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Background and aims 
 

Alcohol use disorder (AUD) is a serious problem of public health concern. Indeed, about 5.3 % of all deaths 
worldwide are attributed to the abuse of alcohol. The economic costs of AUD in the United States was 
estimated to be around 250 billion in 2010 and, nowadays, the alcohol consumption rate has increased [1]. 
AUD is a multifactorial condition characterized by genetic, environmental and neurobiological components 
[2]. The complexity of this disorder implies that only a few numbers of patients positively respond to the 
currently available therapeutic strategies. Consequentially, the development of new clinically-effective 
treatments represent an important issue [3]. The development of successful treatment requires preclinical 
models with high predictive validity for treatment outcome [4]. Indeed, animal models in the field of 
neuroscience deepened the knowledge of the principal mechanisms and neuronal substrates involved in 
alcohol abuse and the development of alcohol dependence [3]. The main clinical issue associated with drug 
seeking of AUD are under the control of specific brain regions. Neurobiological processes involved in the 
development of AUD are the result of complex interactions between genetic and environmental 
determinants [5]. In particular, it has been reported that genetic predisposition to increased alcohol drinking 
is associated with polymorphisms in gene expression of cytokines [6,7]. The dysregulation of cytokines 
release, caused by ethanol exposure, has a complex impact on brain physiology, causing a plethora of 
neuroadaptative changes [8]. The possibility of both a neurotoxic and a neuroprotective role mediated by 
the neuroimmune system represents a crucial point for the development of new therapeutic strategies. 
Indeed, reducing the production of pro-inflammatory cytokine by glial cells is not sufficient and it is necessary 
to also increase the anti-inflammatory mediators, which are also produced by glia [7,9,10]. An important 
aspect of chronic alcohol consumption is the damage induced in a variety of tissues including liver, central 
and peripheral nervous system [11]. Alcohol-related neuropathy slowly develops its clinical features with a 



                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

painful sensations representing the initial and major symptom [12]. Electrophysiological and pathologic 
findings mainly support a relation between axonal neuropathy and reduced nerve fiber densities [13]. The 
mechanism responsible for the toxicity at the peripheral nerves level has not been understood yet. However, 
microglia activation in the spinal cord has been hypothesized as a possible cause, leading to oxidative stress 
and a marked release of pro-inflammatory cytokines [14,15]. Alcoholic peripheral neuropathy is related to a 
significant decrease in quality of life as it may lead to a decrease of nociceptive threshold [12,16]. 
Conventional therapies can offer some relief but they are generally symptomatic and characterized by several 
side effects, limiting their prolonged uses [12]. Thus, the application of phytotherapy in the treatment of 
alcoholism dependence and its related complications appears to be a new possibility for personalize therapy, 
as it is generally considered safer than conventional medicine. Indeed, the use of phytotherapy in the 
treatment of alcoholism reaches back to traditional Chinese medicine, where not standardized herbal 
extracts were used to reduce the damages induced by alcohol use disorder (AUD) [17–19]. However, today 
there is the need for more rigorous and well conducted studies, in order to better understand the actual 
therapeutic value of chemically characterized herbal products. Thus, the aims of my visit at the Department 
of Molecular Medicine at the Scripps Research Institute (San Diego, CA, USA) are:  

1) to investigate the role of neuroinflammatory factors (pro-inflammatory and anti- inflammatory cytokines) 

in alcohol dependence and post-traumatic stress disorders comorbidity  

2) to evaluate the possible development of neuropathy in alcohol dependence animal model  

Results (First period) 

1) The role of neuroinflammatory factors in alcohol dependence and post-traumatic stress disorders 
comorbidity. 

Patients with post-traumatic stress disorder (PTSD) have elevated rates of alcoholism. General anxiety, panic 
and social phobia also are comorbid with AUD [20,21]. There is the necessity to identify molecular and cellular 
mechanisms via which stress promotes comorbid AUD and anxiety. Postmortem brain tissue from alcoholics 
exhibits increases in pro-inflammatory cytokines and in levels of microglia. Alcohol stimulates the production 
of pro-inflammatory cytokines, notably a meta-analysis conducted by INIA-Neuroimmune consortium (Dr. 
Roberto, Scientific Director) found that IL-18 system genes was among the pathway strongly activated by 
alcohol consumption [22,23]. IL-18 is constitutive expressed in normal physiological condition. IL-18 is 
elevated during stress through the HPA-axis, and in paracrine fashion by CRF [24], and is down-regulated 
through parasympathetic nervous system activation in a tissue- and mechanism-specific fashion (IL-18BP and 
IL-18R) [25]. The hyperactivation of IL-18 is balanced by the endogenous IL-18 binding protein (IL-18BP). IL-
18BP functions as anti-inflammatory element as it  controls and moderates the inflammatory process induced 
by this pathway [26]. In humans, it has been reported that during the inflammatory state there is an increase 
of IL-18 compared to the complex IL-18/IL-18 BP, reducing the expression of the anti-inflammatory 
compenents of the IL-18 system. Thus, it is important to study the role of IL-18 in neuronal activity in the 
amygdala, a brain region deeply investigated for its key role in the alcohol abuse, anxiety and stress, as soon 
as to identify novel anti-inflammatory targets, such as IL-18BP. 

Material and Methods 

Experimental set: All studies conform to NIH Guidelines and are approved by the TSRI IACUC. A total of 48 
Wistar rats (75 days, Charles River) were double-housed (12-hr L/D cycle), separated by perforated Plexiglas, 
with ad libitum food and water. Females were cycle freely with cycle stage determined at euthanasia by 
vaginal lavage [27]. The “2-hit” rat model of shock stress has been used [28]. With this model rats received 2 
shocks, the second shock is either in the same inhibitory avoidance context as the first one (familiar; FAM) 
or in a novel context (NOV). Because prior alcohol can prevent shock-induced escalation, we delivered the 
footshocks (2-sec, 3 mA, 48 hr apart) to EtOH-naïve rats [29–31]. One week later, rats received 48 hr 
continuous 2-bottle choice home cage acclimation access to ethanol (20% v/v). Rats then began intermittent 
(MWF), limited access (2 hr/day) 2BC access 19 days postshock.  
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Ethanol 2-bottle choice intake (2BC): Rats received 20% v/v ethanol vs. water 3x/week (MWF; 2 hr). Non-2BC 
days and rats involved 2 water bottles. Solutions were prepared every 48 hr, and bottle positions alternated 
daily.  
RNAscope In Situ hybridization: Perfused (4% paraformaldehyde) brains were snap-frozen and sliced (20 µm). 
Mounted sections were pretreated (assay manual; ACD, doc.no. 320535) and stained using an RNAscope 
fluorescent multiplex kit (ACD, 320850) according to the manual (ACD, doc.no. 320293). Probes will detect 
rat brain IL-18 (ACD, 547731-C1), Il18r1 (ACD, 547741-C2), and Il18bp (ACD, 547751-C3). For imaging (Zeiss 
LSM 780), all microscope settings were maintained throughout image acquisition [32]. Quantification was 
performed using ImageJ (NIH) after background subtraction (based on negative control).  

Results  

The “2-hit” rat model of posttraumatic stress disorder (PTSD) is a novel model introduced into the alcoholism 
research field. This model uses a total of 2 footshocks applied once per day over 2 days to generate long-
lasting PTSD-like behavior phenotype. We have two groups of stress animals: the predictable (also named 
Familiar=FAM, Fig. 1) group, which receives both the shocks in the same box and the unpredictable (also 
named Novel=NOV) group that receives the shocks in two different contexts. We examined effects of 
unpredictable and predictable stress on intermittent access 2-bottle choice (2BC) alcohol intake in Wistar 
rats. Male and female “2-hit” rats developed increased 2BC EtOH intake (g/kg) (Fig. 1A,B). Both “2-hit” models 
increased EtOH preference in both sexes (Fig. 1C,D). Female rats had significantly higher baseline alcohol 
intake than males. Predictable stress increased drinking in male individuals that showed impaired inhibitory 
avoidance behavior when retested in the shuttle box. Conversely, there was a dramatic reduction in male 
2BC drinking following unpredictable stress. Unpredictable and predictable stress had long-lasting effects on 
anxiety-like behavior observed 8–10 weeks post-stress. 

 
Fig. 1 2BC (2hr/day, Mon,Wed,Fri) began post-stress Day 19. The “2-hit” models (F+N) increased ethanol 
intake (A, B) and preference (%) vs. water (C,D). Bar graphs reflect averages beginning 2 wk into 2BC (black 
bar in line graphs). *p<0.05, planned comparisons, stress vs. 2BC-control. n=8/grp 

Expression of Il18r, Il18 and Il18bp in the CeA of rats with post-traumatic stress disorder (PTSD) 

Using In situ hybridization (ISH) the change in the percent of cells positive for Il18r, Il18 and Il18bp in the CeA 
of Naïve, Unpredictable (Unpred) and Predictable (Pred) male and female rats (n=3-4/group) was identified. 
As reported in Fig.2d, no significant differences were observed between the three groups on Il18r expression 
both in male and female rats (Male: Naïve 1.0±0.38, Unpred 1.54±0.37, Pred 0.95±0.29; Female: Naïve 
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1.0±0.11, Unpred 1.06±0.07, Pred 0.95±0.19). Notably, in the Pred group a significant increase of Il18 
expression (Fig.2e; Male: Naïve 1.0± 0.11, Pred 1.90±0.33; Female: Naïve 1.0±0.11, Unpred 1.16±0.15,Pred 
2.04±0.32) and a strong decreased of Il18bp (Fig.2f;Male: Naïve 1.0±0.07, Pred 0.55±0.12; Female: Naïve 
1.0±0.02, Pred 0.55 ±0.05) were observed compared to Naïve group of both sex. Although it did not reach 
statistical significance, we observed a slight increase of Il18 (Fig.2e; Male 1.022 ±0.11, Female 1.16±0.15) 
and a decrease of Il18bp  (Fig.2f;Male 0.89±0.10, Female 0.85±0.06) in the  Unpred group. 

 

 

 

Fig.2 ISH using RNAscope indicate the change in Il18r, Il18 and Il18bp in the CeA of male and female rats. a) Representative images 
of Il18r (red), Il18 (green) and Il18bp (yellow) for Naïve, Unpredictable (Unpred) Predictable (Pred) male (n=3 rats) and female (n=3-
4 rats). Representative negative control images for male (b) and female (c) group (Zeiss lsm 780 confocal microscope, 40x oil, 
1024x1024px, 5µm Z-stack). Scale bar=10 µm.  Summary bar graphs indicate the change in the percent of nuclei expressing d) Il18r, 
e) Il18 and f) Il18bp in the CeA relative to the naïve control group (***p<0.001, *p<0.05 vs Naïve). Mean ± SEM  

 

Expression of Il18ra, Il18 and Il18bp in the BLA of female rats with posttraumatic stress disorder (PTSD) 

The expression pattern of Il18r was not altered between the three groups (Fig.3b). Fig. 3c shows a slight 
increase of BLA Il18 in the Pred females (+34%) compared to the Naïve group, while no differences were 
reported for Unpred (-0.06%) females. Similar to the CeA, a decrease of Il18bp was observed for BLA of the 
Pred group compared with Naïve (Fig.3d -38%). The expression of Il18r was not altered between the three 
groups.  
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Fig.3 ISH using RNAscope indicate the change in Il18r, Il18 and Il18bp in the BLA. a) Representative images of Il18r (red), Il18 (green) 
and Il18bp( yellow) for Naïve, Unpredictable (Unpred) Predictable (Pred) female (n=3-4 rats). (Zeiss lsm 780 confocal microscope, 40x 
oil, 1024x1024px, 5µm Z-stack). Scale bar=10 µm.  Summary bar graphs indicate the change in the percent of nuclei expressing b) 
Il18r, c) Il18 and d) Il18bp in the BLA. Mean ± SEM  

Conclusions 

The “2 hit” rat model generates different profile of drinking between sexes, as observed in Fig. 1. As reported 
in literature AUD is diagnosed higher in men than women [33]. However, women dependence for alcohol is 
mainly linked to other disorders such as anxiety and PTSD and the incidence of their comorbidity is high[34]. 
There is an urgent need for additional studies to understand the sex differences in the central immune 
responses underlying the AUD and PTSD comorbidity. IL18 is constitutively expressed in brain under normal 
and pathological conditions , where it influences homeostasis and behavior. The activity of IL-18 is controlled 
in part by endogenous IL-18 binding protein (IL-18-BP), which inhibits IL18 excessive activation. An imbalance 
in IL-18 expression/activity in the brain can lead to  neuroinflammation, which commonly occurs with 
generalized anxiety disorder, PTSD, and AUD. These results suggested that Predictable rats (which receive 
the shock in the same box) possess an increase of Il18 and a down-regulation of Il18bp compared to Naïve, 
highlighting a dysregulation of the IL18 pathway which may lead to increased inflammation in both sexes. 
This is not observed in the Unpred group (which receive the shock in a different box), where we observed  
only a slight trend. Comparatively, in the BLA no significant differences were observed with only a trend 
towards a reduction of Il18bp in the Pred group compared to the Naïve group.  

 

2) Development of neuropathy in alcohol dependence animal model (second period). 

Epidemiological data indicate a strong association between chronic pain and AUD [35]. Sex differences in 
chronic pain are profound and not well understood yet [36] and the mechanisms responsible for the observed  
increased of chronic pain associated with chronic consumption of alcohol is controversial [37]. For this part 
of the project I used the chronic intermittent ethanol vapor two-bottle choice (CIE-2BC) model to produce 
escalated ethanol intake in dependent mice [38]. Previous studies conducted in this laboratory showed that 
this model induce an increase of microglia activation in various regions of brain, similar to that observed in 
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the human alcoholic brain [39]. Notably, neuroinflammation has been largely demonstrated to play a key 
role in the pathogenesis of other important diseases, such as neuropathic pain.  

Material and Methods 

Chronic-intermittent ethanol two-bottle choice paradigm 

Male and female C57BL/6J mice were exposed to a limited-access ethanol (15% w/v) two-bottle choice (2BC) 
paradigm, followed by either CIE exposure in vapor chambers (La Jolla Alcohol Research, La Jolla, CA), to 
induce alcohol dependence, or air exposure in identical chambers. To establish baseline drinking, 2BC testing 
was performed 5 days per week for 3 consecutive weeks. Mice were singly housed 30 min before the lights 
were turned off and given 2 h-access to two drinking tubes containing either 15% ethanol or water. Following 
this 3-week baseline phase, mice were divided into two balanced groups with equal ethanol and water 
consumption. The Dep and Non-Dep groups were exposed to CIE vapor and air, respectively. Mice in the Dep 
group were injected i.p. with 1.75 g/kg ethanol + 68.1 mg/kg pyrazole (alcohol dehydrogenase inhibitor) and 
placed in vapor chambers for 4 days (16 h vapor on, 8 h off). Naïve and Non-Dep mice were injected with 
68.1 mg/kg pyrazole in saline. After pyrazole injection, Naïve mice were placed back in their home cages, 
while Non-Dep mice were transferred into air chambers for the same intermittent period as the Dep group. 
The vapor/air exposure was followed by 72 h of abstinence and 5 days of 2BC testing. This regimen was 
repeated three additional times for a total of five full rounds. Before euthanasia, Dep mice were exposed to 
a single ethanol vapor exposure (16 h) (Fig. 1A), and tail blood was collected to determine terminal BELs. All 
protocols involving the use of experimental animals in this study were approved by The Scripps Research 
Institute (TSRI) Institutional Animal Care and Use Committee and were consistent with the National Institutes 
of Health Guide for the Care and Use of Laboratory Animals. The data are presented as means of ± SEM. Two-
way analysis of variance (ANOVA) followed by Sidak post hoc was used as statistical analysis. 

Von Frey Test 

Mechanical allodynia was measured by using Von Frey filaments with ascending stimulus, as previously 
reported [40]. The method is based on the application to the plantar surface of the hind paw of 
monofilaments with increasing force until a withdrawal response is elicited, and the force of the Von Frey 
filaments that elicits this positive response is designed as the mechanical withdrawal threshold. The 
measurements were conducted 8, 24, 48, 72 h after the last vapor session and immediately after 2BC test. 
The data are presented as means of ± SEM. Two-way analysis of variance (ANOVA) followed by Tukey post 
hoc was used as statistical analysis. One-way analysis of variance (ANOVA) followed by Tukey post hoc was 
used for comparison between different time of 2BC-CIE group. 

Western blotting analysis 

Western blot analyses were conducted to evaluate changes in protein levels in the spinal cord of mice, as 
previously described [41]. Mice were anesthetized with 3-5% isofluorane, decapitated, and spinal cord were 
rapidly removed, snap-frozen in isopentane, and stored at -80 °C. Tissue homogenates were heated at 95°C 
for 5 minutes and the total protein concentration was measured using DC protein assay (Bio-Rad, Hercules, 
CA, USA). The samples were aliquoted and stored at -80 °C until use. Samples were homogenized in RIPA 
buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl 1% sodium deoxycolate, 1% Tryton X-100, 2 mM PMSF) with 
EGTA 5mM (Sigma-Aldrich,) with protease inhibitors (1:100; Sigma-Aldrich). The homogenate was 
centrifuged at 12000 × g for 30 min at 4 °C and the pellet was discarded. Protein samples (40 µg) were 
separated by SDS-polyacrylamide gel electrophoresis on 12% acrylamide gels using a Tris/Tricine/SDS buffer 
system (ThermoFisher). The gels were electrophoretically transferred to polyvinylidene difluoride 
membranes (GE Healthcare, Piscataway, NJ, USA). Membranes were blocked for 2h in 5% non-fat milk at 
room temperature and incubated overnight in 5% non-fat milk with primary antibody at 4°C. The primary 
antibody was mouse CSF-1 (1:1000; Abcam), IBA-1 (1:500; Abcam), p-p38 and tp38 (1:1000; Cell Signaling) . 
Membranes were washed and incubated with species-specific peroxidase-conjugated secondary antibody 
(1:10,000; Jacskon Immunoresearch) for 2 h at room temperature. Membranes were washed and incubated 
in a chemiluminescent reagent (Immobilon Crescendo Western HRP Substrate, Millipore Corporation, 
Billerica, MA, USA) and exposed to film. Following film development, membranes were stripped for 30 m at 
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room temperature (Restore; Thermo Scientific). Signal intensity (pixels/mm2) was quantified using ImageJ 
(NIH). The signal intensity was normalized to that of GAPDH (1:5000, Cell Signaling).  Two-way ANOVA 
followed by Sidak post hoc was used as statistical analysis. 

Results 

Chronic alcohol exposure induces mechanical allodynia in male and female mice.  

The chronic intermittent ethanol two bottle choice (CIE-2BC) paradigm was used to generate ethanol 
dependent mice (Fig.1 A) in C57BL/6J mice [6]. Indeed, it was observed that it induces an increase of ethanol 
drinking, anxiety-like behavior and rewards deficit. In this study we generated three different group of animal 
for both sex: 1) Naïve group (n=14) that did not receive alcohol, 2) Non-dependent  mice (2BC; n=20) that 
received only two-bottle choice, and 3) Dependent mice (2BC-CIE; n=19) that received two-bottle choice and 
chronic intermittent ethanol vapor exposure. 2BC-CIE mice achieved an average BAL across the four rounds 
of CIE of 179.82 ±5.52% and 178.505 ±13.97% for male and female respectively (Fig.1 B). A significant 
escalation in the group of 2BC-CIE compared to 2BC in both sex in drinking escalation was observed, with an 
average daily ethanol intake during the last round of 2BC in 2BC-CIE mice (3.554±0.41 g/kg for male and 
3.778±0.36 g/kg for female) compared 2BC mice (0.723±0.25 g/kg for male and 0.407 g/kg for female) 
indicative of a dependence-like phenotype (Fig.1C).  

 

Fig.1 Two bottle choice - chronic intermittent ethanol (2BC-CIE) vapor exposure paradigm. Schematic 
representation of the model (A). Average blood alcohol levels achieved during weeks of CIE vapor exposure in Dep 
mice (B). Average ethanol intake during 2BC sessions during baseline weeks and following air or CIE vapor exposure 
weeks (red box) for 2BC and 2BC-CIE (C) and female (D) mice. ***p<0.001 **p<0.01 *p<0.05 vs 2BC by two-way 
ANOVA. 

Von frey filaments were used to verify the development of mechanical allodynia in this model. As reported 
in Fig. 2, both male and female 2BC-CIE developed a strong mechanical allodynia 8 h after the last session of 
vapor, which last until the 72 h of withdrawal (Fig.2A,B). Immediately after the 2BC test, 2BC-CIE mice 
completely reverted the hypersensitivity developed during the withdrawal state, displaying a  value of 
mechanical threshold similar to 2BC group (Fig. 2 C,D).  
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Fig.2. Measurement of mechanical allodynia in Naïve, Non 2BC and 2BC-CIE male (A) and female (B) mice. 
***p<0.001 **p<0.01 *p<0.05 vs Naïve; °°°p<0.001 °°p<0.01 °p<0.05 vs 2BC. Comparison of mechanical allodynia 
between 2BC-CIE male (C) and female (D) mice during withdrawal and after 2-bottle choice test. ***p<0.001 
**p<0.01 *p<0.05 vs AFTER 2BC by one-way ANOVA. 

Interestingly, also the 2BC group showed a long-lasting increase of sensitivity compared to Naïve group, 
which was not reverted by the section of self-alcohol administration. Fig.3 shows the mechanical threshold 
of 2BC male and female mice and it is evident that about half of the animals for each group have a mechanical 
threshold lower than the minimum value registered for the Naïve group. Animals reporting lower mechanical 
threshold value in three out of four different time were assigned to the neuropathy group (2BC-N). 

 

Fig.3 Time lapse of 2BC group mechanical threshold development. The dashed line represents the lower value of 
the Naïve group average. 

 

Microglia activation in spinal cord tissue of 2BC and 2BC-CIE animals 

Microglia have a crucial role in the development of neuropathic pain. A recent study conducted by the 
research group of Dr. Roberto reported the key role of microglia in the development of dependence in the 
2BC-CIE model [42] in male mice. In the present study, 2BC-CIE male and female mice showed a tendency to 
increase the CSF-1 expression (Fig.4A) and a significant increase of IBA-1 (Fig.4B) expression in the spinal 



                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

cord. Moreover, we observed an increase of p-p38 expression in the male 2BC as well as  in male and female 
2BC-CIE group (Fig.4C), but no differences in the total form (Fig.4D). Thus, a significant increase of p-38 
activation was observed in both 2BC and 2BC-CIE group in both sex (Fig.4E). 

 
Fig.4. CSF-1 (A), IBA-1 (B), p-38 (C) and Total p38 (D) protein levels in the spinal cord of Naïve, 2BC and 2BC-CIE 
mice. Phosphorylated and total p38 levels ratio (E). Representative images of western blotting bands (F). All data 
are normalized on Naïve group and represent the mean ± SEM. **p<0.01 *p<0.05 vs Naïve by two-way ANOVA. 

Conclusion 

Alcohol use disorder (AUD) is defined by the emergence of negative affective symptoms during withdrawal. 
In particular, unrelieved chronic pain is considered a key factor contributing to the maintenance of AUD (Le 
blanc, 2015). Chronic or excessive alcohol consumption often results in a hypersensitivity state, and this is 
considered a negative reinforcement process that facilitates AUD progression. Notably, the results obtained 
in this work showed the insurgence of chronic alcohol exposure-induced hyperalgesia in 2BC-CIE, compared 
to the 2BC and Naïve group, during withdrawal, which was completely reverted after a subsequent alcohol 
self-administration. This effect could be considered as abstinence-related hyperalgesia, which is a 
phenomenon that occurs when the chronic administration of abuse substances is abruptly stopped. This 
phenomenon has been reported in clinical studies using nicotine and opioids. This condition is different from 
the alcohol-induced neuropathy. Indeed, it has been estimated that in the United States 25% to 66% of 
chronic alcohol users develop some form of neuropathy, with women being more likely affected [42]. In our 
model we observed that increased hypersensitivity occurs also in 40% and 50% of 2BC male and female mice, 
respectively, compared to the Naïve group. Thus, we can speculate that, in this model, the chronic 
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consumption of alcohol also induces a direct alcohol-related neuropathy. The actual therapy for the 
management of alcohol-related neuropathic pain is based on analgesics  and opioid alternatives, that 
generally are  ineffective  and rarely cure the actual causes [43].  For this reason, the research of alternatives 
targets to be exploited for the management of this chronic condition is current and important issue, 
particularly, regarding pathways that involve both dependence and pain development. Neuroinflammation 
is a key contributor to alcohol reinforcement and it is well known that it plays a key role also in the 
pathogenesis of neuropathic pain. In particular, microglia depletion prevented escalations in voluntary 
alcohol intake and decreased anxiety-like behavior associated with alcohol dependence. For these reasons 
we investigated the possible microglia activation in spinal cord samples of 2BC and 2BC-CIE mice. Our findings 
showed an up-regulation of the microglia marker IBA-1 in the Dep mice of both sexes. The p38 MAPK is 
considered a key modulator of proinflammatory process that characterize microglia activation [44], and its 
activation was found to be highly increased in 2BC and 2BC-CIE. Thus, targeting microglia activation could be 
considered a novel therapeutic approach for the management of AUD. 
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