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There is increasing evidence that the kappa-opiate receptor,
in addition to the mu-opiate receptor, plays an important role
in substance use pathophysiology and behavior. As dopamine
activity is upregulated through chronic substance use, kappa
receptor activity, mediated through the peptide dynorphin,
is upregulated in parallel. Dynorphin causes dysphoria and
decreased locomotion, and the upregulation of its activity on
the kappa receptor likely dampens the excitation caused by
increased dopaminergic activity. This feedback mechanism
may have significant clinical implications for treating drug
dependent patients in various stages of their pathology. (AmJ
Addict 2009;18:272-276)

With regard to opiate receptors, research regarding sub-
stance use disorders has predominantly focused on the
p-opiate receptor. Activation of the p-receptor has been
implicated in anti-nocioception by opiates, as well as the
euphoria and sense of reward associated with that class of
drugs, as well as other substances of abuse, like cocaine and
alcohol. Furthermore, treatments for dependence on opiates
generally rely on their ability to compete with drugs of abuse
by either blocking and inactivating the receptor (ie, naltrexone)
or activating it with an attenuated (buprenorphine) or longer-
acting (methadone) substrate that tends to possess less abuse
liability than quicker acting, more potent opioids (heroin,
morphine).

There is growing evidence that the k-opiate receptor, and
its associated peptide dynorphin, may play an important role
in substance dependence as well. During cocaine binges, not
only do dopamine levels rise in the brain, activating dopamine
receptors, but there is a concomitant increase in p and k-
receptor activity as well. Increased «-receptor activation, via
dynorphin, seems to lower dopamine levels.! The increase in
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pre-dynorphin mRNA in response to cocaine binges in rats is
blocked by dopamine receptor antagonists.> Further data from
animal studies indicate a directly proportional relationship
between dopamine levels in the nucleus accumbens, substantia
nigra, and striatum, and tonic dynorphin levels in these
areas. As dopamine receptors are activated in these regions,
dynorphin levels increase. Sivam et al. concluded that chronic
dopaminergic stimulation (via cocaine in this study) was
required to increase dynorphin levels in areas of the brain, and
that acute sporadic use would not increase dynorphin levels
or k-agonism.> When dopamine receptors are blocked by an
antagonist, the increased activation of «-receptors/expression
of dynorphin is also blocked,* an observation found more
consistently with blockade of the dopamine-1 receptor subtype
in relation to the dopamine-2 receptor subtype.*> This
reciprocal increase is noted in the ventral tegmental area as
well, where acute increases in x-receptor activity decrease
dopamine levels in the prefrontal cortex.’ However, k -receptor
activity does not seem to maintain dopamine tonicity in the
prefrontal cortex. Chronically activated « -receptors associated
with decreased dopamine concentrations, reversible upon «-
antagonism, have also been noted in the hypothalamus.®

As dynorphin levels increase (ie, k -receptors are activated),
synaptic dopamine levels decline. Studies show that dynorphin
blocks both the release, and increases the re-uptake, of
dopamine in the synapse. It is apparent that through its
substrate peptide dynorphin, «-receptors function as part of
a negative feedback loop to buffer increases in dopamine
levels, favoring maintaining a steady tonic level. Increased
dopamine levels in the nucleus accumbens, striatum, and
the ventral tegmental area are inherent to the reward and
salience that drive substance dependence. Data from animal
studies suggest that ingestion of alcohol upregulates dopamine
activity.” Alcohol administration has been found to increase
PDYN mRNA expression in ventral and dorsal striatum and
the nucleus accumbens, leading to an increased dynorphin
concentration in these areas. This increase in dynorphin/kappa
activity can last up to 21 days with abstinence.®® Genetic
knockout and pharmacological blockade of the kappa receptor
both lead to enhanced dopamine activity and excretion.!%!!



It is also apparent that increased production of dynorphin
is significantly mediated through upregulation of cAMP
response element binding protein (CREB) in the nucleus
accumbens. ' 13

The clinical importance of the direct association between
activation of k-receptors and dopamine receptors in brain
regions intimately associated with the effects of substance
dependence is manifest when the role and behavior of the «-
receptor is outlined. In addition to antinociceptive properties,
which are mostly limited to attenuating internal visceral pain,
with possibly some effects on thermal pain,'* neuropathic
and inflammatory pain,'® the activation of «-receptors tends
to induce dysphoria'®? and hypokinesis in subjects. Con-
versely, antagonists to the «-receptor tend to cause euthymia
and normalized rate of locomotion, as evidenced by improved
performance in various learned-helplessness models in animal
subjects.>!™2* This makes sense when reflecting that «-
receptors and dynorphin seem to modulate dopamine levels
in the hypothalamus and prefrontal cortex (mood) and the
substania nigra (movement). Moreover, in studying the effects
of prolonged «-agonism in wild mice vs. k-receptor knock-
out mice,'* naltrexone administration precipitated many more
withdrawal symptoms in the wild mice: increased body tremor,
ptosis, jumping, sniffing, diarrhea, and generally higher
withdrawal scores. These results imply that upregulated «-
agonism may be responsible for several aspects of the clinical
experience of human opioid withdrawal, including dysphoria
(aknown k-agonist effect), experience shakes, rhinorrhea, and
diarrhea.

Researchers postulate that excess or chronic consumption
of substances of abuse causes indirect upregulation of the «-
receptor/dynorphin system paralleling the known increase in
dopaminergic stimulation, curbing use of the substances by at-
tenuating the euphoria, reward, and hyperkinesis experienced
by the user. Dynorphin production appears linked to over-
expression of CREB in the nucleus accumbens. Carelezon et al.
demonstrated that conditioned place aversion was generally
noted as CREB levels increase in the nucleus accumbens
in rats chronically exposed to cocaine, and that blocking
the kappa opioid receptor negated this anhedonic effect.?
Negus et al. demonstrated this by showing rhesus monkeys,
addicted to cocaine, would cut down their cocaine self-
administration in response to k-receptor agonism.?® This is
demonstrated in autopsy studies of known cocaine users, who
manifest decreased p-receptor populations in the caudate and
putamen, and significantly increased «-receptor populations
with elevation in expressed dynorphin mRNA, and decreased
dopamine concentration in the same locales.?’ Studies show
that the k-receptor/dynorphin system remains upregulated
several days after subjects cease using drugs of abuse.’
This finding is consistent with the clinical observation that
patients withdrawing from substances of abuse tend to exhibit
dysphoria for several days before gradually moving toward
euthymia.

The clinical assumption is that this persisting kappa
upregulation may be what causes “abstinence syndrome,” the

persisting dysphoria, amotivation, and hypoactivity associated
with early drug withdrawal. Strong evidence regarding this
model has been demonstrated through animal models with
opiates,zg’29 cocaine,'™*%27 alcohol,'%!! and rIlalriju21n21.30'31
Further animal studies show that by antagonizing « -receptors
during states of dysphoria (such as would be seen in early
drug withdrawal) one can alleviate the subjects’ negative affect
without promoting further substance use.>*> However, in one
study of chronic alcohol-consuming mice, administration of a
kappa antagonist did lead to increased alcohol consumption,>?
while in another study kappa antagonist infusion prior to
alcohol consumption in dependent rats resulted in decreased
consumption.>* Zimmer et al. demonstrated that mice lacking
k-receptors were not capable of experiencing the same
conditioned place aversion to high-dose marijuana that wild
type mice exhibit.3?

In theory, a k-receptor antagonist should attenuate early
abstinence symptoms in humans as well. While pure k-
receptor antagonists exist, none has been tested on humans.
Two prior studies’* employed a creative pharmacological
technique to manufacture a «-antagonist from two compounds
with known safety and tolerability to humans: naltrexone
and buprenorphine. While naltrexone is an antagonist at all
three opiate receptors (i, §, and « ), buprenorphine possesses
partial agonism at the pu-receptor, while exhibiting strong
antagonism at the «-receptor.’®3” Specifically, buprenorphine
antagonizes kappa-opiate receptors with a Ki 0.072 nM,3
while naltrexone antagonizes kappa-opiate receptors less
strongly by a couple orders of magnitude, with a Ki of
about 16nM.** Dynorphin A exhibits a Ki of 0.21 nM at
the kappa receptor,*® and should therefore be displaced by
the higher affinity buprenorphine. In theory, by administering
naltrexone at a dose sufficient to block an individual’s mu-
opiate receptors, subsequent administration of buprenorphine
would manifest pure kappa antagonism since buprenorphine’s
mu-receptor agonism would have already been blocked by
the naltrexone. These two studies were both 12-week open-
label studies using a treatment of naltrexone 50 mg plus
buprenorphine 4mg; however Gerra et al. used a control
group maintained on naltrexone 50 mg daily.*> Rothman et al.
demonstrated 38% completion rate among treatment-seeking
heroin addicts and a significant improvement of mood.>*
Gerra et al. demonstrated a 73.3% retention rate among
treatment-seeking heroin addicts in the combination treatment
group vs. 40% retention rate in the naltrexone-only group.
Gerra et al. observed that the combination treatment group
submitted 4.45% morphine positive urine toxicology screens,
and 9.09% cocaine positive screens, while the naltrexone only
group submitted 25% morphine positive and 33.3% cocaine
positive.>> These were statistically significant findings. The
combination of buprenorphine and naltrexone shows promise
as a treatment with improved retention and abstinence over
naltrexone alone.

Mello et al. studied the prevention of reinstatement
of cocaine use in chronically addicted rhesus monkeys,
using naltrexone, buprenorphine, buprenorphine+naltrexone
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(administered simultaneously) and buprenorphine+naltrexone
(buprenorphine given 20 minutes after naltrexone). They
found buprenorphine alone decreased reinstatement back to
cocaine use, naltrexone alone and naltrexone simultaneously
administered with buprenorphine had no efficacy. As for
buprenorphine given after naltrexone, the efficacy was between
that of naltrexone alone and buprenorphine, and was dependent
on the dose of buprenorphine given.*! The authors speculate
that the p-agonism of the buprenorphine was responsible for
the effect of the treatment. However kappa-opiate receptor
antagonism by the buprenorphine may have contributed to the
efficacy of the naltrexone followed by buprenorphine model.

Conversely, it is also postulated that Kappa-opiate receptor
agonists have a potential clinical role in the treatment of
substance dependence. As discussed earlier, kappa receptors
appear to be upregulated in parallel with increased dopamin-
ergic activity during chronic substance use, with the apparent
advantage of dampening down excitation in the hypothalamus
and nucleus accumbens during these behaviors. In fact,
there is significant literature linking this ability to reduce
neural excitation in these areas with anticonvulsant properties,
especially among patients with temporal lobe epilepsy and
strong family histories of the condition.*?

This “braking mechanism” is seemingly mediated through
dynorphin’s activity on the kappa-receptor that tends to
decrease synaptic dopamine levels, and induce psychomotor
retardation and dysphoria, in contrast to the euphoria and
psychomotor stimulation induced by the substances of abuse
via dopamine. Itlogically follows that kappa agonists may have
the potential clinical use of preventing addicts from getting
high and assist them in achieving abstinence. This approach
has been studied in animal and human models, as there are
kappa-opiate receptor agonists approved for use in humans.
The results have been mixed, as there are questions regarding
the tolerability and efficacy of this class of medications.

Kappa opiate receptor agonists have held promise for
the field of pain management as they apparently have
antinociceptive properties and lack the abuse liability of mu-
receptor agonists.*> However, at doses high enough for pain
control, several troubling side effects emerge. Many studies
demonstrate weakness, sweating, fatigue, vertigo, dizziness,
lightheadedness and other aversive symptoms caused by kappa
agonists.*>”* Kappa agonists also induce dose-dependent
mental status changes, ranging from anxiety, mood lability, dis-
turbances of time and space, depersonalization/derealization,
to frank visual disturbances described as pulsating waves
in inanimate objects, and the sensation of melting into the
floor.*?”** In a study of rats, the kappa agonist U50,488 dose-
dependently reduced prepulse inhibition to auditory gating, a
hypothesized model for psychotic thought disorder.*> A natu-
rally occurring kappa-receptor agonist, Salvinorin A, is found
in the plant Salvia divinorum, a mint found only in the Oaxaca
region of Mexico, and used by indigenous people in religious
ceremonies.*® It has known hallucinogenic properties, similar
to those described above, and its only active ingredient is
the kappa agonist. It is the only known hallucinogen to act
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via this mechanism.*’ It is also hypothesized that postictal
psychosis may be caused in part by acute upregulation of
kappa activity as a by-product of a physiological attempt to
create seizure control via dynorphin activity.*? Lastly, kappa-
receptor agonists are potent diuretics in animals and humans;
they act by increasing free-water output while not increasing
electrolyte excretion, thereby significantly lowering the urine’s
osmolality. #4770

Kappa agonists have demonstrated inconsistent efficacy
in substance use models. Negus et al. demonstrated that the
kappa agonists ethylketocyclazocine (EKC) and U50,488 both
significantly reduced self-administration of cocaine by rhesus
monkeys at the peak of the cocaine dose-effect curve.?® The
monkeys were administered the treatments multiple times
daily over ten days without developing tolerance to the
kappa agonist’s apparent reduction of preference for cocaine.
However, individual monkeys also developed aversion to
their food as well as cocaine, more often during treatment
with U50,488 than EKC. They also developed emesis and
sedation, but grew tolerant to these effects rapidly. Suzuki et
al. demonstrated that the kappa agonist U50,488 was able to
attenuate preference for morphine in cocaine discriminative
rats at a significantly lower dose (2—4 mg/kg) than that
required to attenuate preference for cocaine (8 mg/kg), which
they say is consistent with other studies.’! Using a novel
kappa agonist, TRK-820, Hasebe et al. demonstrated that the
kappa agonist significantly decreased reward from cocaine
and morphine in a rat model.”> Walsh et al. tested whether
the kappa agonist enadoline would reduce self-administration
of cocaine in humans.>® At rather large doses (80 mcg/kg),
enadoline seemed to mildly reduce the pleasure derived
from acute administration of cocaine, but it had no effect
on reducing self-administration. However, this study demon-
strated that this relatively high dose was well tolerated by
human subjects, even when concomitantly administered with
cocaine.>

Another potential therapeutic application for kappa agonists
may be in the treatment of mania. Cohen and Murphy demon-
strated significant and rapid reduction of manic symptoms
using two doses of intramuscular pentazocine two hours
apart.>* Psychosis and dysphoria were not observed side
effects. In light of the fact that 14-65% of patients in a
treatment setting for bipolar disorder have a drug use disorder,
compared to 6-14% of the general population® and 56%
of patients diagnosed with bipolar disorder have a lifetime
substance use disorder,”® kappa-agonist therapy may hold
promise as a unique treatment in this population.

Kappa agonists also have been studied in models of alcohol
consumption. Acute kappa agonist treatment, presumably by
counteracting dopamine reward, decreased ethanol consump-
tion in rats.” Chronic exposure to a kappa agonist during a
period of abstinence was associated with increased alcohol
consumption in rats.’® In a model of current abuse, kappa
agonists can decrease alcohol consumption, while in a model
of recent abstinence the kappa-induced dysphoria may trigger
relapse.
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The hypothesized feedback loop of an upregulated kappa
agonist response to the dopaminergic stimulation by sub-
stances of abuse is not only interesting from a physiological
standpoint, but seems to hold significant clinical promise. In
the model, when chronic users are removed from their drug
supply, unopposed kappa agonism leads to a state of dysphoria
and lethargy, known as “abstinence syndrome.” The addition of
akappareceptor antagonist may allay some of these symptoms,
allowing for a smoother and more attainable detoxification.

According to the ECA study, 18% of people with a history
of major depressive disorder also have a lifetime drug use
disorder. Furthermore, having a drug use disorders makes one
nearly five times more likely than those without one to have
a major depressive episode.’® Animal experiments suggest
kappa antagonists may possess antidepressant-like effects.
With k-receptor antagonism seemingly able to ameliorate
withdrawal dysphoria in several substances of abuse, there
is speculation that this process may have application in
the treatment of polysubstance use disorders with comorbid
depressive disorders,’">° a particularly challenging clinical
constellation.
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