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Introduction  

 

Alcohol addiction is a chronic relapsing disorder frequently associated with increased 

sensitivity to stress. Available treatments have limited efficacy and new more effective 

pharmacotherapies are needed. Growing evidences correlate neuroinflammatory states to the 

neurobiological processes involved in alcoholism. Alcohol exposure leads to 

neuroinflammatory response characterized by an enhanced production of proinflammatory 

molecules such as cytokines and chemokines. For example, in mice, administration of 

proinflammatory agents such as lipopolissaccaride (LPS) increases voluntary alcohol intake 

(Blednov et al., 2011). Moreover, it has been demonstrated that Interleukin-1β (IL-1β), tumor 

necrosis factor-α (TNFα) and interleukin 6 (IL-6), critical factors of the innate immune 

response, increase after alcohol intake (Zou & Crews, 2010) and that serum levels of cytokine 

and inflammatory endotoxins show positive correlations with alcohol craving. Activation of 

innate immune signalling cascade can enhance alcohol consumption. In our laboratory it has 

been recently shown that pioglitazone, a Peroxisome Proliferator Activated Receptor Gamma 

(PPARγ) agonist, characterized by strong anti-inflammatory properties, reduces alcohol 

consumption in genetically selected alcohol preferring msP rats and prevents neuronal cell 

death following binge-like exposure to alcohol. Additionally, altered expression of genes 

involved in the neuroinflammatory pathways may play an important role in alcohol abuse. 

Moreover, expression of different immune-related genes is altered in alcoholic brains and in 

rodent lines that show high preference for alcohol. In addition polymorphisms of genes 

encoding for IL1 B and IL1 and IL 10 are associated with an increased susceptibility to 

alcoholism (Mulligan et al., 2006). 



All these data support the evidence that the neuroimmune system plays an important role in 

alcohol abuse. A picture emerge in which in a normal functioning immune system is less prone 

to precipitate into alcohol dependence, whereas an over-activated immune system may 

predispose an individual to abuse excessive amounts of alcohol. 

Exploring the role of the neuroimmune system in shaping the vulnerability to alcohol addiction 

can help in the development of more efficacious pharmacotherapies for the treatment of this 

psychiatric condition. 

The overarching hypothesis of the present project is that vulnerability to alcohol abuse is linked 

to a dysregulation, innate or acquired, of the neuroimmune system. Corollary to this hypothesis, 

is that pharmacological treatments able to normalize the neuroinflammatory function are able 

to treat aspects of alcohol addiction.  

In here we used a binge drinking model to induce alcohol dependence in Wistar rats and to 

explore the main inflammatory markers activated after the alcohol injury. The binge model of 

drinking, which mimics a single cycle of binge intoxication in human alcoholics (Majchrowicz, 

1975), is further validated by the fact that during alcohol intoxication animals reach sustained, 

high blood alcohol levels (BALs), commonly observed among alcoholics. Furthermore, 

neuronal deficits in animals treated with this binge alcohol model are associated with 

significant cognitive dysfunctions, such as learning and memory impairment as well as 

behavioral deficits including maladaptive perseverant behaviour (Obernier et al., 2002; 

Cippitelli et al., 2010a; Cippitelli et al., 2010b). It has been proposed that alcohol-induced 

brain damage may result by imbalance in expression and activation of transcription factors that 

regulate pro-survival versus pro-inflammatory states (Crews & Nixon, 2009). Indeed, both in 

vitro and in vivo evidence have shown that alcohol shifts this balance toward inflammation by 

decreasing function of the pro-survival cAMP responsive element-binding protein (CREB)-



mediated signalling (Bison & Crews, 2003; Zou & Crews, 2006), while increasing the nuclear 

factor κB (NF-κB) transcriptional factor-dependent signaling that leads to induction of pro-

inflammatory cytokines and enzymes that promote a pro-inflammatory cascade by further 

activating NF-κB transcription (Davis & Syapin, 2004; Crews et al., 2006; Zou & Crews, 

2010). Based on the literature data and data from our laboratory that show a marked 

neurodegeneration induced by binge alcohol intoxication in the hippocampus (HIPP) and 

entorhinal cortex (EC) and considering that the circuitry from the EC to the hippocampal 

formation is critical for memory formation and spatial learning (Aggleton et al., 2000) we 

analysed alcohol-induced alterations in the levels of neuroimmune factors in these two regions. 

By Real-Time quantitative RT-PCR we examined mRNA expression of interleukin 1β, (IL-

1β), the chemokine (C-C motif) ligand 2, (CCL2), the tumor necrosis factor alfa, (TNF-α) and 

interleukin 6, (IL-6) since these agents are known to play a pivotal role in neuroinflammation 

initiated by excessive alcohol use (Crews & Nixon, 2009; Alfonso-Loeches et al., 2010).  

 

  



 

Results  

 

Fig.1 Changes in body weight and blood alcohol levels during binge alcohol drinking. 

***p<0.001 vs control. 

 

 



 

Fig. 2 Somatic withdrawal signs after alcohol cessation. Data are expressed as (Mean±SEM) 

***p<0.001 vs control.  

 

 

Somatic withdrawal signs

***



 

Fig. 3 Effect of alcohol on expression of interleukin 1β, (IL-1β), CCL2; TNF α and interleukin 

6, (IL-6) genes in the hippocampus after alcohol binge drinking. Data are expressed as (Mean 

± SEM); ** p<0.01 vs control. 

 

 

 

 



 

Fig. 3 Effect of alcohol on expression of interleukin 1β, (IL-1β), CCL2; TNF α and interleukin 

6 (IL-6) genes in the entorhinal cortex after alcohol binge drinking. Data are expressed as 

(Mean ± SEM) **p<0.01 and *** p<0.001 vs control. 

 

Conclusions and future plans  

Our data support the evidence that a short period of binge alcohol intoxication induces alcohol 

dependence as observed by the high blood alcohol levels during the treatment and the 

comparison of the somatic withdrawal signs after alcohol cessation. We show that 

neuroinflammation importantly contributes to alcohol-induced neurotoxicity as dynamic 

changes in the expression of pro-inflammatory markers were detected following alcohol 

treatment.  

 



A picture that emerges from this study is that excessive alcohol induces a clear up-regulation 

of IL-6 expression in both HIPP and EC. While Il-1 expression was significant increased only 

in the entorhinal cortex. No changes in TNFα mRNA levels were observed and ethanol 

exposure induced a decrease of CCL2 only in the EC. The observed changes of the pro-

inflammatory signal and in specific the upregulation of IL-1 and Il-6 could be a hypothetical 

mechanism of action of alcohol induced neurodegeneration after a binge drinking exposure 

observed in our previous experiments. 

In the future the transforming growth factor beta (TGF-β), an important modulator of the 

neurogenesis process will be analysed after a binge alcohol intoxication in rats. 

Drugs with anti-inflammatory and antioxidant properties will be evaluated in order to contrast 

the neuroinflammation induced by excessive alcohol consumption which is known to be key 

factor in the development of alcohol dependence, neurodegeneration and a severe cognitive 

impairment in both rodents and humans.  
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