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Abstract

Background—Serotonergic mechanisms are associated with the development of alcohol 

dependence (AD), however, studies evaluating serotonergic medications have produced conflicting 

results. One hypothesis suggests that differential response may be due to a functional 

polymorphism of the 5-HTTLPR promoter region of the serotonin re-uptake transporter (5-HTT). 

The L/L genotype is postulated to be associated with early onset alcoholism and the S/S or S/L 

genotypes associated with late onset alcoholism. The aim of this study was to match and mismatch 

L/L, S/S, or S/L genotypes with administration of ondansetron and sertraline.

Methods—Fifteen nontreatment seeking alcohol-dependent individuals were randomized to 1 of 

2 counterbalanced arms to receive either 200 mg/d of sertraline or ondansetron 0.5 mg/d for 3 

weeks followed by an alcohol self-administration experiment (ASAE), then received placebo for 3 

weeks followed by a second ASAE. Participants then received the alternate drug for 2 weeks 

followed by a third ASAE.

Results—At the first ASAE compared to sertraline, ondansetron significantly improved drinking 

outcomes for the L/L genotype for the ASAE volume consumed (100% reduction based on 

between-subjects comparison, t = 2.35), and for drinks per drinking day during the 7 days prior to 

the ASAE (79% reduction and t = 4.34). Compared with ondansetron for S/S or S/L genotypes, 

outcomes at ASAE 1 for sertraline and S/S or S/L genotypes are opposite than hypothesized. 

Overall, subjects reduced drinking across their participation in the trial, as there appears to be an 

order effect.

Conclusion—This study suggests that ondansetron may reduce alcohol consumption in alcohol-

dependent individuals who have the L/L genotype as measured naturalistically and during the 

ASAE. By contrast there was no support that sertraline reduces alcohol use in individuals who 

have S/S or S/L genotypes. Evidence in the literature suggests that AD in some individuals may be 

influenced by a gene by socio-environmental interaction making pharmacological treatment with 

serotonergic drugs complex. Research must consider that typologies may predict successful 

treatment of AD in future trials.
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Numerous animal and human studies suggest that serotonergic mechanisms are associated 

with the development and maintenance of alcohol dependence (AD) (Naranjo et al., 2002). 

However, results evaluating serotonergic medications, such as serotonin specific re-uptake 

inhibitors (SSRIs) or the 5-HT3 antagonist ondansetron, in heterogeneous populations of 

alcohol-dependent individuals, have been inconclusive (Johnson et al., 2000; Kranzler et al., 

1995; Pettinati et al., 2001). There is evidence that the serotonin transporter gene (5-

HTTLPR) is associated with alcoholism (Matsushita et al., 2001) and subtypes of 

alcoholism (Parsian and Cloninger, 2001). Further, some have proposed to delineate the 

clinical response based on genetic components linked to serotonin (5-HT) or serotonin 

transporter (5-HTT) metabolism, in order to differentiate clinical subtypes who may have 

common genetic and or psychosocial backgrounds with AD (Johnson, 2000).

The 5-HTT is responsible for 5-HT re-uptake into presynaptic neurons and regulates the 

concentration of 5-HT in the synaptic cleft. There are two 5-HTT alleles designated as long 

(L) and short (S) (Heils et al., 1996), that result in the biallelic genotypes: L/L, S/S, and S/L. 

The L allele has a higher transcriptional activity in vitro compared with SS homozygotes 

(Heils et al., 1996; Lesch et al., 1996). A difference in the distribution of these alleles is 

proposed to result in the variation of the rate of removal of 5-HT (Heils et al.), and the 

variation is putatively associated with alcoholic psychopathology (Johnson, 2000). Johnson 

et al. (2008), for example, demonstrated that 5-HTT expression varies with current and 

lifetime alcohol consumption in people with the L/L genotype but not S/S or S/L genotypes.

A univariate approach to subtyping suggests that individuals who develop alcoholism after 

the age of 25 years [late-onset alcoholism (LOA)] may have comparatively normal 5-HT3 

functioning due to possessing S/S or S/L, 5-HTT genotypes (Johnson, 2000; Johnson and 

Ait-Daoud, 2000), though it has been suggested the S allele may actually influence the risk 

of relapse in abstinent alcohol-dependent subjects (Pinto et al., 2008). By contrast, patients 

who develop alcoholism before and including the age of 25 years of age [early-onset 

alcoholism (EOA)], may have reduced 5-HT function resulting in 5-HT3 receptor up-

regulation as a compensatory mechanism for low basal levels of intersynaptic 5-HT 

(Johnson, 2000). When alcohol is consumed, the up-regulation of these receptors is 

hypothesized to result in an increase in dopamine release in the nucleus accumbens 

(Hammoumi et al., 1999). Additional evidence also suggests that the L/L genotype of the 5-

HTTLPR polymorphism may be more predominant among EOA individuals where family 

history of alcoholism is thought to be more prevalent (Schuckit et al., 1999). Furthermore, a 

significant association between the L/L genotype and compulsive alcohol craving has also 

been reported by alcoholic patients (Bleich et al., 2007). Clinically, there is evidence that a 

5-HT3 antagonist such as ondansetron, may be a possible treatment for AD in EOAs but not 

LOAs (Johnson et al., 2000), and is hypothesized to be able to compensate for 5-HT3 up-

regulation associated with the L/L 5-HTT genotype (Johnson, 2000).
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A complementary mechanism to the 5-HT3 pathway is proposed for LOAs who putatively 

have the predominant S/S or S/L genotypes (Johnson, 2000). Theoretically, treatment with 

an SSRI such as sertraline, facilitates 5-HT transmission and inhibition of dopamine 

(Pettinati et al., 2000). In the LOA subtype, this is thought to result in an attenuation of 

reward during acute alcohol consumption. Alternatively however, SSRI administration to the 

EOA alcohol-dependent individuals with a L/L genotype may be relatively unaffected by the 

already increased intersynaptic 5-HT levels. This may actually initiate alcohol consumption 

from a resultant low dopamine level (Johnson et al., 2000).

Results of clinical trials for AD using SSRIs and ondansetron have been disappointing 

particularly for the main heterogeneous groups of alcoholics (Johnson et al., 2000; Kranzler 

et al., 1995; Pettinati et al., 2000). On the other hand, further statistical analyses finds that 

compared with placebo, certain subtypes may respond to treatment based in part on 

multivariate (Babor et al., 1992) or univariate (Johnson et al., 2000) subtyping, and that 

some alcohol-dependent subtypes may have an underlying genetic component (Cloninger et 

al., 1981; Johnson, 2000).

Well studied multivariate typology models include the Cloninger (Cloninger et al., 1981) 

and Babor (Babor et al., 1992) models that are both characterized by 2 subtypes. The 

Cloninger subtypes are delineated into one with a socio-environmental-late onset component 

(Cloninger Type 1), and the other with a genetically based–early onset component 

(Cloninger Type 2). Recent research suggests there to be 5-HT dysregulation in the 

hypothalamus and the amydala of Cloninger Type 2 alcoholics (Storvik et al., 2008). Given 

that epidemiologic studies demonstrate AD to be 50 to 60% heritable (Enoch and Goldman, 

1999; Prescott and Kendler, 1999), the prospect that outcomes to drug therapy are at least 

partly dependent on genetic predisposition in some alcohol-dependent individuals should be 

considered when discussing alcoholic subtypes. Babor Type B alcoholics have a more severe 

AD, an earlier onset of alcoholism, more childhood risk factors, greater psychopathology 

and sociopathy than Babor Type A alcoholics, who by comparison have relatively low 

vulnerability, low severity-late onset, and are uncomplicated in their alcohol use history.

With respect to differential typological response to SSRIs, Kranzler and colleagues (1995) 

demonstrated that using 60 mg of fluoxetine was no better than placebo in reducing alcohol 

consumption. However, further statistical examination of the sample into subtypes as 

proposed by Babor and colleagues (1992), revealed that for the patients treated with 

fluoxetine, the less severe Type A patients did not reduce their alcohol consumption, 

however, compared with the Type A subtype group, the Type B subtype patients actually 

increased their alcohol consumption.

In a double-blind placebo controlled study conducted by Pettinati and colleagues (2000, 

2001), either sertraline or placebo was administered to alcohol-dependent individuals 

randomized by presence or absence of lifetime depression. Treatment with sertraline was 

most effective in alcohol-dependent individuals who were never depressed (Pettinati et al., 

2001). More relevant, however, analyses demonstrated that Type B alcoholics treated with 

sertraline reported more drinking days compared with those taking placebo, however, sertra-
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line treatment in Type A alcoholics was associated with fewer drinking days and a greater 

likelihood of sustained abstinence.

Another serotonergic medication, ondansetron, has been found to be more effective for a 

univariate subtype of alcohol-dependent individuals (Johnson et al., 2000; Sellers et al., 

1992, 1994). More specifically, ondansetron appears to be more effective for the EOA, but 

not the LOA subgroup. In a clinical trial that stratified these subtypes, ondansetron increased 

the number and percentage of days abstinent in EOAs but not LOAs (Johnson et al., 2000).

As noted, one hypothesis for the differential clinical response to these serotonergic 

medications, suggests that alcoholics may have a genetic predisposition based on a 

dysregulation of serotonergic function associated with 5-HTT function (Johnson, 2000). 

Further, the polymorphic repeat polymorphism of the 5-HTT, the 5-HTTLPR, may be at 

least in part, potentially involved with the differential response of ondansetron and sertraline 

in subtypes of alcohol-dependent individuals.

One way to test this hypothesis is to assess alcohol consumption when genotyped 

individuals use both ondansetron and sertraline. Delineating the research to clarify the 

contribution of the 5-HTTLPR polymorphism to AD is essential to better target alcohol-

dependent patients in clinical practice. In particular, understanding the differential effects of 

SSRIs is clinically relevant as significant numbers of alcohol-dependent persons are 

prescribed SSRIs by practitioners without regard to subtype, and such treatment may 

actually be detrimental to some individuals (Croop et al., 1995; Kranzler et al., 1995).

Utilizing genotypes to match and mismatch individuals in the proposed medication cells 

therefore allowed our group to examine 2 important goals: (1) to evaluate the efficacy of 

ondansetron for reducing drinking in participants who carry the L/L genotype of the 5-

HTTLPR polymorphism by hypothesizing that carriers of the L/L genotype receiving 

ondansetron compared to either placebo or sertraline, would result in a significant reduction 

in alcohol consumption as measured by (a) the Timeline Follow-Back (TLFB; Sobell and 

Sobell, 1992); and (b) alcohol consumed during 3 alcohol self-administration experiments 

(ASAEs); and (2) to evaluate the efficacy of sertraline for reducing drinking in participants 

who carry either the S/L or S/S genotypes of the 5-HTTLPR polymorphism, by 

hypothesizing that alcohol-dependent people with the S/L and S/S genotypes receiving 

sertraline compared with either placebo or ondansetron, would result in a significant 

reduction in alcohol consumption as measured by the TLFB and the 3 ASAEs.

METHODS

Subjects

The present sample was recruited with local newspapers in the Providence, RI, area. The 

study was approved by the Institutional Review Boards of Brown University, Roger 

Williams Medical Center and the Veterans Administration Medical Center. The study 

participants were diagnosed as alcohol-dependent as assessed by the Structured Clinical 

Interview for the Diagnostic and Statistical Manual of Mental Disorders–Text Revision 
(DSM IV-TR; American Psychiatric Association, 2000), were drinking ≥35 standard drinks/
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week for men or ≥28 standard drinks/week for women, and were not seeking treatment for 

AD. Written informed consent was obtained from each individual prior to beginning the 

study.

Study Design

The experimental study design was a placebo-controlled mixed 2-factor design in 21 

consented individuals in which the biallelic 5-HTTLPR alleles (L/L, S/S and S/L) were 

crossed with the medication conditions (within subjects factor). The researchers and 

participants were blinded to the medication conditions. All participants received 3 weeks of 

an active medication, followed by 3 weeks of placebo, followed by 3 weeks of the other 

active medication. Baseline drinking was statistically controlled for. The order of the active 

medications was controlled for by randomly assigning half the subjects to receive 200 mg a 

day of sertraline for the first active medication phase, and the other half to receive 0.5 mg a 

day of ondansetron for the first medication phase. The proportion of genotypes in this 

population occurs in roughly 35% for L/L, 49% for S/L, and 16% for S/S in the alcoholic 

population (Parsian and Cloninger, 2001). Twenty cases had valid allele data with 9 

individuals with the L/L genotype and 11 individuals with the S/S or S/L genotypes.

Procedure

An ASAE (see Anton et al., 2004; Drobes et al., 2003; O’Malley et al., 2002) was conducted 

at the end of each of the 3 medication phases. In brief, the procedure involves administration 

of a priming drink which must be consumed. The volume of alcohol for all drinks was 

adjusted for gender, body mass and age (Watson, 1989). Subsequently, individuals were 

offered 2 trays of 4 drinks, each tray followed by a 45-minute drinking period. As an 

alternative reinforcement, participants may have received $3.00 for each drink they refused.

Unknown to the participants, the second medication phase was always the placebo 

condition, however, the bias to treat subjects differently by the study staff was minimized 

during this period. Although experimenter bias for this condition could not be completely 

ruled out, our same experienced staff (utilized throughout the study) attempted to minimize 

such bias by strictly adhering to the ASAE protocol. The single-blind placebo condition not 

only served as a medication wash out period, but also served as a self-comparison-dependent 

measure for the active conditions. The main dependent measures for this study was alcohol 

consumption as measured by the TLFB during the 7-day period leading up to each ASAE, 

and total milliliters consumed during each ASAE. The TLFB is a common method of 

assessing naturalistic alcohol consumption that uses a calendar and standardizes drinks, to 

establish an individual’s consumption over a given period.

The study was conducted in consecutive phases with volunteers in both arms taking the 

same number of doses a day throughout the study: (1) a 1-week screening period; (2) a 21-

day treatment period consisting of a 9-day titration up period for those receiving sertraline 

and a minimum of 12-days (±3 days) at the target dose; (3) an ASAE on the last day of 

treatment (±3 days) at the target dose; (4) a 21-day placebo-controlled period; (5) a second 

ASAE on the last day of placebo (±3 days); (6) a 9-day titration up period for those 

receiving sertraline last; (7) a minimum of 12 days (±3 days) at the target dose; (8) an ASAE 
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on the last day of treatment at the target dose (±3 days). Sertraline was started at 50 mg for 3 

days and increased 50 mg every 3 days to a maximum dose of 200 mg (Pettinati et al., 

2000). Whether ondansetron was administered first or last, there were no special dosing 

considerations required for the dose of 0.25 mg twice a day (total 0.5 mg/d) given for 21 

days. Participants remained eligible and included in the analyses as long as they exceed 

thresholds of 100 mg per day of sertraline and/or 0.25 mg of ondansetron (50% of the 

maximum target dose). All participants received an interview with the same trained staff 

who focused on drug side-effects and adherence.

After assessments and labs, participants were administered alcohol beginning at noon (to 

provide as much time as possible since a last drink). Subjects were presented with a priming 

drink designed to raise blood alcohol levels (BALs) to 0.03 g/dl and were instructed to 

consume it within 10 minutes. The volume of the alcohol was adjusted using a formula 

based on gender, age and body mass (Watson, 1989). The priming dose of alcohol was used 

to model relapse and assess the influence of abstinence violation on future alcohol 

consumption. Consistent with previously noted lab studies (Drobes et al., 2003; O’Malley et 

al., 2002), we waited 50 minutes before presenting more alcohol. Following the priming 

drink (controlled for in the analyses), each participant received a tab for 2 drinking sessions 

of 4 drinks, at $3.00 per drink (a maximum of $24), which was provided as an alternative 

reinforcement for not drinking and intended to approximate the cost of a drink at a bar. The 

inclusion of the alternate reinforcer in this study with nontreatment seeking alcoholics is 

considered important as a sensitive test of the value of alcohol (O’Malley et al., 2002). 

Participants could choose not to drink and take the $3.00 instead for each drink not touched. 

Each beverage was calculated to raise the BAL by 0.015 g/dl. If the participant’s blood 

reached 0.1% at any time, then the alcohol consumption period was stopped. After the 90 

minute self-administration period, subjects received dinner and waited until their breath 

alcohol concentration (BrAC) was = 0.00% and they were then brought home by taxi.

Screening assessments such as the physical, the Structured Clinical Instrument for the DSM 

IV-TR (Ventura et al., 1998), family history of alcohol, genotyping, and age of onset of 

alcoholism were only done at the start of the study. Clinical and psychological assessments 

were conducted at baseline, weekly throughout the study, and during a 1-month follow-up 

visit. Alcohol consumption and medication assessment measures were performed weekly 

and at follow-up. Pregnancy tests were performed at screening and immediately before 

alcohol administration in women of child bearing potential.

Inclusion Criteria

Participants were between 21 and 65 years old (inclusive), male or female, and in good 

health as confirmed by medical history, baseline physical examination, electrocardiogram 

(ECG), laboratory tests, urinalysis, and vital signs. Female participants were: 

postmenopausal for at least 1 year, surgically sterile, or practicing an effective method of 

birth control before entry and throughout the study and had a negative urine pregnancy test 

at baseline screening and prior to the alcohol challenge sessions. Participants understood that 

this was not a treatment study; a diagnosis of AD as defined by the DSM-IV-TR (2000). 

Alcohol dependence as defined by an Alcohol Use Disorders Identification Test (AUDIT) 
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(Bohn et al., 1995) score ≥12 and men must consume ≥35 and women ≥28 standardized 

alcoholic beverages a week. Participants must have been willing to take oral medication, 

adhere to the medication regimen, and willing to return for weekly visits and the alcohol 

challenge sessions. Participants had to be able to read and comprehend written instructions 

and comprehend and complete all scale and inventories required by the protocol; must have 

signed an informed consent indicating they understand the purpose of and procedures 

required for the study and willingness to participate, and had a breath alcohol concentration 

(BrAC) = 0.000 at the beginning of the alcohol challenge sessions.

Exclusion Criteria

Excluded were individuals with Axis I DSM-IV diagnoses other than alcohol and nicotine 

dependence; pregnancy or breast-feeding women; positive urine drug screen at baseline for 

any illegal substance other than caffeine, nicotine, or marijuana; participants were excluded 

if they had: (a) clinically significant medical abnormalities (i.e. ECG, hematological 

assessment, bilirubin >150% of the upper limit of normal or ALT or AST elevations >300% 

the upper limit of normal, biochemistry including urinalysis, electrolytes); medical 

contraindications for use of sertraline or ondansetron; taking drugs that interfered with the 

metabolism of either drug that could not be stopped per study physician; allergy to sertraline 

or ondansetron; individuals with a reasonable expectation of being institutionalized during 

the course of the trial or pending legal charges; participants who had significant alcohol 

withdrawal symptoms, Clinical Institute Withdrawal Assessment for Alcohol (CIWA-Ar) 

revised score >10 (Sullivan et al., 1989); lifetime depression or a history of suicide; history 

of seizures (e.g. epilepsy) or migraine headaches; or current use of psychotropic medications 

that could not be discontinued. Persons with medical conditions that were adequately 

controlled by their primary care physician were not excluded.

Genotyping

Genomic deoxyribonucleic acid (DNA) was isolated from buccal cells using a modification 

of published methods (Freeman et al., 1997; Lench et al.,1988; Meulenbelt et al., 1995; 

Sander et al., 1997a,b; Spitz et al., 1996). The cheeks and gums were rubbed for 20 seconds 

with 3 sterile, cotton-tipped wooden swabs. The analysis was performed at the Veterans 

Memorial Hospital in Providence, RI. The swabs were placed in a 50-ml capped 

polypropylene tube containing lysis buffer [500 μl of 1 M Tris–HCl; 200 mM disodium 

ethylene diaminetetracetic acid (EDTA), pH 8.0; 500 μl of 10% sodium docecyl sulfate; and 

100 μl of 5 M sodium chloride]. The subjects then rinsed out their mouth vigorously with 10 

ml of bottled water for 20 seconds, and added to the 50-ml tube. The tubes were stored at 

4 °C until the DNA was extracted, usually within 48 h. The 5-HTTLPR polymorphism was 

assayed using a modification of the method of Lesch and colleagues (1996). To each of the 

tubes, 100 μl of proteinase potassium solution (20 mg/ml) and 100 μl of 5 M sodium 

chloride will be added. The tubes are incubated at 65 °C for 60 min. Residual lysis buffer is 

removed from the saturated swabs by centrifugation for 5 min at 1000 rpm (3500 g), and the 

collected buffer is added back to the original 50-ml collection tube. An equal volume of 

100% isopropyl alcohol was then added to each tube to precipitate the DNA, which was 

collected by centrifugation at 3500 × g for 10 min at room temperature. The liquid was 

decanted, and the DNA pellet was washed with 1 ml of fresh 50% isopropyl alcohol. After 
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drying at 65 °C, the pellet was resuspended in 1 ml of 20 mM Tris–EDTA, pH 8.0. The yield 

of DNA was quantified by absorbance at 260 nm [1 optical density unit (O.D.) = 50 μg/ml], 

and an aliquot was diluted to a concentration of ≤20 ng/ml for a working sample. The primer 

sequences are as follows: forward, 5′-GGCGTTGCCGCTCTGAATGC-3′ (fluorescently 

labeled), and reverse, 5′-GAGGGACTGAGCTGGACAACCAC-3′. These primer sequences 

yield products of 484 or 528 bp. The average yield of DNA in our studies is 40 ± 2 μg. 

Bands were visualized by ethidium bromide staining under UV illumination.

RESULTS

Twenty-one participants volunteered for the study and provided informed consent. Valid 

allele datum was collected on 20 participants. Nineteen cases had valid datum on order of 

medication. Seventeen cases had valid datum for drinks per drinking day (DDD) for the 

week prior to the first ASAE, and 15 cases had valid data for the third ASAE and DDD for 

the week prior to the third ASAE. The resulting sample of 15 was used in the statistical 

analyses. Demographics are shown in Table 1.

Volume (as measured in milliliters) during the second ASAE had a kurtosis of 4, therefore 

the 3 volume variables were transformed using a square root transformation. Drinks per 

drinking day at the 3 time points sufficiently approximated the normal distribution.

There were 4 potential treatment conditions: o(order) g(gene)11 (order of drug 

administration was first ondansetron, placebo, and then sertraline for those with the L/L 

genotype), og12 (order of drug administration was ondansetron, placebo, and then sertraline 

for those with the SS/SL genotype), og21 (order of drug administration was first sertraline, 

placebo, and then ondansetron for those with the L/L genotype), and og22 (order of drug 

administration was first sertraline, placebo, and then ondansetron for those with the SS/SL 

genotype).

In regard to genes and randomization, the 4 cells were well-balanced (n of 3 = og11; 4 = 

og12; 4 = og21; and 4 = og22). Women were evenly distributed across the 4 cells. There was 

1 woman in each of 3 cells [χ2(3,N = 15) = 1.46, p = 0.69]. There was a trend for baseline 

drinking to be related to gender [t(10.98) = 1.99, p = 0.07]. Overall, the 2 groups were not 

equivalent on baseline DDD [t(9.89) = 1.91, p = 0.086]. More specifically, for L/L, the 2 

groups were equivalent on baseline DDD [t(3.20) = 0.68, p = 0.68], but this was not the case 

for the groups with SS/SL [t(3.32) = 2.33, p = 0.093].

To test the study hypotheses, 2 separate repeated measure analyses of covariance were 

conducted for each genetic group. For L/L, with DDD as the outcome variable, medication 

condition as the factor, and baseline DDD and gender as covariates, there was a significant 

medication effect F(2,10.70) = 26.5, p < 0.001. When order of medication was entered as a 

covariate, this medication effect was nonsignificant for DDD, F(2,15.37) = 0.57, p = 0.58. A 

similar scenario occurred with volume consumed during the ASAE for L/L, F(2,10.80) = 

4.96, p = 0.03, but not when order of medication was entered as a covariate for the ASAE, 

F(2,16.88) = 0.87, p = 0.44. For the other genetic group (S/S and S/L) there was no 

medication effect whether or not order was entered as a covariate (see Fig. 1).
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At ASAE 1 specifically, for those with the L/L alleles there was a medication effect on both 

dependent measures: Ondansetron (n = 3), DDD mean (SD) = 3.66 (2.40), sertraline (n = 4) 

17.69 (5.11), [t(5) = 4.34, p = 0.007]; Ondansetron (n = 3) volume mean in milliliters (SD) = 

0 (0), sertraline (n = 4) 81.8 (71.1), [t(5) = 2.35, p = 0.07]. Although not hypothesized, at 

ASAE 1, subjects with the L/L alleles also demonstrated fewer DDD than subjects with the 

S/S or S/L, when taking ondansetron L/L (n = 3) DDD mean (SD) 3.66 (2.40), SS/SL (n = 4) 

8.40 (1.38), [t(5) = 3.35, p = 0.02] (see Fig. 2).

The careful measurement of the amount of alcohol consumed during controlled 

environmental conditions (the ASAE) is one of the strengths of this study. Regarding the 

validity of self-report drinking data outside of the research setting, Gamma glutamyl-

transferase (GGT) was assessed at 4 time points and was found to be correlated with DDD 

the week prior to the first ASAE in particular [r(13) = 0.63, p = 0.02] lending some support 

to the reliablity of the Time-line Followback data. (The correlations at baseline, ASAE 2, 

and ASAE 3, between concomitant GGT and DDD were 0.23, 0.22, and 0.04, respectively.)

A chi-square with onset and allele conditions revealed 86% of the L/L group was EOA 

compared with 63% of the SS/SL group [χ2(1,N = 15) = 1.03, p = 0.31]. Using the age of 

onset to split the groups rather than the allele, the results were similar, but less pronounced. 

For late onset, n = 4, and all received the medication in the same order. For those with EOA 

(n = 11), though not supported by the overall F-test, F(2,23.82) = 0.28, p = 0.76 at ASAE 1 

there was partial support for a medication effect on DDD, ondansetron (n = 3), DDD mean 

(SD) = 5.75 (1.85), sertraline (n = 8) 16.00 (6.50), [t(8.90) = 4.05, p = 0.003]; a parallel, 

ASAE volume difference became less pronounced, ondansetron (n = 3) volume mean (SD) = 

11.8 mls (20.44), sertraline (n = 8) 61.6 mls (60.54), [t(9) = 1.36, p = 0.21].

Instead of reporting the power, we report (d) the effect size (see Table 2). In addition to 

reporting the results for the medication comparisons at ASAE 1 for L/L participants, we 

report the complement of results for SS/SL participants. Means and SDs are reported for 

transformed volume, since these are the values used to calculate t, p, and d values.

DISCUSSION

The aim of this pilot study was to evaluate the potential for ondansetron to reduce drinking 

in nontreatment seeking alcohol-dependent participants who carry the L/L genotype and 

sertraline for reducing drinking in participants who carry the S/S and S/L genotypes. Our 

results suggest that at the first ASAE, there is support for ondansetron improving drinking 

outcomes in nontreatment seeking volunteers who were the L/L genotype, compared with 

those with the L/L genotype receiving sertraline who actually slightly increased their 

drinking. The positive effect of ondansetron in our alcoholic subjects with L/L genotype is 

consistent with results demonstrating the efficacy of ondansetron in treatment seeking AD 

subjects (Johnson et al., 2000). Furthermore, this is consistent with recent neuroimaging data 

showing the ability of ondansetron to reduce alcohol cue-induced activation of the ventral 

striatum (Myrick et al., 2008). This is true for the ASAE volume consumed (100% reduction 

and t = 2.35), and especially pronounced for DDD naturalistically measured using the TLFB 
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during the 7 days prior to the ASAE (79% reduction and t = 4.34). The similarity of findings 

for the 2 dependent measures bolsters the validity of the ASAE methodology.

Outcomes at the first ASAE for S/S and S/L genotypes receiving sertraline are in the 

opposite direction than hypothesized (compared with S/S and S/L genotypes who received 

ondansetron). As a result the study provides little support for the use of sertraline by 

individuals who carry the S/S and S/L genotypes who actually reported drinking 14.2 DDD 

compared to S/S and S/L subjects who received ondansetron and drank only 8.4 DDD.

Overall, subjects reduced drinking across their participation in the trial as there appears to be 

a very pronounced order effect. Though these participants are not seeking treatment for their 

AD, perhaps given the opportunity to receive a pharmacological treatment, they may be 

more motivated to reduce their drinking as the trial progressed. Possibly, adding a measure 

of motivation to change drinking behavior at baseline and 1 week after each of the ASAEs, 

may be useful for delineating this hypothesis in the future. Additionally, the order effect may 

be a function of repeated administrations of the TLFB. Initially, there may be a novelty 

effect for the first ASAE (the “all you can drink” effect). Participants may not be used to an 

“open bar,” but subsequently may be embarrassed about consuming so much in a research 

trial, so the second ASAE volume is lower than the first. We considered performing a 

baseline ASAE but felt that the study design was valid as performed using each person as 

their own control. Nonetheless, perhaps assessing the TLFB less frequently (e.g., at baseline 

and then at the ASAE sessions rather than every week) to maintain a continuous calendar of 

drinking data, may reduce a hypothesized reactivity to this assessment. Finally, the order 

effect may also be a function of medication effects from ASAE 1 persisting throughout the 

whole study, or even a function of social desirability (Crowne and Marlowe, 1960).

Current evidence suggests that having the L/L genotype results in reduced intrasynaptic 5-

HT due to higher levels of 5-HTT expression, resulting in more efficient 5-HT transport 

from the synapse per unit of time (Heils et al., 1996). People with the L/L genotype have 

lower synaptic 5-HT levels and may demonstrate a greater impulse to consume alcohol 

compared with people with the S/S or S/L genotype (Johnson, 2000). Consistent with 

previous findings that reported reduced 5-HT re-uptake in a sample of AD individuals with 

the L/L genotype (Javors et al., 2005), Johnson et al. (2008) reported that subjects with the 

L-allele demonstrated a reduced paroxetine binding capacity and reduced functional 5-HT 

uptake compared with S/S genotype. Furthermore, they found relationships between alcohol 

use and 5-HT platelet parameters, but only in people with the L/L genotype. Additionally, it 

was reported that current heavier drinking was associated with increased 5-HT re-uptake but 

reduced paroxetine binding in the majority of people in the study who had LL alleles. In 

sum, the researchers suggest that alcohol’s effect on 5-HTT genetic expression differentially 

affects persons with the L/L, but not S/S genotype (Johnson et al., 2008).

By contrast, it is of interest that there is little effect on alcohol preference in primates in 

young adulthood reared under optimal conditions compared with alcohol preference and 

consumption in primates with the 5-HTTLPR S/L genotype reared under stressful conditions 

(Barr et al., 2004). Studies in humans also demonstrate that 5-HT is an important modulator 

of the stress response (Goldman et al., 2005) and depression (Caspi et al., 2003). Moreover, 
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strong evidence suggests that AD is associated with dysregulation of 5-HT and that the S-

allele of the 5-HTTLPR predicts AD particularly among those with early-onset AD and 

comorbid psychiatric disorders (Feinn et al., 2005).

There are potentially several explanations why the administration of sertraline in the current 

study failed to reduce alcohol use in individuals with S/S or S/L genotypes independent of 

time. Given the effect size has been reported to be notably small (Feinn et al., 2005), it is 

possible the data from this pilot study did not provide sufficient power to detect group 

differences. Additionally, while people were excluded from the study who were diagnosed 

as currently depressed, other socio-environmental interactions such as child abuse (Kaufman 

et al., 2007) or negative life events were not assessed or controlled for. These may place 

carriers of the S/S or S/S genotypes at risk for increased alcohol and drug use (Covault et al., 

2007). The environmental sources for these interactions may result in different outcomes 

when combined with genetic predisposition. Therefore, perhaps there may be more than one 

result of gene by socio-environmental interactions; some responding to pharmacological 

treatment and some not, but not necessarily based solely on genetic reasons. Certainly larger 

more powerful studies are required controlling for socio-environmental variables and 

examining potential gene by environment interactions moderating each possible pair of 5-

HTTLPR genotypes and alcohol consumption.

Within a typological framework, the lack of a treatment effect with sertraline may be more 

closely aligned with the genetic diathesis (Type 2)-social milieu (Type 1) neurochemical 

model of AD proposed by Cloninger and colleagues (1981), rather than the Babor and 

colleagues (1992) model. The Cloninger and colleagues (1981) typology identifies a 

stronger genetic contribution in Type 2 alcoholics (persistent antisocial behavior, strong 

family history of alcoholism, and early-onset of alcoholism) while socio-environmental 

factors more strongly influence Type 1 alcoholics (fewer childhood antisocial behaviors). 

Research on the 5-HTTLPR binding densities reported by Storvik and colleagues (2008) 

demonstrate a strong positive relationship between 5-HTTLPR binding in the amygdala and 

paraventricular nucleus (PVN) of the hypothalamus in Type 2 alcoholics and negatively 

correlate with Type 1 alcoholics. This suggests a dysregulation of serotonergic 

neurotransmission in the amygdala and PVN in Type 2 alcoholics. While much more 

research is needed to confirm this hypothesis, the results of such clarification may have 

significant implications for the pharmacological treatment of AD with serotonergic 

medications.

Studies demonstrating contradicting effectiveness for sertraline in the treatment of subtypes 

of AD individuals suggest that treatment with sertraline in a heterogeneous sample of 

individuals including those with S/L or S/S genotypes may reasonably be associated with a 

more complex gene by environment interaction as suggested by Cloninger and colleagues 

(1981). A growing field of research suggests that successful treatment with sertraline may be 

more related to a neurobiological typology (Leggio and Addolorato, 2008) involving some 

degree of external childhood physical or psychological insult that interacts with a 

predisposed genotype facilitating the risk for developing AD as adults, with evidence this 

excludes depression (Kranzler et al., 2006; Pettinati et al., 2000).
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In conclusion, this represents the first study investigating both ondansetron and sertraline in 

a design considering both a lab and a naturalistic measurement of alcohol. The results 

support the hypothesis of ondansetron as a medication with efficacy in individuals with a 

L/L 5-HTT genotype. We also note that this study confirms the validity of the ASAE 

paradigm. While these results must be considered preliminary, we suggest that future 

research in larger samples proceed by assessing both genetic and alcoholic subtypes 

excluding co-morbid depression. Resultant clinical matching of AD patients genetically and 

by subtype to the proper therapy may therefore be critical to successful treatment outcomes.
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Fig. 1. 
Drinks per drinking day by order and alleles 7-days prior to alcohol self-administration 

experiments. ◆: og11 (order 1 gene 1)—ondansetron, then placebo, then sertraline; L/L 

genotype, ■: og12 (order 1 gene 2)—ondansetron, then placebo, then sertraline; SS/SL 

genotype, ▲: og21 (order 2 gene 1)—sertraline, placebo, then ondansetron; L/L genotype, 

●: og22 (order 2 gene 2)—sertraline, placebo, ondansetron; SS/SL genotype.
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Fig. 2. 
ASAE order by alleles. ◆: og11 (order 1 gene 1)—ondansetron, then placebo, then 

sertraline; L/L genotype, ■: og12 (order 1 gene 2)—ondansetron, then placebo, then 

sertraline; SS/SL genotype, ▲: og21 (order 2 gene 1)—sertraline, placebo, then 

ondansetron; L/L genotype, ●: og22 (order 2 gene 2)—sertraline, placebo, ondansetron; 

SS/SL genotype.
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Table 1

Baseline Addiction and Demographic Data of the Final Sample (N = 15)

Drinks per drinking day (DDD) for the 28-day baseline period

 Range   4.85–25.39

 Median 10.80

 Mean (SD) 12.72 (6.56)

Gender n (%)

 Males 12 (80.0)

 Females   3 (20.0)

Age

 Range 24–57 yrs

 Median 44 yrs

 Mean (SD) 44.1 (9.5) yrs

Education n (%)

 High school diploma or GED 12 (80.0)

 College degree   3 (20.0)

Employment n (%)

 Working full-time   6 (40.0)

 Working part-time   3 (20.0)

 Retired   3 (20.0)

 Unemployed or receiving disability benefits   3 (20.0)

Marital status n (%)

 Single (and never married)   7 (46.7)

 Divorced   5 (33.3)

 Married or cohabiting   3 (20.0)
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