalmefene therapy reduces scratching activity due to the pruritus of

cholestasis: A controlled study. J Am Acad Dermatol 1999;41:

431-4.

Bergasa NV, Zhou J, Ravi J, Shi Q. The opioid peptide analog

D-Ala?-Met-enkephalinamide decreases bile flow by a central mech

anism. Peptides 1999;20:979-86.

[51] Bergeron R, de Montigny C, Debonnel G. Pregnancy reduces brain

sigma receptor function. Br J Pharmacol 1999;127:1769-76.

Bespalov AY, Balster RL, Beardsley PMN-Methyl-D-Aspartate

receptor antagonists and the development of tolerance to the dis-

criminative stimulus effects of morphine in rats. JPET 1999;290:

20-7.

Bespalov AY, Tokarz ME, Bowen SE, Balster RL, Beardsley PM.

Effects of test conditions on the outcome of place conditioning with

morphine and naltrexone in mice. Psychopharmacol 1999;141:118—

22.

Bickel WK, Amass L, Crean JP, Badger GJ. Buprenorphine dosing

every 1, 2, or 3 days in opioid-dependent patients. Psychopharmacol

1999;146:111-8.

Bienkowski P, Kostowski W, Koros E. Ethanol-reinforced behavior

in the rat: effects of naltrexone. Eur J Pharmacol 1999;374:321-7.

Bisignani GJ, McLaughlin PJ, Ordille SD, Beltz MS, Jarowenko

MV, Zagon IS. Human renal cell cancer proliferation in tissue

culture is tonically inhibited by opioid growth factor. J Urology

1999;162:2186-91.

Black ML, Hill JL, Zacny JP. Behavioral and physiological effects

of remifentanil and alfentanil in healthy volunteers. Anesthesiology

1999;90:718-26.

Blanton CA, Horwitz BA, McDonald JB. Neurochemical alterations

during age-related anorexia (44398)S E B M1999;221:153-65.

[59] Bongiorno, L, Marzano M, Marini M, Roda LG, Urbani A, Spagnoli

G. Age increases leucine enkephalin hydrolysis in human plasma.

Gerontology 1999;45:10-16.

Bouret S, Prevot V, Croix D, @®u S, Vaudry H, Stefano GB,

Beauvillain J-C, Mitchell V.u-Opioid receptor mRNA expression

in proopiomelanocortin neurons of the rat arcuate nucleus. Mol

Brain Res 1999;70:155-8.

Bourin M, Malinge M, Colombel MC, Vasar E. Cholecystokinin

receptor agonists block the jumping behaviour precipitated in mor-

phine-dependent mice by naloxone. Eur Neuropsychopharmacol
1999;9:37-43.

Boutin H, Dauphin F, MacKenzie ET, Jauzac P. Differential time-

course decreases in nonselectje,s-, andk-opioid receptors after

focal cerebral ischemia in mice. Stroke 1999;30:1271-7.

[63] Bowden R, Tate SM, Soto S, Specter S. Alteration of cytokine levels
in murine retrovirus infection: modulation by combination therapy.
Int J Immunopharmacol 1999;21:815-27.

[49]

[50]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[60]

[61]

[62]

A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[64] Brady LS, Herkenham M, Rothman RB, Partilla JS,ni®p M,
Zimmer AM, Zimmer A. Region-specific up-regulation of opioid
receptor binding in enkephalin knockout mice. Mol Brain Res 1999;
68:193-7.

[65] Brandao ML, Anseloni VZ, Pandsio JE, De Arge JE, Castilho
VM. Neurochemical mechanisms of the defensive behavior in the
dorsal midbrain. Neurosci Biobehav Rev 1999;23:863-75.

[66] Brauer LH, Behm FM, Westman EC, Patel P, Rose JE. Naltrexone
blockade of nicotine effects in cigarette smokers. Psychopharmacol-
ogy 1999;143:339-46.

[67] Briejer MR, Schuurkes JAJ, Sarna SK. Idiopathic constipation: too

few stools and too little knowledge. TiPS 1999;20:1-3.

Brown CH, Ghamari-Langroudi M, Leng G, Bourque CWOpioid

receptor activation inhibits post-spike depolarizing after-potentials

in rat supraoptic nucleus neuroriasvitro. J Neuroendocrinol 1999;

11:825-8.

Bruehl S, McCubbin JA, Harden RN. Theoretical review: altered

pain regulatory systems in chronic pain. Neurosci Biobehav Rev

1999;23:877-90.

Butelman ER, Harris TJ, Perez A, Kreek M-J. Effects of systemi-

cally administered dynorphin A (1-17) in rhesus monkeys. J Phar-

macol Exp Ther 1999;290:678—86.

[71] Butelman ER, Harris TJ, Kreek M-J. Effects of E-2078, a stable
dynorphin A(1-8) analog, on sedation and serum prolactin levels in
rhesus monkeys. Psychopharmacol 1999;147:73-80.

[72] Butelman ER, Vivian JA, Yu J, Kreek M-J, Woods JH. Systemic
effects of E-2078, a stabilized dynorphin A(1-8) analog, in rhesus
monkeys. Psychopharmacol 1999;143:190-6.

[73] Cadet P, Stefano GBJytilus edulispedal ganglia expregs opiate

receptor transcripts exhibiting high sequence identity with human

neuronalul. Mole Brain Res 1999;74:242—-6.

Cadoni C, Di Chiara G. Reciprocal changes in dopamine respon-

siveness in the nucleus accumbens shell and core and in the dorsal

caudate-putamen in rats sensitized to morphine. Neurosci 1999;90:

447-55.

Caffrey JL. Enkephalin inhibits vagal control of heart rate, contrac-

tile force and coronary blood flow in the canine heart in vivo. J

Autonomic Ner Sys 1999;76:75-82.

Callle S, Espejo EF, Reneric J-P, Cador M, Koob GF, Stinus L.

Total neurochemical lesion of noradrenergic neurons of the locus

ceruleus does not alter either naloxone-precipitated or spontaneous

opiate withdrawal nor does it influence ability of clonidine to reverse
opiate withdrawal. J Pharmacol Exp Ther 1999;290:881-92.

Capriles N, Cancela LM. Effect of acute and chronic stress restraint

on amphetamine-associated place preference: Involvement of dopa-

mine D, and D, receptors. Eur J Pharmacol 1999;386:127-34.

[78] Carrera MRA, Schulteis G, Koob GF. Heroin self-administration in

dependent Wistar rats: increased sensitivity to naloxone. Psycho-

pharmacol 1999;144:111-20.

Carrieri MP, Tamalet C, Vlahov D, Yahi N, Chesnery M, Moatti JP.

Relationship between HIV-1 viral load and continued drug use in

untreated infected injection drug users. Addict Biol 1999;4:197—

202.

Carroll FI, Howell LL, Kuhar MJ. Pharmacotherapies for treatment

of cocaine abuse: Preclinical aspects. J Medicinal Chem 1999;42:

2721-36.

Catafau AM, Etcheberrigaray A, de los Cobos JP, Estorch M,

Guardia J, Flotats A, Bernla, Mari C, Casa M, Carfid. Regional

cerebral blood flow changes in chronic alcoholic patients induced by

naltrexone challenge during detoxification. J Nucl Med 1999;40:19—

24,

Catheline G, Le Guen S, Besson J-M. Effects of opioid receptor

antagonists on the effects of i.v. morphine on carrageenin evoked

c-Fos expression in the superficial dorsal horn of the rat spinal cord.

Brain Res 1999;824:105-11.

Catheline G, Le Guen S, Besson J-M. Effects of U-69,59%3.0pi-

oid receptor agonist, on carrageenin-induced peripheral oedema and

[68]

[69]

[70]

[74]

[75]

[76]

[77]

[79]

(80]

(81]

(82]

(83]



A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034 2021

Fos expression in the rat spinal cord. Eur J Pharmacol 1999;370: sponse to TRH during starvation in humans. J Investig Med 1999;
287-96. 47:227-31.

[84] Cazzullo AG, Musetti MC, Musetti L, Bajo S, Sacerdote P, Panerai [103] Cole JL, Ross A, Bodnar RJ. Dietary history affects the potency of
A. B-endorphin levels in peripheral blood mononuclear cells and chronic opioid receptor subtype antagonist effects upon body weight
long-term naltrexone treatment in autistic children. Eur Neuropsy- in rats. Nutritional Neurosci 1999;1:405-17.
chopharmacol 1999;9:361-6. [104] Colpaert FC. Drug discrimination in neurobiology. Pharm Biochem

[85] Celentano DD, Hodge MJ, Razak MH, Beyrer C, Kawichai S, Behav 1999;64:337—-45.

Cegielski JP, Nelson KE, Jittiwutikarn J. HIV-1 incidence among [105] Comer SD, Collins ED, MacArthur RB, Fischman MW. Compari-
opiate users in northern Thailand. Am J Epidem 1999;149:558—64. son of intravenous and intranasal heroin self-administration by mor-

[86] Cdeérier E, Laulin JP, Larcher A, Le Moal M, Simonnet G. Evidence phine-maintained humans. Psychopharmacol 1999;143:327-38.
for opiate-activated NMDA processes masking opiate analgesia in [106] Comings DE, Blake H, Dietz G, Gade-Andavolu R, Legro RS,
rats. Brain Res 1999;847:18-25. Saucier G, Johnson P, Verde R, MacMurray JP. The proenkephalin

[87] Cdeérier E, Rivat C, Jun Y, Laulin JP, Larcher A, Reynier P, gene PENK) and opioid dependence. NeuroReport 1999;10:1133-5.
Simonnet G. Long-lasting hyperalgesia induced by fentanyl in rats. [107] Comings DE, Dietz G, Johnson JP, MacMurray JP. Association of
Anesthesiology 1999;92:465-72. the enkephalinase gene with low amplitude P300 waves. NeuroRe-

[88] Chadzinska M, Kolaczkowska E, Seljelid R, Plytycz B. Morphine port 1999;10:2283-5.
modulation of peritoneal inflammation in Atlantic salmon and cB6 [108] Connor M, Schuller A, Pintar JE, Christie Md-Opioid receptor
mice. J Leukoc Biol 1999:65:590—6. modulation of calcium channel current in periagueductal grey neu-

[89] Chai L, Bosch MA, Moore JM, Ronnekleiv OK. Chronic prenatal rons from C57B16/J mice and mutant mice lacking MOR-1. Br J

cocaine treatment down-regulatesopioid receptor mMRNA expres- Pharmacol 1999;126:1553-8. _ ,
sion in the brain of fetal Rhesus Macaque. Neurosci Lett 1999;261: [109] Connor M, Borgland SL, Christie MJ. Continued morphine modu-
45-8. lation of calcium channel currents in acutely isolated locus coeruleus

neurons from morphine-dependent rats. Br J Pharmacol 1999;128:
1561-9.

[110] Contarino A, Drago F, Zanotti A, Natoilino F, Berti T, Giusti P. A
new place conditioning paradigm to study tolerance to opiates in
mice. NeuroReport 1999;10:517-21.

[111] Corchero J, Romero J, Berrendero F, Fernandez-Ruiz J, Ramos JA,
Fuentes JA, Manzanares J. Time-dependent differences of repeated
administration withA®-tetrahydrocannabinol in proenkephalin and
cannabinoid receptor gene expression and G-protein activation by
wn-opioid and CB-cannabinoid receptors in the caudate-putamen.
Mol Brain Res 1999;67:148-57.

[112] Corchero J, Manzanares J, Fuentes JA. Repeated administration of

AS-tetrahydrocannabinol produces a differential time related respon

siveness on proenkephalin, proopiomelanocortin and corticotropin

releasing factor gene expression in the hypothalamus and pituitary
gland of the rat. Neuropharmacol 1999;38:433-9.

Corchero J, Fuentes JA, Manzanares J. Chronic treatment with

[90] Chamberlin NL, Mansour A, Watson SJ, Saper CB. Localization of
u-opioid receptors on amygdaloid projection neurons in the para-
brachial nucleus of the rat. Brain Res 1999;827:198—-204.

[91] Chan RYK, Wong YH. Chronic activation of ORL1 receptor in-
duces supersensitization of adenylyl cyclase. NeuroReport 1999;10:
2901-5.

[92] Chao DM, Shen LL, Tjen-A-Looi S, Pitsillides KF, Li P, Longhurst
JC. Naloxone reverses inhibitory effect of electroacupuncture on
sympathetic cardiovascular reflex responses. Amer J Physiol Heart
Circ Phy 1999;4f6:H2127-H2134.

[93] Chawarski MC, Schottenfeld RS, O’Connor PG, Pakes J. Plasma
concentrations of buprenorphine 24 to 72 h after dosing. Drug
Alcohol Depend 1999;55:157-63.

[94] Chien GL, Mohtadi K, Wolff RA, Van Winkle DM. Naloxone
blockade of myocardial ischemic preconditioning does not require
central nervous system participation. Basic Res Cardiol 1999;94: [113]

13§_43' . o CP-55,940 regulates corticotropin releasing factor and proopiomel-
(95] Chl.o.u L_C' Huang L-YM. Mechanlsm underlying increased qguronal anocortin gene expression in the hypothalamus and pituitary gland

activity in the rat ventrolateral periagueductal grey bg-apioid. of the rat. Life Sci 1999:64:905-11.

J Physiol 1999;518:551-9. - , [114] Corrigall WA, Coen KM, Adamson KL, Chow BLC. The mu opioid
[96] Chu X, Xu N, Li P, Mao L, Wang JQ. Inhibition of cardiovascular agonist DAMGO alters the intravenous self-administration of co-

activity following microinjection of novel opioid-like neuropeptide caine in rats: mechanisms in the ventral tegmental area. Psychophar-

nociceptin (orphanin FQ) into the rat rostral ventrolateral medulla. macol 1999:141:428—35.

Brain Res 1999;829:134-42. ) [115] Corrigall WA, Coen KM, Adamson KL, Chow BLC. Manipulations
[97] Chu XP, Xu NS, Li P, Wang JQ. Endomorphin-1 and endomor- of u-opioid and nicotinic cholinergic receptors in the pontine teg-

phin-2, endogenous ligands for theopioid receptor, inhibit elec- mental region alter cocaine self-administration in rats. Psychophar-

trical activity of rat rostral ventrolateral medulla neurdnsvitro. macology 1999;145:412-17.

Neurosci 1999;93:681-6. [116] Cowen MS, Lawrence AJ. The role of opioid-dopamine interactions
[98] Churchill L, Kalivas PW. The involvement of the mediodorsal in the induction and maintenance of ethanol consumption. Prog

nucleus of the thalamus and the midbrain extrapyramidal area in Neuro-Psychopharmacol & Biol Psychiat 1999;23:1171-212.

locomotion elicited from the ventral pallidum. Behav Brain Res [117] Cowen MS, Rezvani AH, Jarrott B, Lawrence AJ. Ethanol consump-

1999;104:63-71. tion by Fawn-hooded rats following abstinence: Effect of naltrexone
[99] Ciccocioppo R, Panocka I, Polidori C, Regoli D, Massi M. Effect of and changes inu-opioid receptor density. Alcohol Clin Exp Res

nociceptin on alcohol intake in alcohol-preferring rats. Psychophar- 1999:23:1008-14.

macol 1999;141:220-4. [118] Craft RM, Stratmann JA, Bartok RE, Walpole TI, King SJ. Sex
[100] Cichewicz DL, Martin ZL, Smith FL, Welch SP. Enhancemengof differences in development of morphine tolerance and dependence

opioid antinociception by oral\®-tetrahydrocannabinol: Dose-re in the rat. Psychopharmacol 1999;143:1-7.

sponse analysis and receptor identification. J Pharmacol Exp Ther [119] Craft RM, Heideman LM, Bartok RE. Effect of gonadectomy on

1999;289:859-67. discriminative stimulus effects of morphine in female versus male
[101] Cohen RM, Carson RE, Wyatt RJ, Doudet DJ. Opiate receptor rats. Drug Alcohol Depend 1999;53:95-109.

avidity is reduced bilaterally in rhesus monkeys unilaterally lesioned [120] Croll SD, Chesnutt CR, Greene NA, Lindsay RM, Wiegand SJ.

with MPTP. Synapse 1999;33:282-8. Peptide immunoreactivity in aged rat cortex and hippocampus as a
[102] Coiro V, Volpi R, Capretti L, Caffarri G, Colla R, Chiodera P. function of memory and BDNF infusion. Pharm Biochem Behav

Effects of pyridostigmine and naloxone on the abnormal TSH re- 1999;64:625-35.



2022 A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[121] Crome IB. Treatment interventions-looking towards the millennium. [144] Dunbar JC, Lu H. Leptin-induced increase in sympathetic nervous

Drug Alcohol Depend 1999;55:247—63. and cardiovascular tone is mediated by proopiomelanocortin

[122] Cuadra G, Zurita A, Lacerra C, Molina VA. Chronic stress sensitizes (POMC) products. Brain Res Bull 1999;50:215-21.
frontal cortex dopamine release in response to a subsequent novel[145] Duttaroy A, Shen J, Shah S, Chen B, Sehba F, Carroll J, Yoburn BC.
stressor: Reversal by naloxone. Brain Res Bull 1999;48:303-8. Opioid receptor upregulation ip-opioid receptor deficient CXBK

[123] Cutler DJ, Mundey MK, Mason R. Electrophysiological effects of and outbred Swiss Webster mice. Life Sci 199;65:113-23.
opioid receptor activation on Syrian hamster suprachiasmatic nu- [146] Dyakonova VE, Schumann F-W. Effects of serotonergic and opi-
cleus neuronem vitro. Brain Res Bull 1999;50:119-25. oidergic drugs on escape behaviors and social status of male crick-

[124] D'’Amato FR, Mazzacane E, Capone F, Pavone F. Effects of post- ets. Naturwissenschaften 1999;86:435-7.
natal manipulation on nociception and morphine sensitivity in adult [147] Easterling KW, Holtzman SG. Discriminative stimulus effects of
mice. Dev Brain Res 1999;117:15-20. naltrexone after a single dose of morphine in the rat. J Pharmacol

[125] D’anci KE. Tolerance to morphine-induced antinociception is de- Exp Ther 1999;288:1269-77.
creased by chronic sucrose or polycose intake. Pharm Biochem [148] Edwards RM, Pullen M, Nambi P. Distribution of neutral endopep-
Behav 1999;63:1-11. tidase activity along the rat and rabbit nephron. Pharmacology 1999;

[126] Danielson PB, Dores RM. Molecular evolution of the opioid/orpha- 59:45-50.
nin gene family. Gen Comp Endocrinol 1999;113:169—-86. [149] Eissenberg T, Stitzer ML, Bigelow GE, Buchhalter AR, Walsh SL.

[127] Dannon PN, lancu I, Grunhaus L. Naltrexone treatment in klepto- Relative potency ofevo-w-acetylmethadol and methadone in hu-
maniac patients. Hum Psychopharmacol Clin Exp 1999;14:583-5. mans under acute dosing conditions. J Pharmacol Exp Ther 1999;

[128] Dardenne M. Role of thymic peptides as transmitters between the 289:936-45.
neuroendocrine and immune systems. Ann Med 1999;31:34-9. [150] Emanuele NV, LaPaglia N, Steiner J, Kirsteins L, Emanuele MA.

[129] Darlison MG, Richter D. Multiple genes for neuropeptides and their Reversal ofchronic ehtanol-induced testosterone suppression in
receptors: Co-evolution and physiology. Trends Neurosci 1999;22: peripubertal male rats by opiate blockade. Alcohol Clin Exp Res
81-8. 1999;23:60-6.

[130] Davidson D, Palfai T, Bird C, Swift R. Effects of naltrexone on [151] Emmerson PJ, Miller RJ. Pre- and postsynaptic actions of opioid and
alcohol self-administration in heavy drinkers. Alcohol Clin Exp Res orphan opioid agonists in the rat arcuate nucleus and ventromedial
1999;23:195-203. hypothalamusn vitro. J Physiol 1999;517:431-45.

[131] Davila G, Navarro JF. Absence of tolerance to antiaggressive activ- [152] Erdtmann-Vourliotis M, Mayer P, Linke R, Riechert U, HdV.
ity of methadone after chronic administration to male mice. Med Sci Long-lasting sensitization towards morphine in motoric and limbic
Res 1999;27:285-7. areas as determined loyfosexpression in rat brain. Mol Brain Res

[132] Daws LC, White JM. Regulation of opioid receptors by opioid 1999;72:1-16.
antagonists: Implications for rapid opioid detoxification. Addict Biol ~ [153] Eyzaguirre C, Abudara V. Carotid body glomus cells: chemical
1999;4:391-7. secretion and transmission (modulation?) across cell-nerve ending

[133] de Ardya Lucas G, Hoffman O, Alster P, Wiesenfeld-Hallin Z. junctions. Resp Physiol 1999;115:135-49.

Extracellular cholecystokinin levels in the rat spinal cord following [154] Fadda P, Tronci S, Colombo G, Fratta W. Differences in the opioid
chronic morphine exposure: an in vivo microdialysis study. Brain system in selected brain regions of alcohol-preferring and alcohol-
Res 1999;821:79-86. nonpreferring rats. Alcohol Clin Exp Res 1999;23:1296-1305.

[134] De Ceballos ML, Lpez-Lozano JJ. Subgroups of Parkinsonian [155] Fairbanks CA, Wilcox GL. Spinal antinociceptive synergism be-
patients differentiated by peptidergic immunostaining of caudate tween morphine and clonidine persists in mice made acutely or
nucleus biopsies. Peptides 1999;20:249-57. chronically tolerant to morphine. J Pharmacol Exp Ther 1999;288:

[135] de Gandarias JM, Echevariie, Acebes |, Abecia LC, Casis O, Casis 1107-16.

L. Effects of fluoxetine administration om-opioid receptor immu- [156] Farren CK, O'Malley S, Grebski G, Maniar S, Porter M, Kreek MJ.
nostaining in the rat forebrain. Brain Res 1999;817:236—40. Variable dose natlrexone-induced hypothalamic-pituitary-adrenal

[136] De Rensis F, Cosgrove JR, Willis HJ, Hokaer S, Foxcroft GR. stimulation in abstinent alcoholics: A preliminary study. Alcohol
Ontogeny of the opioidergic regulation of LH and prolactin secre- Clin Exp Res 1999;23:502-8.
tion in lactating sows Il: interaction between suckling and morphine [157] Farzin D. Modification of naloxone-induced withdrawal signs by
administration. J Reprod Fertil 1999;116:243-51. dextromethorphan in morphine-dependent mice. Eur J Pharmacol

[137] de Wit H, Svenson J, York A. Non-specific effect of naltrexone on 1999;377:35-42.
ethanol consumption in social drinkers. Psychopharmacol 1999;143: [158] Feng Z, Chang RCC, Bing G, Hudson P, Tiao N, Jin L, Hong J-S.
33-41. Long-term increase of Sp-1 transcription factors in the hippocampus

[138] Djurovic D, Milic-Askrabic J, Majkic-Singh N. Serumg-endorphin after kainic acid treatment. Mol Brain Res 1999;69:144 8.
level in patients with depression on fluvoxamine. Il Farmaco 1999; [159] Fernandez B, Antelo MT, Guaza C, Alberti |, Pinillos ML, Viveros
54:130-3. MP. Naltrindole administration during the preweanling period and

[139] Domingo-Salvany A, Rez K, Torrens M, Bravo MJ, AntadM, manipulation affect adrenocortical reactivity in young rats. Dev
Alonso J. Methadone treatment in Spain, 1994. Drug Alcohol De- Brain Res 1999;112:135-7.
pend 1999;56:61-6. [160] Fernandez B, Antelo MT, Kitchen |, Viveros MP. Effects of neo-

[140] Dondio G, Ronzoni S, Petrillo P. Non-peptil®pioid agonists and natal naltrindole treatment on antinociceptive and behavioral re-
antagonists (Part Il). Exp Opin Ther Patents 1999;9:353—74. sponses tqu and k agonists in rats. Pharm Biochem Behav 1999;

[141] Drake CT, Milner TA. Mu opioid receptors are in somatodendritic 62:145-9.
and axonal compartments of GABAergic neurons in rat hippocam- [161] Fernandez B, Alberti I, Kitchen I, Viveros MP. Chronic naltrindole
pal formation. Brain Res 1999;849:203-15. administration does not modify the inhibitory effect of morphine on

[142] Drucker E, Vlahov D. Controlled clinical evaluation of diacetyl vocalization responses in the tail electric stimulation test in rats.
morphine for treatment of intractable opiate dependence. The Lancet Neurosci Lett 1999;260:81-4.
1999;353:1543-4. [162] Ferry B, Roozendaal B, McGaugh JL. Role of norepinephrine in

[143] Druse MJ, Hao H-L, Eriksen JL. In utero ethanol exposure increases mediating stress hormone regulation of long-term memory storage:
proenkephalin, a precursor of a neuropeptide that is inhibitory to A critical involvement of the amygdala. Biol Psychiatry 1999;46:

neuronal growth. Alcohol Clin Exp Res 1999;23:1519-27. 1140-52.



A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[163] Fimiani C, Mattocks D, Cavani F, Salzet M, Deutsch DG, Pryor S,
Bilfinger TV, Stefano GB. Morphine and anandamide stimulate
intracellular calcium transients in human arterial endothelial cells:
coupling to nitric oxide release. Cell Signal 1999;11:189-93.

[164] Fimiani C, Arcuri E, Santoni A, Rialas CM, Bilfinger TV, Peter D,
Salzet B, Stefano GBu; Opiate receptor expression in lung and
lung carcinoma: ligand binding and coupling to nitric oxide release.
Cancer Lett 1999;146:45-51.

[165] Fins JJ. Acts of omission and commission in pain management: The
ethics of naloxone use. J Pain Symptom Manage 1999;17:120-4.

[166] Fischer A, Undem BJ. Naloxone blocks endomorphin-1 but not
endomorphin-2 induced inhibition of tachykinergic contractions of
guinea-pig isolated bronchus. Br J Pharmacol 1999;127:605—8.

[167] FiserovaM, Consolo S, Krsiak M. Chronic morphine induces long-

2023

[183] Gelernter J, Kranzler H, Cubells J. Genetics of fvopioid receptor
gene (OPRM1) exon | polymorphisms: population studies, and al-
lele frequencies in alcohol- and drug-dependent subjects. Mol Psy-
chiatry 1999;4:476—-83.
Georges F, Stinus L, Bloch B, Le Moine C. Chronic morphine
exposure and spontaneous withdrawal are associated with modifi-
cations of dopamine receptor and neuropeptide gene expression in
the rat striatum. Eur J Neurosci 1999;11:481-90.
Gerasimov MR, Ashby CR Jr, Gardner EL, Mills MJ, Brodie JD,
Dewey SL. Gamma-vinyl GABA inhibits methamphetamine, her-
oin, or ethanol-induced increases in nucleus accumbens dopamine.
Synapse 1999;34:11-19.
[186] Gewolb IH, O'Brien J, Slavin RE. Opioids accelerate fetal rat lung
maturationin vitro. Am J Resp Cell Mol Biol 1999;20:511-6.

[184]

[185]

lasting changes in acetylcholine release in rat nucleus accumbens[187] Giraudo SQ, Grace MK, Billington CJ, Levine AS. Differential

core and shell: An in vivo microdialysis study. Psychopharmacol
1999;142:85-94.

[168] Foo H, Helmstetter FJ. Hypoalgesia elicited by a conditioned stim-

ulus is blocked by a, but not ad or ak, opioid antagonist injected

into the rostral ventromedial medulla. Pain 1999;83:427-31.

Franke P, Nothen MM, Wang T, Neidt H, Knapp M, Lichtermann D,

Weiffenbach O, Mayer P, Hib V, Propping P, Maier W. Human

5-opioid receptor gene and susceptibility to heroin and alcohol

dependence. Neuropsychiatr Genet 1999;88:462—-4.

Fregoneze JB, Luz CP, Castro L, Oliveira P, Lima AKS, Souza F,

Maldonado |, Maédo DF, Ferreira MG, Bandeira PPV, Rocha

MAJr, Carvalho FLQ, De-Castro-e-Sivla E. Zinc and water intake in

rats: Investigation of adrenergic and opiatergic central mechanisms.

Braz J Med Biol Res 1999;32:1217-22.

Friedman LK, Belayev L, Alfonso OF, Ginsberg MD. Distribution

of glutamate and preproenkephalin messenger RNAs following tran-

sient focal cerebral ischemia. Neurosci 1999;95:841-57.

Frussa-Filho R, Barbosd+dior H, Silva RH, Da Cunha C, Mello

CF. Naltrexone potentiates the anxiolytic effects of chlordiazep-

oxide in rats exposed to novel environments. Psychopharmacol

1999;147:168-73.

Fuentes JA, Ruiz-Gayo M, Manzanares J, Vela G, Reche |, Corchero

J. Cannabinoids as potential new analgesics. Life Sci 1999;65:675—

85.

Fukunaga H, Takahashi M, Kaneto H, Yoshikawa M. Effects of

Tyr-MIF-1 on stress-induced analgesia and the blockade of devel-

opment of morphine tolerance by stress in mice. Jpn J Pharmacol

1999;79:231-5.

Fuso L, Marini M, Marzano M, Nardecchia B, Roda LG, Rossi P,

Urbani A. Hydrolysis of peripheral leucine enkephalin in allergic

asthma. Clin Immunol 1999;90:411-9.

[176] Gagliese L, Melzack R. Age differences in the response to the
formalin test in rats. Neurobiol Aging 1999;20:699-707.

[177] Gallate JE, McGregor IS. The motivation for beer in rats: effects of
ritanserin, naloxone and SR 141716. Psychopharmacol 1999;142:
302-8.

[178] Gallate JE, Saharov T, Mallet PE, McGregor IS. Increased motiva-
tion for beer in rats following administration of a cannabinoid,CB
receptor agonist. Eur J Pharmacol 1999;370:233-40.

[179] Garbutt JC, West SL, Carey TS, Lohr KN, Crews FT. Pharmaco-
logical treatment of alcohol dependence: A review of the evidence.
JAMA 1999;281:1318-25.

[180] Gauthier CA, Bagley JR, Brockunier LL, France CP. Daily mirfen-
tanil induces (cross-) tolerance to the rate-decreasing effects of
morphine and not mirfentanil. Behav Pharmacol 1999;10:543-7.

[181] Gauthier CA, France CP. The discriminative stimulus effects of

[169]

[170]

[171]

[172]

[173]

[174]

[175]

naloxone and naltrexone in morphine-treated rhesus monkeys: Com-

parison of oral and s.c. administration. Psychopharmacol 1999;144:
131-6.

[182] Gayle D, llyin SE, Plata-SalameCR. Feeding status and bacterial
LPS-induced cytokine and neuropeptide gene expression in hypo-
thalamus. Amer J Physiol Regul Integr C 1999;46:R1188—-R1195.

effects of neuropeptide Y and theagonist DAMGO on ‘palatabil-
ity’ vs. ‘energy’. Brain Res 1999;834:160-3.

[188] Goettl VM, Tejwani GA, Neff NH, Hadjiconstantinou M. Decreased
neuropeptide content in the spinal cord of aged rats: The effect of
GM1 ganglioside. NeuroReport 1999;10:513—6.

[189] Gold CG, Cullen DJ, Gonzales S, Houtmeyers D, Dwyer MJ. Rapid
opioid detoxification during general anesthesia: A review of 20
patients. Anesthesiology 1999;91:1639-47.

[190] Gollub RL, Hui KKS, Stefano GB. Acupuncture: pain management

coupled to immune stimulation. Acta Pharmacologica Sinica 1999;

20:769-77.

Gomez-Flores R, Suo J-L, Weber RJ. Suppression of splenic mac-

rophage functions following acute morphine action in the rat mes-

encephalon periaqueductal gray. Brain Behav Immunity 1999;13:

212-24.

Gomez-Flores R, Weber RJ. Inhibition of IL-2 production and

downregulation of IL-2 and transferrin receptors on rat splenic

lymphocytes following PAG morphine administration: a role in a

natural killer and T cell suppression. J Interferon Cytokine Res

1999;19:625-30.

Goodman CB, Heyliger S, Emilien B, Partilla JS, Yang YT, Lee CH,

Cadet J-L, Rothman RB. Chronic exposure to antibodies directed

against anti-opiate peptides al@opioid receptor levels. Peptides

1999;20:1419-24.

Gouardees C, Tafani JAM, Meunier J-C, Jhamandas K, Zajac J-M.

Nociceptin receptors in the rat spinal cord during morphine toler-

ance. Brain Res 1999;838:85-94.

Goudas LC, Langlade A, Serrie A, Matsons W, Milbury P, Thurel C,

Sandouk P, Carr DB, Acute decreases in cerebrospinal fluid gluta-

thione levels after intracerebroventricular morphine for cancer pain.

Anesth Analg 1999;89:1209-15.

Grabus SD, Smurthwaite ST, Riley AL. Nalorphine’s ability to

substitute for morphine in a drug discrimination procedure is a

function of training dose. Pharm Biochem Behav 1999;63:484 8.

[197] Grahn RE, Maswood S, McQueen MB, Watkins LR, Maier SF.
Opioid-dependent effects of inescapable shock on escape behavior
and conditioned fear responding are mediated by the dorsal raphe
nucleus. Behav Brain Res 1999;99:153-167.

[198] Grasemann H, Lu B, Jiao A, Boudreau J, Gerard NP, De Sanctis GT.
Targeted deletion of the neutral endopeptidase gene alters ventila-
tory responses to acute hypoxia in mice. J Appl Physiol 1999;87:
1266-71.

[199] Gray AM, Rawls SM, Shippenberg TS, McGinty JF. The 95 -opioid
agonist, U-69593, decreases acute amphetamine-evoked behaviors
and calcium-dependent dialysate levels of dopamine and glutamate
in the ventral striatum. J Neurochem 1999;73:1066—74.

[200] Greenwald MK, Johanson C-E, Schuster CR. Opioid reinforcement
in heroin-dependent volunteers during outpatient buprenorphine
maintenance. Drug Alcohol Depend 1999;56:191-203.

[201] Grimmer |, Bihrer C, Aust G, Obladen M. Hearing in newborn
infants of opiate-addicted mothers. Eur J Pediatr 1999;158:653-7.

[191]

[192]

[193]

[194]

[195]

[196]



2024

[202] Grisel JE, Mogil JS, Grahame NJ, Rubinstein M, Belknap JK,
Crabbe JC, Low MJ. Ethanol oral self-administration is increased in
mutant mice with decreasef-endorphin expression. Brain Res
1999;835:62—7.

Gulledge CC, Deviche P. Age- and sex-related differences in opioid

receptor densities in the songbird vocal control system. J Comp

Neurol 1999;404:505-14.

Gutiarez M, Menedez L, Hidalgo A, Baamonde A. Study of the

density of opioid receptors in the male mouse brain at different

stages of sexual maturation. Meth Find Exp Clin Pharmacol 1999;

21:459-62.

Gwirtz KH, Young JV, Byers RS, Alley C, Levin K, Walker SG,

Stoelting RK. The safety and efficacy of intrathecal opioid analgesia

for acute postoperative pain: seven years’ experience with 5969

surgical patients at Indiana University hospital. Anesth Analg 1999;

88:599-604.

Haemisch A, Guerra G, Furkert J. Adaptation of corticosterone-but

not B-endorphin-secretion to repeated blood sampling in rats. Lab

Animals 1999;33:185-91.

[207] Hall WD, Wodak A. Is naltrexone a cure for heroin dependence?

MJA 1999;171:9-10.

Hammar M, Ekblad S, Linberg B, Berg G, Lindgren R, Wyon Y.

Postmenopausal women without previous or current vasomotor

symptoms do not flush after abruptly abandoning estrogen replace-

ment therapy. Maturitas 1999;31:117-22.

Han S-H, Cho Y-W, Kim C-J, Min B-l, Rhee J-S, Akaike N.

r-Opioid agonist-induced activation of G-protein-coupled inwardly

rectifying potassium current in rat periaqueductal gray neurons.

Neurosci 1999;90:209-19.

Hangaard J, Andersen M, Grodum E, Koldkjeer O, Hagen C. The

effects of endogenous opioids and cortisol on thyrotropin and pro-

lactin secretion in patients with Addison’s disease. J Clin Endocrinol

Metab 1999;84:1595-1601.

[211] Hauser KF, Foldes JK, Turbek CS. Dynorphin A(1-13) neurotox-
icity in vitro: Opioid and non-opioid mechanisms in mouse spinal
cord neurons. Exp Neurol 1999;160:361-75.

[212] Hawranko AA, Smith DJ. Stress reduces morphine’s antinociceptive

potency: dependence upon spinal cholecystokinin processes. Brain

Res 1999;824:251-7.

Hawranko AA, Serafini M, Smith DJ. Anti-analgesia and reduced

antinociception from supraspinally administergdendorphin in

stressed rats: dependence on spinal cholecystokinin via cholecysto-
kinin B receptors. Neurosci Lett 1999;267:101—-4.

Heinemann A, Holzer P. Stimulant action of pituitary adenylate

cyclase-activating peptide on normal and drug-compromised peri-

stalsis in the guinea-pig intestine. Br J Pharmacol 1999;127:763-71.

Helmreich DL, Watkins LR, Deak T, Maier SF, Akil H, Watson SJ.

The effect of stressor controllability on stress-induced neuropeptide

mRNA expression within the paraventricular nucleus of the hypo-

thalamus. J Neuroendocrinol 1999;11:121-8.

Henryk S, Josko J, Jedrzejowska-Szypulka H, Jarzab'BleD&D.

Corticotropin releasing hormone (CRH) increagesndorphin 8-

end like) concentration in cerebrospinal fluid of rats with vasospasm

following subarachnoid hemorrhage. J Physiol Pharmacol 1999;50:

419-28.

Heyliger S, Jackson C, Rice KC, Rothman RB. Opioid peptide

receptor studies. 10. Nor-BNI differentially inhibits kappa receptor

agonist-induced G-protein activation in the guinea pig caudate:

Further evidence of kappa receptor heterogeneity. Synapse 1999;34:

256-65.

Heyser CJ, Roberts AJ, Schulteis G, Koob GF. Central administra-

tion of an opiate antagonist decreases oral ethanol self-administra-

tion in rats. Alcohol Clin Exp Res 1999;23:1468-76.

Hileman SM, Jackson GL. Regulation of gonadotropin-releasing

hormone secretion by testosterone in male sheep. J Reprod Fertil

Supp 1999;54:231-42.

[203]

[204]

[205]

[206]

[208]

[209]

[210]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[220] Hiramatsu M, Inoue M. Nociceptin/orphanin FQ and nocistatin on
learning and memory impairment induced by scopolamine in mice.
Br J Pharmacol 1999;127:655-60.

[221] Hiramatsu M, Inoue M. Effects of nocistatin on nociceptin-induced
impairment of learning and memory in mice. Eur J Pharmacol
1999;367:151-5.

[222] Ho ST, Wang JJ, Liaw WJ, Lee HK, Lee SC. Surgical pain atten-
uates acute tolerance in rats. Br J Anaesth 1999;82:112-16.

[223] Hoes MJAJM. Relapse prevention in alcoholics: A review of acam-
prosate versus naltrexone. Clin Drug Invest 1999;17:211-16.

[224] Hohmann AG, Briley EM, Herkenham M. Pre- and postsynaptic
distribution of cannabinoid and mu opioid receptors in rat spinal
cord. Brain Res 1999;822:17-25.

[225] Holden RJ, Pakula IS. Tumor necrosis factor (TNE)is there a
continuum of liability between stress, anxiety states and anorexia
nervosa? Med Hypoth 1999;52:155-62.

[226] Holmes PV. Olfactory bulbectomy increases prepro-enkephalin
mRNA levels in the ventral striatum in rats. Neuropeptides 1999;
33:206-11.

[227] Hom JSH, Goldberg |, Mathis J, Pan Y-X, Brooks Al, Ryan-Moro
J, Scheinberg DA, Pasternak GW:*{]Orphanin FQ/nociceptin
binding in Raji cells. Synapse 1999;34:187-91.

[228] Honkanen A, HyytieP, Korpi ER, Ahtee L. Effects of morphine on
metabolism of dopamine and serotonin in brains of alcohol-prefer-
ring AA and alcohol-avoiding ANA rats. Alcohol 1999;18:3-10.

[229] Horvath G, Szikszay M, Tmbdy C, Benedek G. Antinociceptive
effects of intrathecal endomorphin-1 and -2 in rats. Life Sci 1999;
65:2635-41.

[230] Hou Y, Voogt JL. Effects of naloxone infusion on nocturnal pro-
lactin secretion and Fos/FRA expression in pregnant rats. Endocrine
1999;10:145-52.

[231] Hdlter SM, Spanagel R. Effects of opiate antagonist treatment on the
alcohol deprivation effect in long-term ethanol-experienced rats.
Psychopharmacol 1999;145:360-9.

[232] Hu X, Cao S, Loh HH, Wei L-N. Promoter activity of mouse

opioid receptor gene in transgenic mouse. Mol Brain Res 1999;69:

35-43.

Hurle MA, Sanchez A, Garcia-Sancho J. Effectsiefand p-opioid

receptor agonists on €achannels in neuroblastoma cells: involve

ment of the orphan opioid receptor. Eur J Pharmacol 1999;379:

191-8.

Hutchison KE, Monti PM, Rohsenow DJ, Swift RM, Colby SM,

Gnys M, Niaura RS, Sirota AD. Effects of naltrexone with nicotine

replacement on smoking cue reactivity: preliminary results. Psycho-

pharmacology 1999;142:139-43.

Hydbring E, Madej A, MacDonald E, Drugge-Boholm G, Berglund

B, Olsson K. Hormonal changes during parturition in heifers and

goats are related to the phases and severity of labour. J Endocrinol

1999;160:75-85.

Hyytia P, Ingman K, Soini SL, Laitinen JT, Korpi ER. Effects of

continuous opioid receptor blockade on alcohol intake and up-

regulation of opioid receptor subtype signaling in a genetic model of
high alcohol drinking. Naunyn-Schmiedberg’s Arch Pharmacol
1999;360:391-401.

lkeda K, Ichikawa T, Kobayashi T, Kumanishi T, Oike S, Yano R.

Unique behavioural phenotypes of recombinant-inbred CXBK mice:

partial deficiency of sensitivity ta.- and k-agonists. Neurosci Res

1999;34:149-55.

Im H-J, Kang S-W, Loh HH. Opioid receptor gene: cytokine re-

sponse element and the effect of cytokines. Brain Res 1999;829:

174-9.

[239] Imbe H, Ren K. Orofacial deep and cutaneous tissue inflammation
differentially upregulates preprodynorphin mRNA in the trigeminal
and paratrigeminal nuclei of the rat. Mol Brain Res 1999;67:87-97.

[240] Jacobs R, Karst M, Scheinichen D, Bevilacqua C, Schneider U,
Heine J, Schedlowski M, Schmidt RE. Effects of fentanyl on cellular
immune functions in man. Int J Immunopharmacol 1999;21:445-54.

[233]

[234

[l

[235]

[236]

[237]

[238]



A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[241] Jamali KA, Tramu G. Control of rat hypothalamic pro-opiomelano-
cortin neurons by a circadian clock that is entrained by the daily
light-off signal. Neurosci 1999;93:1051-61.

[242] Jamensky NT, Gianoulakis C. Comparison of the proopiomelano-
cortin and proenkephalin opioid peptide systems in brain regions of
the alcohol-preferring C57BL/6 and alcohol-avoiding DBA/2 mice.
Alcohol 1999;18:177-87.

[243] Jang C-G, Rockhold RW, Ho I-K. Withdrawal from butorphanol
dependence alters binding dH]phorbol dibutyrate to protein ki
nase C, but not of®H]forskolin to adenylate cyclase. Brain Res
1999;821:520-5.

[244] Jabe TUC, Lamb RJ. Discriminated taste aversion and context: A
progress report. Pharm Biochem Behav 1999;64:403-7.

[245] Jabe TUC, Lamb RJ. Effects of lithium dose (UCS) on the acqui-
sition and extinction of a discriminated morphine aversion: tests
with morphine andA®-THC. Behav Pharmacol 1999;10:349-58.

[246] Jarmukli NF, Ahn J, Iranmanesh A, Russell DC. Effect of raised
plasmap endorphin concentrations on peripheral pain and angina
thresholds in patients with stable angina. Heart 1999;82:204-9.

[247] Jeantaud |, Haramburu F, §&ud B. Les traitements de substitution
de la dpendance aux opiase enqliee aupre de pharmaciens
d'officine en Aquitane. Thepie 1999;54:251-5.

[248] Jeub M, Lie A, Bluncke |, Elger CE, Beck H. Loss of dynorphin-
mediated inhibition of voltage-dependent “Cacurrents in hip
pocampal granule cells isolated from epilepsy patients is associated
with mossy fiber sprouting. Neurosci 1999;94:465-71.

[249] Jiang CL, Lu CL, Chen YZ, Liu XY. Multiple functions of polypep-
tides mediated by distinct domains interacting with different recep-
tors. Peptides 1999;20:1385-8.

[250] Jiang H, Malven PV. Interaction between anterior pituitary pro-
dynorphin and the secretion of luteinizing hormone (LH). Comp
Biochem Physiol [B] 1999;122:29-37.

[251] Jin W, Chavkin C. Mu opioids enhance mossy fiber synaptic trans-
mission indirectly by reducing GABA receptor activation. Brain
Res 1999;821:286-93.

[252] Jones EA, Bergasa NV. The pruritus of cholestasis. Hepatology
1999;29:1003-6.

[253] Jones HE, Bigelow GE, Preston KL. Assessment of opioid partial

agonist activity with a three-choice hydromorphone dose-discrimi-

nation procedure. J Pharmacol Exp Ther 1999;289:1350—-61.

Jonsdottir IH, Sjqvist A, Lundgren O, Thome P. Somatic nerve

stimulation and cholera-induced net fluid secretion in the small

intestine of the rat: Evidence for an opioid effect. J Autonomic Ner

Sys 1999;78:18-23.

Joshi GP, Duffy L, Chehade J, Wesevich J, Gajraj N, Johnson ER.

Effects of prophylactic nalmefene on the incidence of morphine-

related side effects in patients receiving intravenous patient-con-

trolled analgesia. Anesthesiology 1999;90:1007-11.

June HL, McCane SR, Zink RW, Portoghese PS, Li T-K, Froehlich

JC. Theéd,-opioid receptor antagonist naltriben reduces motivated

responding for ethanol. Psychopharmacol 1999;147:81-9.

[257] Kamikawa H, Katafuchi T, Hosoi M, Yamamoto T, Hori T. Hyper-

algesic response to noxious stimulation in genetically polydipsic

mice. Brain Res 1999;846:171-6.

Kampa M, Margioris AN, Hatzoglou A, Dermitzaki |, Denizot A,

Henry J-F, Oliver C, Gravanis A, Castanas &-Opioid binding

sites are the dominant opioid binding sites in surgical specimens of

human pheochromocytomas and in a human pheochromocytoma

(KAT45) cell line. Eur J Pharmacol 1999;364:255-62.

Kanarek RB, D’anci KE, Przypek JM, Mathes WF. Alterin dietary

levels of protein or vitamins and minerals does not modify mor-

[254]

[255]

[256]

[258]

[259]

2025

[261] Kang LC, Kerben MJ, Ugen KE, Specter SC. Modulatiom»fivo
cytokine production by splenocytes usimgvitro combined thera-
peutics in murine retroviral model. DNA Cell Biol 1999;18:585-92.

[262] Kantak KM, Riberdy A, Spealman RD. Cocaine-opioid interactions

in groups of rats trained to discriminate different doses of cocaine.

Psychopharmacol 1999;147:257—-65.

Kapusta DR, Kenigs VA. Cardiovascular and renal responses pro-

duced by central orphanin FQ/nociceptin occur independent of renal

nerves. Amer J Physiol Regul Integr Comp Physiol 1999;46:R987—

R995.

Kapusta DR, Chang J-K, Kenigs VA. Central administration of

[Phe* 89 (CH, -NH)Gly?|nociceptin(1-13)-NH and orphanin FQ/

nociceptin (OFQ/N) produce similar cardiovascular and renal re-

sponses in conscious rats. J Pharmacol Exp Ther 1999;289:173-80.

Kastin AJ, Pan W, Maness LM, Banks WA. Peptides crossing the

blood-brain barrier: some unusual observations. Brain Res 1999;

848:96-100.

[266] Katcher J, Walsh D. Opioid-induced itching: morphine sulfate and
hydromorphone hydrochloride. J Pain Symptom Manage 1999;17:
70-2.

[267] Kaufman MJ, Pollack MH, Villafuerte RA, Kukes TJ, Rose SL,
Mendelson JH, Cohen BM, Renshaw PF. Cerebral phosphorus me-
tabolite abnormalities in opiate-dependent polydrug abusers in
methadone maintenance. Psychiat Res Neuroimag Sect 1999;90:
143-52.

[268] Kavaliers M, Colwell DD, Choleris E. Parasites and behavior: an
ethopharmacological analysis and biomedical implications. Neuro-
sci Biobehav Rev 1999;23:1037-45.

[269] Kavaliers M, Colwell DD, Choleris E, Ossenkopp K-P. Learning to
cope with biting flies: Rapid NMDA-mediated acquisition of con-
ditioned analgesia. Behav Neurosci 1999;113:126-35.

[270] Kelly MJ, Lagrange AH, Wagner EJ, Ronnekleiv OK. Rapid effects
of estrogen to modulate G protein-coupled receptors via activation
of protein kinase A and protein kinase C pathways. Steroids 1999;
64:64-75.

[271] Kendler KS, Karkowski L, Prescott CA. Hallucinogen, opiate, sed-
ative and stimulant use and abuse in a population-based sample of
female twins. Acta Psychiatr Scand 1999;99:368-76.

[272] Keren O, Gafni M, Sarne Y. Potentiation of transmitter release from

NMB human neuroblastoma cells yopioids is mediated by N-

type voltage-dependent calcium channels. Brain Res 1999;843:

193-8.

King AC, Ho A, Schiuger J, Borg L, Kreek MJ. Acute subjective

effects of dynorphin A(1-13) infusion in normal healthy subjects.

Drug Alcohol Depend 1999;54:87-90.

King APJ, Hall KE, MacDonald RLxk- and w-opioid inhibition of

N-type calcium currents is attenuated bg-ghorbol 12-myristate

13-acetate and protein kinase C in rat dorsal root ganglion neurons.

J Pharmacol Exp Ther 1999;289:312-20.

Ko JL, Arvidsson U, Williams FG, Law PY, Elde R, Loh HH.

Visualization of time-dependent redistribution &bpioid receptors

in neuronal cells during prolonged agonist exposure. Mole Brain Res

1999;69:171-85.

Ko MCH, Johnson MD, Butelman ER, Willmont KJ, Mosberg HI,

Woods JH. Intracisternal nor-binaltorphimine distinguishes central

and peripherak-opioid antinociception in rhesus monkeys. J Phar-

macol Exp Ther 1999;291:1113-20.

Kofke WA, Garman RH, Garman R, Rose ME. Opioid neurotoxic-

ity: fentanyl-induced exacerbation of cerebral ischemia in rats. Brain

Res 1999;818:326-34.

[263]

[264]

[265]

[273]

[274]

[275

—

[276]

[277]

phine-induced analgesia in male rats. Pharm Biochem Behav 1999; [278] Koks S, Soosaar A, Voikar V, Bourin M, Vasar E. BOC-CCK-4,

62:203-8.

Kanesaki T, Saeki M, Ooi Y, Suematsu M, Matsumoto K, Sakuda
M, Saito K, Maeda S. Morphine prevents peroxynitrite-induced
death of human neuroblastoma SH-SY5Y cells through a direct
scavenging action. Eur J Pharmacol 1999;372:319-24.

[260]

CCKB receptor agonist, antagonizes anxiolytic-like action of mor-
phine in elevated plus-maze. Neuropeptides 1999;33:63-9.

[279] Kolesnikov Y, Pasternak GW. Topical opioids in mice: analgesia

and reversal of tolerance by a topical N-Methyl-D-Aspartate antag-
onist. JPET 1999;290:247-52.



2026

[280] Kopecky EA, Simone C, Knie B, Koren G. Transfer of morphine
across the human placenta and its interaction with naloxone. Life Sci
1999;65:2359-71.

[281] Korner J, Chua SC Jr, Williams JA, Leibel RL, Wardlaw SL.
Regulation of hypothalamic proopiomelanocortin by leptin in lean
and obese rats. Neuroendocrinology 1999;70:377—83.

[282] Kosten TA, Haile CN, Jatlow P. Naltrexone and morphine alter the

discrimination and plasma levels of ethanol. Behav Pharmacol 1999;

10:1-13.

Kotler M, Cohen H, Kremer |, Mel H, Horowitz R, Ohel N, Grit-

senko I, Nemanov L, Katz M, Ebstein RP. No association between

the serotonin transporter promoter region (5-HTTLPR) and the do-
pamine D3 receptorB@/ID3DR) polymorphisms and heroin addic-
tion. Mol Psychiatry 1999;4:313-16.

Koyuncuoglu H, Nurten A, Yamahitk P, Nurten R. The importance

of the number of NMDA receptors in the development of supersen-

sitivity or tolerance to and dependence on morphine. Pharmacol Res

1999;39:311-19.

Kornyei JL, Vates Z, Oszter A, Koes KA, Rao ChV, Vetes M.

Opioid peptides inhibit the action of oestradiol on human myome-

trial cells in culture. Mol Human Reprod 1999;5:565-72.

[286] Kramer HK, Simon EJ. Role of protein kinase C (PKC) in agonist-
inducedpu.-opioid receptor down-regulation: |. PKC translocation to
the membrane of SH-SY5Y neuroblastoma cells is induced by
wr-opioid agonists. J Neurochem 1999;72:585-93.

[287] Krishnan-Sarin S, Rosen MI, O’'Malley SS. Naloxone challenge in
smokers: Preliminary evidence of an opioid component in nicotine
dependence. Arch Gen Psychiatry 1999;56:663—8.

[288] Krzanowska EK, Bodnar RJ. Morphine antinociception elicited
from the ventrolateral periaqueductal gray is sensitive to sex and
gonadectomy differences in rats. Brain Res 1999;821:224-30.

[289] la Marca A, Torricelli M, Morgante G, Lanzetta D, De Leo V.
Effects of dexamethasone and dexamethasone plus naltrexone on
pituitary response to GnRH and TRH in normal women. Horm Res
1999;51:85-90.

[290] Laferrige A, Liu J-K, Moss IR.u - and 8-Opioid receptor densities
in respiratory-related brainstem regions of neonatal swine. Dev
Brain Res 1999;112:1-9.

[291] Laulin JP, Ckrier E, Larcher A, Le Moal M, Simonnet G. Opiate
tolerance to daily heroin administration: An apparent phenomenon
associated with enhanced pain sensitivity. Neurosci 1999;89:631-6.

[292] Lauterbach EC. Hiccup and apparent myoclonus after hydrocodone:
Review of the opiate-related hiccup and myoclonus literature. Clin
Neuropharmacol 1999;22:87-92.

[293] Lazarus LH, Bryant SD, Cooper PS, Salvadori S. What peptides

these deltorphins be. Prog Neurobiol 1999;57:377-420.

Le Guen S, Hondr®, Catheline G, Fourhigaluski M-C, Roques

B-P, Besson J-M. The effects of RB101, a mixed inhibitor of

[283]

[284]

[285]

[294]

enkephalin-catabolizing enzymes, on carrageenin-induced spinal c- [

Fos expression are completely blocked ®yunaltrexamine, a se-
lective p-opioid receptor antagonist. Brain Res 1999;834:200—6.

[295] Le Guen S, Catheline G, Besson J-M. Effects of NMDA receptor

antagonists on morphine tolerance: a c¢-Fos study in the lumbar [315]

spinal cord of the rat. Eur J Pharmacol 1999;373:1-11.

Leboyer M, Philippe A, Bouvard M, Guilloud-Bataille M, Bondoux
D, Tabuteau F, Feingold J, Mouren-Simeoni M-C, Launay J-M.
Whole blood serotonin and plasrBaendorphin in autistic probands
and their first-degree relatives. Biol Psychiatry 1999;45:158—-63.
Ledent C, Valverde O, Cossu G, Petitet F, Aubert J-F, Beslot F,

[296]

[297]

Bohme GA, Imperato A, Pedrazzini T, Roques BP, Vassart G, Fratta [317]

W, Parmentier M. Unresponsiveness to cannabinoids and reduced
addictive effects of opiates in GBeceptor knockout mice. Science
1999;283:401-4.

[298]
nucleus accumbens neurons to opiate-seeking behavior: |. Sustained
responding during heroin self-administration. Synapse 1999;33:49—
58.

[316]

Lee R-S, Criado JR, Koob GF, Henriksen SJ. Cellular responses of [318]

A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[299] LeeY, Voogt JL. Rhythmicity oB-endophrinergic neuronal activity
in the mediobasal hypothalamus during pregnancy in the rat. Brain
Res 1999;837:152-60.

[300] Lei Y-H, Rogers DF. Effects and interactions of opioids on plasma
exudation induced by cigarette smoke in guinea pig bronchi. Am J
Physiol Lung Cell Mol Physiol 1999;276:L391-L397.

[301] Lelas S, Wegert S, Otton SV, Sellers EM, France CP. Inhibitors of
cytochrome P450 differentially modify discriminative-stimulus and
antinociceptive effects of hydrocodone and hydromorphone in rhe-
sus monkeys. Drug Alcohol Depend 1999;54:239-49.

[302] Leshner Al, Koob GF. Drugs of abuse and the brain. Neurophar-
macol Substance Abuse 1999;111:99-108.

[303] Lewis TD. Morphine and Gastroduodenal motility. Digestive Dis-
eases Sci 1999;44:2178-86.

[304] LiJ, Li X, Pei G, Qin B-Y. Effects of agmatine on tolerance to and
substance dependence on morphine in mice. Acta Pharmacol Sin
1999;20:232-8.

[305] Li J, Li X, Pei G, Qin B-Y. Correlation between inhibitions of
morphine withdrawal and nitric-oxide synthase by agmatine. Acta
Pharmacol Sin 1999;20:375-80.

[306] Li J-G, Luo L-Y, Krupnick JG, Benovic JL, Liu-Chen L-Y.
U50,488H-induced internalization of the human 95 opioid receptor
involves ap-arrestin- and dynamin-dependent mechanism. J Biol
Chem 1999;274:12087-94.

[307] Liste I, Rogdriguez-Pallares J, Carunco HJ, Labandeira-Garcia JL.
Locomotor-activity-induced changes in striatal levels of prepro-
tachykinin and preproenkephalin mRNA. Regulation by the dopa-
minergic and glutamatergic systems. Mol Brain Res 1999;70:74—
83.

[308] Liu N, Ho I-K, Rockhold RW. Contribution of glutamatergic sys-
tems in locus coeruleus to nucleus paragigantocellularis stimulation-
evoked behavior. Pharm Biochem Behav 1999;63:555—-67.

[309] Liu N, Rockhold RW, Ho IK. Electrical stimulation of nucleus
paragigantocellularis induces opioid withdrawal-like behaviors in
the rat. Pharm Biochem Behav 1999;62:263-71.

[310] Liu Q-S, Han S, Jia Y-S, Ju G. Selective modulation of excitatory
transmission byu-opioid receptor activation in rat supraoptic neu-
rons. J Neurophysiol 1999;82:3000-5.

[311] Liu Z-H, Li J-L, Li N, Tian CL, Zhang K-G. Effect of tetrandrine on
morphine dependence in isolated guinea pig ileum. Acta Pharmacol
Sin 1999;20:1000—-4.

[312] Liu Z-H, Zhang K-G. Dihydroetorphine-induced place preference
was mediated by dopamine, Beceptors in rats. Acta Pharmacol Sin
1999;20:381-4.

[313] Loewe H, Baeger I, Knoll A, Herzig JW. €4 sensitization of

myocardial force and actomyosin ATPase by (DAlxet®) en
kephalinamide. Arzneim -Forsch/Drug Res 1999;49:297-303.
Luger TJ, Lorenz IH, Grabner-Weiss C, Schlager A, Kolbitsch C,
Keller C, Gassner M. Effect of fluvoxamine on sufentanil antinoci-
ception and tolerance under chronic intravenous infusion in rats.
Pharm Toxic 1999;85:263-8.

Lutfy K, Doan P, Weber E. ACEA-1328, a NMDA receptor/glycine
site antagonist, acutely potentiates antinociception and chronically
attenuates tolerance induced by morphine. Pharm Res 1999;40:435—
42.

Lutfy K, Doan P, Nguyen M, Weber E. Effects of ACEA-1328, a
NMDA receptor/glycine site antagonist, on U50,488H-induced an-
tinociception and tolerance. Eur J Pharmacol 1999;384:1-5.
MacArthur L, Ren K, Pfaffenroth E, Franklin E, Ruda MA. De-
scending modulation of opioid-containing nociceptive neurons in
rats with peripheral inflammation and hyperalgesia. Neurosci 1999;
88:499-506.

MaceG, Blanpied C, Emorine LJ, Druet P, Dietrich G. Morphine-
like activity of natural human IgG autoantibodies is because of
binding to the first and third extracellular loops of tlxeopioid
receptor. J Biol Chem 1999;274:20079-82.

314]



A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034 2027

[319] MaceG, Blanpied C, Emorine LJ, Druet P, Dietrich G. Isolation and  [338] Marvizan JCG, Grady EF, Waszak-McGee J, Mayer EA. Internal-

characterization of natural human IgG with a morphine-like anxiety. ization of p-opioid receptors in rat spinal cord slices. NeuroReport
Eur J Immunol 1999;29:997-1003. 1999;10:2329-34.

[320] Madamba SG, Schweitzer P, Siggins GR. Dynorphin selectively [339] Mason DJ Jr, Lowe J, Welch SP. Cannabinoid modulation of dynor-
augments the M-current in hippocampal CA1 neurons by an opiate phin A: correlation to cannabinoid-induced antinociception. Eur
receptor mechanism. J Neurophysiol 1999;82:1768-75. J Pharmacol 1999;378:237—48.

[321] Maestroni GIM, Zammaretti F, Pedrinis E. Hematopoietic effect of [340] Mason DJ Jr, Lowe L, Welch SP. A diminution af-tetrahydroe
melatonin involvement of type &-opioid receptor on bone marrow cannabinol modulation of dynorphin A-(1-17) in conjunction with
macrophages and IL-1. J Pineal Res 1999;27:145-53. tolerance development. Eur J Pharmacol 1999;381:105-11.

[322] Maggi R, Ma ZQ, Pimpinelli F, Maggi A, Martini L. Decrease ofthe  [341] Matsuzawa S, Suzuki T, Misawa M, Nagase H. Roles of 5-&1d
number of opioid receptors and of the responsiveness to morphine opioid receptors in the ethanol-induced place preference in rats
during neuronal differentiation induced by@-gstradiol in estrogen exposed to conditioned fear stress. Life Sci 1999;64:241-9.
receptor-transfected neuroblastoma cells (SK-ER3). Neuroendocri- [342] Matsuzawa S, Suzuki T, Misawa M, Nagase H. Involvement of
nology 1999;69:54—62. dopamine D and D, receptors in the ethanol-associated place-pref

[323] Mamiya T, Noda Y, Nishi M, Takeshima H, Nabeshima T. Noci- erence in rats exposed to conditioned fear stress. Brain Res 1999;
ceptin system plays a role in the memory retention: Involvement of 835:298-305.
naloxone benzoylhydrazone binding sites. NeuroReport 1999;10: [343] Matsuzawa S, Suzuki T, Misawa M, Nagase H. Different rolgs-of
1171-5. 8- and k-opioid receptors in ethanol-associated place preference in

[324] Mandal TK. Development of biodegradable drug delivery system to ;atslgxposed to conditioned fear stress. Eur J Pharmacol 1999;368:

treat addiction. Drug Dev Industry Pharmacy 1999;25:773-9. ) ) )
[325] Mann PE, Foltz G, Rigero BA, Bridges RS. The development of [344] May T, Juilfs F, Woffgramm J. Effects of etonitazene consumption

POMC gene expression in the medial basal hypothalamus of prepu- and abstinence on the signal transmissionuaipioid receptors in
bertal rats. Dev Brain Res 1999:116:21—8. brain membranes of rats. Neurosci Lett 1999;275:109-12.

[326] Manninen PH, Burke SJ, Wennberg R, Lozano AM, Beheiry HE [345] Mazario J, Roza C, Herrero JF. The NSAID dexketoprofen trometa-

Intraoperative localization of an epileptogenic focus with alfentanil molis as‘pote_nt aﬁ—opioid_s in the depressioq of wind-up and spinal
and fentanyl. Anesth Analg 1999;88:1101—6. cord nociceptive reflexes in normal rats. Brain Res 1999;816:512—7.
[327] Mansouri FA, Motamedi F, Fathollahi Y. Chronic in vivo morphine [346] chBrlde YVJ’ Mhurp'hy ‘]M Ikeml;)tods._ I._cicatl.lzatlondo_f bralln rein-
administration facilitates primed-bursts-induced long-term potentia- dq;cemen tmdep aglsrr]ns. ll_j;c' .seR-a Tglgg;[?)iog[lzgn 52"0' place-con-
tion of Schaffer collateral-CAl synapses in hippocampal slices in tioning studies. Benav brain Res 1995, 1VL: 12552 -
vitro. Brain Res 1999:815:419-23. [347] McCongalogue K, Grady EF, Minnis J, Balestra B, Tonini M,

[328] Manullang J, Egan TD. Remifentanil’s effect is not prolonged in a Brecha NC.’ I_3unnett NW, Sternini C. A<_:t|vat|on and internalization
) h . . of the u-opioid receptor by the newly discovered endogenous ago-
patient with pseudocholinesterase deficiency. Anesth Analg 1999; . . . . s
89:529-30 nists, endomorphin-1 and endomorphin-2. Neurosci 1999;90:

- o 1051-9.
[329] Manzanares ‘] Corchero_J, Fuentgs A OP'O'd and car?nabmqld [348] McDougall SA, Rodarte-Freeman AL, Nazarian A. Indirect dopa-
receptor-mediated regulation of the increase in adrenocorticotropin

hormone and corticosterone plasm ncentrations induced b N mine agonists augment the locomotor activating effects oktbpi-
ormo gg C,o cos 2 one plasma co C? glo S| UC? y cen- oid receptor agonist U-50,488 in preweanling rats. Dev Psychobiol
tral administration ofA”-tetrahydrocannabinol in rats. Brain Res A,
1999-839:173-9 1999;34:183-93.
ORI I . [349] McLaughlin PJ, Zagon IS, Skitzki J. Human neuroblastoma cell
[330] Marin-Bivens CL, Olster DH. Opioid receptor blockade promotes

) ; ! e growth in tissue culture is regulated by opioid growth factor. Int J
weight loss and improves the display of sexual behaviors in obese Oncology 1999:14:373-80.

Zucker female rats. Pharm Biochem Eehav 1999;63:515-20. [350] McLaughlin PJ, Levin RJ, Zagon IS. Regulation of human head and
[331] Marqugt P Lap G, Chassaln.AP, Habrioux G, Galen FX] Dexamgth— neck squamous cell carcinoma growth in tissue culture by opioid

asone in resting and exercising men. I. Effepts on bioenergetics, growth factor. Int J Oncology 1999:14:991—8.

minerals, and related hormones. J Appl Physiol 1999;87:175-182.

; 8 ; > > ° [351] McNally GP. Pain facilitatory circuits in the mammalian central
[332] Martin-Kleiner I, Bidlack JM. The synthetik-opioid agonist

nervous system: their behavioral significance and role in morphine

(-)U50,488 does not affect calcium transport into R1.1 mouse thy- analgesic tolerance. Neurosci Biobehav Rev 1999;23:1059-78.
moma cell line. Int J Immunopharmacol 1999;21:133-40. [352] McNally GP, Gorrisen MC, Low L-F, Westbrook F. Effects of
[333] Martin G, Ahmed SH, Blank T, Spiess J, Koob GF, Siggins GR. contextual cues previously paired with footshock or illness on be-
Chronic morphine treatment alters NMDA receptor-mediated syn- havior and pain sensitivity in the rat. Anim Learning Behav 1999;
aptic transmission in the nucleus accumbens. J Neurosci 1999;19: 27:416-25.
9081-9. [353] Mededdu P, Salis MB, Milia AF, Emanueli C, Guerrini R, Regoli D,
[334] Martin G, Przewlocki R, Siggins GR. Chronic morphine treatment CalbG. Cardiovascular effects of nociceptin in unanesthetized mice.
selectively augments metabotropic glutamate receptor-induced inhi- Hypertension 1999;33:914-19.
bition of N-methyl-D-aspartate receptor-mediated neurotransmis- [354] Melis MR, Succu S, Spano MS, Argiolas A. Morphine injected into
sion in nucleus accumbens. J Pharmacol Exp Ther 1999;288:30-5. the paraventricular nucleus of the hypothalamus prevents noncontact
[335] Martin S, Manzanares J, Corchero J, Gastcecumberri C, Crespo penile erections and impairs copulation: Involvement of nitric oxide.
JA, Fuentes JA, Ambrosio E. Differential basal proenkephalin gene Eur J Neurosci 1999:11:1857—64.
expression in dorsal striatum and nucleus accumbens, and vulnera-[355] Mello NK, Negus SS. Effects of flupenthixol and quadazocine on
bility to morphine self-administration in Fischer 344 and Lewis rats. self-administration of speedball combinations of cocaine and heroin
Brain Res 1999;821:350-5. by rhesus monkeys. Neuropsychopharmacology 1999;21:575-88.
[336] Martinez A, Kastner B, Taeusch HW. Hyperaphagia in neonates [356] Mendelson J, Jones RT, Welm S, Baggott M, Fernandez |, Melby
withdrawing from methadone. Arch Dis Child Fetal Neonatal Ed AK, Nath RP. Buprenorphine and naloxone combinations: the ef-
1999;80:F178-F182. fects of three dose ratios in morphine-stabilized, opiate-dependent
[337] Marfinez V, Thakur S, Mogil JS, Ta¢he, Mayer EA. Differential volunteers. Psychopharmacol 1999;141:37—46.

effects of chemical and mechanical colonic irritation on behavioral [357] Mercadante S. Opioid rotation for cancer pain: Rationale and clin-
pain response to i.p. acetic acid in mice. Pain 1999;81:179—-86. ical aspects. Cancer 1999;86:1856—66.



2028

[358] Meredith GE, Totterdell S. Microcircuits in nucleus accumbens’
shell and core involved in cognition and reward. Psychobiology
1999;27:165-86.

[359] Messaoudi M, Desor D, GraswkhkiV, Joyeux M, Langlois A, Ro-

man FJ. Behavioral evaluation of visceral pain in a rat model of

colonic inflammation. NeuroReport 1999;10:1137-41.

Metze D, Reimann S, Beissert S, Luger T. Efficacy and safety of

naltrexone, an oral opiate receptor antagonist, in the treatment of

pruritus in internal and dermatological diseases. J Am Acad Der-
matol 1999;41:533-9.

Middaugh LD, Kelley BM, Cuison ERJr, Groseclose CH. Naltrex-

one effects on ethanol reward and discrimination in C57BL/6 mice.

Alcohol Clin Exp Res 1999;23:456—-64.

Mikkelsen S, llkjaer S, Brennum J, Borgbjerg FM, Dahl JB. The

effect of naloxone on ketamine-induced effects on hyperalgesia and

ketamine-induced side effects in humans. Anesthesiology 1999;90:

1539-45.

Milanes MV, Fuente T, Man MT, Laorden ML. Catecholaminergic

activity and 3,5'-cyclic adenosine monophosphate concentrations

in the right ventricle after acute and chronic morphine administra-
tion in the rat. Br J Anaesth 1999;83:784-8.

Miller JH, Azmitia EC. Growth inhibitory effects of a mu opioid on

cultured cholinergic neurons from fetal rat ventral forebrain, brain-

stem, and spinal cord. Dev Brain Res 1999;114:69-77.

[365] Millington WR, Rosenthal DW, Unal CB, Nyquist-Battie C. Local-
ization of proopiomelanocortin mMRNA transcripts and peptide im-
munoreactivity in rat heart. Cardiovasc Res 1999;43:107-116.

[366] Miranda-Paiva CM, Felicio LF. Differential role of cholecystokinin
receptor subtypes in opioid modulation of ongoing maternal behav-
ior. Pharm Biochem Behav 1999;64:165-9.

[367] Mizukami K, Kounomi S, Kaneko S, Satoh M. Some physiological
and pharmacological properties of slow depolarization of substantia
gelatinosa neurons by repetitive stimulation of C-fibers of dorsal
root in adult rat spinal cord slices with dorsal root attached. Neurosci
Lett 1999;274:49-52.

[368] Mogil JS, Nessim LA, Wilson SG. Strain-dependent effects of
supraspinal orphanin FQ/nociceptin on thermal nociceptive sensi-
tivity in mice. Neurosci Lett 1999;261:147-50.

[369] Moles A, Valsecchi P, Cooper SJ. Opioid modulation of socially
transmitted and spontaneous food preferences in female mice. Behav
Processes 1999;44:277-285.

[370] Molina PE, Abumrad NN. Differential effects of hemorrhage and
LPS ontissue TNFe, IL-1 and associate neuro-hormonal and opioid
alterations. Life Sci 1999;66:399—-409.

[371] Molotkovskaya IM, Malyukova 1V, Zakharova LA. Opioid agonist
modulation of cytoplasmic free €4 level in concanavalin A-stim
ulated mouse lymphocytes. Biochem (Moscow) 1999;64:546-51.

[372] Monti PM, Rohsenow DJ, Hutchison KE, Swift RM, Mueller TI,
Colby SM, Brown RA, Gulliver SB, Gordon A, Abrams DB. Nal-
trexone’s effect on cue-elicited craving among alcoholics in treat-
ment. Alcohol Clin Exp Res 1999;23:1386—-94.

[373] Moon MR, Luchette FA, Gibson SW, Crews J, Sudarshan G, Hurst

JM, Davis K Jr, Johannigman JA, Frame SB, Fischer JE. Prospec-

tive, randomized comparison of epidunarsusparenteral opioid

analgesia in thoracic trauma. Annals Surgery 1999;229:684-92.

Morgan D, Cook CD, Picker MJ. Sensitivity to the discriminative

stimulus and antinociceptive effects pfopioids: Role of strain of

rat, stimulus intensity, and intrinsic efficacy at th@pioid receptor.

J Pharmacol Exp Ther 1999;289:965-75.

Morissette M, Grondin R, Goulet M, ‘Bard PJ, Di Paolo T. Dif-

ferential regulation of striatal preproenkephalin and preprotachyki-

nin mRNA levels in MPTP-lesioned monkeys chronically treated

with dopamine Q) or D, receptor agonists. J Neurochem 1999;72:

682-92.

Morley JE, Thomas DR. Anorexia and aging: Pathophysiology.

Nutrition 1999;15:499-503.

[360]

[361]

[362]

[363]

[364]

[374]

[375]

[376]

A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[377] Mortazavi S, Thompson J, Baghdoyan HA, Lydic R. Fentanyl and
morphine, but not remefentanil, inhibit acetylcholine release in pon-
tine regions modulating arousal. Anesthesiology 1999;90:1070-7.

[378] Murphy DB, Murphy MB. Opioid antagonist modulation of isch-
aemia-induced ventricular arrhythmias: A peripheral mechanism.
J Cardiovasc Pharmacol 1999;33:122-5.

[379] Murphy LL, Adrian BA, Kohli M. Inhibition of luteinizing hormone
secretion byA®-tetrahydrocannabinol in the ovariectomized rat: Ef
fect of pretreatment with neurotransmitter or neuropeptide receptor
antagonists. Steroids 1999;64:664—71.

[380] Murphy NP, Lee Y, Maidment NT. Orphanin FQ/nociceptin blocks
acquisition of morphine place preference. Brain Res 1999;832:168—
70.

[381] Murphy NP, Maidment NT. Orphanin FQ/nociceptin modulation of
mesolimbic dopamine transmission determined by microdialysis.
J Neurochem 1999;73:179-86.

[382] Miuller W, Hallermann S, Swandulla D. Opioidergic modulation of
voltage-activated K currents in magnocellular neurons of the su
praoptic nucleus in rat. J Neurophysiol 1999;81:1617-25.

[383] Myers RD, Robinson DE. M and D, receptor antisense oligode
oxynucleotides injected in nucleus accumbens suppress high alcohol
intake in genetic drinking HEP rats. Alcohol 1999;18:225-33.

[384] N'Gouemo P, Faingold CL. The periaqueductal grey is a critical site
in the neuronal network for audiogenic seizures: modulation by
GABA, NMDA and opioid receptors. Epilepsy Res 1999;35:39—
46.

[385] Nabeshima T, Noda Y, Mamiya T. The role of nociceptin in cog-

nition. Brain Res 1999;848:167—73.

Nakagawa T, Ozawa T, Watanabe T, Minami M, Satoh M. Sensi-

tization of the adenylyl cyclase system in cloned k-opioid receptor-

transfected cells following sustained agonist treatment: A chimeric

study using G proteiny,/a, subunits. Jpn J Pharmacol 1999;81:

353-61.

Nakagawasai T, Tadano T, Tan-No K, Niijima F, Sakurada S, Endo

Y, Kisara K. Changeg-endorphin and stress-induced analgesia in

mice after exposure to forced walking stress. Meth Find Exp Clin

Pharmacol 1999;21:471-6.

Nambi P, Pullen M, Wu H-L, Prabhakar U, Hersh L, Gellai M.

Down regulation of kidney neutral endopeptidase mRNA, protein

and activity during acute renal failure: Possible mechanism for

ischemia-induced acute renal failure in rats? Mol Cell Biochem
1999;197:53-9.

[389] Nazarian A, Rodarte-Freeman AL, McDougall SA. Dopaminergic
modulation of kappa opioid-mediated ultrasonic vocalization, an-
tinociception, and locomotor activity in the preweanling rat. Behav
Neurosci 1999;113:816-25.

[390] Neal CRJr, Mansour A, Reinscheid R, Nothacker H-P, Civelli O,
Akil H, Watson SJ Jr. Opioid receptor-like (ORL1) receptor distri-
bution in the rat central nervous system: comparison of ORL1
receptor mRNA expression wittt3-[**Tyr]-orphanin FQ binding.

J Comp Neurol 1999;412:563—-605.

[391] Ness TJ. Kappa opioid receptor agonists differentially inhibit two
classes of rat spinal neurons excited by colorectal distention. Gas-
troenterology 1999;117:388-94.

[392] Niesink RJM, van Buren-van Duinkerken L, van Ree JM. Social
behavior of juvenile rats after in utero exposure to morphine: dose-
time-effect relationship. Neuropharmacol 1999;38:1207-23.

[393] Nieto-Fernandez FE, Mattocks D, Cavani F, Salzet M, Stefano GB.
Morphine coupling to invertebrate immunocyte nitric oxide release
is dependent on intracellular calcium transients. Comp Biochem
Physiol [B] 1999;123:295-9.

[394] Nikulina EM, Hammer RP Jr, Miczek KA, Kream RM. Social defeat
stress increases expressionuebpioid receptor mRNA in rat ventral
tegmental area. NeuroReport 1999;10:3015-9.

[395] Nissen JB, Egekvist H, Bjerring P, Kragballe K. Effect of intrader-
mal injection of methionine-enkephalin on human skin. Acta Derm
Venereol (Stockh) 1999;79:23-6.

[386]

[387]

[388]



A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[396] Nores WL, Olson RD, Olson GA, Vaccarino AL, Bell RL, Zadina
JE, Kastin AJ. Tyr-W-MIF-1-induced conditioned place preference.
Peptides 1999;20:479—-84.

[397] Nyland SB, Specter S, Ugen KE. Morphine effects on HTLV-I

infection in the presence or absence of concurrent HIV-1 infection.

DNA Cell Biol 1999;18:285-91.

Osada T, lkegami S, Takiguchi-Hayashi K, Yamazaki Y, Katoh-

Fukui Y, Higashinakagawa T, Sakaki Y, Takeuchi T. Increased

anxiety and impaired pain response in puromycin-sensitive amino-

peptidase gene-deficient mice obtained by a mouse gene-trap
method. J Neurosci 1999;19:6068—78.

Osinski MA, Bass P, Gaumnitz EA. Peripheral and central actions of [418]

orphanin FQ (nociceptin) on murine colon. Am J Physiol Gastro-

intest Liver Physiol 1999;39:G125-G131.

Osterlund A, Arlander E, Eriksson LI, Lindahl SGE. The effects of

resting ventilation of intravenous infusions of morphine or sameri-

dine, a novel molecule with both local anesthetic and opioid prop-
erties. Anesth Analg 1999;88:160-5.

Overstreet DH, Kampov-Polevoy AB, Rezvani AH, Braun C, Bartus

RT, Crews FT. Suppression of alcohol intake by chronic naloxone [420]

treatment in P rats: Tolerance development and elevation of opiate

receptor binding. Alcohol Clin Exp Res 1999;23:1761-71.

Ozawa T, Nakagawa T, Minami M, Satoh M. Supersensitization of [421]

the adenylyl cyclase system in Chinese hamster ovary cells co-

expressing cloned opioid receptors andaGPTX-insensitive G

protein. Neurosci Lett 1999;267:117-20.

Onal A, Tuglular I. The relationship between pupil diameter and

pain by the administration of morphine and antidepressant drugs in

mice. Gen Pharmac 1999;33:83-9.

[404] Page GG, Ben-Eliyahu S. A role for NK cells in greater suscepti-
bility of young rats to metastatic formation. Dev Comp Immunol
1999;23:87-96.

[405] Pak Y, O'Dowd BF, Wang JB, George SR. Agonist-induced, G
protein-dependent and -independent down-regulation oftlogi-
oid receptor. J Biol Chem 1999;274:27610-6.

[406] Palea S, Pietra C. Involvement of spinal N&hd opioids receptors
in modulating the inhibitory effect of capsaicin on micturition reflex
in the acute spinalized guinea pig. J Urology 1999;161:998-1005.

[407] Pasnik J, Tchaewski H, Baj Z, Luciak M, Tchzewski M. Priming
effect of met-enkephalin anf-endorphin on chemiluminescence,
chemotaxis and CD11b molecule expression on human neutrophils [426]
in vitro. Immunol Lett 1999;67:77-83.

[408] Passarelli F, Merante A, Pontieri FE, Margotta V, Venturini G,
Palladini G. Opioid-dopamine interaction in planaria: a behavioral
study. Comp Biochem Physiol [C] 1999;124:51-5.

[409] Pei J-M, Yu X-C, Bian J-S, Wong T-M. Acidosis antagonizes
intracellular calcium response keopioid receptor stimulation in the
rat heart. Amer J Physiol Cell Phy 1999;277:C492-C500.

[410] Pencheva N, Pospisek J, Hauzerova L, Barth T, Milanov P. Activity

profiles of dalargin and its analoguesin, 8- andk-opioid receptor

selective bioassays. Br J Pharmacol 1999;128:569—76.

Perkins RB, Hall JE, Martin KA. Neuroendocrine abnormalities in

hypothalamic amenorrhea: Spectrum, stability, and response to neu-

rotransmitter modulation. J Clin Endocrinol Metab 1999;84:1905—

11.

Peterson PK, Gekker G, Hu S, Lokensgard J, Portoghese PS, Chao

CC. Endomorphin-1 potentiates HIV-1 expression in human brain

cell cultures: implication of an atypical-opioid receptor. Neuro-

pharmacol 1999;38:273-8.

Petrakis IL, Trevisan L, D'Souza C, Gil R, Krasnicki S, Webb E,

Heninger G, Cooney N, Krystal JH. CSF monoamine metabolite and [432]

beta endorphin levels in recently detoxified alcoholics and healthy

controls: Prediction of alcohol cue-induced craving? Alcohol Clin

Exp Res 1999;23:1336—-41.

Petry NM, Bickel WK, Badger GJ. A comparison of four buprenor-

phine dosing regimens in the treatment of opioid dependence. Clin

Pharcmacol Ther 1999;66:306—-14.

[415]

[416]

[398] [417]

[399]

[400]
[419]

[401]

[402]

[403] [422]

[423]

[424]

[425]

[427]

[428]

[429]
[411]

[430]
[412]
[431]

[413]

[433]
[414]

2029

Pfab R, Hirtl C, Zilker T. Opiate detoxification under anesthesia: no
apparent benefit but suppression of thyroid hormones and risk of
pulmonary and renal failure. Clin Toxicol 1999;37:43-50.

Pickel VM, Colago EEO. Presence pfopioid receptors in targets

of efferent projections from the central nucleus of the amygdala to
the nucleus of the solitary tract. Synapse 1999;33:141-52.

Picker MJ, Benyas S, Horwitz JA, Thompson K, Mathewson C,
Smith MA. Discriminative stimulus effects of butorphanol: Influ-
ence of training dose on the substitution patterns produceahiny
kappaand delta opioid agonists. J Pharmacol Exp Ther 1999;279:
1130-41.

Piepponen TP, Mikkola JAV, Ruotsalainen M, Jonker D, Ahtee L.
Characterization of the decrease of extracellular striatal dopamine
induced by intrastriatal morphine administration. Br J Pharmacol
1999;127:268-74.

Piepponen TP, Honkanen A, Kivastik T, Zharkovsky A, Turtia A,
Mikkola JAV, Ahtee L. Involvement of opioidu,-receptors in
opioid-induced acceleration of striatal and limbic dopaminergic
transmission. Pharm Biochem Behav 1999;63:245-52.

Piersma FE, Daemen MARC, vd Bogaard AEJM, Buurman WA.
Interference of pain control employing opioidsimvivo immuno-
logical experiments. Laboratory Animals 1999;33:328-33.
Pierzchala-Koziec K, Niezgoda J, Wronska-Fortuna D, Bobek S,
Wieczorek E. Acute reserpine treatment alters the catecholamine,
glucocorticoid and opioid response to walking exercise in sheep.
Exp Clin Endocrinol Diabetes 1999;107:85-8.

Pinsker MC, Carroll NV. Quality of emergence from anesthesia and
incidence of vomiting with remifentanil in a pediatric population.
Anesth Analg 1999;89:71-4.

Platt DM, Grech DM, Rowlett JK, Spealman RD. Discriminative
stimulus effects of morphine in squirrel monkeys: stimulants, opi-
oids, and stimulant-opioid combinations. J Pharmacol Exp Ther
1999;290:1092-1100.

Ploj K, Pham TM, Bergstm L, Mohammed AH, Henriksson BG,
Nylander I. Neonatal handling in rats induces long-term effects on
dynorphin peptides. Neuropeptides 1999;33:468—74.

Pol O, Valle L, Sanchez-Biguez P, GaranJ, Puig MM. Antibod-

ies and antisense oligodeoxynucleotidesutopioid receptors, se-
lectively block the effects ofi-opioid agonists on intestinal transit
and permeability in mice. Br J Pharmacol 1999;127:397—-404.
Popik P, Kolasiewicz W. Mesolimbic NMDA receptors are impli-
cated in the expression of conditioned morphine reward. Naunyn-
Schmiedberg’s Arch Pharmacol 1999;359:288-94.

Porro CA, Cavazzuti M, Baraldi P, Giuliani D, Panerai AE, Corazza
R. CNS pattern of metabolic activity during tonic pain: evidence for
modulation byg-endorphin. Eur J Neurosci 1999;11:874—88.
Portenoy RK, Caraceni A, Cherny NI, Goldblum R, Ingham J,
Inturrisi CE, Johnson JH, Johnson JH, Lapin J, Tiseo PJ, Kreek MJ.
Dynorphin A(1-13) analgesia in opioid-treated patients with chronic
pain: A controlled pilot study. Clin Drug Invest 1999;17:33-42.
Pound N. Effects of morphine on electrically evoked contractions of
the vas deferens in two congeneric rodent species differing in sperm
competition intensity. Proc R Soc Lond 1999;266:1755-8.

Powell KJ, Hosokawa A, Bell A, Sutak M, Milne B, Quirion R,
Jhamandas K. Comparative effects of cyclo-oxygenase and nitric
oxide synthase inhibition on the development and reversal of spinal
opioid tolerance. Br J Pharmacol 1999;127:631-44.

Preston KL, Silverman K, Umbricht A, DeJesus A, Montoya ID,
Schuster CR. Improvement in naltrexone treatment compliance with
contingency management. Drug Alcohol Depend 1999;54:127-35.
Primi MP, Bueno L, Baumer PH, Berard H, Lecomte JM. Raceca-
dotril demonstrates intestinal antisecretory activity in vivo. Aliment
Pharmacol Ther 1999;13:1-5.

Prudic J, Fitzsimons L, Nobler MS, Sackeim HA. Naloxone in the
prevention of the adverse cognitive effects of ECT: A within-

subject, placebo controlled study. Neuropsychopharmacology 1999;

21:286-93.



2030 A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

embryonic chick dorsal root ganglion neurons. Neurosci Lett 1999;
262:17-20.

[434] Quevedo F, Walsh D. Morphine-induced ventilatory failure after
spinal cord compression. J Pain Symptom Manage 1999;18:140-2.

[435] Rawls SM, McGinty JF, Terrian DM. Presynapticopioid and [456] Salem A, Hope W. Role of endogenous adenosine in the expression
muscarinic receptors inhibit the calcium-dependent component of of opiate withdrawal in rats. Eur J Pharmacol 1999;369:39—-42.
evoked glutamate release from striatal synaptosomes. J Neurochem[457] SanMartn S, Gutierez M, Merniedez L, Hidalgo A, Baamonde A.
1999;73:1058-65. Effects of diethylsilbestrol on mouse hippocampal evoked potentials

[436] Ray SB, Wadhwa S. Mu opioid receptors in developing human in vitro. Cell Mol Neurobiol 1999;19:691-703.
spinal cord. J Anat 1999;195:11-18. [458] Sano A, Funabashi T, Kawaguchi M, Shinohara K, Kimura F.

[437] Refdern CH, Coward P, Degtyarev MY, Lee EK, Kwa AT, Hen- Intravenous injections of nicotine decrease the pulsatile secretion of
nighausen L, Bujard H, Fishman GI, Conklin BR. Conditional ex- LH by inhibiting the gonadotropin-releasing hormone (GnRH) pulse
pression and signaling of a specifically designea@upled receptor generator activity in female rats. Psychoneuroendocrinology 1999;
in transgenic mice. Nature Biotech 1999;17:165-9. 24:397-407.

[438] Rezayat M, Ravandeh N, Zarrindast M-R. Cholecystokinin and [459] Sansone M, Battaglia M, Pavone F. Attenuation by glucose of the
morphine-induced hypothermia. Eur Neuropsychopharmacol 1999; hyperactivity induced in mice by combined tripelennamine and
9:219-225. morphine. Psychobiology 1999;27:135-9.

[439] Riters LV, Absil P, Balthazart J. Effects of naloxone on the acqui- [460] Sawamura S, Fujinaga M, Kingery WS, Belanger N, Davies MF,
sition and expression of appetitive and consummatory sexual behav- Maze M. Opioidergic and adrenergic modulation of formalin-
ior in male Japanese quail. Physiol Behav 1999;66:763-73. evoked spinat-fosmRNA expression and nocifensive behavior in

[440] Rochal, Cano A, Cruz C, Omana-Zapata |, Villalobos R, Maidment the rat. Eur J Pharmacol 1999;379:141-9.

NT. Opioid peptide systems following a subconvulsant dose of [461] Sbrenna S, Marti M, Morari M, Calo G, Guerrini R, Beani L,
pentylenetetrazol in rats. Epilepsy Res 1999;37:141-50. Bianchi C. L-Glutamate and-aminobutyric acid efflux from rat

[441] Rocha L, Ondarza-Rovira R, Maidment NT. Gabapentin modifies cerebrocortical synaptosomes: modulationdsyand p- but not 6-
extracellular opioid peptide content in amygdala: A microdialysis and opioid receptor like-1 receptors. J Pharmacol Exp Ther 1999;
study. Epilepsy Res 1999;35:13-20. 291:1365-71.

[442] Rodefer JS, Campbell UC, Cosgrove KP, Carroll ME. Naltrexone [462] Schenk S, Partridge B, Shippenberg TS. U69593paioid agonist,
pretreatment decreases the reinforcing effectiveness of ethanol and decreases cocaine self-administration and decreases cocaine-pro-
saccharin but not PCP or food under concurrent progressive-ratio duced drug-seeking. Psychopharmacol 1999;144:339—-46.
schedules in rhesus monkeys. Psychopharmacol 1999;141:436-46.[463] Schiller PW, Fundytus ME, Merovitz L, Weltrowska G, Nguyen

[443] Rodfguez-Arias M, Pinazo J, Marro J, Stinus L. Effects of SCH TMD, Lemieux C, Chung NN, Coderre TJ. The opiqgidagonistb
23390, raclopride, and haloperidol on morphine withdrawal-induced antagonist DIPP-NKW¥] produces a potent analgesic effect, no
aggression in male mice. Pharm Biochem Behav 1999;64:123-30. physical dependence, and less tolerance than morphine in rats.

[444] Romanelli L, Amico MC, Mattioli F, Morrone LA, Valeri P. Inter- J Medicinal Chem 1999;42:3520-6.
actions between cholecystokinin and opioids in the isolated guinea- [464] Schneider JS, Decamp E, Wade T. Striatal preproenkephalin gene
pig ileum. Br J Pharmacol 1999;127:909-18. expression is upregulated in acute but not chronic Parkinsonian

[445] Romualdi P, Donatini A, Capobianco A, Ferri S. Methamphetamine monkeys: implications for the contribution of the indirect striato-
alters prodynorphine gene expression and dynorphin A levels in rat pallidal circuit to Parkinsonian symptomatology. J Neurosci 1999;
hypothalamus. Eur J Pharmacol 1999;365:183-6. 19:6643-9.

[446] Romualdi P, Bregola G, Donatini A, Capobianco A, Simonato M. [465] Schreiber S, Getslev V, Backer MM, Weizman R, Pick CG. The
Region-specific changes in prodynorphin mRNA and ir-dynorphin atypical neuroleptics clozapine and olanzapine differ regarding their
A levels after kindled seizures. J Mol Neurosci 1999;13:69-75. antinociceptive mechanisms and potency. Pharm Biochem Behav

[447] Rose J, Wood K, Billingsley J, Olbertz J, Lovering A, Carr J. Plasma 1999;64:75-80.

B-endorphin concentrations during natural and artificially induced [466] Schuh KJ, Walsh SL, Stitzer ML. Onset, magnitude and duration of
winter hair growth in mink fustela visop Ann N Y Acad Sci opioid blockade produced by buprenorphine and naltrexone in hu-
1999;885:440-3. mans. Psychopharmacol 1999;145:162—-74.

[448] Roumy M, Zajac J-M. Neuropeptide FF selectively attenuates the [467] Schuh KJ, Johanson C-E. Pharmacokinetic comparison of the bu-
effects of nociceptin on acutely dissociated neurons of the rat dorsal prenorphine sublingual liquid and tablet. Drug Alcohol Depend

raphe nucleus. Brain Res 1999;845:208-14.

[449] Rudd JA, Cheng CHK, Naylor RJ, Ngan MP, Wai MK. Modulation

of emesis by fentanyl and opioid receptor antagonistSumcus

murinus(house musk shrew). Eur J Pharmacol 1999;374:77—-84.
[450] Rush CR, Ali JA. Naltrexone does not attenuate the acute behavioral
effects of ethanol or pentobarbital in humans. Behav Pharmacol

1999;10:401-13.
[451] Saarenmaa E, Huttunen P, Lépmao J, Meretoja O, Fellman V.

Advantages of fentanyl over morphine in analgesia for ventilated
newborn infants after birth: A randomized trial. J Pediatr 1999;134:

144-50.

1999;56:55—-60.

[468] Schuller 3J, Billings LM, Marshall JF. Dopaminergic modulation of

pallidal preproenkephalin mMRNA. Mol Brain Res 1999;69:149-53.

[469] Schulteis G, Heyser CJ, Koob GF. Differential expression of re-

sponse-disruptive and somatic indices of opiate withdrawal during
the initiation and development of opiate dependence. Behav Phar-
macol 1999;10:235-42.

[470] Schulz R, Wehmeyer A, Murphy J, Schulz K. Phosducin, b-arrestin

and opioid receptor migration. Eur J Pharmacol 1999;375:349-57.

[471] Sengupta JN, Snider A, Su X, Gebhart GF. Effects of kappa opioids

in the inflamed rat colon. Pain 1999;79:175-85.

[452] Sadeghi P, Zacny JP. Anesthesia is a risk factor for drug and alcohol [472] Shabir S, Kirkham TC. Diet-induced enhancement of naloxone

craving and relapse in ex-abusers. Med Hypoth 1999;53:490-6.
[453] Sahraei H, Motamedi F, Khosbaten A, Zarrindast M-R. Adenosine
A, receptors inhibit morphine self-administration in rats. Eur J Phar

macol 1999;383:107-113.

[454] Saito Y, Ito M, Hanaoka S, Ohama E, Akaboshi S, Takashima S.

sensitivity is independent of changes in body weight. Pharm Bio-
chem Behav 1999;62:601-5.

[473] Sharifi N, Ament M, Brennan MB, Hochgeschwender U. Isolation

and characterization of the mouse homolog of the preprodynorphin
(Pdyn gene. Neuropeptides 1999;33:236—8.

Dopamine receptor upregulation in Lesch-Nyhan syndrome: A post- [474] Shen S, Ingenito AJk-Opioid receptors behind the blood-brain

mortem study. Neuropediatrics 1999;30:66—71.

[455] Sakaguchi M, Fujimori T, Satoh T, Satoh M, Takeuchi M, Mat-
sumura E. Effects of opioids on neuronal survival in culture of

barrier are involved in the anti-hypertensive effects of systemically
administeredk-agonists in the conscious spontaneously hyperten-
sive rat. J Pharm Pharmacol 1999;51:1251-6.



A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

2031

[475] Shen S, Ingenito AJ. Depressor effect of kappa opioid agonist on [497] Spinella M, Znamensky V, Moroz M, Ragnauth A, Bodnar RJ.

hypertension induced by isolation in the rat. Clin Exp Hypertension
1999;21:275-97.

[476] Shen S, Ingenito AJ. Comparison of cardiovascular responses to
intra-hippocampalw, 8 and « opioid agonists in spontaneously
hypertensive rats and isolation-induced hypertensive rats. J Hyper-
tens 1999;17:497-505.

[477] Sheps DS, Sheffield D, Carney RM. Does depression predict more
symptoms or more disease? Am Heart J 1999;137:386—7.

[478] Shirasaka T, Kunitake T, Kato K, Takasaki M, Kannan H. Nocicep-
tin modulates renal sympathetic nerve activity through a central
action in conscious rats. Amer J Physiol Regul Integr Comp Physiol
1999;46:R1025-R1032.

[479] Shweta A, Malpas SC, Anderson WP, Evans RG. Effects of nalox-
one on the haemodynamic and renal functional responses to plasma
volume expansion in conscious rabbits. Pflugers Arch - Eur J Physiol
1999;439:150-7.

[480] Siegel A, Roeling TAP, Gregg TR, Kruk MR. Neuropharmacology
of brain-stimulation-evoked aggression. Neurosci Biobehav Rev
1999;23:359-89.

[481] Sim-Selley LJ, Daunais JB, Porrino LJ, Childers SR. Mu and kappa
opioid-stimulated §°S]guanylyl-3-O-(y-THIO)- triphosphate bind
ing in cynomolgus monkey brain. Neurosci 1999;94:651—62.

[482] Simonian SX, Spratt DP, Herbison AE. Identification and charac-
terization of estrogen receptercontaining neurons projecting to
the vicinity of the gonadotropin-releasing hormone perikarya in the
rostral preoptic area of the rat. J Comp Neurol 1999;411:346-58.

[483] Singhal PC, Kapasi AA, Reddy K, Franki N, Gibbons N, Ding G.
Morphine promotes apoptosis in Jurkat cells. J Leukoc Biol 1999;
66:650—8.

[484] Sinha R, O'Malley SS. Craving for alcohol: Findings from the clinic
and the laboratory. Alcohol Alcoholism 1999;34:223-30.

[485] Sleigh JW. Postoperative respiratory arrhythmias: incidence and
measurement. Acta Anaesthesiol Scand 1999;43:708-14.

[486] Slot LAB, Colpaert FC. Recall rendered dependent on an opiate
state. Behav Neurosci 1999;113:337—-44.

[487] Slot LAB, Colpaert FC. Opiate states of memory: Receptor mech-
anisms. J Neurosci 1999;19:10520-9.

[488] Slowe SJ, Simonin F, Kieffer B, Kitchen I. Quantitative autoradiog-

raphy ofpu-, 8- andk;,- opioid receptors irk-opioid receptor knock

out mice. Brain Res 1999;818:335-45.

Slugg RM, Ronnekleiv OK, Grandy DK, Kelly MJ. Activation of an

inwardly rectifying K+ conductance by orphanin-FQ/nociceptin in

vasopressin-containing neurons. Neuroendocrinology 1999;69:385—

96.

Smith AB, Adams DJ. Met-enkephalin-induced mobilization of in-

tracellular C&" in rat intracardiac ganglion neurones. Neurosci Lett

1999;264:105-8.

Smith MA, Barrett AC, Picker MJ. Antinociceptive effects of opi-

oids following acute and chronic administration of butorphanol:

influence of stimulus intensity and relative efficacy at the mu recep-
tor. Psychopharmacol 1999;143:261-9.

Soaje M, Deis RP. Participation of the opioid system in the regula-

tion of prolactin secretion in androgenized rats: Effect of ovarain

steroids. Eur J Pharmacol 1999;371:43-49.

[493] Sonetti D, Mola L, Casares F, Bianchi E, Guarna M, Stefano GB.
Endogenous morphine levels increase in molluscan neural and im-
mune tissues after physical trauma. Brain Res 1999;835:137-47.

[494] Soonthon-Brant V, Patel PM, Drummond JC, Cole DJ, Kelly PJ,
Watson M. Fentanyl does not increase brain injury after focal cere-
bral ischemia in rats. Anesth Analg 1999;88:49-55.

[495] Salerpalm B, Svensson Al. Naloxone reverses disinhibitory/aggres-
sive behavior in 5,7-DHT-lesioned rats: involvement of GABA
receptor blockade? Neuropharmacology 1999;38:1851-9.

[496] Spanagel R, Weiss F. The dopamine hypothesis of reward: past and
current status. TINS 1999;22:521-7.

[489]

[490]

[491]

[492]

Actions of NMDA and cholinergic receptor antagonists in the rostral
ventromedial medulla upof-endorphin analgesia elicited from the
ventrolateral periaqueductal gray. Brain Res 1999;829:151-9.

[498] Spooren WPJM, Lubbers L, Jenks BG, Cools AR. Variation in

hippocampal dynorphin b-immunoreactive mossy fiber terminal
fields of apomorphine-(un)susceptible rats. J Chem Neuroanatomy
1999;17:59-64.

[499] Stanford IM, Cooper AJ. Presynapjicand s opioid receptor mod-

ulation of GABA, IPSCs in the rat globus pallidus vitro. J Neu
rosci 1999;19:4796—-4803.

[500] Stefano GB, Salzet M. Invertebrate opioid precursors: Evolutionary
conservation and the significance of enzymatic processing. Int Rev
Cytol 1999;187:261-286.

[501] Steiner H, Bonner Tl, Zimmer AM, Kitai ST, Zimmer A. Altered
gene expression in striatal projection neurons in CB1 cannabinoid
receptor knockout mice. Proc Natl Acad Sci 1999;96:5786—-90.

[502] strain EC, Bigelow GE, Liebson IA, Stitzer ML. Moderate- vs

high-dose methadone in the treatment of opioid dependence. JAMA

1999;281:1000-5.

Suckow MA, Terril LA, Grigdesby CF, March PA. Evaluation of

hypothermia-induced analgesia and influence of opioid antagonists

in leopard frogs (Rana pipiens). Pharm Biochem Behav 1999;63:

39-43.

Sugimoto-Watanabe A, Kubota K, Fujibayashi K, Saito K. Antino-

ciceptive effect and enzymatic degradation of endomorphin-1 in

newborn rat spinal cord. Jpn J Pharmacol 1999;81:264-70.

Suh HW, Choi MR, Song DK, Huh SO, Kim YH. Involvement of

supraspinal and spinal histamine receptors in immobilization stress-

induced antinociception in the mouse. Biog Amine 1999;15:439—

47.

Suzuki T, Kishimoto Y, Misawa M, Nagase H, Takeda F. Role of

the k-opioid system in the attenuation of the morphine-induced

place preference under chronic pain. Life Sci 1999;64:PL1-7.

[507] Suzuki T, Tomono K, Hanano M. Effect of the opioid antagonist
naloxone on the regional metabolic rate for glucose in the conscious
rat brain. Biol Pharm Bull 1999;22:1217-21.

[508] Svingos AL, Colago EEO, Pickel VM. Cellular sites for dynorphin
activation ofk-opioid receptors in the rat nucleus accumbens shell.
J Neurosci 1999;19:1804-13.

[509] Svingos AL, Clarke CL, Pickel VM. Localization of th&opioid
receptor and dopamine transporter in the nucleus accumbens shell:
implications for opiate and psychostimulant cross-sensitization.
Synapse 1999;34:1-10.

[510] Swiergiel AH, Burunda T, Patterson B, Dunn AJ. Endotoxin- and

IL-1-induced hypophagia are not affected by adrenergic dopaminer-

gic, histaminergic, or muscarinic antagonists. Pharm Biochem Be-

hav 1999;63:629-37.

Szeto HH, Soong Y, Wu D. The role of N-methyl-D-aspartate

receptors in the release of adrenocorticotropin by dynorphin A

Neuroendocrinology 1999;69:28-33.

Tan PPC, Chen J-C, Li J-Y, Liang K-W, Wong C-H, Huang EYK.

Modulation of naloxone-precipitated morphine withdrawal syn-

dromes in rats by neuropeptide FF analogs. Peptides 1999;20:1211—

17.

Tariot PN, Upadhyaya A, Sunderland T, Cox C, Cohen RM, Murphy

DL, Loy R. Physiologic and neuroendocrine responses to intrave-

nous naloxone in subjects with Alzheimer's disease and age-

matched controls. Biol Psychiatry 1999;46:412-19.

[514] Thackway SV, Ward PL, Taylor LK. Naltrexone and opioid detox-
ification. MJA 1999;171:499-501.

[515] Tomaszewska D, Mateusiak K, Przekop F. Changes in extracelllular
LHRH andp-endorphin-like immunoreactivity in the nucleus infun-
dibularis-median eminence of anestrous ewes under stress condition.
J Neural Transm 1999;106:265-74.

[503]

[504]

[505]

[506]

[511]

[512]

[513]



2032

[516] Torii M, Kubo K, Sasaki T. Facilitatory and inhibitory effects of
B-endorphin on lordosis in female rats: Relation to time of admin-
istration. Horm Behav 1999;35:271-8.

[517] Tortonese DJ. Interaction between hypothalamic dopaminergic and
opioidergic systems in the photoperiodic regulation of pulsatile lutein-
izing hormone secretion in sheep. Endocrinol 1999;140:750—7.

[518] Town T, Abdullah L, Crawford F, Schinka J, Ordorica PI, Francis E,
Hughes P, Duara R, Mullan M. Association of a functiopabpioid
receptor allele £118A) with alcohol dependency. Neuropsychiatr
Genet 1999;88:458-61.

A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[535] Vlaskovska M, Kasakov L, Suder P, Silberring J, Terenius L. Bio-

transformation of nociceptin/orphanin FQ by enzyme activity from
morphine-naive and morphine-treated cell cultures. Brain Res 1999;
818:212-20.

[536] Volpicelli LA, Easterling KW, Kimmel HL, Holtzman SG. Sensiti-

zation to daily morphine injections in rats with unilateral lesions of
the substantia nigra. Pharm Biochem Behav 1999;64:487-93.

[537] Walker DJ, Zacny JP. Subjective, psychomotor, and physiological

effects of cumulative doses of opiojd agonists in healthy volun-
teers. J Pharmacol Exp Ther 1999;289:1454—64.

[519] Tsai LY. Psychopharmacology in autism. Psychosomatic Medicine [538] Walker EA, Hawkins ER, Tiano MJ, Picker MJ, Dykstra LA. Dis-

1999;61:1-15.
[520] Tsuji M, Narita M, Mizoguchi H, Narita M, Ohsawa M, Kamei J,

Nagase H, Takeda H, Matsumiya T, Tseng LF. Region-dependent [539]

G-protein activation byu-, §;-, and 8,-opioid receptor agonists in
the brain: comparison between the midbrain and forebrain. Life Sci
1999;65:PL233-PL239.

Turchan J, Przewlocka B, Toth G, Lason W, Borsodi A, Przewlocki
R. The effect of repeated administration of morphine, cocaine and
ethanol on mu and delta opioid receptor density in the nucleus
accumbens and striatum of the rat. Neurosci 1999;91:971-7.

[521]

[522]
dotril and loperamide in children with acute diarrhoea. Aliment
Pharmacol Ther 1999;13:27-32.

[523] Umbricht A, Montoya ID, Hoover DR, Demuth KL, Chiang CT,
Preston KL. Naltrexone shortened opioid detoxification with bu-
prenorphine. Drug Alcohol Depend 1999;56:181-190.

[540]

Turck D, Berard H, Fretault N, Lecomte JM. Comparison of raceca- [541]

criminative stimulus effects of nalbuphine in nontreated and mor-
phine-treated pigeons. Pharm Biochem Behav 1999;64:445-8.
Walker EA, Tiano MJ, Benyas Sl, Dykstra LA, Picker MJ. Naltrex-
one andp-funaltrexamine antagonism of the antinociceptive and
response rate-decreasing effects of morphine, dezocine, and
d-propoxyphene. Psychopharmacol 1999;144:45-53.

Walker J, Catheline G, Guilbaud G, Kayser V. Lack of cross-
tolerance between the antinociceptive effects of systemic morphine
and asimadoline, a peripherally-selecti®pioid agonist, in CCI-
neuropathic rats. Pain 1999;83:509-16.

Wand GS, Mangold D, Ali M. Adrenocorticotropin responses to
naloxone in sons of alcohol-dependent men. J Clin Endocrinol
Metab 1999;84:64—8.

[542] Wang H, Gracy KN, Pickel VMu-Opioid and NMDA-type gluta-

mate receptors are often colocalized in spiny neurons within patches
of the caudate-putamen. J Comp Neurol 1999;412:132—46.

[524] Van Bockstaele EJ, Saunders A, Telegan P, Page ME. Localization [543] Wang N, Stewart RB, Meisch RA. Orally delivered methadone as a

of u-opioid receptors to locus coeruleus-projecting neurons in the
rostral medulla: morphological substrates and synaptic organization.
Synapse 1999;34:154-67.

[525] Van Bree L, Dassesse D, Schiffmann SN. Changes in striatal neu-
ropeptides and GAD67 expression following a minimal cortical
lesion. NeuroReport 1999;10:2993-7.

[526] Van Wattum PJ, Anderson GM, Chappell PB, Goodman WK, Rid-
dle MA, Leckman JF. Cerebrospinal fluid dynorphin A[1-8] and
B-endorphin levels in Tourette’s syndrome are unaltered. Biol Psy-
chiatry 1999;45:1527-30.

[527] Vandergriff J, Rasmussen K. The selective mGlu2/3 receptor ago-
nist LY354740 attenuates morphine-withdrawal-induced activation
of locus coeruleus neurons and behavioral signs of morphine. Neu-
ropharmacol 1999;38:217-22.

[528] Vehoeven WMA, Tuinier S, van den Berg YWMM, Coppus AMW,
Fekkes D, Pepplinkhuizen L, Thijssen JHH. Stress and self-injurious
behavior; hormonal and serotonergic parameters in mentally re-
tarded subjects. Pharmacopsychiat 1999;32:13-20.

[529] VeliskovaJ, MosHeSL, Vathy I. Prenatal morphine exposure dif-
ferentially alters seizure susceptibility in developing female rats.
Dev Brain Res 1999;116:119-21.

[530] Verborgh C, Meert TF. The effects of intravenous naltrindole and
naltrindole 3-isothiocyanate on sufentanil-induced respiratory de-
pression and antinociception in rats. Pharm Biochem Behav 1999;
63:175-83.

[531] Verborgh C, Meert TF. Antagonistic effects of naloxone and nalox-
onazine on sufentanil-induced antinociception and respiratory de-
pression in rats. Pain 1999;83:17-24.

[532] Vetel M, Berard H, Fretault N, Lecomte JM. Comparison of raceca-
dotril and loperamide in adults with acute diarrhoea. Aliment Phar-
macol Ther 1999;13:21-6.

[533] Vivian JA, Miczek KA. Interactions between social stress and mor-
phine in the periaqueductal gray: effects on affective vocal and
reflexive pain responses in rats. Psychopharmacol 1999;146:153—
61.

[534] Vivian JA, Deyoung MB, Sumpter TL, Traynor JR, Lewis JW,
Woods JH k-Opioid receptor effects of butorphanol in rhesus mon-
keys. J Pharmacol Exp Ther 1999;290:259—-65.

reinforcer: Effects of the opioid antagonist naloxone. Drug Alcohol
Depend 1999;55:79-84.

[544] Wang Z, Bilsky EJ, Wang D, Porreca F, Sad#/. 3-Isobutyl-1-
methylxanthine inhibits basal-opioid receptor phosphorylation
and reverses acute morphine tolerance and dependence in mice. Eur
J Pharmacol 1999;371:1-9.

[545] Ward J, Hall W, Mattick RP. Role of maintenance treatment in
opioid dependence. The Lancet 1999;353:221-6.

[546] Watanuki N, Takahashi A, Yasuda A, Sakai M. Kidney leucocytes
of rainbow trout,Oncorhynchus mykissre activated by i.p. injec-
tion of B-endorphin. Vet Immunol Immunopathol 1999;71:89-97.

[547] Weaver MF, Jarvis MAE, Schnoll SH. Role of the primary care
physician in problems of substance abuse. Arch Intern Med 1999;
159:913-24.

[548] Weisberg SP, Kaplan GB. Adenosine receptor antagonists inhibit
the development of morphine sensitization in the C57BL/6 mouse.
Neurosci Lett 1999;264:89-92.

[549] Welch SP, Eads M. Synergistic interactions of endogenous opioids
and cannabinoid systems. Brain Res 1999;848:183-190.

[550] Wennemer HK, Kornetsky C. Fluoxetine blocks expression but not
development of sensitization to morphine-induced oral stereotypy in
rats. Psychopharmacol 1999;146:19-23.

[551] Wewers ME, Dhatt RK, Snively TA, Tejwani GA. The effect of
chronic administration of nicotine on antinociception, opioid recep-
tor binding and met-enkephalin levels in rats. Brain Res 1999;822:
107-113.

[552] Wiesenfeld-Hallin Z, de Arga Lucas G, Alster P, Xu X-J, Hdelt
T. Cholecystokinin/opioid interactions. Brain Res 1999;848:78—89.

[553] Wigger A, Lascher P, Oehler I, Keck ME, Naruo T, Neumann ID.
Nonresponsiveness of the rat hypothalamo-pituitary-adrenocortical
axis to parturition-related events: Inhibitory action of endogenous
opioids. Endocrinol 1999;140:2843-9.

[554] Wilder-Smith CH, Hill L, Osler W, O’Keefe S. Effect of tramadol
and morphine on pain and gastrointestinal motor function in patients
with chronic pancreatitis. Digestive Diseases Sci 1999;44:1107-16.

[555] Williams CA, Wu SY, Dun SL, Kwok EH, Dun NJ. Release of
endomorphin-2 like substances from the rat spinal cord. Neurosci
Lett 1999;273:25-8.



A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

[556] Williams KL, Woods JH. Conditioned effects produced by naltrex-

one doses that reduce ethanol-reinforced responding in rhesus mon-

keys. Alcohol Clin Exp Res 1999;23:708-15.

[557] Williams KL, Woods JH. Naltrexone reduces ethanol- and/or water-
reinforced responding in rhesus monkeys: Effect depends upon
ethanol concentration. Alcohol Clin Exp Res 1999;23:1462-7.

[558] Williams KL, Pakarinen ED, Woods JH. Quadazocine decreases
responding reinforced by ethanol, sucrose, and phencyclidine fluid
deliveries in rhesus monkeys: comparison to naltrexone’s effects.
Psychopharmacol 1999;144:316-22.

[559] Williams MT, Davis HN, McCrea AE, Long SJ, Hennessy MB.
Changes in the hormonal concentrations of pregnant rats and their
fetuses following multiple exposures to a stressor during the third
trimester. Neurotoxicol Teratol 1999;21:403-14.

[560] Wilson SP, Yeomans DC, Bender MA, Lu Y, Goins WF, Glorioso
JC. Antihyperalgesic effects of infection with a preproenkephalin-
encoding herpes virus. Proc Natl Acad Sci 1999;96:3211-16.

[561] Wolf R, Koch T, Schulz S, Klutzny M, Schder H, Raulf E,
Buhling F, Hdlt V. Replacement of threonine 394 by alanine facil-
itates internalization and resensitization of thegaipioid receptor.

Mol Pharmacol 1999;55:263-8.

[562] Wright RC, McConnaughey MM, Phan TA, Ingenito AdOpioid
receptor antisense oligonucleotide injected into rat hippocampus
causes hypertension. Eur J Pharmacol 1999;377:57—-61.

[563] Wu L-Z, Cui C-L, Tian J-B, Ji D, Han J-S. Suppression of morpine
withdrawal by electroacupuncture in rats: dynorphin andpioid
receptor implicated. Brain Res 1999;851:290—-6.

[564] Wu S, Li HY, Wong TM. Cardioprotection of preconditioning by

metabolic inhibition in the rat ventricular myocyte: Involvement of

k-opioid receptor. Circ Res 1999;84:1388-95.

Xi M-C, Liu R-H, Yamuy J, Morales FR, Chase MH. Naloxone

reduces the amplitude of IPSPs evoked in lumbar motor neurons by

reticular stimulation during carbachol-induced motor inhibition.

Brain Res 1999;819:155-9.

Xi Z-X, Stein EA. Baclofen inhibits heroin self-administration be-

havior and mesolimbic dopamine release. J Pharmacol Exp Ther

1999;290:1369-74.

Xie W, Samoriski GM, McLaughlin JP, Romoser VA, Smrcka A,

Hinkle PM, Bidlack JM, Gross RA, Jiang H, Wu D. Genetic alter-

ation of phospholipase B3 expression modulates behavioral and

cellular responses ta opioids. Proc Natl Acad Sci 1999;96:10385—

90.

Yakimova KS, Perau F-K. Nociceptin/orphanin FQ: effects on ther-

moregulation in rats. Meth Find Exp Clin Pharmacol 1999;21:345—

52.

[569] Yamaguchi T, Nagasawa T, Satoh M, Kuraishi Y. ltch-associated
response induced by intradermal serotonin through 5+d€eptors
in mice. Neurosci Res 1999;35:77-83.

[570] Yamamoto LT, Horie S, Takayama H, Aimi N, Sakai S-1, Yano S,
Shan J, Pang PKT, Ponglux D, Watanabe K. Opioid receptor ago-
nistic characteristics of mitragynine pseudoindoxyl in comparison
with mitragynine derived from Thai medicinal plahitragyna
SpeciosaGen Pharmac 1999;33:73-81.

[571] Yang S-W, Follett KA, Piper JG, Ness TJ. The effect of morphine
on responses of nucleus ventroposterolateralis neurons to colorectal
distension in the rat. Brain Res Bull 1999;48:609—-14.

[572] Yang Y-R, Chiu T-H, Chen C-L. Structure-activity relationships of
naturally occurring and synthetic opioid tetrapeptides acting on
locus coeruleus neruons. Eur J Pharmacol 1999;372:229-36.

[573] Yilmaz B, Konar V, Kutlu S, Sandal S, Canpolat S, Gezen MR,
Kelestimur H. Influence of chronic morphine exposure on serum

[565]

[566]

[567]

[568]

2033

[575] Yilmaz B, Gilmore DP. Mu and kappa opioid modulation of the
hypothalamic serotonergic neurotransmission in the ovariectomized
and steroid-primed rat. Med Sci Res 1999;27:91-4.

[576] Yoshida Y, Koide S, Hirose N, Takada K, Tomiyama K, Koshikawa
N, Cools AR. Fentanyl increases dopamine release in rat nucleus
accumbens: Involvement of mesolimhieand3-2-opioid receptors.
Neurosci 1999;92:1357—-65.

[577] Yu W, Hao J-X, Xu X-J, H&felt T, Elde R, Wiesenfeld-Hallin Z.
Spinal cord ischemia reducgsopioid receptors in rats: Correlation
with morphine insensitivity. NeuroReport 1999;10:87-91.

[578] Yu W-Z, Scalfani A, Delamater AR, Bodnar RJ. Pharmacology of

flavor preference conditioning in sham-feeding rats: Effects of nal-

trexone. Pharm Biochem Behav 1999;64:573—84.

Yu X-C, Wang H-X, Pei J-M, Wong TM. Anti-arrhythmic effect of

k-opioid receptor stimulation in the perfused rat heart: involvement

of a cAMP-dependent pathway. J Mol Cell Cardiol 1999;31:1809—

19.

Yuan CS, Foss JF. Gastric effects of methylnaltrexone on 95, 95 and

95 opioid agonists induced brainstem unitary responses. Neurophar-

macology 1999;38:425-32.

Yuan CS, Foss JF, O’Connor M, Osinski J, Roizen MF, Moss J.

Effects of intravenous methylnaltrexone on opioid-induced gut mo-

tility and transit time changes in subjects receiving chronic metha-

done therapy: a pilot study. Pain 1999;83:631-5.

Yuan L, Han Z, Chang J-K, Han J-S. Accelerated release and

production of orphanin FQ in brain of chronic morphine tolerant

rats. Brain Res 1999;826:330—4.

[583] Zachariou V, Parikh K, Picciotto MR. Centrally administered gala-
nin blocks morphine place preference in the mouse. Brain Res
1999;831:33-42.

[584] Zacny JP, Galinkin JL. Psychotropic drugs used in anesthesia prac-
tice: Abuse liability and epidemiology of abuse. Anesthesiology
1999;90:269-88.

[585] Zacny JP, Conran A, Pardo H, Coalson DW, Black M, Klock PA,
Klafta JM. Effects of naloxone on nitrous oxide actions in healthy
volunteers. Pain 1999;83:411-18.

[586] Zagon IS, Wu Y, McLaughlin PJ. Opioid growth factor and organ
development in rat and human embryos. Brain Res 1999;839:313—
22.

[587] Zagon IS, Smith JP, McLaughlin PJ. Human pancreatic cancer cell
proliferation in tissue culture is tonically inhibited by opioid growth
factor. Int J Oncology 1999;14:577—-84.

[588] Zangen A, Nakash R, Yadid G. Serotonin-mediated increases in the
extracellular levels of3-endorphin in the arcuate nucleus and nu-
cleus accumbens: A microdialysis study. J Neurochem 1999;73:
2569-74.

[589] Zarrindast M-R, Mousa-Ahmadi E. Effects of GABAergic system
on naloxone-induce jumping morphine-dependent mice. Eur J Phar-
macol 1999;381:129-33.

[590] Zarrindast M-R, Naghipour B, Roushan-Zamir F, Shafaghi B. Ef-
fects of adenosine receptor agents on the expression of morphine
withdrawal in mice. Eur J Pharmacol 1999;369:17-22.

[591] Zarrindast M-R, Khoshayand M-R, Shafaghi B. The development of
cross-tolerance between morphine and nicotine in mice. Eur Neu-
ropsychopharmacol 1999;9:227-33.

[592] Zelena D, Kiem DT, Barna |, Makara GBy,-Adrenocreceptor
subtypes regulate ACTH argiendorphin secretions during stress in
the rat. Psychoneuroendocrinology 1999;24:333-43.

[593] Zhang J, Ferguson SSG, Law P-Y, Barak LS, Caron MG. Agonist-
specific regulation ofs-opioid receptor trafficking by G protein-
coupled receptor kinase argtarrestin. J Receptor Sig Transduct
Res 1999;19:301-13.

[579]

[580]

[581]

[582]

LH, FSH, testosterone levels, and body and testicular weights in the [594] Zhang N, Houser CR. Ultrastructural localization of dynorphin in

developing male rat. Arch Androl 1999;43:189-96.
[574] Yimaz B, Gilmore DP. Effects of mu, kappa, and delta opioid

the dentate gyrus in human temporal lobe epilepsy: A study of
reorganized mossy fibers synapses. J Comp Neurol 1999;405:472-90.

receptor agonists and antagonists on rat hypothalamic noradrenergic[595] Zhang W-M, Wu S, Yu X-C, Wang H-X, Bian J-S, Wong TM.

neurotransmission. Brain Res Bull 1999;48:491-5.

Effects of U50488 and bremazocine on fCh and cAMP in naive



2034

[596]

[597]

[598]

[599]

A.L. Vaccarino, A.J. Kastin / Peptides 21 (2000) 1975-2034

and tolerant rat ventricular myocytes: evidence of kappa opioid receptor

multiplicity in the heart. J Mol Cell Cardiol 1999;31:355—-62.
Zheng F, Khanna S. Hippocampal field CA1 interneuronal nocicep-

tive responses: modulation by medial septal region and morphine.

Neurosci 1999;93:45-55.

Zhu H, Jang C-G, Ma T, Oh S, Rockhold RW, Ho IK. Region
specific expression of NMDA receptor NR1 subunit mRNA in
hypothalamus and pons following chronic morphine treatment. Eur
J Pharmacol 1999;365:47-54.

Zhu Y, King MA, Schuller AGP, Nitsche JF, Reidl M, Elde RP,
Unterwald E, Pasternak GW. Retention of supraspiibike anal-
gesia and loss of morphine tolerancedinpioid receptorknockout
mice. Neuron 1999;24:243-52.

Zubaran C, Shoaib M, Stolerman IP, Pablo J, Mash DC. Noriboga-
ine generalization to the ibogaine stimulus: Correlation with nori-

[600]

[601]

[602]

[603]

bogaine concentration in rat brain. Neuropsychopharmacology
1999;21:119-26.

Zubieta J-K, Dannals RF, Frost JJ. Gender and age influences on
human brainu-opioid receptor binding measured by PET. Am J
Psychiatry 1999;156:842-8.

Zuckerman A, Bolan E, de Paulis T, Schmidt D, Spector S, Paster-
nak GW. Pharmacological characterization of morphine-6-sulfate
and codeine-6-sulfate. Brain Res 1999;842:1-5.

Zurita A, Cuadra G, Molina VA. The involvement of an opiate
mechanism in the sensitized behavioral deficit induced by early
chronic variable stress: Influence of desipramine. Behav Brain Res
1999;100:153-9.

Zurita A, Molina V. Prior morphine facilitates the occurrence of
immobility and anhedonia following stress. Physiol Behav 1999;65:
833-7.



