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a b s t r a c t

The past two decades have witnessed a dramatic accumulation of evidence indicating that

the excitatory amino acid glutamate plays an important role in drug addiction and alco-

holism. The purpose of this review is to summarize findings on glutamatergic substrates of

addiction, surveying data from both human and animal studies. The effects of various drugs

of abuse on glutamatergic neurotransmission are discussed, as are the effects of pharma-

cological or genetic manipulation of various components of glutamate transmission on drug

reinforcement, conditioned reward, extinction, and relapse-like behavior. In addition,

glutamatergic agents that are currently in use or are undergoing testing in clinical trials

for the treatment of addiction are discussed, including acamprosate, N-acetylcysteine,

modafinil, topiramate, lamotrigine, gabapentin and memantine. All drugs of abuse appear

to modulate glutamatergic transmission, albeit by different mechanisms, and this modula-

tion of glutamate transmission is believed to result in long-lasting neuroplastic changes in

the brain that may contribute to the perseveration of drug-seeking behavior and drug-

associated memories. In general, attenuation of glutamatergic transmission reduces drug

reward, reinforcement, and relapse-like behavior. On the other hand, potentiation of

glutamatergic transmission appears to facilitate the extinction of drug-seeking behavior.

However, attempts at identifying genetic polymorphisms in components of glutamate

transmission in humans have yielded only a limited number of candidate genes that

may serve as risk factors for the development of addiction. Nonetheless, manipulation

of glutamatergic neurotransmission appears to be a promising avenue of research in

developing improved therapeutic agents for the treatment of drug addiction and alcoholism.
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1. Introduction

Drug addiction is defined by several diagnostic criteria set

forth by the American Psychiatric Association [1]. These

criteria include a loss of control over drug intake, repeated

unsuccessful attempts at quitting or reducing drug use,

continued drug use despite negative consequences, a reduc-

tion in engagement in social, occupational and recreational

activities in lieu of drug-seeking or self-administration

behavior, and the emergence of symptoms of tolerance or

withdrawal. Historically, research into the neurobiological

substrates that underlie the rewarding and reinforcing effects

of drugs of abuse has focused on the mesolimbic dopamine

reward circuitry, comprised primarily of dopaminergic

neurons in the ventral tegmental area (VTA) that project

rostrally to forebrain and limbic regions such as the nucleus

accumbens (NAcc), amygdala (Amyg) and frontal cortex (FC)

[2]. However, as can be seen in Fig. 1, there has been a

dramatic increase in attention that has been given to the role

of the excitatory amino acid glutamate in drug addiction and

alcoholism over the past two decades. The purpose of this

review is to summarize the effects of drugs of abuse on

glutamatergic neurotransmission as well as key findings on

the role of glutamate transmission in drug reinforcement, the

rewarding effects of drugs of abuse, extinction of drug-

seeking behavior, and relapse. Various glutamatergic med-

ications that are either approved for clinical use or are being

examined in clinical trials for the treatment of addictive

disorders will also be discussed. Finally, a brief summary of

findings on potential genetic linkages between individual

components of glutamate neurotransmission and addiction

is presented.

2. Animal models of drug addiction and
alcoholism

One of the most widely used methods to study drug addiction

in animals is the intravenous self-administration (IVSA)

paradigm [3]. In this model, experimental animals are

implanted with indwelling intravenous catheters (most often

in the jugular vein in rodent studies) and are trained to

perform an operant task (i.e., lever press or nose-poke) in order

to receive an intravenous infusion of cocaine, amphetamine,

nicotine, etc. In the case of alcohol (ethanol), execution of the

operant task results in presentation of a small amount of an

alcohol-containing solution in a receptacle where the animal

can consume the solution orally (some studies measure

alcohol consumption in the home cage by presentation of

two or more bottles containing ethanol solutions). By defini-

tion, if the delivery or presentation of the drug solution

increases this behavior (i.e., appropriate lever pressing or

nose-poking), the drug or alcohol solution is considered to be a

positive reinforcer. Environmental cues, such as presentation

of stimulus lights or auditory tones, are often paired with drug

delivery or alcohol presentation to promote stimulus-drug

associations, which enhance drug-taking behavior and can be

utilized in subsequent reinstatement tests (see below). The

effects of experimental manipulations (i.e., administration of

test compounds either systemically or intracerebrally) on drug

or alcohol self-administration behavior can then be assessed.

However, the effects of any such manipulation must be

interpreted with caution. For example, while it is tempting to

interpret an observed decrease in self-administration beha-

vior as signifying a reduction in the desire to self-administer

the drug (and thus having possible therapeutic applications),

there are equally plausible alternative explanations for the

observed reduction in drug self-administration. For example,

the experimental manipulation might have caused an overall

reduction motor output, or an increase in sensitivity to the

drug, resulting in less drug required to produce the same

subjective effects. Therefore, in this review, to avoid the

pitfalls of these alternative explanations, we will refer to

alterations in operant drug IVSA or ethanol consumption as

changes in reinforcement.

The operant self-administration paradigm is also amenable

to studying the phenomenon of relapse. The most widely used

animal model of relapse is the reinstatement paradigm [3].

While this model by no means perfectly mirrors the phenom-

enon of relapse in humans, it is considered to be the best model

developed thus far [4]. In thereinstatement paradigm, following

the achievement of stable levels of drug self-administration,

animals undergo extinction training procedures, where the

behavior that previously resulted in the delivery of the drug

solution (i.e., lever press or nose-poke) no longer produces any

consequences. As a result of this imposed drug unavailability

(i.e., ‘‘forced abstinence’’), animals will gradually extinguish

(i.e., reduce) the behavior that previously resulted in drug

delivery. Once predesignated extinction criteria have been

obtained (for example, presses on the ‘‘active’’ drug-delivering

lever are reduced to less than 20% of those observed when the

drug was available), it is possible to ‘‘reinstate’’ operant

responding by presenting one of the three main types of stimuli

that are known to evoke relapse in humans: exposure to

Fig. 1 – Graph showing the increasing number of

publications on the topic of glutamate and addiction over

the past 20 years. Two separate PubMed searches were

performed in April 2007, one using ‘‘drug addiction’’ and

‘‘glutamate’’ as key words (open circles) and the other

using ‘‘alcoholism’’ and ‘‘glutamate’’ as key words (filled

circles). The resulting number of publications (including

review articles and commentaries) are plotted by year for

1987–2006.

b i o c h e m i c a l p h a r m a c o l o g y 7 5 ( 2 0 0 8 ) 2 1 8 – 2 6 5 219



Download English Version:

https://daneshyari.com/en/article/2514744

Download Persian Version:

https://daneshyari.com/article/2514744

Daneshyari.com

https://daneshyari.com/en/article/2514744
https://daneshyari.com/article/2514744
https://daneshyari.com

