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Abstract

Rationale: A variety of neural systems are involved in drug addiction, and some of these systems 

are shared across different addictive drugs. We have found several different types of drug 

treatments that successfully reduce nicotine self-administration.

Objectives: The current set of studies is the first in a series to determine if drug treatments that 

have been found to significantly reduce nicotine self-administration would reduce opiate self-

administration.

Methods: Amitifadine, a triple reuptake inhibitor of dopamine, norepinephrine and serotonin, 

was assessed in female Sprague-Dawley rats to determine whether it significantly reduces 

remifentanil self-administration with either acute or chronic treatment.

Results: Acutely, amitifadine doses of 5, 10 and 20 mg/kg each significantly reduced 

remifentanil self-administration. In a chronic study, repeated treatment with 10 mg/kg of 

amitifadine continued to reduce remifentanil self-administration, even after the cessation of 

treatment. However, amitifadine was not found to attenuate the rise in remifentanil self-

administration with continued access. This study and our earlier one showed that the 10 mg/kg 

amitifadine dose did not significantly affect food motivated responding. Amitifadine did not 

attenuate remifentanil-induced antinociception as measured on the hot plate test but extended and 

maintained anti-nociceptive effects.

Conclusions: These studies show the promise of amitifadine as a treatment for countering 

opiate self-administration for adjunctive use with opioids for analgesia. Further studies are needed 

to determine the possible efficacy of amitifadine for combating opiate addiction or preventing it in 

humans during adjunctive use with opioids for chronic pain.
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Introduction

Opiate addiction and overdose deaths have risen substantially during the past decade 

(Gomes et al. 2018). Clearly, additional effective treatments for opiate addictions are needed. 

The neural systems involved with drug addiction are complex. Certainly, dopaminergic 

innervation of the nucleus accumbens from the ventral tegmental area is central (Langlois 

and Nugent 2017). However, other neural systems play important roles as well. Other 

monoamines such as norepinephrine, serotonin and histamine play roles in addictive 

behavior. We and others have found that a variety of monoaminergic and cholinergic drug 

treatments significantly reduce nicotine self-administration in rats. These drugs include 

dopamine (DA) D1 (Hall et al. 2015), serotonin (5HT) 5HT2c (DiPalma et al. 2019; Guy et 

al. 2014; Higgins et al. 2012; Levin et al. 2011a), histamine H1 receptor (Levin et al. 2011b) 

acting compounds as well as a monoaminergic reuptake inhibitor (Levin et al. 2015; Levin et 

al. 2019b). Since multiple drug addictions rely on overlapping neural circuits, there is 

potential for treatments that attenuate self-administration of one drug of abuse may be 

effective in reducing self-administration of other drugs of abuse. Wee et al., (2005) observed 

in a series of potent amphetamine analogs that the analog with the highest 5-HT to DA 

releasing potency ratio was the least active reinforcer whereas the compound with the lowest 

5-HT to DA releasing potency ratio (d-amphetamine) resulted in the highest self-

administration. It has been confirmed that 5-HT plays a predominant role in the inhibition of 

neuronal DA activity (Di Giovanni et al. 2008) and that the ratio of 5-HT to DA reuptake is 

key for driving drug self-administration (Rosenberg et al. 2013; Rothman and Baumann 

2006). This relationship is not an absolute, however, since fluoxetine failed to improve 

clinical outcomes in cocaine abuse during clinical trials (Grabowski et al. 1995; Schmitz et 

al. 2001; Winstanley et al. 2011).

Some therapeutic treatments can effectively reduce self-administrtion of more than one type 

of drugs of abuse. For example, we have found that sazetidine-A, an α4β2 nicotinic partial 

agonist and desensitizing agent, significantly reduces not only nicotine self-administration in 

rats, but also reduces alcohol, cocaine and methamphetamine self-administration (Levin et 

al. 2019a; Rezvani et al. 2010). Another drug lorcaserin, a serotonin 5HT2c agonist, reduces 

nicotine, cocaine and alcohol self-administration in animal models (Gerak et al. 2016; 

Rezvani and Levin 2014). However, there needs to be caution when translating experimental 

animal results to efficacy in humans. In some cases the animal studies are predictive of 

human efficacy. For example, lorcaserin reduces nicotine self-administration in rats (Higgins 

et al. 2012; Levin et al. 2011a) and was also found to significantly enhance tobacco smoking 

cessation (Shanahan et al. 2017). In contrast, even though lorcaserin reduced cocaine self-

administration in experimental monkey models (Gerak et al. 2016) but was not found to 

reduce cocaine reward in humans (Pirtlea et al. 2019).
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In the current study, we tested the efficacy of the triple monoamine reuptake inhibitor 

amitifadine which reduces nicotine self-administration, for reducing the self-administration 

of remifentanil, a short acting opioid (Michelsen and Hug 1996). In interpreting the 

usefulness of amitifadine to help overcome or lower risk of opiate addiction, it is important 

to evaluate its selectivity for opiate self-administration over general motivated behavior. We 

previously tested the effects of amitifadine on food-motivated responding and found that 20 

mg/kg of amitifadine significantly reduced food-motivated responding but that 10 mg/kg did 

not (Levin et al. 2015). In the current study, we again tested amitifadine effects on food-

motivated responding. Finally, if amitifadine has potential to decrease abuse liability of 

opiates in use as analgesics, the combined analgesic effects should not be less than the 

opioid alone. Thus, we also tested the effects of amitifadine on remifentanil-induced 

antinociception usuing the standard hot plate test,

Amitifadine is a serotonin-preferring triple with the following reuptake inhibition profile in 

human embryonic kidney cells: serotonin transporter (SERT): 12 nM; norepinepherine 

transporter) NET: 23 nM; (dopamine transporter) DAT: 96 nM, with 8 times greater 

selectivity at SERT compared with DAT (Skolnick et al. 2003). For perspective, duloxetine 

is a dual reuptake inhibitor with mood and analgesic claims. It has a similar reuptake 

inhibitor profile to amitifadine with respect to serotonin and norepinephrine: SERT: 4.6 nM; 

NET: 16 nM; DAT: 369 nM, but at lower relative binding selectivity of SERT to DAT with a 

ratio of 80 (Bymaster et al. 2001). Nefopam is a putative triple reuptake inhibitor in 

worldwide use with perioperative and chronic analgesia indications. Nefopam has the 

following profile inhibiting monoamine transporters: SERT: 29 nM; NET: 33 nM; DAT: 531 

nM, a SERT to DAT ratio of 18 (Gregori-Puigjané et al. 2012) and may have NMDA effects 

(Fernández-Sánchez et al. 2002). In comparison, cocaine inhibits monoamine transportor 

activity in synaptosomes to the follow degrees: SERT: 0.300 μM; NET: 0.222 μM; DAT: 

0.305 μM , SERT to DAT ratio of 1.15 (Gannon et al. 2018). Thus, the rank order of DAT to 

SERT selectivity is cocaine > amitifadine > nefopam > duloxetine.

The main difference between these agents is that compared with nefopam and duloxetine, 

amitifadine has higher DAT vs. SERT selectively . It is believed this may be relevant in the 

treatment of chronic pain where reduced dopamine neurotransmission may be relevant 

during opioid-dose reduction and in subpopulations with co-morbid mood symptoms (Jarcho 

et al. 2012). Patients in pain are believed to perceive pain to a greater degree because of 

impaired DA signaling, and reduced DA activity is reported to make pain more unpleasant 

(Tiemann et al. 2014). Thus, a key differentiating factor between amitifadine and other 

monoaminergic reuptake inhibitors is that amitifadine has effects on 5-HT, NE, and DA 

neurotransmission with potential mood, anxiety and anti-nociceptive effects. Amitifadine 

effects on dopamine neurotransmission may reduce the perception and emotional aspects of 

pain. There is also substantial animal literature suggesting the role of dopamine blockade or 

depletion in some pain perception (Aksoy et al. 2015; Faramarzi et al. 2016; Tiemann et al. 

2014).

In spite of the dopaminergic activity, amitifadine does not cause locomotor activation in 

rodents (Golembiowska et al. 2012; Skolnick et al. 2003), likely due to the potent serotonin 

activity and 8x less dopamine potency. Miller et al. (2015) observed that amitifadine has 
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potent SERT/NET pharmacology to treat pain with sufficient dopamine transporter activity 

to block dilute acid-induced depression of nucleus accumbens DA measured using 

intracranial self-stimulation (ICSS). Amitifadine did produce less ICSS facilitation than the 

more DAT-selective inhibitors like cocaine or methylenedioxypyrovalerone (MDPV). The 

effect profile of amitifadine was more like that of triple releasers like 3,4-Methyl enedioxy 

methamphetamine (MDMA).

Thus, we tested the effects of amitifadine effects on nociception and on remifentanil-induced 

antinociception. These studies were focused on determining whether amitifadine might be a 

good candidate for developing as a new treatment for combating opiate addiction in humans 

and as an analgesic in combination with opioids to reduce thereinforcing effects of opiates 

without compromising the antinocicptive effects.

Methods

Subjects

Adult female Sprague-Dawley rats (Charles River Labs, Raleigh, NC, USA) were used in 

the current atudy. Females were tested to facilitate comparison with our previous research 

concerning amitifadine effects on nicotine self-administration (Levin et al. 2015; Levin et al. 

2019b). The rats were singly (for the self-administration study) or group (for the nociception 

study) housed in approved standard laboratory conditions in a Duke University vivarium 

facility next to the testing room to minimize stress induced by transporting the rats. The day-

night cycle was reversed (with the dark period from 7:00 AM to 7:00 PM so that the rats 

were in their active phase during the behavioral testing. All behavioral tests were carried out 

between 9:00 AM and 4:00 PM. Rats for the self-administration experiment had ad lib 
access to water and were fed a standard 5001 Rodent Chow (Lab Diet, Brentwood, MO, 

USA) once daily throughout the study to keep them at approximately 85% ad lib weight 

with food amounts adjusted from 8–16 g per day as they grew to provide a lean healthy 

growth curve. Rats for the nociception study had ad lib access to both food and water at all 

times except during the 30 min hotplate test preparation. All procedures for testing the 

animals were approved by the Duke University Animal Care and Use Committee and 

conformed to the Animal Care Guide by NIH.

Preparation of Drugs

Solutions of remifentanil (NIDA Drug Supply, RTI International, Raleigh, NC, USA) and 

amitifadine (NIDA Drug Supply, RTI International, Raleigh, NC, USA) were prepared in 

pyrogen-free glassware in sterilized isotonic saline and passed through a 0.2 μm filter 

(Millipore Corp, Billerica, MA, USA). All solutions were kept refrigerated in the dark 

between experiments and brought to room temperature before administration. Saline 

solution was used as control.

Experimental Design and Procedure

Three experiments were conducted: 1) the effects of acute amitifadine on remifentanil self-

administration (N = 11); 2) effects of chronic amitifadine on remifentanil self-administration 
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(N = 17 controls; and N = 19 amitifadine-treated); and 3) acute interactions of amitifadine 

and remifentanil on antinociception (N = 12).

Intravenous Remifentanil Self-administration

Chronically indwelling intravenous jugular catheters were implanted i.v. under ketamine (60 

mg/kg) and dexdomitor (15 mg/kg) anesthesia and were flushed daily with a 0.3 ml solution 

containing 100U/ml heparinized saline. After each self-administration session the 

remifentanil remaining in each port was drawn out and a sterile lock consisting of 

heparinized saline 500U/ml with 0.4 mg Gentamicin was infused. Barbiturate injection tests 

through the catheter were used to verify the patency of catheters. Only data from rats with 

patent catheters were used for analysis.

For behavioral training, rats were placed in dual lever operant test chambers (Med 

Associates, Georgia, VT, USA). Each chamber was equipped with a tone generator, house 

light, cue light above each lever, and a metal tether to cover the drug delivery line. A 

computer programmed with MED-PC software controls experimental events and data 

collection. Each catheter was connected to a Micro Liter Syringe Pump, and tethers made of 

polyethylene tubing with huber needles for access to ports and catheters. During each self-

administration session, the rats wore infusion harnesses to connect them to the tethers.

Initially, the rats were trained daily with tutor sessions, lasting 30 min, to press the levers for 

food pellet reinforcers. Half the animals were rewarded for responding on the right lever and 

the other half for responding on the left lever. Only the cue light over the correct lever was 

illuminated while the light over the incorrect lever was off. Pressing on the correct lever was 

reinforced by immediate delivery of one 45-mg food pellet and activation of the feedback 

tone for 0.5 sec. There was no timeout period in the tutor sessions.

After the pellet sessions, animals had catheters (Strategic Application Inc., Libertyville, IL, 

USA) surgically implanted under ketamine anesthesia to provide access for remifentanil 

self-administration by IV infusion. A plastic SoloPort was attached intraoperatively to a 

polyurethane catheter and inserted into a subcutaneous interscapular pocket and sutured to 

underlying fascia. 2–4 days after the surgery, the rats began self-administration sessions with 

remifentanil (0.3 mg/kg/infusion, i.v.) as the reinforcer.

A lever press on the active side resulted in the activation of the feedback tone for 0.5 sec, 

and the immediate delivery of one 50-μl infusion of remifentanil in less than 1 sec. Each 

infusion was immediately followed by a 20-sec timeout in which the house light was 

illuminated and cue lights were extinguished, and responses were recorded but not 

reinforced. The benchmark infusion dose of remifentanil was set at 0.3-mg/kg/infusion, i.v. 

and the fixed ratio (FR) requirement was set at FR1. This is an infusion dose of remifentanil 

in the range that we have previously found to cause a robust level of self-administration in 

rats with a relatively level of remifentanil self-administration over the range of 0.09 to 0.9 

mg/kg/infusion (Lacagnina et al. 2017). Each remifentanil infusion session lasted one-hour. 

Initially, all subjects had the same opportunity for self-administering remifentanil for five 

sessions. Testing was not conducted on the weekends.
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The amitifadine doses and saline were given twice in the two phases of the study. The 

interval between two phases was 3 days. Between each injection test session there was a 

session with no amitifadine treatment. The second phase was done to replicate our findings 

and to provide initial information about possible tolerance development. Ametifidine was 

given sc 20 min before starting the self-adminstartin session.

To test for effects on another form of motivated behavior, acute amitifadine effects on food 

motivated responding was tested in eleven of the rats from the refentanil self-administration 

study. As with the tutor sessions the rats responded on an FR1 scheduke for 45-mg food 

pellets in one-h sessions. As in the acute remifentanil self-administration study amitifadine 

was injected (SC) acutely in a repeated measures counterbalanced design, but only one 

injection of eachdose and control was given.

In the chronic study, after the initial five sessions of remifentanil self-administration, 

subjects were given either the control vehicle or 10 mg/kg amitifadine 20 min before the 

remifentanil self-administration sessions for the following two weeks and for an additional 

week after the one-week period of enforced abstinence accomplished by not placing the 

animals in the test chambers for opportunity for self-administration. Finally, all of the rats 

were tested for one week with no treatment before the remifentanil self-administration 

sessions to test for residual effects of the drug treatment.

Hot Plate Test of Antinociception

To determine if drug treatments that counteract opiate self-administration also counteract the 

analgesic effects of opiates, we tested the acute effect of amitifadine on nociception. The 

classic hotplate test was used. It is important to recognize that despite its name this test does 

not produce more than momentary nociception in the rat. The second the rat licked its paws 

indicating behavioral response to aversive heat nociception, it is removed from the 

environment. This test is one of the oldest and most widely used experimental methods to 

assess nociception in rats and mice. The test consists of placing a rodent on an enclosed hot 

plate and measuring the latency to lick a paw. The advantages of this test is that it is 

objective, quantifiable, can be administered repeatedly without causing inflammation, and 

assesses supraspinally-organized responses to a noxious stimulus. There appears to be a 

good correspondence between drugs that produce antinociception on the hot plate test and 

drugs used clinically to treat pain in humans. The low intensity hot plate test seems to be 

especially sensitive to analgesic drugs.

Nociception was assessed using the standard hot plate test (N = 12). The latency to lick a 

paw when the rat was placed on a 55 °C plate was measured. The temperature of the hot 

plate was set at 55 °C and monitored continuously. To become adapted to the test 

environment, rats were exposed to the hot plate instrument for at least 15 min/day for two 

days without turning on the heat and without any treatment. Then, rats were injected sc with 

10 mg/kg of saline or ametifidine and 20 min later were given sc 0.4 mg/kg remifentanil and 

tested on the hot plate. The rat was removed from the hot plate immediately upon licking a 

paw or if no response occurred within 30 s.
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Statistical Analysis

The data were evaluated with analysis of variance (SuperAnova/StatView, SAS, Cary, NC, 

USA). Analysis was done for within-and between-subjects factors. For the different studies 

the factors were: for the Acute Self-administration Study: two within subjects factors 

(amitifadine dose and repeated testing); for the Acute Food-motivated Study: one within 

subjects factor (amitifadine dose); for the Chronic Self-adinistration Study: one between 

subjects factor (amitifadine drug treatment) and one within subjects factor (consecutive 

session of treatment); and for the Antiociception Study: three within subjects factors 

(amitifadine treatment, remifentanil treatment and time after treatment). Alpha of p < 0.05 

(two-tailed) was used as the threshold for statistical significance.

Results

Acute amitifadine effects on remifentanil self-administration

Acute amitifadine (N = 14) caused a decline in remifentanil self-administration with a 

significant main effect of treatment (F(3,30) = 5.50, p < 0.005). Comparisons with the saline 

control treatment (38.4 ± 8.2) showed that each of the treatment dose groups, 5 mg/kg (26.7 

± 6.8, p < 0.025), 10 mg/kg (23.8 ± 7.7, p < 0.01) and 20 mg/kg (19.14 ± 5.8, p < 0.001) 

caused significant declines in the number of infusions per session (Fig. 1). There was a 

significant main effect of phase (F(1,10) = 9.17, p < 0 .025) with the rats self-administering 

more remifentanil during the second phase than the first phase (Fig. 1). The interaction of 

amitifadine treatment and phase of the tests was not significant (p = 0.53). There were no 

significant effects of prior treatment on remifentanil self-administration during the no 

treatment sessions interposed between treatment sessions (p=0.65). Amitifadine effects on 

correct and incorrect lever pressing was also assessed. Acute amitifadine significantly 

(F(3,30)= 5.39, p < 0.005) reduced correct lever pressing (Control = 84.0 ± 27.5, Amitifidine 

5 mg/kg = 35.5 ± 8.6, p < 0.025; Amitifidine 10 mg/kg = 26.1 ± 10.8, p < 0.005; Amitifidine 

20 mg/kg = 19.45 ± 6.8, p < 0.005), but had no significant effect on incorrect lever pressing 

were seen (Control = 4.6 ± 1.2, Amitifidine 5 mg/kg = 4.0 ± 2.4; Amitifidine 10 mg/kg = 1.5 

± 0.7; Amitifidine 20 mg/kg = 1.3 ± 0.5).

Acute amitifadine (N = 11) did not significantly affect food motivated responding (F(3,30) = 

2.76, p = 0.06). Nevertheless, with an abudance of caution for determining the dose for the 

chronic study we compared the potential effect of acute amitifadine doses compared with 

control on food motivated responding. Only the highest 20 mg/kg dose showed asignificant 

(p < 0.05) decrease in food motivated responding (Fig. 3, Control 166 ± 14, Amitifadine 5 

mg/kg = 175 ± 25, Amitifadine 10 mg/kg = 143 ± 21 and Amitifadine 20 mg/kg = 124 ± 

19). Therefore, the chronic study proceeded used the 10 mg/kg amitifadine dose.

Chronic amitifadine effects on remifentanil self-administration

The 10 mg/kg dose was selected for the chronic study because it was shown in the acute 

study to significantly reduce remifentanil self-administration and in this and our previous 

study to be below the threshold for reducing food motivated operant responding and in our 

previous study ti be below the threshold for reducing locomotor activity (Levin et al. 2015). 

There was a significant (F(1,33) = 4.41 p<0.05) overall main effect of amitifadine treatment 

Levin et al. Page 7

Psychopharmacology (Berl). Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



decreasing remifentanil self-administration across the chronic study (Fig. 2). There was also 

a significant main effect of sessions (F(19,646) = 9.39, p < 0.0005) with an increase in 

remifentanil self-administration across sessions regardless of the treatment. There was no 

significant interaction of amitifadine with sessions (p = 0.53)

Amitifadine effects on correct and incorrect lever pressing was also assessed. Chronic 

amitifadine significantly (F(1,32)= 5.12, p < 0.05) reduced correct lever pressing (Control = 

112.8 ± 24.8; Amitifidine = 62.2 ± 12.9), but had no significant effect on incorrect lever 

pressing (Control = 8.3 ± 3.1; Amitifadine = 6.0 ± 1.2).

Acute amitifadine interactions with remifentanil-induced antinociception

Figure 4 shows the separate and combined effects of remifentanil and amitifadine on the 

hotplate test of nociception (N = 12). There was a significant main effect of treatment 

(F(3,33) = 33.26, p < 0.0005) and a significant interaction of treatment and time (F(9,33) = 

29.76, p < 0.0005). Both remifentanil and amitifadine produced antinociceptive effects when 

given alone. The remifentanil effect was brief and very pronounced with significant 

antinociceptive effects at 5 min (p < 0.0005) and 10 min (p < 0.0005) after injection, but the 

effect was of short duration; by 15 min post injection it was no longer significant. In contrast 

the antinociceptive effect of amitifadine was more modest but more long-lasting, with 

significant antinociceptive effects 5 min (p < 0.01), 10 min (p < 0.005), 15 min (p < 0.005) 

and 20 min (p < 0.0005) after injection. The combination of amitifadine with remifentanil 

did not show any signs of diminishing remifentanil’s antinociceptive effects. Rather, 

amitifadine outlasted the antinoceptive effects of remifentanil. The combination treatment 

produced significant antinoceptive effects throughout the test (p < 0.0005).

Discussion

These studies demonstrated in a rat model show that acute and chronic treatment with the 

triple re-uptake inhibitor amitifadine can significantly reduce self-administration of the 

opiate drug remifentanil at an amitifadine dose that did not detract from the analgesic effect 

of remifentanil. In fact,t amitifadine had a modest antnociceptice effect on its 

own. ]Amitifadine-induced suppression of remifentanil self-administration was seen across 

the acute dose range tested (5–20 mg/kg). The doses below 20 mg/kg did not significantly 

affect food motivated responding and none of the doses significantly affected responding on 

the non-reinforced lever. In the chronic study, the 10 mg/kg amitifadine dose continued to 

have an effect supprerssing remifentanil self-admimistration relative to control across two 

weeks of continued acess, during resumed access after a week of enforced abstinence and 

even for a week after the end of amitifadine treatment. However, amitifadine (10 mg/kg) did 

not attenuate the the rise in remifentanil self-administration over the course of the chronic 

study. The amitifadine-treated rts rose in parallel to but lower than controls through the 

course of the study. Amitifadine shows promise for reducing the reinforcing value of opiates 

without compromising their antinociceptive effects, but further study is needed to determine 

its optimal use..

These effects are consistent with potent amitifadine 5-HT activity inhibiting remifentanil-

induced DA release resulting in less self-administration. Separately, 5-HT and NE 

Levin et al. Page 8

Psychopharmacology (Berl). Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



neurotransmission is known to modulate the descending pain pathways at the dorsal raphe 

(5-HT) and the locus coeruleus (NE). In addition, some authors have proposed that triple 

reuptake inhibitors also have anti-nociceptive properties through DA modulation via the 

periaqueductal gray (Hache et al. 2011). Antinociceptive properties have also been observed 

in rats with another triple reuptake inhibitor bicifadine, which decreased nociceptive 

response in a variety of acute and chronic pain models (Basile et al. 2007). In addition, 

another triple uptake inhibitor, RTI-112 has been found to have antinociceptive effects 

(Rosenberg et al. 2013).

The 10 mg/kg dose of amitifadine given either acute or chronically was found in the current 

study to significantly reduce self-administration of remifentanil. Previously, the same dose 

of 10 mg/kg was shown to significantly reduce nicotine self-administration with both acute 

and chronic administration at a dose that does not affect food motivated operant responding 

or locomotor activity (Levin et al. 2015), an effect that was also found in the current study.

The effectiveness of amitifadine was immediate and persisted through the period of 

continued access to remifentanil, during resumption of access after a week of enforced 

abstinence and even during a week after cessation of the treatment. The continued lower 

than control levels of remifentanil self-administration after cessation of the amitifadine self-

administration may have resulted from the persistence of the learning of lower response to 

remifentanil during the chronic treatment or because of carryover of the neural reactions to 

the chronic amitifadine treatment.In either case, this is a promising effect with regard to the 

possible therapeutic efficacy of amitifadine for attenuating opiate abuse.

A limitation in the effectiveness of chronic amitifadine was the finding that it was not seen 

to attenuation of the rise in remifentanil self-admomnmistration over the weeks of access. 

The amitifadine treated group had consistently lower than control level rates of remifantil 

over the course of treatment, but both groups rose in remifentanil self-administration 

throughout the period of access. Further research is needed to determine ways which might 

effectively suppress this rise in remifentanil self-administration with continued access.

The reduction in remifentanil self-administration induced by amitifadine did not attenuate 

antinociception because amitifadine showed a modest but significant degree of 

antinociception of its own. Amitifadine-induced antinociception was, in fact additive to 

remifentanil providing a more prolonged reduction in nociception on the hot plate test. 

These antinociception findings are consistent with nefopam in the rat hot plate model 

(Girard et al. 2001). A major use for nefopam in humans is perioperatively for opioid-

sparing, mostly with morphine or remifentanil (Girard et al. 2016) so these data support the 

potential for future trials of amitifadine in conjunction with opioids.

The current studies provide an important start for a continuing line of investigation to 

determine possible efficacy of amitifadine or similar treatments to attenuate abuse liability of 

opiates. The first study examined the dose-effect function and the second study examined the 

time-effect function of amitifadine reducing remifentanil self-administration. A good next 

step would be a study providing assessment of dose- and time-effect functions 

simultaneously.
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These studies show that amitifadine treatment holds promise as a treatment for helping to 

reduce opiate self-administration in direct support to the planned indication for opioid-

sparing/taper as an adjunct to opioids in chronic pain. Further research is needed to 

determine the efficacy of amitifadine in humans and to optimize its use to reduce opiate 

reinforcement.
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Figure 1. 
Acute amitifadine effects on remifentanil self-administration (mean ± sem), N = 14. All 

three doses of amitifadine (5, 10 and 20 mg/kg) significantly reduced remifentanil self-

administration. Remifentanil self-administration increased from the first phase of testing to 

the second but the effectiveness of amitifadine in reducing self-administration was unabated.
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Figure 2. 
Acute amitifadine effects on food-motovted responding (mean±sem), N = 11. Only the 

highest 20 mg/kg dose caused a significant (p<0.05) decrease in food self-administration.
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Figure 3. 
Chronic Amitifadine effects session-by-session (mean ± sem), N = 17 controls, N = 19. 

Amitifadine caused a significant (p < 0.005) overall decrease in remifentanil self-

administration.

Levin et al. Page 15

Psychopharmacology (Berl). Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Acute amitifadine interaction with remifentanil hot plate response (mean ± sem), N = 12. 

Amitifadine did not attenuate the analgesic effect of remifentanil, but rather caused 

antinociception on its own that outlasted the analgesic effect of remifentanil. There was no 

evidence that the combination of remifentanil and amitifadine treatment had a significant 

effect on the antinociceptive effect of the other drug.
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