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Abstract 

A few clinical studies have shown that dual antidepressants (5-HT and NE transporter 

inhibitors, SNRIs) may be effective in alcoholism treatment. We studied the effect of the dual 

antidepressant milnacipran on ethanol operant self-administration in acutely withdrawn 

ethanol-dependent and in nondependent Wistar rats and used fluoxetine and desipramine to 

dissect both 5-HT and NE components respectively, in the effect of milnacipran. Milnacipran 

was also tested for relapse after protracted abstinence and on ethanol-induced (1.0 g/kg) 

conditioned place preference in control rats and ethanol-induced locomotor sensitization in 

DBA/2J female mice. Milnacipran dose dependently (5–40 mg/kg) attenuated the increased 

ethanol self-administration observed during early withdrawal and was more potent in 

preventing reinstatement in dependent rats after protracted abstinence as compared with 

nondependent rats. Desipramine and fluoxetine (10 mg/kg) blocked ethanol self-

administration during early withdrawal, and recovery was delayed in dependent animals, 

indicating a potent effect. Ethanol self-administration was also reduced one day after 

treatment with desipramine and fluoxetine but not with milnacipran. Finally, milnacipran 

prevented ethanol-induced place preference in ethanol-naïve rats and reduced the magnitude 

of ethanol-induced sensitization associated with a delayed induction in mice. Desipramine (20 

mg/kg) countered sensitization development and reduced its expression one week after 

treatment; fluoxetine (10 mg/kg) reduced sensitization expression. Thus, 5-HT and NE 

transmissions during sensitization expression may mediate the effect of milnacipran on 

sensitization induction. These results support that SNRIs may have a potential use in 

alcoholism treatment.  
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 INTRODUCTION 

Alcoholism is a devastating illness with a profound public health impact. The efficacy of 

current pharmacotherapies is modest and limited by patient non-adherence to treatment and 

disease heterogeneity. Alcoholism and depression comorbidity has been extensively 

documented and may be based on common neurobiological factors involving both 

serotonergic (5-HT) and noradrenergic (NE) pathophysiological mechanisms (Markou et al, 

1998). Activation of the 5-HT system decreases ethanol intake while lower levels of 5-HT 

have been measured in alcohol-dependent subjects (LeMarquand et al, 1994). A previous 

study has shown that inhibitors of NE and/or 5-HT uptake decrease alcohol intake in alcohol-

preferring rats (Daoust et al, 1984). Hwang et al (2000) reported a down-regulation of NE 

transporter (NET) in the locus coeruleus of alcohol-preferring rats that may be associated with 

alcohol-seeking behavior. 

Alcohol-dependent subjects also display reduced 5-HT transporter (5-HTT) density, 

which in turn may affect anxiety and depression, increasing the risk of relapse (Heinz et al, 

1998). Results obtained with 5-HTT inhibitor in alcohol-dependent patients are mixed. These 

mixed results may be explained by the subtype of alcohol-dependent patient who is treated 

and by the fact that alcohol intake is concurrently regulated by interactions of multiple 

neurotransmitter systems (Kenna, 2010; Pettinati, 2001). The ability to modify the levels of 

multiple monoamine neurotransmitters may be the key to treating alcoholism in a broader 

population. Of interest, a triple monoamine neurotransmitter uptake inhibitor (NE, 5-HT, and 

dopamine) DOV 102,677, has been shown to decrease voluntary ethanol intake in an ethanol-

preferring rat strain (McMillen et al, 2007). 

Mirtazapine (a 5-HT and NE transporter inhibitor, SNRI) reduces the severity of 

anxiety and depressive symptoms during alcohol detoxification (Liappas et al, 2005), 

suggesting that it may facilitate alcohol dependence treatment during its initial phase. There is 
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also evidence in alcohol-dependent patients with depressive disorders that mirtazapine 

improves mood and reduces alcohol craving (Yoon et al, 2006). 

Milnacipran, an equipotent inhibitor of both 5-HTT and NET, is a commonly used 

antidepressant that has also shown efficacy by improving chronic pain disorders (Owen, 

2008). Because depression and alcoholism share common mechanisms that imply the 

involvement of both the 5-HT and NE pathways (Markou et al, 1998), we hypothesized that 

milnacipran could be efficient in reducing alcohol-induced behaviors and could provide a new 

treatment for alcohol addiction.  

We also hypothesized that milnacipran could interfere with the development of 

ethanol-induced locomotor sensitization that is an important component in alcohol addiction. 

To test our hypotheses, we used chronic and intermittent ethanol vapor exposure protocols in 

rats (Gilpin et al, 2008; Naassila et al, 2000). Rats exposed to this protocol display enhanced 

anxiety and excessive ethanol self-administration during withdrawal (O’Dell et al, 2004; 

Valdez et al, 2002). This model of alcohol dependence induction allowed us to test the 

efficacy of a pharmacological treatment on motivation to drink alcohol associated with 

dependence and relapse. Motivation for drinking alcohol was measured using an ethanol 

operant self-administration paradigm. We evaluated the efficacy of milnacipran on operant 

self-administration during acute withdrawal and during relapse after a protracted period of 

abstinence. We finally tested in nondependent rats the effect of this compound on ethanol 

reinforcement and on the conditioned motivational properties of ethanol using a conditioned 

place preference (CPP) paradigm (Barbier et al, 2008). In addition, repeated ethanol exposure 

induces sensitization of NE and 5-HT neurons (Lanteri et al, 2008); thus, we investigated the 

effect of milnacipran on ethanol-induced behavioral sensitization that is defined as a long-

lasting and progressive enhancement of the locomotor and motivational responses to ethanol 

after repeated and intermittent administration (Kalivas and Stewart, 1991). This sensitization 
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is suggested to be analogous to characteristic behaviors of drug addiction (Robinson and 

Berridge, 1993). 

To dissociate both 5-HT and NE components in the effects of milnacipran, we tested 

fluoxetine (5-HTT inhibitor) and desipramine (NET inhibitor) on excessive motivation for 

ethanol during acute withdrawal and on ethanol-induced behavioral sensitization. 

 

MATERIALS AND METHODS 

Animals 

Male Wistar rats weighing 200–250 g upon arrival in our animal care unit were obtained from 

Charles River Laboratory (L’Arbresle, France). Animals were housed four per cage, and 

lights were on a reversed 12-h light/dark cycle (lights on at 7:00 PM) in a temperature-

controlled (21 ± 0.5°C) and humidity-controlled (55 ± 10%) environment, with food and 

water available ad libitum (except for a week of forced-ethanol exposure (10% v/v) before the 

self-administration procedure). 

Female DBA/2J mice, a strain chosen for its sensitivity to the stimulatory and 

sensitizing effects of ethanol (Phillips et al, 1995) were purchased from Janvier (Le Genest 

Saint Isle, France). Females were used because they tend to develop more robust sensitization 

than males (Forgie and Stewart, 1994; Robinson and Berridge, 1984). Mice were housed 10 

per cage and acclimated to the colony room for at least 10 days. At the beginning of the 

experiments, mice were 8–9 weeks old and weighed 20 ± 2 g.  

The number of animals was kept to a minimum, and all efforts were made to avoid 

animal suffering. Experiments were carried out in strict accordance with both the guidelines 

for Care and Use of Laboratory Animals (NIH) and the European Community regulations for 

animal use in research (CEE No 86/609) and were also approved by the local ethics 

committee. 
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Drugs 

Ethanol (VWR, Strasbourg, France) and sucrose (Sigma Aldrich, Saint Quentin Fallavier, 

France) solutions were prepared in tap water. Milnacipran (cis-2-aminomethyl-N,N-diethyl-1-

phenylcyclopropanecarboxamide monohydrochloride) was obtained from Pierre Fabre 

(Gaillac, France). The range of doses of milnacipran (5, 10, 20, and 40 mg/kg) was chosen 

because they do not have locomotor effects (Mochizuki et al, 2002). Milnacipran treatment 

was administered intraperitoneally (i.p.) 20 min before experiments. Extracellular levels of 5-

HT and NE are increased 20 min after an i.p. injection of 30 mg/kg of milnacipran (Tachibana 

et al, 2004). Desipramine (Sigma-Aldrich, France) was administered i.p. an hour before 

experiments as was fluoxetine (Tocris, Bristol, United Kingdom) (Tanda et al, 1996). For i.p. 

injections, all compounds and ethanol were dissolved in saline, and injection volumes were 1 

ml per 200 g body weight and 1.25 ml per 100 g body weight for rats and mice, respectively. 

Control animals were treated with saline injections.  

 

Ethanol Operant Self-administration 

These experiments were conducted in standard operant chambers (Bioseb, Vitrolles, France) 

installed in sound-attenuated and ventilated cubicles. The chambers were connected to a 

computer running PackWin software to record activity. The left side of each chamber 

contained two levers located below a stimulus light and on either side of the drinking cup. 

Animals were trained 5 days a week in 30-min sessions for 10 weeks to self-administer a 

solution of 10% ethanol, using a sucrose fading procedure (Samson, 1986). A 0.1 ml drop of 

10% ethanol was delivered after each active lever response (fixed ratio, 1). Each reinforcer 

was followed by a 3-s time-out period during which additional active lever presses did not 
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result in reinforcer delivery. Each active lever press was associated with a light cue that was 

also used during the reacquisition procedure.  

For the first 3 days of training, rats had limited access to water 3 h per day. Self-

administration training started the first day with a free delivery of 10% sucrose every minute 

to shape the approach to the central receptacle. On days 2 to 6, rats received no free deliveries 

of sucrose, but presses on any lever produced a mixed 10% sucrose–10% ethanol delivery. 

Starting on day 7, only one active lever resulted in a delivery of the 10% sucrose–10% ethanol 

reinforcer. The active lever was then alternated between left and right during 5 sessions to 

minimize potential positional biases. The sucrose fading procedure then began on day 12, i.e., 

sucrose concentration was gradually decreased while ethanol concentration was maintained at 

10%. Starting at day 24, rats were allowed to respond for 10% ethanol for 5 weeks to stabilize 

operant behavior. 

 

Ethanol Vapor Inhalation 

Rats were housed individually in standard cages, had unlimited access to water and food, and 

were exposed to ethanol vapor in sealed clear plastic chambers (550 L) (Naassila et al, 2000). 

Ethanol vapor was generated by introducing pressured air into a 96% ethanol reservoir (60–

80% of hygrometry). Ethanol vapor concentration was gradually increased for 3 weeks to 

reach stable blood ethanol concentrations (BECs) (between 150 and 250 mg/dl). Ethanol was 

evaporated for 14 h each day (on 19.00; off 09.00) (O’Dell et al, 2004) for 10 weeks 

(Rimondini et al, 2002). BECs were regularly determined to permit the adjustment of ethanol 

vapor concentrations using an Analox AM1 Instrument analyzer (Imlab, Lille, France). Rats 

subjected to this chronic ethanol vapor inhalation displayed a physical dependence, shown by 

the appearance of somatic withdrawal signs, as previously described (O’Dell et al, 2004; 
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Roberts et al, 2000). During the same period, control (nondependent) animals were placed in 

a separate sealed plastic chamber and exposed to a continuous flow of air. 

 

Experimental Procedure 

At the end of the 10-week period of dependence induction, rats (n = 12) were re-tested for 

10% ethanol self-administration following a 6-h withdrawal period from ethanol vapors. At 

this time-point, BECs returned to 0, and dependent rats were expected to show a significant 

increase in ethanol lever pressing, as previously described (Rimondini et al, 2002). As soon as 

dependent and nondependent animals showed a stable baseline, each rat received 0 (saline), 5, 

10, 20, or 40 mg/kg milnacipran in a Latin square counterbalanced design (Gehlert et al, 

2007). Two other groups of rats received either desipramine or fluoxetine at 10 mg/kg. 

In another experiment, we investigated whether the effect of milnacipran on operant 

self-administration was specific to ethanol by measuring its effects on the reinforcing effects 

of sucrose, a natural rewarding substance. The 2% sucrose concentration was chosen to 

achieve the same level of response as that observed in dependent rats self-administering 10% 

ethanol (about 100 deliveries). Eight nondependent rats were trained for sucrose self-

administration under a FR1 schedule using 0.1 ml of a 2% sucrose solution as the reinforcer. 

Rats were trained 5 days a week in 30-min sessions. Once animals showed a stable baseline, 

different doses of milnacipran (5, 10, 20, and 40 mg/kg) were tested. 

 

Extinction of Ethanol-reinforced Responding 

One week after removal from the vapor chambers, ethanol-reinforced responding was 

extinguished in daily 30-min sessions. Lever responses were counted, but no programmed 

events occurred (no ethanol delivery and no light cue). Daily sessions continued until all rats 
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(n = 12 for dependent group; n = 8 for nondependent controls) reached an extinction criterion 

of fewer than 6 responses per session for 3 consecutive days. 

 

Reacquisition Testing 

After 2 weeks of extinction, rats were injected with milnacipran (10 or 40 mg/kg) or saline 20 

min before testing reacquisition. To trigger memory retrieval of operant responding for 

ethanol, the light cue (CS) and two primes of ethanol (0.1 ml of 10% ethanol, spaced by 1 

min) were delivered at the beginning of the test session. Then, each press on the active lever 

resulted in the delivery of 0.1 ml of 10% ethanol during the entire self-administration session 

(30 min) (Carnicella et al, 2009; Peana et al, 2009). 

 

Ethanol-induced CPP in Wistar Rats 

We used a two-chamber apparatus (Bioseb, Chaville, France), consisting of two 20 × 40 × 40 

cm compartments with distinct visual and tactile cues, as previously described (Barbier et al, 

2008). The two compartments were separated by a guillotine door. Distance and time spent in 

each compartment were measured by computer-interfaced infrared photobeams (16 × 16). 

Both compartments were illuminated by dim light with 40 lux brightness. The procedure 

consisted of three phases: preconditioning (day 1), conditioning (days 2–5), and post-

conditioning (day 6). To control for possible innate preferences for one of the two 

compartments, rats underwent a single preconditioning session. Immediately after saline 

injection, they were allowed free access to both conditioning compartments for 15 min. Rats 

(n = 10 per group) were randomly assigned to undergo either drug conditioning in the 

morning and saline conditioning in the afternoon, or vice versa. Rats received a total of two 

injections per day.  
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For drug conditioning, rats were randomly assigned to receive either saline or ethanol 

(1.0 g/kg, prepared at 20% v/v in saline). Ten minutes following administration, animals were 

confined to one of the two compartments for 15 min. The drug- and saline-paired conditioning 

compartments and the time of the drug or saline conditioning session (morning or afternoon) 

were counterbalanced across all groups. Conditioning sessions were conducted twice daily for 

4 days, with a minimum of 5 h between conditioning sessions. On the day following the last 

conditioning session, we tested animals for CPP by placing them between the two 

compartments (guillotine door removed) and allowing them free access to both conditioning 

compartments for 15 min. CPP was determined by comparing the time spent in the drug-

paired compartment during the preconditioning session and the time spent in the drug-paired 

compartment during the test session. The total number of entries into each compartment and 

the total distance traveled were measured during both preconditioning and test sessions. 

Milnacipran (10 or 40 mg/kg) or saline was administered 10 min before each ethanol 

injection. Milnacipran (40 mg/kg) alone was also tested as the conditioning drug. 

 

Ethanol-induced Locomotor Sensitization in Female DBA/2J Mice 

Locomotor activity was assessed using the LE 8811 IR motor activity monitor (Bioseb, 

Chaville, France). Mice were placed in a 40 × 40 cm open field with opaque acrylic walls. 

The chamber was transected with infrared photocell beams 2 cm above the floor at 16 sites 

along each side. Test chambers were shielded from external noise and illuminated with 

indirect white light (20 lux). Horizontal locomotion was measured from photocell beam 

interruptions using ActiTrack software. The general sensitization procedure was similar to 

that used by Pastor and Aragon (2006). On the first day of the experiment (habituation day), 

all mice were weighed, injected with saline solution (12.5 ml/kg), and immediately placed 

into the open field. Locomotor activity was recorded for the next 5 min. Mice were then 
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divided into several groups that were equated in terms of horizontal locomotion. The next 

day, the sensitization procedure started. Every day, mice were injected with milnacipran 10 or 

40 mg/kg (Mil10 or Mil40), desipramine 10 or 20 mg/kg (D10 or D20), fluoxetine 5 or 10 

mg/kg (F5 or F10), or saline solution, followed by an injection of ethanol 2.0 g/kg or saline 

solution 20 min (milnacipran) or 60 min (desipramine and fluoxetine) later and were 

immediately placed in the open field. Each mouse received a total of two injections per day. 

Locomotor activity was recorded for 5 min to capture the stimulant effects of the ascending 

limb of the blood alcohol concentrations (Didone et al, 2008). These daily treatments were 

conducted for 10 days (day 1 to 10). After the tenth day, mice were left undisturbed in their 

home cages for 7 days. All mice received a single injection of ethanol 2.0 g/kg on day 17 

(ethanol challenge) and saline on day 18 (saline challenge) immediately before locomotor 

activity testing.  

 

Effect of Acute Milnacipran on Locomotor Activity in Ethanol-sensitized Mice 

We used mice from a saline/ethanol group. On day 30 (11 days after the saline challenge), 

mice received an acute ethanol injection (2.0 g/kg) immediately before a 5-min locomotor 

activity test. The next day, they received an injection of milnacipran (40 mg/kg) 20 min 

before ethanol injection and immediately underwent a 5-min locomotor activity test.  

 

Statistical Analysis 

Data are expressed as mean ± SEM, and analyses were conducted using SigmaStat2.0 

software. Data were submitted to a square root transformation to meet the requirements of 

homogeneity of variance if necessary. For the self-administration experiments, data were 

subjected to two-way analysis of variance (ANOVA) with repeated measure (RM) (ethanol 

vapor versus air control) × (treatments). Sucrose self-administration results were analyzed 
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with a one-way RM-ANOVA. CPP experiments were also analyzed with two-way RM-

ANOVA (treatments) × (session), as were data from the sensitization experiment (group) × 

(day). Post hoc comparisons were conducted using Tukey’s test. Statistical significance was 

set at P < 0.05.  

 

RESULTS 

Ethanol Operant Self-administration in Dependent and Nondependent Rats 

Effect of milnacipran 

As expected, rats exposed to ethanol vapor inhalation responded three times more for 10% 

ethanol self-administration than nondependent rats [F(1,20) = 15.619, P < 0.001; 104 vs 36 

deliveries corresponding to 0.93 ± 0.11 g/kg and 0.3 ± 0.05 g/kg, respectively, P < 0.001; Fig. 

1a]. ANOVA revealed a significant effect of milnacipran dose [F(4,80) = 23.013, P < 0.001] 

and a significant interaction between ethanol exposure and milnacipran dose [F(4,80) = 2.845, 

P = 0.029]. A robust, dose-dependent suppression of ethanol self-administration by 

milnacipran was found. Post hoc analysis revealed a significant reduction in ethanol self-

administration in dependent animals at the 10 mg/kg (P < 0.05), 20 mg/kg (P < 0.01), and 40 

mg/kg (P < 0.001) doses of milnacipran compared with the saline injection. In contrast, 

milnacipran was less effective in altering ethanol self-administration in nondependent 

animals. Only the highest dose of milnacipran significantly decreased lever presses (P < 0.05 

compared to 0, i.e., saline). Responses on the non-active lever were not affected in any of the 

groups (data not shown). 

The day after milnacipran (40 mg/kg), rats showed the same level of response as compared to 

baseline, indicating a recovery (P = 0.004 compared to 40 mg/kg; Fig. 1b). 

 

Effect of desipramine 
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In another group of rats, desipramine (10 mg/kg) was tested in ethanol operant self-

administration in dependent and nondependent animals. A two-way ANOVA showed a 

significant effect of desipramine treatment [F(2,25) = 15.465, P < 0.001] and a significant 

interaction between ethanol exposure and treatment [F(2,25) = 5.862, P = 0.008]. Post hoc 

analysis showed that dependent animals pressed for 10% ethanol significantly more than 

nondependent animals (P = 0.039). This analysis also showed a significant reduction in 

ethanol self-administration in dependent animals as well as non-dependent ones after 

desipramine (P < 0.001 and P = 0.022, respectively). Of interest, the day after desipramine 

injection, we observed that recovery was well established in nondependent rats (P = 0.002) 

whereas it was not achieved in dependent rats (P = 0.640; Fig. 2), thus demonstrating that 

dependent animals were more sensitive to a single desipramine injection.  

 

Effect of fluoxetine  

Fluoxetine (10 mg/kg) was also tested in ethanol operant self-administration in both groups of 

animals. A two-way ANOVA showed a significant effect of fluoxetine [F(2,36) = 26.592, P < 

0.001] and a significant interaction between vapor exposure and fluoxetine [F(2,36 = 5.791, P 

= 0.007]. Post hoc analysis showed that dependent animals pressed more for 10% ethanol 

than nondependent animals (P = 0.006). Tukey’s test also showed a significant reduction in 

lever presses for both groups after treatment with fluoxetine (P < 0.001). As for desipramine, 

recovery of ethanol self-administration was not achieved the day after fluoxetine injection in 

dependent rats (P = 0.895) compared with nondependent rats (P = 0.01) (Fig. 3), 

demonstrating that dependent animals were more sensitive to a single fluoxetine injection. 

 

Sucrose Operant Self-administration 
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One-way ANOVA showed a significant effect of milnacipran on sucrose self-administration 

[F(4,26) = 10.106, P < 0.001]. Post hoc analysis revealed a significant reduction of sucrose 

self-administration in animals for the 20 and 40 mg/kg (P < 0.001) doses of milnacipran (Fig. 

4).  

 

Reacquisition of Ethanol Self-administration  

We examined the effect of milnacipran (10 and 40 mg/kg) on operant response for ethanol in 

both control rats and rats with a history of dependence after a period of extinction. At the 

lowest dose (10 mg/kg), a two-way ANOVA showed a significant effect of milnacipran 

[F(2,22) = 28.799, P < 0.001] and a significant interaction between ethanol vapor exposure 

and milnacipran [F(2,22) = 3.987, P = 0.33] (Fig. 5a). Post hoc analysis revealed a strong 

reacquisition of ethanol self-administration for both dependent and nondependent groups (P = 

0.003 and P = 0.001, respectively). After treatment with 10 mg/kg before reacquisition, only 

the dependent group showed a significant decrease in ethanol self-administration (P = 0.034) 

compared to nondependent rats, demonstrating that dependent animals were more sensitive to 

the anti-relapse effect of milnacipran.  

For the 40 mg/kg dose, ANOVA showed a significant effect of milnacipran [F(2,36) = 

23.221, P < 0.001]. As Figure 5b indicates, a strong reacquisition of ethanol self-

administration was observed in the control saline-injected rats, for both dependent and 

nondependent groups (P < 0.001). This increase was selective for the lever associated with 

ethanol, while the response on the inactive lever remained very low (0.5 ± 0.23 for dependent 

rats; 1 ± 0.38 for nondependent rats, data not shown). The reacquisition of responding for 

ethanol was completely prevented in rats pretreated with milnacipran (P < 0.001 compared 

with saline treatment) for both groups (10/12 rats were completely devoid of any response at 
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the lever in the dependent group and 8/8 in the nondependent group). These results 

demonstrate that milnacipran prevented relapse similarly in both groups at this high dose. 

 

Ethanol (1.0 g/kg)-induced Conditioned Place Preference (CPP) 

When used as the conditioning drug, milnacipran 40 mg/kg alone failed to produce a CPP or 

aversion, indicating a lack of intrinsic rewarding or aversive effects of this compound (Fig. 6). 

After pretreatment with milnacipran (10 or 40 mg/kg), a dose-dependent reduction of ethanol 

place preference was observed (main effects of treatments [F(3,36) = 5.365, P = 0.004] and 

session [F(1,36) = 19.783, P < 0.001] and a significant interaction [F(3,36) = 6.915, P < 

0.001]). Post hoc analysis showed a significant ethanol place preference (P < 0.001) that was 

not altered at the dose of 10 mg/kg of milnacipran but that was significantly reduced at 40 

mg/kg dose (P < 0.001 compared to saline and P < 0.01 compared to 10 mg/kg).  

 

Ethanol-induced Behavioral Sensitization  

The three following experiments were performed in two stages. The milnacipran experiment 

was completed first, with its own saline/saline and saline/ethanol groups. Then, both 

desipramine and fluoxetine experiments (the second and third experiments, respectively) were 

conducted simultaneously using common saline/saline and saline/ethanol groups. 

For the first analysis of each of the experiments, we considered only data from the 10 

days of sensitization induction (days 1 to 10) (Fig. 7a–c). ANOVA showed a significant effect 

of group [F(4,42) = 36.647; P < 0.001] and day [F(9,375) = 13.186; P < 0.001] and a 

significant interaction [F(36,375) = 4.975; P < 0.001] in the first experiment (milnacipran, 

Fig. 7a); a significant effect of group [F(5,55) = 28.151; P < 0.001] and day [F(9,489) = 

7.549; P < 0.001] and a significant interaction [F(45,489) = 6.347; P < 0.001] in the second 

experiment (desipramine, Fig. 7b); and a significant effect of group [F(5,54) = 60.397; P < 
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0.001] and day [F(9,485) = 21.095; P < 0.001] and a significant interaction [F(45,485) = 

8.975; P < 0.001] in the third experiment (fluoxetine, Fig. 7c). Post hoc analysis revealed that 

a daily injection of milnacipran, desipramine, or fluoxetine did not change basal locomotor 

activity compared to controls (Mil40/saline, D10/saline, D20/saline, F5/saline, or F10/saline 

vs saline/saline).  

Analysis also showed that all ethanol-treated groups were sensitized at the end of 

sensitization induction (tenth day). Indeed, the locomotor activity of these groups was 

significantly increased between the first and last days of sensitization induction (P < 0.001 for 

all groups except the Mil40/E group: P = 0.002). However, analysis also indicated that the 

magnitude of sensitization in the Mil40/ethanol, D10/ethanol, and D20/ethanol groups was 

significantly lower than that of their respective saline/ethanol groups (P < 0.001, P = 0.003, 

and P = 0.004, respectively). Milnacipran 40 mg/kg significantly reduced sensitization and 

delayed its development compared to the saline/ethanol group, and both doses of desipramine 

also had the same effect. Conversely, fluoxetine 10 mg/kg increased locomotor activity 

compared to the saline/ethanol group on day 9 without any effect on sensitization 

development. Sensitization of the Mil40/ethanol and D10/ethanol groups was delayed 

compared to their respective saline/ethanol groups (day 9 vs day 3 for the milnacipran 

experiment and day 6 vs day 4 for desipramine).  

Phases of induction and expression of sensitization were analyzed separately for each 

experiment (Fig. 7d–f). We analyzed the expression phase on day 17 using days 1 and 10 as 

references. ANOVA showed a significant effect of group [F(4,42) = 17.779; P < 0.001] and 

day [F(2,84) = 64.656; P < 0.001] and a significant interaction [F(8,84) = 9.111; P < 0.001] in 

the first experiment (milnacipran, Fig. 7d); a significant effect of group [F(5,55) = 17.015; P 

< 0.001] and day [F(2,110) = 136.196; P < 0.001] and a significant interaction [F(10,110) = 

6.289; P < 0.001] in the second experiment (desipramine, Fig. 7e); and a significant effect of 
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group [F(5,54) = 24.326; P < 0.001] and day [F(2,107) = 73.959; P < 0.001] and a significant 

interaction [F(10,107) = 18.379; P < 0.001] in the third experiment (fluoxetine, Fig. 7f). 

Tukey’s post hoc tests showed that locomotor activity in all ethanol-treated groups on day 17 

(ethanol challenge) was still significantly higher than on day 1 for each group (P < 0.001 for 

all groups) except for the F10/ethanol group (P = 0.057). However, when each ethanol-treated 

group was compared to its own control group on day 17, locomotor activity of both the 

saline/ethanol and F5/ethanol groups was significantly higher than in their respective control 

groups (saline/ethanol vs saline/saline: P < 0.001 in all experiments; F5/ethanol vs F5/saline: 

P = 0.008). On the other hand, locomotor activity of the Mil10/ethanol, Mil40/ethanol, 

D10/ethanol, D20/ethanol, and F10/ethanol groups was not different from their respective 

controls (Mil10/ethanol vs Mil40/saline: P = 0.069; Mil40/ethanol vs Mil40/saline: P = 0.365; 

D10/ethanol vs D10/saline: P = 0.090; D20/ethanol vs D20/saline: P = 0.179; F10/ethanol vs 

F10/saline: P = 0.834). These results showed that the milnacipran-, desipramine-, and 

fluoxetine-pretreated groups (i.e., the Mil10/ethanol, Mil40/ethanol, D10/ethanol, 

D20/ethanol, and F10/ethanol groups) were no more significantly sensitized on day 17 despite 

a still increased activity compared to day 1. Furthermore, these tests revealed a significantly 

lower locomotor activity on day 17 between the D20/ethanol (P = 0.008) or F10/ethanol (P = 

0.007) groups compared to the saline/ethanol group.  

Finally, there were no differences between groups on day 18 (saline solution challenge) 

in all experiments (two-way RM-ANOVA group × treatment; ethanol on D17 vs saline on 

D18), and locomotor activity of all groups was significantly decreased between days 17 and 

18, confirming that sensitization was attributable only to ethanol. In summary, a pretreatment 

with milnacipran (40 mg/kg) or desipramine (10 or 20 mg/kg), but not with fluoxetine, could 

modulate development of ethanol-induced behavioral sensitization in terms of speed of 

induction and of magnitude. Moreover, these pretreatments with milnacipran, desipramine, or 
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fluoxetine during the induction phase could decrease or even inhibit the sensitization 

expression, except at the lowest dose of fluoxetine. Overall, the results showed that the 

highest doses of both milnacipran and desipramine decreased and delayed sensitization 

development and blocked its expression. Fluoxetine had no effect on sensitization 

development, but the highest dose completely blocked its expression. 

To assess a possible effect of these inhibitors on ethanol metabolism, we evaluated 

BECs at day 20, 30 min after an ethanol 2.0 g/kg injection in mice that were repeatedly 

injected with ethanol to induce sensitization. A first one-way ANOVA revealed no differences 

in BECs (mg/dl) among the saline/saline (201.3 ± 4.3; n = 10), saline/ethanol (204 ± 3.6; n = 

9), and Mil40/ethanol (194.1 ± 4.3; n = 5) groups [F(2,22) = 1.108; P = 0.349]. A second one-

way ANOVA showed no differences in BECs among the saline/saline (201.3 ± 4.3; n = 10), 

saline/ethanol (204 ± 3.6; n = 9), D10/saline (206.1 ± 5.2; n = 10), D10/ethanol (202.5 ± 4.4; 

n = 10), D20/saline (204 ± 3.6; n = 10), and the D20/ethanol (207.6 ± 2.9; n = 10) groups 

[F(5,53) = 0.317; P = 0.9]. Finally, a third one-way ANOVA revealed no differences in BECs 

among the saline/ethanol (181.48 ± 2.89; n = 10), F10/saline (183.34 ± 3.48; n = 10), and 

F10/ethanol (178.64 ± 2.57; n = 10) groups [F(2,27) = 0.620; P = 0.546]. 

 

Effect of a Single Administration of Milnacipran on the Expression of Ethanol-induced 

Locomotor Sensitization 

When milnacipran was injected only during the expression phase, it had no effect on 

locomotor response induced by ethanol in sensitized mice (data not shown). In this test, the 

expression phase was analyzed on days 30 and 31 (i.e., 11 and 12 days after the challenge) in 

mice from the saline/ethanol group (n = 10). Increased locomotor activity was observed on 

day 30, indicating that mice were still sensitized. The day after, milnacipran injected before 

ethanol had no effect, revealing a lack of effect of milnacipran once mice were sensitized. 
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DISCUSSION 

Our results provide evidence that 5-HTT and NET inhibitors and also the dual antidepressant 

milnacipran block ethanol self-administration in both dependent and nondependent rats. 

Milnacipran reduced excessive ethanol consumption and prevented relapse after protracted 

abstinence in alcohol-dependent rats at a dose that was ineffective in nondependent animals 

and on sucrose self-administration. This effect likely involves both 5-HT and NE signaling 

because both 5-HTT and NET inhibitors completely block excessive ethanol consumption 

during short-term withdrawal and their effectiveness is higher than that of milnacipran. Of 

interest, milnacipran was more effective in dependent animals compared with nondependent 

ones. Milnacipran also blocked ethanol reward and thus inhibited the acquisition of ethanol-

induced CPP. Finally, milnacipran reduced the magnitude of ethanol-induced locomotor 

sensitization and delayed its induction, as clearly observed with the NET inhibitor.  

The level of responding from the dependent group of animals is similar to that 

described in other studies (Gehlert et al, 2007; O’Dell et al, 2004; Roberts et al, 2000). 

Milnacipran reduced excessive alcohol self-administration in alcohol-dependent rats at doses 

that were ineffective in nondependent rats and on sucrose intake. This effect may result from 

an inhibitory influence on 5-HTT and NET because both desipramine and fluoxetine 

completely blocked alcohol self-administration. Desipramine and fluoxetine were also much 

more potent than milnacipran in reducing ethanol self-administration because these treatments 

completely blocked self-administration and their effects were still present one day after 

treatment. Of note, at 10 mg/kg, milnacipran reduced alcohol self-administration only in 

dependent animals whereas both desipramine and fluoxetine completely blocked this behavior 

in the dependent and nondependent groups. Milnacipran significantly decreased sucrose self-

administration at the 20 mg/kg dose, but not at the 10 mg/kg dose, although this latter dose 
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was effective on ethanol self-administration. These data suggest that milnacipran affects 

general rewarding and motivational mechanisms, as already reported for naltrexone 

(Stromberg et al, 2002). Nevertheless, milnacipran reduced ethanol self-administration at a 

lower dose with a significant effect at 10 mg/kg in ethanol-dependent rats, suggesting that this 

low dose was more selective on ethanol self-administration. The fact that milnacipran had a 

greater effect on alcohol self-administration in alcohol-dependent rats suggests that chronic 

intermittent alcohol exposure may induce changes in both 5-HT and NE systems, rendering 

the rats more sensitive to milnacipran. This idea remains to be further investigated, but it is 

interesting to note that dependent animals were also more sensitive to desipramine or 

fluoxetine, as a partial recovery was observed in these animals compared to nondependent 

rats. A modification of metabolism of these molecules in alcohol-dependent animals cannot 

be ruled out. In contrast, both nondependent and dependent animals exhibited a recovery the 

day after milnacipran treatment that may be attributable to its short half-life compared to 

fluoxetine and desipramine (Boyer and Briley, 1998). Milnacipran could be effective in 

treating alcohol-dependent subjects at doses that are inert in healthy subjects. Of interest, 

chronic ingestion of ethanol and ethanol withdrawal induce changes in both NE and 5-HT 

sensitivity in rat cerebral cortex (French et al, 1975; 1977). A clinical study has shown that 

plasma NE levels are significantly elevated in early withdrawal and decline from early to late 

withdrawal (Patkar et al, 2003). Those authors also showed that 5-HT levels declined 

throughout the 2-week withdrawal period. These disturbances could explain the increased 

sensitivity of dependent animals to milnacipran compared to nondependent animals. Because 

acute alcohol exposure is known to increase both 5-HT and NE turnover and release, alcohol 

self-administration may be an attempt to compensate for the deficit in both 5-HT and NE, and 

milnacipran could substitute for the effect of alcohol and thus decrease alcohol self-

administration. The mechanism by which milnacipran modulates ethanol self-administration 
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remains to be elucidated and could be related to anxiety. Mochizuki et al (2002) reported that 

acute treatment with milnacipran exerts antidepressant and anxiolytic effects in rats. The 

efficacy of milnacipran in reducing alcohol reward during acute withdrawal may be 

attributable to its anxiolytic effects as it is well established that anxiety induced by ethanol 

withdrawal is an important factor in the negative reinforcement leading to excessive alcohol 

drinking (Schuckit and Hesselbrock, 1994). Of note, we showed that when milnacipran was 

administered after a prolonged period of abstinence (3 weeks), it completely blocked alcohol- 

plus cue-induced relapse in both groups at the highest dose. Importantly,  milnacipran at the 

lowest dose was effective only in dependent animals. Thus, the efficacy of milnacipran 

observed in alcohol-dependent rats may be the result of an effect on alcohol withdrawal–

induced anxiety during both acute and chronic withdrawal. Our results suggest that 

milnacipran could reduce negative reinforcement. To test its effect on positive reinforcement, 

we carried out other experiments such as CPP and behavioral sensitization in nondependent 

animals. Few studies have suggested a potential role for SNRIs in the treatment of addiction. 

The SNRI venlafaxine has been shown to reduce acquisition of intravenous heroin self-

administration in rats (Malagas et al, 2005), and duloxetine dose-dependently suppressed two-

bottle choice alcohol binge drinking and operant alcohol responding (Ji et al, 2008), 

indicating that SNRI may be useful in reducing the abuse of such substances. Our results 

showed that fluoxetine is very effective in decreasing ethanol self-administration. Other 

studies have already demonstrated that selective 5-HT reuptake inhibitors (SSRIs) diminish 

alcohol self-administration in rats (Le� et al, 1996; Wilson et al, 1998). For example, 

fluoxetine reduced ethanol self-administration in nondependent animals (Lê et al, 1999; 

Maurel et al, 1999) and reduced responding on a lever leading to presentation of an ethanol-

paired conditioned stimulus in rat (Wilson et al, 2000). Of interest, Wilson et al (2000) also 

showed that this conditioned reinforcing property of ethanol could be reduced by the 5-HT 
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releaser d-fenfluramine and the activation of 5-HT1A and 5-HT1B receptors. SSRIs also have 

been reported to decrease relapse to alcohol in humans (Naranjo and Sellers, 1989; Sellers et 

al, 1992), but this finding was not confirmed in another study (Zernig et al, 1997). The 

present data also show that desipramine potently inhibited ethanol self-administration during 

acute withdrawal. The mechanism by which NET inhibition is effective against ethanol 

reinforcement remains to be determined, but the involvement of α2-receptors is a possibility 

as an α2 agonist reduces ethanol self-administration (Lê et al, 2005); however, both α1- and 

β-receptor antagonists attenuate ethanol self-administration in alcohol-dependent rats (Gilpin 

and Koob, 2010; Walker et al, 2008). To our knowledge, no study has addressed the effect of 

a selective NET inhibitor on ethanol self-administration. Nonetheless, reboxetine can 

attenuate both intravenous nicotine and sucrose self-administration in rats (Rauhut et al, 

2002). Note that NE may enhance ethanol sensitivity, reducing the amount of ethanol 

necessary for reward (Haughey et al, 2006).  

In alcohol-naïve rats, milnacipran (40 mg/kg) blocked the rewarding properties of 

ethanol in the CPP paradigm. A previous study showed that enhancing 5-HT transmission 

with fluoxetine did not influence ethanol reward in the same paradigm (Risinger, 1997). 

Another study found that prefrontal NE transmission was critical in alcohol-induced CPP in 

mice (Ventura et al, 2006). The SNRI venlafaxine attenuates morphine-induced reinstatement 

in a CPP paradigm (Lu et al, 2001). Altogether, these results indicate that the SNRI-induced 

decrease in the rewarding properties of alcohol and other drugs of abuse could be the result of 

their NE transmission-enhancing properties. In addition, 24 h after injection of 5-HTT or NET 

inhibitors,  alcohol consumption was reduced in alcohol-preferring rats (Murphy et al, 1985). 

The phenomenon of behavioral sensitization has been suggested to be a key component 

of drug addiction (Robinson and Berridge, 1993). Previous studies have shown that 

naltrexone and acamprosate, two clinically used anti-craving compounds, block ethanol-
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induced sensitization in mice (Chester et al, 2001; Pastor and Aragon, 2006). In our study, 

behavioral sensitization was quite robust and long lasting; this phenomenon was still present 

until day 44 (data not shown). The sensitized response to acute ethanol (2.0 g/kg) was also 

evident when mice were tested following a 7-day abstinence period, suggesting persistent 

neural changes induced by ethanol, as previously reported (Lessov and Phillips, 1998). 

Ethanol-induced behavioral sensitization was delayed and dose dependently reduced by 

milnacipran. Its effect was observed throughout sensitization development, indicating that it 

counteracts the neural sensitization leading to drug dependence. This latter point is supported 

by the fact that milnacipran injected during the induction phase reduced sensitization 

expression at day 17, i.e., 7 days after the last milnacipran administration and in a dose-

dependent manner. In general, our data support the concept that the effect of milnacipran on 

sensitization development involves mainly the NE component whereas its effect on 

expression involves both 5-HT and NE systems. In addition, when mice injected only once 

are sensitized (i.e., during the expression phase), acute milnacipran (40 mg/kg) had no effect 

on the locomotor response to ethanol (data not shown). Thus, the pharmacological blockade 

of locomotor sensitization by milnacipran seems to occur only during the induction phase 

when ethanol-induced neuro-adaptations are not yet established. Our results demonstrate that 

desipramine reduces and delays sensitization development and also reduces ethanol response 

during expression phase. To our knowledge, our study is the first to investigate the effect of a 

NET inhibitor on ethanol-induced sensitization. A previous study reported that desipramine 

(30 mg/kg), but not fluoxetine, potentiates the acute hypnotic/sedative effect of ethanol (3.0 

g/kg) in mice and that this effect may be mediated via α2-adrenoreceptor (Boyce-Rustay et 

al, 2008). We provide evidence that fluoxetine has opposite effects depending upon 

sensitization phases. It enhances the locomotor response to ethanol at the end of the induction 

phase whereas it reduces response to ethanol during the expression phase. Our results are in 
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line with those of Goeldner et al (2005) showing a facilitation of ethanol-induced behavioral 

sensitization by fluoxetine 10 mg/kg. Other studies have found that 5-HT transmission is 

involved in ethanol-induced sensitization; 5-HT3 and 5-HT2C antagonists blocked sensitization 

(Ferraz and Boerngen-Lacerda, 2008; Umathe et al, 2009) whereas a 5-HT1A receptor 

antagonist did not influence ethanol-induced locomotor sensitization (Risinger and Boyce, 

2002). Both 5-HT and NE have been proposed to play a major role in addiction (Weinshenker 

and Schroeder, 2007; Wilson et al, 2000). Our data support the hypothesis that increasing 

both 5-HT and NE transmissions could be a promising target for treating alcohol addiction. 

Even though the precise nature of the brain pathways or mechanisms that are involved 

requires additional investigation, a few hypotheses can be formulated to explain these 

mechanisms. In animals, sensitized locomotor behavior is initiated in the ventral tegmental 

area (VTA) and is then expressed in the nucleus accumbens (Kalivas and Duffy, 1990), 

presumably through enhancement of dopamine responses that are influenced by different 

neurotransmitters such as dopamine (Palmer et al, 2003) and 5-HT (Goeldner et al, 2005). 

Both rewarding and locomotor stimulating effects of alcohol involve neuro-adaptations in the 

mesocorticolimbic dopaminergic system. 5-HT seems to inhibit this reward system; for 

example, firing of VTA dopaminergic neurons is inhibited following SSRI treatment (Di 

Mascio et al, 1998). Both the raphe nuclei (5-HT) and locus coeruleus (NE) project to the 

VTA and inhibit VTA dopaminergic neurons via 5-HT1B/1C and/or 5-HT2B/2C receptors (Prisco 

and Esposito, 1995) and adrenergic α1 receptors, respectively. Therefore, by elevating 

extracellular levels of 5-HT and NE, milnacipran may enhance the inhibitory influence of 

these neurotransmitters on dopaminergic neurons and consequently counteract or attenuate the 

effect of alcohol. The fact that milnacipran could counteract the alcohol-induced increase in 

dopamine levels in the nucleus accumbens may explain, at least in part, its efficacy in 

reducing both the rewarding and locomotor stimulating effects of alcohol. Milnacipran may 
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also disturb the 5-HT–NE uncoupling, a hypothesis that has been proposed in sensitization to 

drugs of abuse (Lanteri et al, 2008). The mutual regulation of NE and 5-HT neurons is 

impaired by repeated treatments with ethanol, and this effect may involve both α1b-

adrenergic and 5-HT2A receptors (Lanteri et al, 2008). Milnacipran could help in 

resynchronized activations of each transmission system. 

In conclusion, our data demonstrated that inhibitors of 5-HT or NE uptake are highly 

effective in reducing ethanol self-administration in dependent and nondependent rats. The 

dual antidepressant milnacipran dose-dependently reduced ethanol self-administration in 

dependent animals. It also reduced both alcohol self-administration and relapse in 

nondependent and alcohol-dependent animals but was effective at a lower dose in dependent 

animals and at a dose that was ineffective on sucrose self-administration. Milnacipran 

prevented ethanol-induced place preference and reduced ethanol-induced sensitization. Its 

effect on ethanol-induced sensitization may be mainly mediated via NE transmission because 

sensitization development was blocked by desipramine whereas fluoxetine facilitated 

sensitization. Our results suggest that the use of inhibitors of both 5-HT and NE uptake might 

be an effective strategy in alcoholism treatment. 
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FIGURE LEGENDS 

Figure 1. (a) Milnacipran dose-dependently reduces ethanol self-administration (number of 

ethanol deliveries) more efficiently in dependent rats compared to nondependent rats. Ethanol 

dependence was induced by intermittent exposure to ethanol vapors for at least 10 weeks, and 

animals were then tested for ethanol self-administration after 6 h of acute withdrawal. 

Dependent rats (n = 12) showed a significant increase in the number of ethanol deliveries 

compared with nondependent rats (n = 10). Milnacipran (i.p., 20 min before self-

administration) significantly reduced ethanol self-administration in dependent animals, in a 

dose-dependent manner. In nondependent rats, a significant effect was observed only at the 

highest dose. Values represent mean ± SEM. #P < 0.001 compared with the same milnacipran 

dose in nondependent animals. ***P < 0.001, **P < 0.01, and *P < 0.05 compared with 

saline treatment in dependent animals. @P < 0.05 one-way ANOVA with repeated measures 

compared to 0. (b) The day after milnacipran treatment (40 mg/kg), dependent and 

nondependent rats showed the same level of response as compared to baseline. ##P < 0.01 

compared with non-dependent rats, ***P < 0.001 compared with 0 within dependent rats, and 

@@ P < 0.01 compared with milnacipran 40 mg/kg within dependent animals. 

 

Figure 2. Desipramine (10 mg/kg) reduces ethanol self-administration in dependent (n = 6) 

and nondependent (n = 8) rats. Values represent mean ± SEM. #P < 0.05 compared with 

nondependent rats. ***P < 0.001, *P < 0.05 compared with 0 in both groups. @@P < 0.01 

compared with desipramine treatment in non-dependent animals. 

 

Figure 3. Fluoxetine (10 mg/kg) reduces ethanol self-administration in dependent (n = 6) and 

nondependent (n = 8) rats. Values represent mean ± SEM. ##P < 0.01 compared with 
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nondependent rats. ***P < 0.001 compared with 0 in both groups. @@P < 0.01 compared with 

fluoxetine treatment in nondependent animals. 

 

Figure 4. In nondependent rats (n = 8), milnacipran reduces 2% sucrose self-administration 

starting at the 20 mg/kg dose. Values represent mean ± SEM. ***P < 0.001 compared with 

saline treatment. 

 

Figure 5. (a) Milnacipran (10 mg/kg) prevents ethanol self-administration reacquisition in 

dependent (n = 8) rats but not in nondependent rats (n = 8). Extinction, responses during the 

final 3 extinction sessions; CS + ethanol priming, responses during presentation of an ethanol-

associated conditioned stimulus. **P < 0.01 and ***P < 0.001 compared with respective 

extinction sessions; @@@P < 0.001 compared with extinction; #P < 0.05 compared with 

respective saline treatment. (b) Milnacipran (40 mg/kg) prevented ethanol self-administration 

reacquisition in dependent (n = 12) and nondependent (n = 8) rats. **P < 0.01 and ***P < 

0.001 compared with respective extinction sessions; ###P < 0.001 compared with respective 

saline treatment. 

 

Figure 6. Milnacipran prevents ethanol (1.0 g/kg)-induced CPP in nondependent rats. 

Milnacipran (i.p., 20 min before the test and 10 min before ethanol injection) significantly 

reduced ethanol-induced CPP. Values represent mean ± SEM. ***P < 0.001 compared with 

respective preconditioning session. ###P < 0.001 and #P < 0.05, compared with the value of the 

saline (NaCl 0.9%) group during the test session. @@P < 0.01 compared to respective group of 

the 10 mg/kg dose. 
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Figure 7. Milnacipran, desipramine, or fluoxetine treatments alter ethanol-induced behavioral 

sensitization (induction a, b, c and expression d, e, f). Means (± SEM) of distance traveled 

(cm) for a 5-min test are represented. (a, b, c) Induction phase: On the habituation day (H), 

each mouse received a saline solution injection. From day 1 to day 10, all mice (n = 10 for all 

groups except for the Mil10/ethanol, n = 9, and the Mil40/ethanol, n = 8) received an injection 

of saline solution (S/), milnacipran 10 or 40 mg/kg (Mil10/ or 40/), desipramine 10 or 20 

mg/kg (D10/ or D20/), or fluoxetine 5 or 10 mg/kg (F5/ or F10/) prior to an injection of saline 

solution (/S) or ethanol 2.0 g/kg (/E). (d, e, f) Expression phase: On day 17, all groups of mice 

received an ethanol (2.0 g/kg) injection, and on day 18, they received a saline injection. On 

day 18, the saline injection did not change locomotor activity as compared to day 1, thus 

indicating that the maintenance of ethanol sensitization on day 17 was the result of ethanol 

and not of a conditioned response to the repeated injection paradigm. **P < 0.01 and ***P < 

0.001 indicate significant increase of locomotor activity compared with day 1. +P < 0.05 

indicates a difference of the Mil40/E (a), the D20/E (b), or the F10/E (c) group compared to 

its respective S/E group on the same day. xP < 0.05 indicates a difference of the D10/E group 

compared to the S/E group on the same day. @@P < 0.01 and @@@P < 0.001 indicate a 

difference between groups throughout the induction phase (from day 1 to day 10). #P < 0.05, 

##P < 0.01, and ###P < 0.001 indicate a difference between groups on the same day. 
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