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Abstract

Substance use disorders represent a global public health issue. This mental health
disorder is hypothesized to result from neurobiological changes as a result of
chronic drug exposure and clinically manifests as inappropriate behavioral allo-
cation toward the procurement and use of the abused substance and away from
other behaviors maintained by more adaptive nondrug reinforcers (e.g., social
relationships, work). The dynorphin/kappa-opioid receptor (KOR) is one receptor
system that has been altered following chronic exposure to drugs of abuse (e.g.,
cocaine, opioids, alcohol) in both laboratory animals and humans, implicating the
dynorphin/KOR system in the expression, mechanisms, and treatment of sub-
stance use disorders. KOR antagonists have reduced drug self-administration in
laboratory animals under certain experimental conditions, but not others.
Recently, several human laboratory and clinical trials have evaluated the effec-
tiveness of KOR antagonists as candidate pharmacotherapies for cocaine or
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tobacco use disorder to test hypotheses generated from preclinical studies. KOR
antagonists failed to significantly alter drug use metrics in humans suggesting
translational discordance between some preclinical drug self-administration stud-
ies and consistent with other preclinical drug self-administration studies that
provide concurrent access to an alternative nondrug reinforcer (e.g., food). The
implications of this translational discordance and future directions for examining
the therapeutic potential of KOR agonists or antagonists as candidate substance
use disorder pharmacotherapies are discussed.

Keywords
Cocaine - Ethanol - Kappa opioid receptor - Medication development - Nicotine -
Opioid

1 Preclinical Evaluation of Candidate Substance Use
Disorder Treatments

Substance use disorders (SUDs; i.e., drug addiction) are an insidious and global
public health issue. This complex and multifaceted mental health disorder is most
commonly modeled in the laboratory using a drug self-administration (SA) procedure
to provide an opportunity to measure volitional drug intake. Both preclinical and
human laboratory drug SA procedures have made significant contributions to improv-
ing our understanding of psychoactive compounds for more than 50 years. In general,
preclinical drug SA procedures are used to address two main categories of scientific
questions. One category is for abuse liability assessment of psychoactive compounds
for potential scheduling as controlled substances by the Drug Enforcement Agency,
and there are already excellent reviews on the utility of drug SA procedures for this
purpose (Ator and Griffiths 2003; Carter and Griffiths 2009). The other category is for
understanding the expression, mechanisms, and treatment of drug-taking behavior as
amodel of SUDs. This chapter will focus on the use of drug SA procedures to address
this latter scientific category.

Although there are infinite iterations of drug SA procedures, all use the classic
3-term contingency of operant conditioning to investigate the stimulus properties of
drugs (Skinner 1938). This 3-term contingency can be diagrammed as follows in

Eq. (1):
SP - R — S€ (1)

where SP designates a discriminative stimulus, R designates a response on the part of
the organism, and S€ designates a consequent stimulus. The arrows specify the
contingency that, in the presence of the discriminative stimulus S°, performance of
response R will deliver the consequent stimulus SC. As a simple example, a rat
implanted with a chronic indwelling venous catheter might be connected to an
infusion pump containing a dose of a psychoactive drug and placed into an experi-
mental chamber that contains a stimulus light and a response lever. Contingencies
can be programmed such that if the stimulus light is illuminated (the discriminative
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stimulus), then depression of the response lever (the response) will result in delivery
of a drug injection (the consequent stimulus). Conversely, if the stimulus light is not
illuminated, then responding does not result in the delivery of the drug injection.
Under these conditions, subjects typically learn to respond when the discriminative
stimulus is present. Consequent stimuli that increase responding leading to their
delivery are operationally defined as reinforcers, whereas stimuli that decrease
responding leading to their delivery are defined as punishers. The contingencies
that relate discriminative stimuli, responses, and consequent stimuli are defined by
the schedule of reinforcement (Ferster and Skinner 1957).

Although there are Food and Drug Administration (FDA)-approved
pharmacotherapies for some SUDs (e.g., opioid, nicotine, and ethanol),
FDA-approved pharmacotherapies are absent for many other classes of abused
drugs (e.g., cocaine, methamphetamine, and cannabis). Moreover, the development
of safer and more efficacious medications to treat SUDs remains a priority for both
preclinical and human laboratory/clinical drug abuse research. Preclinical evaluation
of candidate medication treatment effects on drug SA has demonstrated good, but
not perfect, concordance with both medication effects in human laboratory drug SA
studies and metrics of drug abuse in clinical trials (Comer et al. 2008; Haney and
Spealman 2008a; Mello and Negus 1996).

2 Rationale for Kappa-Opioid Receptors as Candidate SUD
Treatments

This chapter will focus on kappa-opioid receptor (KOR) agonist and antagonist
effects on preclinical drug SA endpoints. The KOR is a seven transmembrane G-
protein coupled receptor that is ubiquitously expressed in the central and peripheral
nervous system and is hypothesized to be involved in mental health disorders
including stress, anxiety, depression, and SUD (for review, see Chavkin and Koob
2015; Crowley and Kash 2015; Tejeda and Bonci 2019; Wee and Koob 2010b). In
general, KOR activation results in inhibition of neuronal function and can occur
following either endogenous release of the dynorphin peptide (Chavkin et al. 1982;
Oka et al. 1982) or synthetic KOR agonist administration. For example, administra-
tion of synthetic KOR agonists (e.g., U69,593, U50,488, or salvinorin A) decreases
extracellular dopamine levels in the nucleus accumbens (Carlezon et al. 2006; Di
Chiara and Imperato 1988; Leitl et al. 2014).

Table 1 lists the most prominent KOR agonists and antagonists used in preclinical
and clinical research along with the relative selectivity for the KOR over other
similar homology receptors such as the mu-opioid (MOR) and delta-opioid (DOR)
receptors. In general, the greater the selectivity for KOR over MOR and DOR, the
more confidence the result is due to KOR activation or inhibition and not due to an
off-target receptor. In addition, the availability of both selective KOR agonists and
antagonists allows for sufficient and necessary experimentation in the role of KOR
for a specific pharmacological effect. For example, if you were interested in whether
activation of KOR receptors by dynorphin was sufficient to decrease mesolimbic
dopamine levels, then you could administer a KOR agonist (e.g., salvinorin A) and
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Table 1 Kappa-opioid receptor (KOR) agonists and antagonists that have been most commonly
used in preclinical studies examining the potential of KOR ligands as candidate substance use
disorder medications

KOR (K; |MOR (K; |DOR (K; |NOPR (K;

Ligand nM) nM) nM) nM) Reference
KOR agonists
Dynorphin A 0.5 32 >1,000 Not (Raynor et al.
determined | 1994)
U-50,488 0.12 >1,000 >1,000 Not (Raynor et al.
determined | 1994)
U-69,593 0.59 >1,000 >1,000 Not (Raynor et al.
determined | 1994)
Salvinorin A 16 >10,000 >10,000 | Not (Roth et al. 2002)
determined
Nalfurafine 0.2 0.6 96.5 Not (Nagase et al.
(TRK-820) determined | 2012)
Enadoline (CI-977) 0.11 99 1 Not (Hunter et al.
determined | 1990)
Spiradoline 0.036 21 >1,000 Not (Raynor et al.
determined | 1994)
Bremazocine 0.09 0.75 23 Not (Raynor et al.

determined | 1994)
KOR antagonists

Nor-binaltorphimine 4 41 20 4,400 (Munro et al.
2013)

JDTic 1 3 44 12 (Munro et al.
2013)

6’-guanidonaltrindole 3 54 58 2,500 (Munro et al.
2013)

CERC-501 0.8 24 155 Not (Rorick-Kehn

(LY2456302) determined | et al. 2014)

Columns show the affinity (K; nM) for the ligand at the KOR and three potential off-target receptor
affinities mu-opioid receptor (MOR), delta-opioid receptor (DOR), and nociceptin opioid peptide
receptor (NOPR). Together, these results provide one index of KOR selectivity

measure mesolimbic dopamine levels. As mentioned above, this is a reported effect
of KOR agonists. However, if you were interested in whether KOR were necessary
for salvinorin A to decrease mesolimbic dopamine levels, then you would administer
a KOR antagonist before salvinorin A to determine whether salvinorin A decreases
mesolimbic dopamine levels. The availability of selective agonists and antagonists
allows for rigorous experimentation into the mechanisms associated with or involved
in SUDs.

Repeated exposure to several drugs of abuse (e.g., cocaine, methamphetamine,
mu-opioid receptor agonists) has been shown to activate or sensitize the endogenous
dynorphin/KOR system. This engagement of the dynorphin/KOR system by drugs
of abuse has been theorized to contribute to the development of compulsive drug use
and SUD (Chavkin and Koob 2015; Shippenberg et al. 2007). For example,
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polymorphisms of prodynorphin have been correlated with increased diagnosis of
opioid use disorder (Clarke et al. 2012). In addition, both increased dynorphin
expression and KOR density have been observed in cocaine overdose patients
(Hurd and Herkenham 1993; Staley et al. 1997). Furthermore, cocaine SA leads to
a reduction in KOR availability in humans as measured using positron-emission
tomography (Martinez et al. 2019). Consistent with these clinical data, a history of
either heroin or cocaine SA under extended access conditions increases
prodynorphin expression in the nucleus accumbens shell of rats or monkeys
(Daunais et al. 1993; Fagergren et al. 2003; Schlosburg et al. 2013; Solecki et al.
2009). These results have been interpreted to suggest that chronic KOR activation is
one key neurobiological system mediating the progression from drug abuse to severe
SUD (Koob and Moal 2008; Wee and Koob 2010a). Table 2 summarizes the
34 publications that have examined either acute or chronic (i.e., repeated adminis-
tration for at least 3 days) treatment effects of KOR agonists or antagonists in
preclinical drug SA procedures. The predominant drugs of abuse examined have
been cocaine (44%), ethanol (35%), and opioids (24%). The predominant research
subjects have been rats (74%) and rhesus monkeys (26%); most studies only
involved male subjects (~76%). The results and implication of this literature will
be reviewed in more detail below.

3 KOR Agonist Effects on Preclinical Drug SA

KOR agonists and drugs of abuse appear to produce opposing effects on both abuse-
related neurochemical and behavioral endpoints. For example, KOR agonists
decrease mesolimbic dopamine levels in rats (Devine et al. 1993; Donzanti et al.
1992; Leitl et al. 2014; Spanagel et al. 1990), produce dysphoric subjective effects in
humans (Pfeiffer et al. 1986; Walsh et al. 2001), and fail to function as positive
reinforcers in rodent and nonhuman primate drug SA procedures (Marinelli et al.
1998; Negus et al. 2008; Tang and Collins 1985; Townsend et al. 2017; Woods and
Gmerek 1985). This line of research led to the hypothesis that KOR agonists may
have clinical utility as candidate SUD pharmacotherapies by either punishing drug-
taking behavior if the KOR agonist and the drug of abuse were combined or
antagonizing the abuse-related effects of central nervous system-active drugs if the
KOR agonist was administered as an acute or repeated pretreatment to subsequent
drug-taking behavior. Two general types of experiments have been conducted
examining the effects of KOR agonists on drug SA.

3.1 Preclinical SA of KOR Agonists and Drug of Abuse
Combinations

One type of experiment involves combining a KOR agonist and the drug of abuse in
the same syringe for SA to determine whether the KOR agonist would function as a
punisher (i.e., presentation of the stimulus (KOR agonist) decreases the probability
of the preceding behavior). Thus, the research animal would self-administer a
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mixture of KOR agonist and drug of abuse. Based on the literature cited above, the
hypothesis for these studies would be that the KOR agonist mixed with the drug of
abuse would lead to a decrease in rates of drug SA. Three studies (#1-3 in Table 2)
have examined combining a KOR agonist and cocaine (Freeman et al. 2014) or a
MOR agonist (Negus et al. 2008; Townsend et al. 2017). All three studies reported
that mixtures of the abused drug and KOR agonist were less reinforcing (i.e.,
maintained lower rates of operant responding) than the abused drug alone. These
results have been interpreted to suggest that clinical combinations of MOR agonists
and KOR agonists might retain the therapeutic desirable effects (e.g., analgesia) of
MOR agonists with reduced undesirable effects (e.g., abuse liability). However,
illicit drug manufacturers or dealers are unlikely to adulterate their product with
something that would deter abuse liability.

3.2 KOR Agonists as Pretreatments to Preclinical Drug
of Abuse SA

A second type of experiment has examined either acute KOR agonist pretreatment to
a single drug SA or repeated KOR agonist treatment effects across multiple days of
drug SA. The studies that employed a repeated dosing procedure were modeling
aspects of repeated candidate medication administration utilized in human laboratory
studies, clinical trials, and clinical prescribing patterns for current FDA-approved
treatments for SUDs (e.g., buprenorphine, methadone, varenicline, and naltrexone).
Thirteen studies (#4—16 in Table 2) have examined the effects of either acute or
repeated KOR agonist treatment on drug SA in mice, rats, and rhesus monkeys.
Acute administration of U50,488 (Glick et al. 1995), U69,593 (Schenk et al. 1999;
Schenk et al. 2001), cyclazocine (Glick et al. 1998), spiradoline (Glick et al. 1995),
and enadoline (Bowen et al. 2003; Holter et al. 2000) has been reported to decrease
rates of cocaine, morphine, and ethanol SA in both rats and rhesus monkeys. These
results were interpreted as evidence that KOR agonists may have clinical utility as
candidate medications for SUD treatment.

However, when KOR agonist effects on drug SA were examined under repeated
dosing conditions, a more complicated profile of effects emerged compared to the
acute KOR agonist pretreatment studies described above. For example, repeated
ethylketocyclazine, U50,488, enadoline, spiradoline, PD117302, bremazocine, and
cyclazocine treatments all produced sustained decreases in rates of cocaine and
ethanol SA in rhesus monkeys (Cosgrove and Carroll 2002; Mello and Negus
1998; Negus et al. 1997). Repeated bremazocine, but not U50,488, produced
sustained decreases in rates of ethanol SA in rats (Nestby et al. 1999). Repeated
U50,488 treatment significantly decreased rates of nicotine SA in rats on the third
day of treatment and without altering food-maintained responding (Ismayilova and
Shoaib 2010). However, the KOR agonist doses that decreased drug SA also
decreased rates of food-maintained responding when food-maintained responding
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was assessed (Cosgrove and Carroll 2002; Mello and Negus 1998; Negus et al.
1997). Thus, repeated KOR agonist treatment effects were not behaviorally selective
for drug vs. nondrug reinforcers and suggestive of overall depression of behavior. In
contrast to these results, repeated enadoline treatment increased rates of ethanol SA
in rats (Holter et al. 2000) and repeated U50,488 treatment shifted both cocaine and
morphine SA dose-effect functions to the left in rats (Kuzmin et al. 1997). Further-
more, when repeated U50,488 treatment effects were examined on cocaine SA in
rhesus monkeys under conditions where there was an alternative nondrug food
reinforcer available concurrently to intravenous cocaine injections, repeated
U50,488 increased cocaine “choice” and decreased food “choice” (Negus 2004).
Consistent with these later results, repeated enadoline treatment failed to attenuate
cocaine vs. money choice in humans, and there was a trend for increased cocaine
choice at the largest enadoline dose examined (Walsh et al. 2001). No double-blind,
placebo-controlled clinical trials examining KOR agonists as candidate
pharmacotherapies for SUD treatment have been published.

In summary, the effects of KOR agonists on preclinical drug SA studies and the
single human laboratory drug SA study have thus far generated three main findings.
First, when KOR agonists are mixed with the abuse drug and co-administered, KOR
agonists can function as punishers and decrease SA of the abused drug. Second,
acute pretreatment with a KOR agonist decreased rates of drug SA across a broad
range of abused drug classes (e.g. cocaine, ethanol, morphine). Lastly, repeated
KOR agonist treatment either decreased rates of abused drug SA typically at doses
that also decreased rates of food-maintained responding or increases rates of drug SA
including under a drug vs. food choice procedure. Overall, this body of preclinical
literature does not support the clinical utility of KOR agonists as candidate SUD
treatments.

4 KOR Antagonist Effects on Preclinical Drug Self-
Administration

One prominent and emerging SUD theory is that chronic exposure to drugs of abuse
and withdrawal produces a “motivational withdrawal syndrome” that increases the
magnitude and alters the mechanisms of drug reinforcement and serves as “one of
the driving factors of compulsivity in addiction” (Koob and Mason 2016). Chronic
exposure to drugs of abuse is hypothesized to alter the state of the patient or research
subject and thereby alter the mechanisms of and increase the magnitude of drug
reinforcement. For example, opioid abuse often leads to physical dependence, and
opioid withdrawal in dependent subjects increases the reinforcing effects of opioids,
decreases the reinforcing efficacy of nondrug reinforcers like food, and promotes a
maladaptive allocation of behavior toward further drug use at the expense of
behaviors maintained by more adaptive behaviors. Specifically, chronic drug expo-
sure has been shown to (1) decrease basal activity of dopamine and/or opioid reward
systems and (2) recruit activation of other neural systems, sometimes described as
“stress” or “anti-reward” systems, that involve neurotransmitters including
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corticotropic releasing factor (CRF) and dynorphin (Koob and Mason 2016; Koob
and Moal 2008; Koob and Volkow 2009). Overall, consumption of any abused drug
dose is hypothesized to produce an initial increase in dopamine/opioid signaling as
drug levels rise and peak, followed by a longer period of depressed dopamine/opioid
signaling and enhanced stress hormone signaling that together mediate negative
affective states of drug withdrawal. Increasingly intensive regimens of abused drug
exposure are hypothesized to produce a cumulative increase in the later effects and
increasingly intense aversive subjective states. Under these circumstances, drug-
induced reinforcing effects are often described as “negative,” because the drug is
now hypothesized to produce its reinforcing effects not by increasing dopamine/
opioid signaling from a normal basal level but rather by alleviating the aversive state
produced by a depressed reward system and activated stress system; however, this
interpretation is not consistent with the operational definition of negative reinforce-
ment (i.e., response requirement completion results in removal of S© proposed by
Skinner (1938)). The subject in a drug SA procedure is responding to receive the
drug injection (S€) which is positive reinforcement and not the removal of some
hypothesized internal state (Negus and Banks 2018).

Evidence to support this hypothesized transition comes in part from preclinical rat
drug SA studies that have used single-operant drug SA procedures in which the
primary dependent measure is the rate of drug SA. Two observations have been
seminal in support of this hypothesized transition. First, the recruitment of negative
reinforcement processes that occurs with extended drug SA is hypothesized to not
only modify the mechanisms of drug reinforcement but also to increase its magni-
tude (i.e., by summing positive and negative reinforcement mechanisms). In support
of this hypothesis, regiments of “extended access” (produced by increasing the
number of hours per day that subjects can self-administer drug) have been shown
to increase rates of SA, a phenomenon referred to as “escalation” (Koob and Kreek
2007). Second, the recruitment of these negative reinforcement processes is also
hypothesized to render drug SA sensitive to experimental manipulations that attenu-
ate the KOR/stress system signaling. For example, dynorphin acting at KOR is one
stress-related neurotransmitter implicated in “negative reinforcement” processes,
and KOR antagonists such as nor-binaltorphimine (nor-BNI) and CERC-501 have
been reported to block escalated rates of cocaine, methamphetamine, heroin, and
ethanol SA in rats (Domi et al. 2018; Schlosburg et al. 2013; Walker et al. 2011; Wee
etal. 2009; Wee et al. 2012; Whitfield et al. 2015). Furthermore, KOR antagonists do
not attenuate cocaine, methamphetamine, or heroin SA under more limited (~1-2 h)
drug access conditions in both rats (Deehan et al. 2012; Doyon et al. 2006; Glick
et al. 1995; Holter et al. 2000; Liu and Jernigan 2011; Negus et al. 1993) and rhesus
monkeys (Negus 2004; Negus et al. 1997) suggesting that the recruitment of the
dynorphin/KOR system only occurs during extended drug access conditions.
Although the effectiveness of KOR antagonists to alter drug SA appears to be
dependent on the length of the drug SA session for MOR agonists and monoamine
transporter ligands (cocaine and methamphetamine; Table 2), the literature suggests
the same principle does not necessarily hold true for ethanol. For example, under
limited ethanol access conditions, KOR antagonists have been shown to increase
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(Mitchell et al. 2005), have no effect (Deehan et al. 2012; Doyon et al. 2006), or
decrease (Cashman and Azar 2014; Rorick-Kehn et al. 2014; Schank et al. 2012)
ethanol SA in rats. Overall, one implication of this literature is that different classes
of abused drugs might recruit the dynorphin/KOR system in different manners.

4.1 KOR Antagonist Effects on Preclinical Drug Choice SA

However, these KOR antagonist treatment effects on preclinical drug SA endpoints
have not translated when evaluated in nonhuman primates or humans. For example,
in opioid-dependent rhesus monkeys, the KOR antagonist 5'-guanidinaltrindole
(GNTI) failed to attenuate opioid withdrawal-associated increases in opioid
vs. food choice (Negus and Rice 2009). In addition, nor-BNI failed to attenuate
both rates of cocaine SA during extended cocaine access sessions and cocaine
vs. food choice in rhesus monkeys self-administering cocaine 22-h per day (Hutsell
et al. 2016). Whether these differences in KOR antagonist effects are due to species
differences between rats and rhesus monkeys or procedural differences in the drug
SA schedule or reinforcement remain unexplored scientific space.

4.2 KOR Antagonist Effects on Human Drug SA Metrics

In humans, buprenorphine plus naloxone and naltrexone maintenance, combined to
produce a KOR antagonist effect, failed to attenuate cocaine use in a double-blind,
placebo-controlled, multi-centered clinical trial (Ling et al. 2016). Repeated
LY2456302 treatment also failed to attenuate cocaine craving in humans (Reed
et al. 2017). Furthermore, CERC-501 (i.e., LY2456301) failed to attenuate cigarette
smoking, craving, or nicotine withdrawal in humans (Jones et al. 2019). Moreover, a
recent positron-emission tomography study examining KOR binding in healthy
controls and cocaine abusers reported no significant differences in KOR binding in
any brain region examined (Martinez et al. 2019). These results suggest that a history
of repeated cocaine exposure and a diagnosis of cocaine use disorder were not
sufficient to alter KOR binding in humans and are in contrast to previous results in
cocaine overdose patients using autoradiography methods (Hurd and Herkenham
1993; Staley et al. 1997). Reasons for differences between the in vivo positron-
emission tomography study and the postmortem mRNA and autoradiography study
are not presently clear but could be related to the affinity of the ligands for different
KOR subtypes or states (i.e., high vs. low affinity). In summary, the promising
results of KOR antagonists in preclinical rodent models of cocaine use disorder have
so far failed to translate when evaluated in higher-order species such as nonhuman
primates or humans and on endpoints that focus on behavioral allocation between
drug and nondrug reinforcers instead of rates of drug-taking behavior.
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5 Conclusions and Future Directions

Over the past two decades, preclinical research has improved our understanding of
the role of KOR in the expression, mechanisms, and treatment of SUD. Converging
lines of evidence from both preclinical and human studies support the conclusion
that chronic abused drug exposure changes the dynorphin/KOR system. Further-
more, mixtures of MOR and KOR agonists (Freeman et al. 2014; Negus et al. 2008;
Townsend et al. 2017) or mixed-action MOR/KOR agonists such as pentazocine
(Hoffmeister 1979) appear to have reduced abuse-related effects compared to MOR
agonists. However, both KOR agonist and KOR antagonist treatments have thus far
failed to significantly alter metrics of cocaine use in humans. Unfortunately, there are
no published human laboratory drug SA studies or clinical trials evaluating KOR
agonist or antagonist effects on other SUDs, such as methamphetamine, opioids,
ethanol, or tobacco. CERC-501 is currently being evaluated in clinical trials as a
candidate medication for tobacco smoking and smoking relapse (Helal et al. 2017).
The evaluation of candidate medication effects in SUD patients provides critical
reverse translational feedback to improve the predictive validity of preclinical SUD
models. However, the results of KOR agonists and antagonists in cocaine use
disorder and tobacco use disorder patients thus far fail to support the continued
development and evaluation of novel chemical entities targeting the dynorphin/KOR
system as candidate SUD pharmacotherapies. There are presently no published
clinical data on the effectiveness of KOR antagonists for alcohol or opioid use
disorder.

In the broader preclinical drug abuse literature, there are two experimental
features that appear to promote accurate translation of preclinical-to-clinical results.
First, repeated treatment with the candidate medication to match the subchronic-to-
chronic treatment regimens commonly employed in clinical SUD treatment (Czoty
et al. 2016; Haney and Spealman 2008b; Mello and Negus 1996). The effects of
acute vs. repeated KOR agonists on preclinical drug SA endpoints reviewed above
are consistent with this conclusion. However, the examination of repeated KOR
antagonist effects on drug SA endpoints has been problematic because most cur-
rently available KOR antagonists are irreversible or receptor-inactivating antagonists
(Butelman et al. 1993, 1998; Schmid et al. 2013). The long duration of action of
irreversible KOR antagonists complicates dose titration and potentially increases the
risk of off-target undesirable effects. The development of short-acting KOR
antagonists CERC-501 (i.e., LY2456302) (Helal et al. 2017; Reed et al. 2017) has
facilitated clinical SUD research to provide necessary feedback regarding
hypotheses developed using preclinical drug SA procedures. Second, assessment
of candidate medication effects in preclinical drug SA procedures that use behavioral
allocation between the target drug of abuse and an alternative nondrug reinforcer
(e.g., food or social) rather than rates of drug SA behavior has shown strong
translational concordance with clinical results (for review, see Banks et al. 2015;
Banks and Negus 2012, 2017). A critical step in efficiently evaluating candidate
SUD medications is the utilization of preclinical testing procedures that are both
sensitive to FDA-approved medications (if available) and selective for those positive
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controls in comparison to active negative controls known to be clinically ineffective
(Banks et al. 2019). Given the human laboratory and clinical literature cited above in
Sects. 3 and 4, both KOR agonists and KOR antagonists could function as active
negative controls, but should not continued to be evaluated as candidate OUD
medications (Rasmussen et al. 2019).
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