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Abstract
Background—Opioid neurotransmission mediates hedonic value of sweet tastants; their intake
may be exaggerated by the consumption of exogenous opioids (e.g., opioid dependence). Sweet
Taste Test (STT) is a validated quantitative instrument assessing taste perception and hedonic
features of sugar (sucrose) using a randomized and double-blind administration at five different
sucrose concentrations ranging from 0.05 to 0.83 M.

Methods—The STT and cue-induced craving procedure were administered to opioid dependent
patients (n=15) before and one week after the injection of a long-acting depot-naltrexone (XRNT)
preparation.

Results—Analyses of covariance, employing sucrose concentration and its perceived taste as
covariates, showed that XRNT therapy significantly reduced the self-reported hedonic and
motivational characteristics of sucrose. Greater reductions in both these characteristics were
associated with more diminution in the cue-induced opioid craving.

Conclusions—Opioid antagonism in opioid dependent subjects leads to a smaller sweet taste
reward, which, in turn, may be proportional to decreased opioid craving. These pilot results
support the heuristic value of the STT as a potential marker of the XRNT treatment response and
call for further inquiry into potential clinical applications of the test.
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Introduction
Sugar is the main source of energy throughout the central nervous system (CNS) that is
neither stored nor is produced there, making procurement of sweet tasting and presumably
sugar-containing foods essential for survival. This is in part accomplished via opioidergic
neurotransmission within the scattered network of the brain reward regions mediating
hedonic impacts of sweet and palatable foods (Berridge and Robinson 2003; Berthoud 2003;
Kelley et al. 2002; Pecina et al. 2003; Will et al. 2004). Observations in opioid-dependent
animals and humans that are maintained on an opioid agonist, methadone, suggest that
exogenous opioid intake enhances the overall opioidergic output and may lead to an
exaggerated preference for sugar-rich foodstuffs (Nolan and Scagnelli 2007; Pecina and
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Smith 2010; Sadava et al. 1997; Shin et al. 2010; Stromberg et al. 1997). It is therefore
reasonable to expect that opioid antagonism would be conversely associated with a
diminished sweet food preference in opioid dependence, but such an effect has not yet been
demonstrated.

One way to address this issue is via the Sweet Taste Test (STT), which is a validated
procedure involving collection of subjective self-reports on hedonic and motivational value
of sucrose (i.e., table sugar comprised of glucose and fructose), administered at various
concentrations in a randomized and double blind fashion (Kampov-Polevoy et al. 1997).
Several lines of evidence suggest STT’s usefulness for the assessment of opioid antagonism
effects on the sweet taste processing in opioid dependence. In mentally healthy subjects, a μ-
opioid antagonist, naltrexone, acutely reduced subjective pleasurable experience normally
produced by the sweet taste (Arbisi et al. 1999). From a clinical perspective, in patients with
alcohol dependence, where the opioid system is critically implicated (Hillemacher et al.
2011) including allelic variations in specific opioid genes, for example OPRM1 (Oslin et al.
2003), STT performance predicted naltrexone effects on the brain responses to alcohol cues
(Myrick et al. 2008) along with longitudinal treatment outcomes (Laaksonen et al. 2011).

Here we evaluated the effects of the depot-naltrexone (XRNT) opioid blockade on sugar
reward by comparing STT ratings in opioid-dependent patients before and after the XRNT
injection. The XR preparation was recently approved by the Food and Drug Administration
for the treatment of opioid dependence (Krupitsky and Blokhina 2010). The major
therapeutic advantage of the monthly injections over the daily oral intake lies in the
improved compliance profile (Hulse et al. 2009; Lobmaier et al. 2008; Lobmaier et al. 2010)
and in the alleviation of the subjective expectancy of potential drug effects, that is to say,
craving (Childress et al. 1986; Krupitsky and Blokhina 2010; Wilson et al. 2004). We
hypothesized that XRNT opioid antagonism would be associated with a reduced reward
value of the sweet solutions. Additionally, given the prior alcohol data (Garbutt et al. 2009;
Myrick et al. 2008), in conjunction with the conspicuous overlap (Carr 2002; Elman et al.
2006; Grigson 2002) between the homeostatic system involved in the processing of caloric
balance and in the motivational circuitry engaged by addictive drugs, we explored a
potential relationship between XRNT-induced changes in the STT parameters and subjective
craving evoked by visual drug-related cues.

Methods
The study protocol was approved by the Institutional Review Boards of the University of
Pennsylvania and the City of Philadelphia. Participants were 15 (2F) daily intravenous
opioid users, 34.3 ± Standard Deviation (SD) = 8.2 years of age, who met the Diagnostic
and Statistical Manual of Mental Disorders Fourth Edition, Text Revision (DSM-IV-TR)
criteria for opioid dependence and selected XRNT among several options for court-
mandated drug treatment in the Philadelphia court system (Cornish et al. 1997). Written
informed consent was obtained after complete description of the study to the subjects. They
were explicitly allowed to ask any questions they had about the study and were thoroughly
explained that giving or withholding their consent would not be associated with any
repercussion with regard to their legal status or future treatment at any medical facilities
affiliated with the University of Pennsylvania. The subjects underwent the study procedures
in return for a participation fee.

All participants were diagnosed using a best estimate format, based on all available sources
of information, including clinical history, interview, the Structured Clinical Interview for
DSM-IV (First 2002) and the Addiction Severity Index 5th Edition (McLellan et al. 1992).
Subjects were briefed about the expected loss of subjective efficacy of opioid self-
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administration that would result from the XRNT treatment, as well as the dangers of
attempting to overcome the opiate receptor blockade with higher than usual opioid doses
(Paronis and Bergman 2011; Ruan et al. 2010).

Inclusion criteria were: 1) intravenous heroin self-administration within eighteen months
prior to enrollment; 2) 21-55 years of age; 3) parole or probation for non-violent drug-
related offences (e.g., illegal drug possession, sale and/or retail theft in order to procure the
drug). Exclusion criteria included a history of head injury, loss of consciousness, brain
tumor, seizures or cerebrovascular accident, as well as medical illnesses, use of any
prescription medications (including prescribed opioid analgesics) that could affect alertness
or circulatory system, current DSM-IV-TR Axis I psychiatric disorders other than opioid
and nicotine dependence. Prior to the XRNT administration, naloxone challenge test (0.6 mg
IV) was performed to ascertain opioid abstinence, which was assessed thereafter via bi-
weekly urine toxicology screens. The XRNT treatment involved a monthly open-label
intramuscular injection of Depotrex® (Biotek, Inc, Wellesley, MA) that contained 228 mg
of slow-release naltrexone.

The STT was administered within a week after the XRNT injection and was conducted as
described by Kampov-Polevoy and colleagues (Kampov-Polevoy et al. 2004) with a slightly
modified rating scale and an additional rating question (#3, below). Timing of the test was
before noon and at least 90 min after breakfast along with smoking and teeth cleaning (about
8:30 am). Five concentrations of sucrose solution (0.05, 0.10, 0.21, 0.42 and 0.83 M) were
each administered three times (trials) in a random order, for a total of 15 samples. Subjects
were instructed to sip the solution, swish it around in their mouths, and spit it out. They were
then asked to rate the solution, rinse their mouth with distilled water, and proceed to the next
solution. Each subject was asked to rate each solution on the following likert-type scales: 1)
Please rate the taste of this drink (−5: very bitter; +5 very sweet); 2) Please rate how much
you like the taste of this drink (−5: not at all; +5: very much) and 3) Please rate to what
extent you want to have more of this drink (−5: not at all; +5: very much). The STT change
scores were determined by subtracting PRE-from ON-XRNT ratings (taste, liking and
wanting) averaged across the three tasting trials and the five sucrose concentrations.

The drug cues symptom provocation procedure (Figure 1), described elsewhere (Langleben,
Ruparel et al. 2008), was performed before and after the XRNT injection 1-2 days apart
from the STT. Briefly, participants viewed images of heroin preparation or injection
(“Drug”) and images of housework and office work (“Neutral”), presented in a fixed
pseudorandom order. The two stimuli classes were matched for luminosity and semantic
content and had uniform black background. None of the stimuli contained human faces. A
total of 96 unique Drug and Neutral stimuli were shown once, for 1.5 seconds. Stimuli were
separated by a variable inter-trial interval (ITI), during which the “baseline” image (white
crosshair on black background) was displayed. Opioid craving was assessed before and after
each session with a 10-point (0-9) Subjective Craving Scale ((SCS, (Childress et al. 1999;
Langleben et al. 2008)) and a change score was calculated for each session (dSC) and
between the PRE and POST dSC’s (ΔdSC). The latter scores were used in the correlation
analysis with the STT measures, utilizing the Pearson product-moment coefficient.

Separate analyses of covariance (ANCOVA) were performed for each dependent variable
viz., subjective rating for taste, for liking and for wanting. Each ANCOVA entailed two
within-subjects factors namely, Drug and Trial. The former had two levels (pre-XRNT and
on-XRNT) while the latter had three levels (first, second and third). To control for the
possibility that a difference in a subjective rating merely reflected a difference in
concentration or taste perception, these variables were employed as covariates. Specifically,
taste ratings analyses were covaried for sucrose concentrations, while liking and wanting
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analyses were covaried for both taste ratings and for sucrose concentrations. Data were
summarized as Mean ± SD. All analyses were two-tailed with α < 0.05 set as the threshold
for statistical significance.

Results
Subjects’ means ± SD for each subjective rating are displayed in Figure 2. Five subjects
were “sweet likers” as they rated the highest available sucrose concentration solution
(0.83M) as the most likable one, while the rest of the sample (n=10) preferred solutions with
lower sucrose concentrations and therefore were “sweet-dislikers” (Garbutt et al, 2009).
XRNT led to a significant reduction in the subjective sweet taste perception (F=4.32; df=1,2,
428; p=0.04) as well as in liking (F=15.39; df=1,2; 427, p=0.0001) and in wanting (F=9.86;
df=1,2; 427, p=0.002) ratings (i.e., drug effect) but no trial effects (p>0.2) or trial by drug
interaction (p>0.18). Notably, sucrose concentration covariate emerged as a significant
predictor for the liking (F=14.24; p<0.001) but not for the wanting (F=0.02; p=0.89) effect.
Conversely, perceived taste was a significant predictor for both liking and wanting
(p<0.001).

Baseline values averaged across the three tasting trials and the five sucrose concentrations
for the sweet taste (r=−0.22; df=13; p=0.43), for liking (r=−0.48; df=13; p=0.07) and for
wanting (r=−0.48; df=13; p=0.07) were not significant predictors of the XRNT-induced
changes in craving evoked by drug-related but not by neutral images. The change scores for
craving correlated with those for liking (r=0.58; df=13; P=0.02) and for wanting (r=0.67;
df=13; P=0.006) but not with the taste (r=−0.07; df=13; P=0.80) change scores. Lastly, there
was a significant relationship between the change scores for liking and wanting of the sweet
solutions (r = 0.67; df = 13; p = 0.006).

Discussion
The major finding of this study is that XRNT-treated opioid dependent subjects displayed
reductions in both hedonic and motivational responses to sweet solutions. Although the
ANCOVAs showed significant effects of sucrose concentration and perceived taste
covariates, these did not conceal the observed XRNT-induced liking and wanting declines
suggesting a partial specificity of the observed changes. Such specificity is further evident in
the fact that changes in the cue-induced craving correlated with those for liking and wanting,
but not with the perceived taste change scores. Notably, in addition to the correlation
between liking and wanting changes with the naltrexone-induced reductions in craving,
there was also a trend toward correlation between the craving reductions and the baseline
liking and wanting values (which would have been statistically significant had this result
been predicted a priori). This pattern is consistent with the literature on alcohol dependence
showing more favorable naltrexone treatment outcomes in patients with heightened baseline
sweet liking reports, i.e. the “sweet likers” (Garbutt et al, 2009), and suggests that baseline
STT results may also predict treatment outcome in opioid dependent subjects. More research
is needed to pursue such a possibility.

The present data replicate early work with STT in which decrements in self-reported sugar
liking were reported 60 min after a single oral intake of 50 mg naltrexone (Arbisi et al.
1999). Although there were methodological similarities between the Arbisi et al (1999) and
the current study (e.g., STT and hedonic ratings), there were also important differences,
including the psychopathological population of opioid dependent subjects, a predominately
male sample (c.f., mentally healthy females in the Arbisi et al (1999) report), a motivational
rating component, and a longitudinal effect of the depot naltrexone preparation. Together,
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the current and the previous results (Arbisi et al. 1999) suggest that opioid blockade is
associated with a hyposensitive response to the sweet taste reward.

Our results replicate prior reports indicating that opioid antagonism is linked to a diminished
appeal of palatable food in general and of sweet taste in particular (Elman et al. 2006; Pecina
and Smith 2010) and extend these findings to opioid dependent patients and to a long-acting
opioid blocker. Additional issue to be considered in the future work include effects of opioid
blockade on fatty and savory palatability components as well as differentiation of the
rewarding effects as they are attributed to the caloric value vis-à-vis the taste per se (Smeets
et al. 2005).

Another noteworthy finding in our study is that sucrose concentration significantly predicted
the liking but not the wanting responses, suggesting a priming and potentially dose-
insensitive (c.f. (Mihindou et al. 2011)) effect of sugar with respect to the latter. This
observation is in agreement with the incentive motivation theory that postulates that the
brain’s appetitive function can be dissociated into hedonic and motivational core processes
that are respectively referred to as ‘liking’ and ‘wanting’ (Berridge and Robinson 2003).
Drug-induced changes in the mesolimbic dopaminergic circuitry underlying the wanting but
not the liking processes are thought to be responsible for heightened incentive salience
assigned to drug-related cues and potentially to palatable food-related stimuli.
This ’incentive sensitization’ phenomenon is construed to be an animal homolog of human
craving. Thus, similarly to the respective reports in the cocaine literature for drug euphoria
and craving (Ward, Collins et al. 1999; Elman, Karlsgodt et al. 2002), sweet liking may
scale up with the dose while sweet wanting may not be dose-dependent. These impressions,
together with the observed correlation between hedonic and motivational sugar ratings and
opioid craving raise the possibility of overlapping neuropsychobiological systems engaged
by food reward and by drug-related stimuli (Carr 2002; Elman et al. 2006; Spetter et al.
2010). This hypothesis could be tested in drug dependent subjects by juxtaposing responses
to neuroimaging probes known to activate the brain circuits subserving food and drug
reward.

A number of caveats need to be factored into the interpretation of our data. First the findings
should be considered preliminary, pending replication with a larger sample. Second, mostly
men participated in this study. While the sample composition reflects the demographics of
intravenous heroin abusers (Puigdollers et al. 2004), gender distribution for non-parenteral
routes of administration may be more balanced (Grella and Lovinger 2011). Since gender
plays a substantial role in the course of opioid dependence (Cicero et al. 2003; Cicero et al.
2000; de Vos et al. 1995; Fattore et al. 2008; Kelly et al. 2009; Yu et al. 2007), a more
gender-balanced group may be an important consideration for the future research.

Third, given the predictable preference and pursuit of pleasant motivational targets, it is
plausible that hedonic and motivational aspects of sugar are closely related entities. The
findings that liking and wanting changes only accounted for 45% of each others’ variance in
conjunction with the opposite directionality of the liking and wanting ratings suggest that
these ratings might have captured different aspects of the reward-related sweet taste
properties. Nonetheless, introduction of additional paradigms, targeting more objective
characteristic of motivational processing such as a computer key press task previously
employed by our group (Elman et al. 2005) may complement the presented data.

Moreover, even though self-reports collected here may be distinct from partially subliminal
constructs implicated in the animal work and idiomatically termed ‘liking’ and ‘wanting’
(Berridge 2007; Berridge et al. 2009), our results may have clinical significance as
subjective liking and wanting ratings for alcohol predicted binge drinking behavior in
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alcoholics (King et al. 2009). Because the protocol employed does not allow us to firmly
disentangle subliminal components, answering this question would require exclusively
behavioral or neuromaging procedures that do not involve subjective output. Finally, only a
homogeneous sample comprised of intravenous heroin probationers was enrolled, so the
results may not necessarily be extrapolated to other types of opioid dependence (e.g., opioid
analgesics) or to subjects without legal contingencies.

In conclusion, the presented pilot data suggest that opioid antagonism in opioid dependent
patients is associated with a decreased sugar preference, correlated with opioid craving.
These data call for further research aimed at understanding a potential role of the STT in
formulating the optimal pharmacotherapy for opioid dependence as well as for prevention,
early detection and treatment of abnormal eating patterns emerging in the context of
excessive opioid use.
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Figure 1.
Examples of images used in the cue-induced craving procedure. The subjects visually
processed images of heroin preparation or injection (a and c) and images of housework and
office work (b and d), presented in a fixed and pseudorandom order. The two stimuli classes
were matched for luminosity and semantic content. All images had uniform black
background and none contained human faces (see the Text).
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Figure 2.
Subjective self-rating for the perceived taste of the drink (−5: very bitter; +5 very sweet)
along with liking the taste of the drink (−5: not at all; +5: very much) and wanting to have
more of the same drink (−5: not at all; +5: very much). The data were obtained pre- and on
XRNT pharmacotherapy. Results across the three sampling points were averaged and
expressed as mean ± standard deviation.
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