
                                                                

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

 
 

MODELLO PER INVIO RELAZIONE DI METÀ E FINE PERIODO 
 
 
NOME E COGNOME: Vittoria Borgonetti  
 
UNIVERSITÀ: Università degli Studi di Firenze  
 
DIPARTIMENTO (in caso di borsa per soggiorno all’estero specificare l’ente presso cui si è svolta la 

ricerca): Department of Molecular Medicine, The Scripps Research Institute, San Diego, USA  

TUTOR (in caso di borsa per soggiorno all’estero specificare il tutor dell’ente presso cui si è svolta la 

ricerca): Professor Marisa Roberto 

TIPOLOGIA DI BORSA RICEVUTA: BORSE DI RICERCA SIF PER BREVI PERIODI ALL’ESTERO 
 
TIPOLOGIA DI RELAZIONE (es.: metà periodo o finale): Metà periodo  
 
TITOLO DELLA RELAZIONE: Involvement of neuroinflammatory factors in alcohol dependence and 

comorbidities: investigation of novel therapeutic approaches 

RELAZIONE:  
 
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 
dependence development [3]. The main clinical issue associated with drug seeking of AUD are under 
the control of specific brain nuclei. 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 
isassociated 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 
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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 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 
consider 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;  

3) to investigate the possible use of standardized herbal extracts in the management of alcohol 

dependence and its associated comorbidities.  

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 
inflammation state there is an increase of IL-18 compared to the complex IL-18/IL-18 BP, reducing 
the expression of anti-inflammatory factors. Thus, it is important to study the role of IL-18 in 
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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. 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.  
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. This model uses a total of 2 footshocks applied once per day over 2 days to 
generate long-lasting PTSD-like behavior. 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) one 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 week post-stress. 
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Fig. 1 2BC (2hr/day, Mon,Wed,Fri) began post-stress Day 19. The “2-hit” models (F+N) increased A,B) ethanol intake and C,D) 
preference (%) vs. water. 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 

ISH using RNAscope technology (Fig. 2) indicate the change in the expression of IL-18, IL-18r and IL-
18BP in the CeA of Naïve, Unpredictable and Predictable male group (n=3/group). Unpredictable 
rats showed significant increase in IL-18 expression compared to Naïve group. A similar tendency 
was observed for the Predictable group, which possess a small tendency in the increasing of IL-18 
expression (Fig. 2B). A slightly decrease of IL-1Rα was observed in both stress groups compared to 
naïve (Fig.2C). Notably, the IL18-BP expression seems to be strongly decreased in all of the two 
Stress group compared to Naïve group (Fig.2D).  
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Figure 2 ISH using RNAscope indicate the change of IL18 , IL18Rα  and IL18BP in the CeA. .A Representative image of IL18 (green) 
Il18 Rα(red) and IL18BP (yellow) for Naïve, Unpredictable and Predictable male rats. (Zeiss lsm 780 confocal microscope, 40x oil, 
1024x1024px, 5µm Z-stack) Scale bar= 10 µm. Quantification of IL18(B), IL18 Rα (C) and IL18BP (D). Summary bar graphs indicate 
the change in the number of dots for cell.  

Future perspectives 

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. For this reason, in the second part of my period at 
Scripps I will analyze the variation of IL-18 pathway in female brain, and I will compare the results obtained 
in the two  sexes to unveil potential sex-differences that drive the incidence if the two disorders. 

2) Development of neuropathy in alcohol dependence animal model. 

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 will use 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 
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.  
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Material and Methods 

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, we performed 2BC 
testing 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 will be 
repeated three additional times for a total of four full rounds. Currently, we are at the beginning of the second 
round. Blood alcohol levels was collected on the third or fourth day of vapor exposure. 

Future perspectives 

At the end of the 2BC-CIE paradigm  I will measure the mechanical allodynia in the paw of the mice in order 
to identify whether potential  difference in the hyper-sensibility between Naïve, Dependent and Non-
dependent mice both in male and female group. After that, I will analyze the possible pathways involved in 
this process in the spinal cord and sciatic nerve of these animals. In particular, we will focused on microglia 
cells, being the communication between glial cells and neurons an essential point for the development of 
novel therapies [40]. 
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