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Abstract Oxycodone has become
one of the most popular opioids in
the United States. It is superior to
morphine in oral absorption and bio-
availability, and similar in terms of
protein binding and lipophilicity.
Gender more than age influences
oxycodone elimination. Unlike mor-
phine, oxycodone is metabolized by
the cytochrome isoenzyme CYP2D6,
which is severely impaired by liver
dysfunction. Controlled-release (CR)
oxycodone has become one of the
most frequently utilized sustained-
release opioids in the United States.
Both its analgesic benefits and its
side effects are similar to those of
CR morphine. CR oxycodone is sim-
ilar to morphine and other opioids in
its abuse potential. Deaths attribut-
able to oxycodone are usually asso-

ciated with polysubstance abuse in
which oxycodone is combined with
psychostimulants, other opioids,
benzodiazepines or alcohol. Oxyco-
done’s kappa receptor binding has
little role in abuse or addiction. The
cost of CR oxycodone is prohibitive
for most American hospices.
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Normal-release and controlled-release 
oxycodone: pharmacokinetics, 
pharmacodynamics, and controversy

Introduction

Oxycodone (14-hydroxy-7, 8-dihydrocodeinone) has
been in use for over 80 years and it has become a leading
opioid in the United States. It has different pharmacoki-
netics and opioid-receptor binding characteristics from
morphine. Recently controlled-release (CR) oxycodone
has been developed with the aim of providing analgesia
in a similar manner to normal-release (NR) oxycodone
but with improved compliance as it needs to be taken on-
ly twice to three times daily. CR oxycodone’s popularity
is unprecedented, and it has recently become the most
commonly used controlled-release opioid in the United
States. CR oxycodone has also become the most com-
monly abused opioid in certain parts of the United States
and has been associated with a significant number of

drug deaths. Owing to changing prescribing habits a re-
view of oxycodone’s unique pharmacokinetics and phar-
macodynamics and a discussion on its economic impact
in the United States, its addiction potential, and its use in
American hospices would be in order.

Pharmacokinetics

Oxycodone oral bioavailability in humans is 60% (range
87–50%) [1, 2, 3]. The terminal elimination half-life is
independent of dose, with modest inter-individual differ-
ences. The bioavailability and peak plasma concentra-
tions of normal-release oxycodone (NR oxycodone) are
altered by consumption of high-fat meals. The mean area
under the curve (AUC) is estimated to be 120%
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ministration of sub-antinociceptive doses of oxycodone
and morphine in SD rats results in much more pro-
nounced antinociception than does either alone and is
also associated with less sedation than equianalgesic
doses of either opioid alone [13]. Kappa receptor ago-
nists injected intraspinally do not produce analgesia in
the case of allodynia induced in rodents, in contrast to
mu and delta agonists [14]. Kappa opioids microinjected
into the periaqueductal gray or ventromedial medulla an-
tagonize the analgesia of mu opioids. This may occur
through competitive serotonergic neuron interactions.
Systemic oxycodone combined with morphine could the-
oretically improve analgesia and reduce sedation. How-
ever, intraspinal oxycodone can antagonize morphine
and appears to be much less effective than morphine as a
single agent [15, 16].

Pharmacology of CR oxycodone

Unlike NR oxycodone, CR oxycodone is absorbed in a
bi-exponential fashion. There is a rapid phase with a
mean half-life of 37 min, accounting for 38% of the
dose, and a slow phase with a half-life of 6.2 h, which
accounts for the residual 62% [17]. Overall, oral bio-
availability is equivalent to that of NR oxycodone [15].
The time to maximum concentration is 3.2±2.2 h for CR
oxycodone and 1.4±0.7 h for NR oxycodone. The medi-
an ratios of oxycodone to noroxycodone and oxycodone
to oxymorphone determined 5 h after administration of
CR oxycodone are 1:1.1 and 35:1, respectively [18]. Be-
sides T-max, there are no pharmacokinetic differences
between equivalent doses of NR oxycodone and CR oxy-
codone [19, 20]. Unlike those of NR oxycodone, the 
C-max is not significantly delayed and the AUC of CR
oxycodone is not significantly modified by food [4].
Women and the elderly have the largest AUC for CR
oxycodone, the lowest oxymorphone levels, and the
highest drug effect [12]. Female subjects irrespective of
age have a 41% greater AUC for oxycodone. The young
and men have the largest oxymorphone AUC and the
smallest drug effect [10, 12]. Compared with men, wom-
en have a mean C-max 35% higher [12]. Analgesic re-
sponse was not combined with pharmacokinetics in this
study [12]. The pharmacokinetics of two 10-mg tablets
of CR oxycodone is equivalent to that of one 20-mg CR
oxycodone tablet [17]. CR oxycodone has a different bi-
exponential absorption pattern than CR morphine.

Oxycodone in uremia and hepatic failure

Oxycodone elimination is impaired with renal failure be-
cause there are both an increased volume of distribution
and reduced clearance. Delayed clearance results in
smaller quantities of oxycodone, noroxycodone and free
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(109–132%) relative to fasting, and the maximum con-
centration (C-max) is decreased to 82% (47–91%) by a
high-fat meal, implying delayed absorption but improved
bioavailability [4]. Absorption of NR oxycodone is
mono-exponential. The time to maximum serum concen-
trations (T-max) is 1 h, and the mean half-life by single-
dose pharmacokinetics is 3.5–5.65 h, which is slightly
longer than that of morphine [1, 5]. The mean lag time
from oral administration to pharmacodynamic effect (an-
algesia) is 0.52±0.33 h [5]. The half-life is not influ-
enced by the route of administration (intravenous, rectal
or oral) [6, 7]. At physiological pH and temperature, in
vitro serum protein binding is 38–45%, as against 85%
for fentanyl and 35% for morphine [8]. Protein binding
is predominantly to albumin and is not dose dependent.
Oxycodone’s physicochemical properties, liposolubility,
and protein binding are similar to those of morphine [9].

Oxycodone is subject to hepatic first-pass effects. It is
not known whether there is intestinal metabolism. Oxyco-
done is metabolized by the liver to oxymorphone through
O-demethylation by the cytochrome P450 enzyme
CYP2D6 and to the dominant nonactive metabolite
through N-demethylation to noroxycodone. Oxymorphone
accounts for only 10% of oxycodone metabolites, even
though it is a potent analgesic (14 times as potent as oxy-
codone) [10]. Depending on the conversion ratio used for
oxycodone to morphine it may be 7–10 times as potent as
morphine. Blocking CYP2D6 inhibits oxymorphone syn-
thesis (i.e. quinidine) but does not alter oxycodone analge-
sia. Oxycodone, but not oxymorphone, appears to be re-
sponsible for both side effects and analgesia [8, 9]. The re-
lationship between CYP2D6 phenotype and oxycodone
analgesia has not otherwise been fully assessed. Noroxy-
codone, the major metabolite, is excreted unchanged in
the urine. Most of oxymorphone is excreted in the urine as
a conjugate. Over a 24-h period only 8–14% of the oxyco-
done is excreted as free or unconjugated metabolite, as ob-
served in multiple-dose pharmacokinetic studies. Renal
clearance of noroxycodone is higher than that of oxyco-
done [11]. Gender, but not age, influences oxycodone
elimination, as reported in one reference. Women elimi-
nate oxycodone 25% more slowly than men [12].

In summary, oxycodone’s protein binding and lipophil-
ic characteristics resemble those of morphine. Its half-life
is slightly longer and its bioavailability greater than mor-
phine. Oxycodone differs from morphine in that its main
metabolite is not an analgesic. Another point of difference
is that morphine is glucuronidated, while oxycodone is
predominantly metabolized by the cytochrome CYP2D6.

Pharmacodynamics

Studies involving Sprague-Dawley (SD) rats demon-
strate that part of the antinociceptive effects of oxyco-
done is mediated by kappa-opioid receptors [13]. Co-ad-



Intranasal, sublingual, and intraspinal oxycodone

Intranasal oxycodone has a bioavailability of 46% and a
median time to maximum concentration of 25 min [25].
Oxycodone is poorly absorbed sublingually, resembling
morphine in this. Oxycodone potency is only 10% of mor-
phine when given by neuroaxis infusion [3]. This is relat-
ed to pharmacodynamic differences between mu and kap-
pa receptors as well as spinal kappa receptor distribution.

Relative potency of CR oxycodone and CR morphine

In a randomized double-blind crossover trial, patients
with stable cancer pain required a median total daily
oxycodone dose of 148±18 mg and a median morphine
dose of 204±24 mg (ratio 1:1.7) [18]. Eleven of the 27
were female, and the mean age was 60 in this study. A
second randomized controlled trial with crossover design
found a oxycodone-to-morphine dose ratio of 1:1.5 and a
maximum ratio was 1:2.3, presumed to be due to large
inter-individual variations in morphine bioavailability
[26]. In a double-blind randomized controlled trial in ad-
vanced cancer patients the oxycodone-to-morphine ratio
was 2:3 when morphine preceded oxycodone and 3:4
when oxycodone was the initial opioid [27]. In a trial re-
ported by Glare, comparing NR morphine with NR oxy-
codone, the oxycodone-to-morphine relative milligram
potency ratio was 1:1 [28, 29]. Curtis found a relative
potency of 1:1.8 (CR oxycodone to CR morphine) with a
confidence interval of 1.09–2.42. CR oxycodone was 2.2
times as potent for peak effect (95% confidence intervals
of 0.962–4.49). The wide confidence intervals reflect the
wide inter-individual variability of absorption of mor-
phine and secondarily to the order of opioid administra-
tion [30]. Gender differences in the elimination of oxy-
codone may also have a role. The oral bioavailability of
morphine can range between 15–64% [31]. The wide
variability of oral morphine bioavailability, unequal in-
complete cross-tolerance depending upon drug sequence
and delayed oxycodone clearance in women account for
bioequivalent ratios between 1:1 and 2.3:1.

Unequal incomplete cross-tolerance 
and equianalgesic dose ratios: 
morphine and oxycodone

The trial reported by Heiskanen found bidirectional dif-
ferences in morphine-to-oxycodone equivalents. The ra-
tio of morphine to oxycodone was 1.5:1 if the patient
was converted from CR morphine to CR oxycodone, and
1.33 to 1 with conversion from CR oxycodone to CR
morphine, indicating less cross-tolerance with a switch
from morphine to oxycodone than with one from oxyco-
done to morphine [27]. Anderson et al. recommended a
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unconjugated oxymorphone elimination [21]. Both NR
oxycodone and CR oxycodone doses theoretically need
to be reduced in the face of renal failure, though further
studies are necessary.

The mean elimination half-life of oxycodone in end-
stage liver disease is 13.9 h (range 4.6–24.4 h). After liv-
er transplant it returns to 3.4 h (range 2.6–5.1 h) [22].
Therefore, care must be exercised when oxycodone is
used in cirrhosis or end-stage liver disease, and it is nec-
essary either to reduce doses or to extend dose intervals.

Routes of administration

Rectal

The mean elimination half-life of rectal oxycodone is
5.4 h (± 1.19 h), and the AUC is equivalent to that fol-
lowing oral administration [6, 7]. The mean absorption
lag time is slightly longer than that of oral oxycodone
(0.52–0.76 h) [6, 7]. Bioavailability of rectal oxycodone
is 61.6±30.2%, which is the same as for oral oxycodone
[7, 23]. Rectal oxycodone does not differ from oral oxy-
codone in half-life, volume of distribution, and clearance
rates. The duration of analgesia provided by oxycodone
in a pectinate plus fatty acid suppository is 8 h [23].
Small variations in suppository placement within the rec-
tum result in variable partial avoidance of hepatic metab-
olism and change oxycodone pharmacokinetics [23].
Rectal bioavailability can be assumed to be equivalent to
oral despite minor differences in pharmacokinetics.

Intramuscular and intravenous oxycodone

Intravenous oxycodone doubles the mean normalized
AUC relative to oral [6]. The mean elimination half-life
is 3.4–5.45 h and does not differ from oral or rectal oxy-
codone [6, 7]. The C-max of intramuscular oxycodone is
1 h [1, 2, 5, 23]. Less noroxycodone is produced after
parenteral administration, since hepatic metabolism is
avoided, and the effect is similar to that of morphine and
morphine-conjugated metabolites [5]. Renal clearance is
the same as after oral oxycodone. The time required to
achieve a 25% reduction in clinical pain after intrave-
nous oxycodone, as measured by visual analogue scores
(VAS), is 5–8 min, as against 0.5–2 h after oral or rectal
oxycodone [1, 2, 23]. The relative potency of parenteral
oxycodone is 70% that of morphine [1, 2, 24]. Like mor-
phine plasma levels, plasma oxycodone levels do not
correlate with pain intensity as measured by VAS [23].
The incidence of side effects may be greater with intra-
venous oxycodone than with oral oxycodone [6].



Oxycodone in chronic nonmalignant pain

Oxycodone is an effective analgesic for steady pain, par-
oxysmal spontaneous pain, and allodynia associated with
postherpetic neuralgia [40]. Both NR oxycodone and CR
oxycodone have been used for chronic nonmalignant low
back pain. Pain intensity decreases in most patients with
oxycodone. Daily oxycodone doses were 40 mg or less
in 68% in one study [41]. Oxycodone either at set doses
or titrated to pain relief is superior to naproxen in this
population. Mood improvement occurs with oxycodone,
but activities and sleep disturbances are unaffected [42].
Patients with chronic low back pain titrated on either CR
or NR oxycodone will obtain stable pain control in 87%
of cases with CR oxycodone and in 96% with NR oxyco-
done [34].

Oxycodone significantly reduces arthritic pain associ-
ated with rheumatic disease as measured by unidimen-
sional visual analogue scales. Pain was reduced from 8.2
to 3.6 in one study. Increased opioid abuse was not seen
in these well-screened patients. Mild side effects were
seen in 38%, consisting of nausea, dyspepsia, constipa-
tion and sedation [43]. Adults with severe osteoarthritis
and severe chronic pain while taking nonsteroidal anti-
inflammatory drugs benefit from CR oxycodone or NR
oxycodone plus acetaminophen more than from placebo.
Pain intensity was diminished significantly with oxyco-
done (either CR or NR oxycodone plus acetaminophen)
and sleep quality improved. The mean daily dose of oxy-
codone was 40 mg [44]. In a three-way randomized dou-
ble-blind controlled trial, patients who had had severe
osteoarthritis pain for at least 1 month were randomized
to receive placebo, or either 10 mg or 20 mg CR oxyco-
done every 12 h. Pain was significantly improved with
oxycodone. Patients with a history of substance abuse
were excluded from the study. Patients also continued to
take stable doses of nonsteroidal anti-inflammatory
drugs during the trial. CR oxycodone 20 mg twice daily
in addition reduced pain intensity significantly better
than NSAID alone and diminished the extent to which
pain interfered with mood, sleep, and enjoyment of life
[45]. Approximately two-thirds of individuals with ar-
thritic pain experienced gastrointestinal side effects, in-
cluding nausea, vomiting and constipation (which are
dose related), and central nervous system side effects
(somnolence, dizziness and headaches), which were not
dose related. Single-agent oxycodone reduces postopera-
tive pain [46, 47, 48]. Many of the studies cited here
were supported by the manufacturer.

Oxycodone drug interactions

Visual hallucinations and tremors have been reported
with oxycodone dose titration on stable doses of sertra-
line [49]. Fluoxetine and its metabolite norfluoxetine in-
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morphine-to-oxycodone ratio of 2:1 for a switch from
morphine to oxycodone and a ratio of 1:1 for a switch
from oxycodone to morphine [24]. Studies of Dark
Agouti rats rendered completely antinociceptive tolerant
to either morphine or oxycodone demonstrate differences
in analgesic cross-tolerance depending upon the se-
quence of opioid conversion. There was little analgesic
cross-tolerance with switches from parenteral morphine
to oxycodone (24%). A high degree of cross-tolerance
occurs with switches from parenteral oxycodone to mor-
phine (74%) [32]. This is attributable to the combination
of oxycodone’s kappa opioid receptor binding, which
differs from morphine and the mu receptor binding by
the parent drug oxycodone or metabolite.

Side effects of oxycodone

Side effects of oxycodone are similar to those of mor-
phine except that fewer opioid-induced hallucinations
are associated with oxycodone. Morphine causes more
nausea, and oxycodone more constipation [26, 27, 30].
The most common side effects are drowsiness, light-
headedness, nausea, vomiting, pruritis, constipation, and
sweating accompanied by hot flashes [23].

Oxycodone in cancer pain

CR oxycodone every 12 h is as effective as NR oxyco-
done in moderate to severe cancer pain, with fewer ad-
verse events [33]. CR oxycodone offers the convenience
of twice-daily dosing. Among cancer patients 85%
achieve stable analgesia with oxycodone, 92% with CR
oxycodone, and 79% with NR oxycodone [34]. Thirty-
three percent discontinue either NR or CR oxycodone
due to side effects [35, 36]. An increase or decrease in
doses will be required at least once in 84% of patients
during a 3-month interval. Half of the patients need to
use NR oxycodone daily for breakthrough. The median
number of breakthrough NR oxycodone doses needed
per day during CR oxycodone medication is 1.4 [37]. CR
oxycodone produces similar rates of analgesia to CR
morphine [18]. CR oxycodone produces analgesia equiv-
alent to that yielded by CR hydromorphone when an
equianalgesic dose ratio of 4:1 is utilized [38]. Oxyco-
done relieves pain as a second-line opioid without over-
lapping neurotoxicity when patients experience mor-
phine-associated delirium [39]. Addiction potential has
not been assessed in the advanced cancer population,
though it is generally stated not to differ from morphine
[3].
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hibit CYP2D6 and prevent O-demethylation of oxyco-
done to oxymorphone, which may lead to higher plasma
oxycodone levels and toxicity [50]. Presumably sertra-
line does the same. Oxycodone may theoretically interact
with amitriptyline through CYP2D6, but clinically this
does not occur [12]. Oxycodone does not reduce the bio-
availability of levofloxacin, in contrast to morphine [51].
Oxycodone decreases the bioavailability of cyclosporine
[52]. Rifampin increases oxycodone clearance, and ri-
tonavir delays oxycodone clearance, as does quinidine,
presumably through inhibition of CYP2D6 [52, 53].

In summary, the analgesia yielded by oxycodone and
its side effects are potentiated by certain SSRIs. Patients
receiving oxycodone while taking cyclosporine may re-
quire increasing doses of cyclosporine. Patients receiving
ritonavir for HIV infections may require dose reduction.

Finances and CR oxycodone: fad, fatality, and facts

The medical use of opioids within the United States in-
creased 400% from 1996 through 2000 [54]. The follow-
ing four opioids together make up 86% of the present
market share (1) NR hydromorphone, (2) CR morphine,
(3) transdermal fentanyl, (4) CR oxycodone. The aver-
age daily cost for each in equianalgesic doses is (1)
$5.84, (2) $8.24, (3) $10.87, and (4) $15.86, respective-
ly, assuming a morphine-to-oxycodone ratio of 1.2:1 and
a morphine-to-hydromorphone ratio of 6.2:1 [54]. With
the exception of CR oxycodone, each opioid has lost a
percentage of its relative market share. CR oxycodone’s
market share grew from 10% in 1996 to 53% in 2000,
representing a 2,137% increase in total dollar sales. Rel-
ative market share percentages dropped by 20–33% for
the other opioids [54] (Figs. 1, 2, 3). 

The interest in CR oxycodone has led to increasing
sales and abuse. West Virginia spent 4.6 million dollars
on CR oxycodone for Medicaid patients [55]. Much of
the market share of CR oxycodone was for chronic non-
malignant pain and was prescribed by practitioners who
were not usual opioid prescribers and not screening pa-
tients for a history of drug abuse. This practice was en-
couraged by FDA approval of CR oxycodone for chronic
moderate to severe pain in 1995 [56]. As a result of in-
creasing availability, CR oxycodone became the opioid
of choice for both users and abusers of drugs [57]. A 30-
day prescription of 40 mg CR oxycodone costs Medicaid
or privately insured patients from $1 to $35 in co-pay-
ments; however, one tablet will sell for $40 “on the
street” [58]. CR oxycodone and CR morphine have al-
most the same wax matrix, but drug abusers can extract
oxycodone by chewing tablets, crushing the matrix and
snorting the powder or dissolving the extract in water
and rapidly injecting the dissolved drug [56]. As a result
of the rapid rise of CR oxycodone drug abuse, disgrun-
tled users and their relatives have filed a 5.2 billion dol-
lar class-action suit against Purdue Pharma, claiming
that the company failed to warn consumers about the
“unique” addiction potential of CR oxycodone [58]. Re-
ported deaths associated with CR oxycodone rose by
93% between 1997 and 1998. In 2000, 291 CR-oxyco-
done-related deaths occurred in Kentucky, West Virginia
and Virginia alone [55]. However, most oxycodone-relat-
ed case fatalities were associated with polysubstance
abuse. High concentrations of benzodiazepines, alcohol,
methamphetamines or other opioids were found with
oxycodone [59]. Purdue Pharma halted the development
of a 160-mg CR oxycodone tablet and is working with
the FDA to prevent abuse and collaborating by sending
letters of warning about potential abuse and diversion to
physicians prescribing CR oxycodone [56, 58]. The CR
oxycodone controversy may signal an unfortunate shift
in the public attitude to the treatment of chronic pain.
This may affect some 50 million Americans with chronic
pain. Although only 25% are adequately treated, there

Fig. 1 Total annual opioid sales (US $ 000) in the United States of
America, showing 400% increase in utilization over 5 years

Fig. 2 US market shares of in-
dividual opioids in 1996 (MS sr
morphine sulfate, sustained re-
lease, MS ir morphine sulfate,
immediate release, tts transder-
mal, sr sustained release, ir im-
mediate release, H morphone
hydromorphone)

Fig. 3 US market shares of individual opioids in 2000



has been a vast improvement in pain management in re-
cent years. The negative attitude generated by the CR
oxycodone controversy may offset recent gains in appro-
priate pain management [60].

Addiction and oxycodone

Many addicts are polysubstance abusers. The severity of
addiction symptoms and behaviors correlates with multi-
ple drug abuse [61]. The principal common neurophysio-
logical pathway to addiction is the mesolimbic dopamine
system, which extends from the ventral tegmentum to
the nucleus accumbens and projects into both the meso-
limbic and the orbitofrontal cortex. This pathway is asso-
ciated with pleasure, which reinforces behavior [62].
Psychostimulants, alcohol, opioids, nicotine, and perhaps
cannabinoids facilitate dopamine neurotransmission in
the nucleus accumbens [61]. Therefore, it is unlikely that
the particulars of CR oxycodone, i.e. (1) matrix, (2) me-
tabolism through CYP2D6, or (3) bi-exponential phar-
macokinetics, account for abuse potential [62]. Diversion
and abuse is not related to the form of CR-oxycodone,
since most abuse involves destroying the controlled-re-
lease delivery system [62]. Many controlled trials of CR
oxycodone for chronic nonmalignant pain required
screening for substance abuse and involved experts who
understood pain management and could recognize both
addictive behavior and risk. These studies found that
oxycodone in any form did not produce more psychoso-
cial dependence or have greater abuse potential than oth-
er opioids. The addiction prevalence in the United States
is 6–15%, and any highly available opioid will be sought
by this small fraction of the general population [62]. The
problem is not just marketing, but also lies with physi-
cians who (1) do not assess the continuum of risks of ad-
diction and (2) do not assess the psychosocial conditions,
situation and subculture of patients to judge the risk of
diversion [60]. Patients at risk for addiction or with a
history of substance abuse need to have their pain man-
aged in a structured setting with limited prescription, fre-
quent visits, accountability and pain contracts in order to
treat pain, impede abuse and prevent drug diversion [62].

Does oxycodone’s kappa receptor binding 
contribute to addiction risk? 

Oxycodone is a kappa and mu agonist, and its metabolite,
oxymorphone, is a pure mu receptor agonist. Mu and
kappa opioid agonist produce different and sometimes
opposite pharmacodynamic effects. Pentazocine, a partial
mu and kappa agonist, was synthesized in an attempt to
develop an analgesic with little or no abuse potential [63].
Autoradiography and ligand binding of dopamine-3 (D3)
and kappa opioid receptors in cocaine overdose victims
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demonstrate a one- to three-fold increase in D3-binding
sites and a two-fold increase in nucleus accumbens and
corticolimbic kappa opioid-binding sites. Amygdala kap-
pa receptors were up-regulated in patients who had pre-
terminal hyperalert delirium associated with cocaine [64].
Mesolimbic and nucleus accumbens dopaminergic neuro-
transmission is dampened by dynorphin binding to nucle-
us accumbens kappa1 opioid receptors [65, 66]. Kappa re-
ceptor agonists are aversive to alcohol consumption in ro-
dents [67]. Kappa agonists inhibit the reinforcing behav-
ior of morphine in animals by inhibiting mesolimbic and
nucleus accumbens dopaminergic neurotransmission [68,
69, 70]. Kappa agonists inhibit nicotine-induced dopa-
mine release from the nucleus accumbens in animals
[71]. Kappa agonists suppress amphetamine-facilitated
release of both dopamine and glutamine from the ventral
striatum and decrease amphetamine-related behavior in
rodents [72]. Kappa agonists extinguish rodent cocaine-
seeking behavior. This may occur through opposing influ-
ences on a common serotonin transporter rather than on a
common dopamine transporter. Kappa agonists increase
the adenosine 3′, 5′, monophosphate response element
binding proteins, thereby reducing the reinforcement be-
havior of cocaine [73, 74]. Others postulate kappa-in-
duced downward modulation of dopamine neurotransmis-
sion, which dampens cocaine-associated behavior [75,
76, 77]. It is unlikely that oxycodone kappa receptor
binding contributes to addiction, and the mu- receptor
binding of the parent drug and/or metabolite is responsi-
ble for drug-seeking behavior in susceptible individuals.
Pharmacodynamically, NR, oxycodone, and CR oxyco-
done are unlikely to be more addictive than other mu opi-
oid receptor agonists (Table 1).

CR oxycodone and palliative medicine

How frequently is CR oxycodone needed for palliation
in patients with advanced cancer? In our own experience
of 115 opioid-treated patients, 18% required opioid rota-
tion. Rotations to oxycodone occurred in 3 of the 21 in-
dividuals [78]. The infrequent use of oxycodone in our
acute inpatient palliative medicine unit is related in part
to the high cost of CR oxycodone. This is problematic
for American hospice organizations, given the per diem

Table 1 Kappa receptor agonists in nucleus accumbens

I Dampens dopaminergic neurotransmission through 
dynorphin binding to kappa receptors

II Reduces alcohol consumption in rodents
III Reduces reinforcement behavior of morphine 

and dopamine neurotransmission in rodents
IV Reduces amphetamine- and cocaine-related behavior 

and dopamine release in rodents
V Inhibits nicotine-induced dopamine release



90

capitated reimbursement. The economics of CR oxyco-
done is a larger disincentive than its addictive potential.

Conclusions

In summary, oxycodone is an active potent opioid, which
is in part a kappa receptor agonist. The pharmacokinetics
are altered by gender, less by age, and significantly by re-
duced renal and hepatic function. Oral equianalgesic ra-
tios of oxycodone to morphine range from 1:1 to 1:2.3 as
a result of significant inter-individual differences in oral
morphine bioavailability and unequal non-cross-tolerance
and of gender differences in the metabolism of oxyco-
done. Rectal and oral oxycodone have the same bioavail-
ability. CR oxycodone has bi-exponential pharmacokinet-
ics and less variable absorption than CR morphine. Its

side effect profile and efficacy are equivalent to those of
CR morphine in the treatment of cancer pain and is used
as second-line treatment in the presence of morphine-in-
duced neurotoxicity. The unequal bidirectional non-cross-
tolerance between morphine and oxycodone favors the
initial use of morphine. Most CR oxycodone abusers de-
stroy the drug delivery system. Fatalities associated with
oxycodone are usually associated with multiple substance
abuse, and only a minority to oxycodone alone. The rise
in abuse of CR oxycodone is related to market share and
prescription by inexperienced physicians. CR oxycodone
is not more addictive than morphine. The cost of CR oxy-
codone is prohibitive for most hospices, where a capita-
ted budget usually has to be adhered to.
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