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The vast majority of studies that
assessed the importance of biologi-

cal factors for the development of psychi-
atric disorders focused on processes
occurring at the brain level. Alcohol-
dependence is a very frequent psychiatric
disorder where psycho-pharmacological
interventions are only of moderate effi-
cacy. Our laboratory has recently
described that a subpopulation of alco-
hol-dependent subjects, that accounted
for approximately 40% of individuals
tested, presented with an increased intes-
tinal permeability, with a dysbiosis, with
alterations in the metabolomic content of
faeces - that could play a role in the
increased permeability - and finally with
a more severe profile of alcohol-depen-
dence than the other non-dysbiotic sub-
population. In this addendum, we
discuss the implications of our observa-
tions for the pathophysiology of alcohol
dependence where we try to discriminate
which addiction dimensions are likely
related to the gut microbiota alterations
and whether these alterations are the
cause or the consequence of drinking
habits.

Introduction

Numerous factors are involved in the
development of psychiatric disorders.
According to a generally accepted biopsy-
chosocial model of disease,1,2 most psychi-
atric disorders are expected to result from
the complex interaction between a panel
of biological events, psychological factors
(related for example to the personality or
affects) and the quality of social interac-
tions. Among psychiatric disorders,

alcohol-dependence is one of the most fre-
quent ones and currently represent the
second cause of death and morbidity
worldwide. Alcohol dependence causes an
extremely high burden on society, due to
its consequences on health, on criminality
and hazards to others.3-5 However, a
majority of alcoholic subjects do not even
have access to therapy.6 Hence, treating
alcohol-dependent (AD) subjects is cer-
tainly an important challenge for the med-
ical community, and a multidisciplinary
approach could be promoted in order to
integrate contributions from various fields
of expertise, including psychological,
social and biological approaches. Psycho-
pharmacological interventions dedicated
to the treatment of alcohol-dependence
targeting receptors for neurotransmitters
have up to now permitted to obtain some
improvements in the management of the
disorder, but the effects are at best of
moderate magnitude.7,8

Recent interest on the possible role of
the gut and of the gut microbiota in the
development of psychiatric disorders,
mainly arises from animal studies that
clearly established that processes occurring
at the level of the intestine may pro-
foundly affect behaviors.9 Studies of the
impact of gut dysbiosis on psychiatric
disorders have mainly focused on 2
domains of psychiatry : the development
of mood symptoms, for instance, depres-
sion and anxiety (See review in.10,11) and
the development of profound social
impairment as observed in autistic spec-
trum disorders.12-14 The paper we are
commenting on here,15 even though
focusing on alcohol-dependence, also
relates to depression and anxiety, as these
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symptoms are an important dimension of
alcohol-dependence. In the first part of
the discussion, these aspects will be evoked
at the light of the negative reinforcement
process, that is a major dimension of the
addictive process,16 especially in chronic
addiction. However, alcohol-dependence
is a particular psychiatric disorder: being
an addiction, it also involves important
alterations of the metabolism and eating
habits because the consumption of ethanol
usually accounts for a very large portion of
the total caloric intake in this popula-
tion.17-19 Not surprisingly, these abnor-
mal eating patterns likely influence the
composition of the gut microbiota. Fur-
thermore ethanol per se may also interfere
with the gut microbiota and the gut bar-
rier, and the article we discuss here at least
partially provides answers to the question
of the role of ethanol in the dysbiosis
observed in AD subjects.

A Role for Dysbiosis in the
Negative Reinforcement Process

Frequently in young adults exposed to
alcohol-drinking,20 or in some subpopula-
tions of alcohol-dependent subjects,21 pre-
senting impulsive personality profiles,
alcohol consumption is essentially moti-
vated by obtaining a positive reinforce-
ment, i.e. a feeling of euphoria and
achievement, and due to positive expec-
tancies.22 However, frequently, in other
larger subpopulations of alcohol-depen-
dent patients, and most often in later
stages of the addiction, once it has
completely developed, drinking becomes a
compulsive process.23 It means that drink-
ing is essentially a way to escape negative
affects and feelings. This also means that
in situations of distress, alcohol-dependent
subjects start drinking in order to escape
this negative feeling and that distress
impairs the ability of subjects to self-regu-
late their drinking. The article by Leclercq
et al, shows that subjects with increased
intestinal permeability associated with an
important dysbiosis, with alterations in
the metabolomic profiles and with persis-
tent systemic inflammation, also presented
with increased symptoms of depression,
anxiety and craving at the end of alcohol
withdrawal. Depression and anxiety that

have been shown in previous studies to be
correlated with craving.24,25 are the behav-
ioral expression of negative reinforcement
processes of addictions with a negative
affect being the drive for alcohol con-
sumption. A large number of studies in
animal models have proposed that ethanol
interacts with the brain to develop a nega-
tive affect. They explain negative rein-
forcement processes by dysregulation of
numerous neurotransmitter systems and
activation of the brain stress system
through activation of CRH liberation and
a decrease in NPY brain anti-stress
activity.16,26

Our observation suggests that besides
important direct effects of ethanol on the
brain, a part of the processes might also
arise from the gut. Other authors have
previously proposed a role for the gut in
the development of addiction,17,27 but
essentially through endocrine processes.
The data from the article we comment on
here suggest that it may also involve a dys-
biosis. Several pathways may be involved
for the gut microbiota to affect drinking
habits. The gut micobiota secretes more
than 100 different metabolites,28 includ-
ing neurotransmitters such as dopamine,
serotonin, noradrenaline or GABA. The
pathways related to these neurotransmit-
ters are all affected by the development of
alcohol-dependence. The microbiota and
the increase in permeability may also
interact through the enteric tract with the
vagus nerve.29 It may affect the stress sys-
tem.30 Finally, it generates a mild form of
chronic inflammation, related to the
increased gut permeability,31,32 that is
currently considered an important factor
for the development of depression.33

Overall because ethanol may affect the gut
and hence the various pathways described
above, the gut may be considered as
another important target for ethanol, and
mediate through the gut-brain axis some
of the behaviors observed in AD subjects,
besides the direct effects of ethanol at the
level of the brain.

It is even not totally unlikely that a part
of the negative reinforcement processes
that have been observed at the level of the
brain and that are deemed an essential
dimension of addiction.26 could also par-
tially result from an interplay between gut
and brain processes. For instance, the

dysregulation of the brain stress system or
some of the neurotransmitter alterations
could possibly partially be due to an effect
of ethanol on the gut microbiota.

Is Dysbiosis Playing a Role in the
Entire Population of Alcohol-

Dependent Subjects ?

The data of the article by Leclercq and
colleagues showed that only a subpopula-
tion of about 40% of AD subjects pre-
sented with important modifications of
the gut microbiota and an increased intes-
tinal permeability. There is something
very specific to that population that, as
described above, presented with markers
of severity of alcohol-dependence, through
negative reinforcement processes. The
remaining population of AD-subjects,
who do not have a dysbiosis, seemed to be
different at the behavioral level as they
showed less severe levels of depression,
anxiety and craving, already at the begin-
ning of alcohol withdrawal. The difference
was even much stronger at the end of the
detoxification, as this non dysbiotic group
almost totally recovered from symptoms
of depression, anxiety and craving when
compared with a control group, suggest-
ing that the negative reinforcement pro-
cesses had completely disappeared after 18
d of abstinence. Two consequences may
be drawn from this observation. Firstly, in
the dysbiotic group, the persistence of
signs of depression, anxiety and craving
after 18 d of abstinence, means that the
reinforcement processes in this population
is not dependent anymore on the drink-
ing, but possibly on processes occurring at
the level of the gut and related to the dys-
biosis that still persists. As previously dem-
onstrated, the persistence of negative
reinforcement may be very important for
relapse prognosis,34-36 but this dimension
still deserves to be tested to ascertain the
importance for the outcome of disease.
This may also make that the dysbiotic sub-
population of AD subjects prone to spe-
cific interventions at the level of the gut
microbiota. Secondly, in the non-dysbi-
otic group that exhibited criteria of
reduced severity, the negative reinforce-
ment process was also present at the begin-
ning of alcohol withdrawal when the
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subjects were still under the effect of etha-
nol, since signs of depression, anxiety and
craving were observed. The negative rein-
forcement processes in this situation likely
result from a direct effect of ethanol
occurring at the level of the brain through
the classical « dark side of addiction », as
hypothesized previously.16 However, a
role for the gut microbiota cannot be for-
mally excluded in this population. It is
conceivable that ethanol also interacts
with a normal gut microbiota to induce
depression, anxiety and craving, somehow
participating in the allostatic load induced
at the brain level by the addiction. Over-
all, what our data suggest is that this non
dysbiotic group is characterized by a
markedly attenuated form of negative
reinforcement processes, both in ampli-
tude and duration.

Which Pathways of the Gut-Brain
Axis are Involved the

Development of Alcohol-
Dependence?

Another important aspect is the issue of
the mechanisms involved in the gut-brain
communication to explain the develop-
ment of these negative reinforcement pro-
cesses. There is currently only limited data
available to answer this question. The
numerous potent pathways that have been
invoked above to explain a communica-
tion between the gut and the brain may all
have an importance for the development
of the symptomatology of alcohol-depen-
dence: the direct production of metabo-
lites by the gut microbiota and that may
be released in the circulation, the abnor-
mal functioning of the hypothalamo-
hypophyso-adrenal pathway that may be
linked to depression or anxiety or a dysre-
gulation of the vagal nerve activity that
may have an impact on affect regulation.37

may all be of importance. However, to
date, the strongest evidence exists for the
inflammatory pathway as a mediator in
the gut-brain interplay. Preclinical as well
as clinical studies have shown the potent
role of inflammation for the development
of alcohol-dependence, as nicely described
in a recent review article.38 Furthermore,
in the study commented here, as well as in
previous studies from our group.32

proinflammatory markers were related to
the gut permeability, and in the same pop-
ulation these markers were shown to cor-
relate positively with craving at the
beginning of withdrawal while the anti-
inflammatory cytokine IL-10 correlated
negatively with depression, anxiety and
craving at the end of withdrawal.

It is note-worthy that negative rein-
forcement processes are not the only
mechanisms involved in the development
of addiction. Hence, the possibility of a
role for the gut microbiota and dysbiosis
in the development of positive reinforce-
ment, or in the cognitive deficits involved
in the development of addiction should
also be evaluated in future studies.

Is Alcohol Drinking the Cause of
Alterations in the Gut Microbiota
and in the Gut Barrier Function?

Our test retest design at the beginning
and end of alcohol withdrawal as well as
our careful evaluation of the alcohol
intake by patients permitted to evaluate
the effect of ethanol on the gut.

Ethanol consumption clearly played an
important role in the increase in gut per-
meability in the dysbiotic group, as per-
meability totally recovered after the period
of abstinence. But ethanol was not suffi-
cient per se, and we propose that the dys-
biosis could be part of the alteration of the
gut barrier upon alcohol consumption, as
no increase in permeability was observed
in the non-dysbiotic group, despite the
consumption of alcohol.

The role of ethanol intake on the com-
position of the gut microbiota was not
obvious from the data we obtained. On
the one hand, we did not observe differen-
ces in alcohol intake between the dysbiotic
and non-dysbiotic group, suggesting that
the difference in composition of the gut
microbiota might not be the consequence
of drinking. Furthermore, the total con-
centration in bacteria and in most bacte-
rial families, genera or species failed to
recover at the end of alcohol withdrawal.
These observations therefore suggest that
the composition of the gut microbiota is
likely independent of the drinking habit.
For instance, Faecalibacterium prausnitzii,
a bacteria belonging to the Ruminococcacae

family exhibiting important anti-inflam-
matory properties,39 which was largely
depleted in the dysbiotic subgroup com-
pared with the control and non-dysbiotic
groups, remained completely unaffected
by drinking cessation. The resistance of
the gut microbiota of the dysbiotic group
to abstinence was further supported by the
observation of only scarce modifications
of the metabolomic composition of the
stool that remained completely different
from that of the control or non-dysbiotic
groups at the end of detoxification.

On the other hand, some specific gen-
era, such as the Lactobacillus or Bifidobac-
teria, that may also be important for
inflammation, presented important varia-
tions during the period of withdrawal,
suggesting at least some sensitivity to the
effects of ethanol. In addition, a period of
2 to 3 weeks of abstinence may not be suf-
ficient to allow a complete recovery of the
microbial composition, as it is also not
sufficient to allow a total recovery of the
inflammation.31,32 and of some cognitive
functions.24,40.Hence, to ascertain that
the gut microbiota of dysbiotic AD sub-
jects is not totally dependent on the effect
of ethanol, it would deserve being retested
after several months of abstinence.

The apparent relative independence
of the gut microbiota from the exposi-
tion to ethanol raises an interesting
issue: could the alteration in the gut
microbiota be a precursor to the
development of alcohol-dependence in
some subjects? The existence of a pri-
mary dysbiosis has for instance been
shown in Intestinal Bowel Syndrome
(IBS) and could also exist in alcohol-
dependence. It should first be stressed
that the AD patients of the study did
not present with an IBS, as none of
them presented with diarrhea at the
end of alcohol withdrawal. Longitudi-
nal studies should however be con-
ducted to answer the question of a
persistent dysbiosis in this population
to determine whether this dimension
would participate to the development
of alcohol-dependence. In other
words, the issue is whether some spe-
cific combinations of microbes within
the intestine may predispose to the
development of this dramatic disorder,
a bit like genetic factors that have
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been shown to be crucial for the
condition.41

Even if this work raises a lot of ques-
tions about the mechanism by which gut
microbiota alteration may act on gut bar-
rier and brain function, it is the first paper
proposing a new target - namely the gut
microbiota- in the management of the
crucial and extended worldwide problem
of health represented by excess of alcohol
consumption and dependence.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were
disclosed.

References

1. Volkow ND, Li TK. Drug addiction: the neurobiology
of behaviour gone awry. Nat Rev Neurosci 2004;
5:963-70; PMID:15550951; http://dx.doi.org/
10.1038/nrn1539

2. Leshner AI. Addiction is a brain disease, and it matters.
Science 1997; 278:45-7; PMID:9311924; http://dx.
doi.org/10.1126/science.278.5335.45

3. Rehm J, Dawson D, Frick U, Gmel G, Roerecke M,
Shield KD, Grant B. Burden of disease associated with
alcohol use disorders in the United States. Alcoholism
Clin Exp Res 2014; 38:1068-77; http://dx.doi.org/
10.1111/acer.12331

4. Nutt DJ, King LA, Phillips LD. Independent Scientific
Committee on D. Drug harms in the UK: a multicrite-
ria decision analysis. Lancet 2010; 376:1558-65;
PMID:21036393; http://dx.doi.org/10.1016/S0140-
6736(10)61462-6

5. Rehm J, Shield KD, Gmel G, Rehm MX, Frick U.
Modeling the impact of alcohol dependence on mortal-
ity burden and the effect of available treatment inter-
ventions in the European Union. Eur
Neuropsychopharmacol 2013; 23:89-97; http://dx.doi.
org/10.1016/j.euroneuro.2012.08.001

6. Kohn R, Saxena S, Levav I, Saraceno B. The treatment
gap in mental health care. Bulletin World Health Orga-
nization 2004; 82:858-66

7. Kranzler HR, Van Kirk J. Efficacy of naltrexone and
acamprosate for alcoholism treatment: a meta-analysis.
Alcohol Clin Exp Res 2001; 25:1335-41;
PMID:11584154; http://dx.doi.org/10.1111/j.1530-
0277.2001.tb02356.x

8. O’Flynn N. Harmful drinking and alcohol dependence:
advice from recent NICE guidelines. Br J Gen Pract
2011; 61:754-6; PMID:22137411; http://dx.doi.org/
10.3399/bjgp11X613287

9. Cryan JF, Dinan TG. Mind-altering microorganisms:
the impact of the gut microbiota on brain and behav-
iour. Nat Rev Neurosci 2012; 13:701-12;
PMID:22968153; http://dx.doi.org/10.1038/nrn3346

10. Luna RA, Foster JA. Gut brain axis: diet microbiota inter-
actions and implications for modulation of anxiety and
depression. Curr Opin Biotechnol 2014; 32C:35-41

11. Dash S, Clarke G, Berk M, Jacka FN. The gut micro-
biome and diet in psychiatry: focus on depression. Cur
opin Psychiatry 2015; 28:1-6; http://dx.doi.org/
10.1097/YCO.0000000000000117

12. Adams JB, Johansen LJ, Powell LD, Quig D, Rubin
RA. Gastrointestinal flora and gastrointestinal status in
children with autism–comparisons to typical children
and correlation with autism severity. BMC gastroen-
terol 2011; 11:22; PMID:21410934; http://dx.doi.org/
10.1186/1471-230X-11-22

13. Finegold SM, Downes J, Summanen PH. Microbiology
of regressive autism. Anaerobe 2012; 18:260-2;
PMID:22202440; http://dx.doi.org/10.1016/j.
anaerobe.2011.12.018

14. Hsiao EY, McBride SW, Hsien S, Sharon G, Hyde ER,
McCue T, Codelli JA, Chow J, Reisman SE, Petrosino
JF, et al. Microbiota modulate behavioral and physiologi-
cal abnormalities associated with neurodevelopmental dis-
orders. Cell 2013; 155:1451-63; PMID:24315484; http://
dx.doi.org/10.1016/j.cell.2013.11.024

15. Leclercq S, Matamoros S, Cani PD, Neyrinck AM,
Jamar F, Starkel P, Windey K, Tremaroli V, Backhed
F, Verbeke K, et al. Intestinal permeability, gut-bacte-
rial dysbiosis, and behavioral markers of alcohol-depen-
dence severity. Proc Natl Acad Sci USA 2014; 111:
E4485-93

16. Koob GF, Le Moal M. Plasticity of reward neurocircui-
try and the ’dark side’ of drug addiction. Nat Neurosci
2005; 8:1442-4; PMID:16251985; http://dx.doi.org/
10.1038/nn1105-1442

17. Leggio L, Addolorato G, Cippitelli A, Jerlhag E, Kam-
pov-Polevoy AB, Swift RM. Role of feeding-related
pathways in alcohol dependence: A focus on sweet pref-
erence, NPY, and ghrelin. Alcohol Clin Exp Res 2011;
35:194-202; PMID:21058960; http://dx.doi.org/
10.1111/j.1530-0277.2010.01334.x

18. Lewis MJ. Alcohol and nutrient intake: mechanisms of
reinforcement and dependence. Physiol Behav 2011;
104:138-42; PMID:21536056; http://dx.doi.org/
10.1016/j.physbeh.2011.04.034

19. de Timary P, Cani PD, Duchemin J, Neyrinck AM,
Gihousse D, Laterre PF, Badaoui A, Leclercq S, Delz-
enne NM, Starkel P. The loss of metabolic control on
alcohol drinking in heavy drinking alcohol-dependent
subjects. PloS One 2012; 7:e38682; PMID:22808013;
http://dx.doi.org/10.1371/journal.pone.0038682

20. Jonker NC, Ostafin BD, Glashouwer KA, van Hemel-
Ruiter ME, de Jong PJ. Reward and punishment sensi-
tivity and alcohol use: the moderating role of executive
control. Addictive Behav 2014; 39:945-8; http://dx.
doi.org/10.1016/j.addbeh.2013.12.011

21. Cloninger CR, Sigvardsson S, Bohman M, von Knor-
ring AL. Predisposition to petty criminality in Swedish
adoptees. II. Cross-fostering analysis of gene-environ-
ment interaction. Arch General Psychiatry 1982;
39:1242-7; http://dx.doi.org/10.1001/
archpsyc.1982.04290110010002

22. Copeland AL, Proctor SL, Terlecki MA, Kulesza M,
Williamson DA. Do positive alcohol expectancies have
a critical developmental period in pre-adolescents? J
Studies Alcohol Drugs 2014; 75:945-52; http://dx.doi.
org/10.15288/jsad.2014.75.945

23. Bujarski S, Ray LA. Negative affect is associated with
alcohol, but not cigarette use in heavy drinking smok-
ers. Addictive Behav 2014; 39:1723-9; http://dx.doi.
org/10.1016/j.addbeh.2014.07.019

24. Cordovil De Sousa Uva M, Luminet O, Cortesi M, Con-
stant E, Derely M, De Timary P. Distinct effects of pro-
tracted withdrawal on affect, craving, selective attention and
executive functions among alcohol-dependent patients. Alco-
hol Alcoholism 2010; 45:241-6; PMID:20207627; http://
dx.doi.org/10.1093/alcalc/agq012

25. de Timary P, Cordovil de Sousa Uva M, Denoel C,
Hebborn L, Derely M, Desseilles M, Luminet O. The
associations between self-consciousness, depressive state
and craving to drink among alcohol dependent patients
undergoing protracted withdrawal. PloS One 2013; 8:
e71560; PMID:24013131; http://dx.doi.org/10.1371/
journal.pone.0071560

26. Koob GF. Alcoholism: allostasis and beyond. Alcohol
Clin Exp Res 2003; 27:232-43; PMID:12605072;
http://dx.doi.org/10.1097/01.
ALC.0000057122.36127.C2

27. Engel JA, Jerlhag E. Role of appetite-regulating pepti-
des in the pathophysiology of addiction: implications
for pharmacotherapy. CNS Drugs 2014; 28:875-86;

PMID:24958205; http://dx.doi.org/10.1007/s40263-
014-0178-y

28. Clarke G, Stilling RM, Kennedy PJ, Stanton C, Cryan
JF, Dinan TG. Minireview: Gut microbiota: the
neglected endocrine organ. Mol Endocrinol 2014;
28:1221-38; PMID:24892638; http://dx.doi.org/
10.1210/me.2014-1108

29. Forsythe P, Bienenstock J, Kunze WA. Vagal pathways
for microbiome-brain-gut axis communication. Adv
Exp Med Biol 2014; 817:115-33; PMID:24997031;
http://dx.doi.org/10.1007/978-1-4939-0897-4_5

30. Moloney RD, Desbonnet L, Clarke G, Dinan TG,
Cryan JF. The microbiome: stress, health and disease.
Mammalian Genome 2014; 25:49-74;
PMID:24281320; http://dx.doi.org/10.1007/s00335-
013-9488-5

31. Leclercq S, De Saeger C, Delzenne N, de Timary P,
Starkel P. Role of inflammatory pathways, blood mono-
nuclear cells, and gut-derived bacterial products in alco-
hol dependence. Biol Psychiatry 2014; 76:725-33;
PMID:24629538; http://dx.doi.org/10.1016/j.
biopsych.2014.02.003

32. Leclercq S, Cani PD, Neyrinck AM, Starkel P, Jamar F,
Mikolajczak M, Delzenne NM, de Timary P. Role of
intestinal permeability and inflammation in the biologi-
cal and behavioral control of alcohol-dependent sub-
jects. Brain Behav Immunity 2012; 26:911-8; http://
dx.doi.org/10.1016/j.bbi.2012.04.001

33. Eyre HA, Stuart MJ, Baune BT. A phase-specific neuro-
immune model of clinical depression. Prog Neuro-Psy-
chopharmacol Biol Psychiatry 2014; 54:265-74; http://
dx.doi.org/10.1016/j.pnpbp.2014.06.011

34. Paille FM, Guelfi JD, Perkins AC, Royer RJ, Steru L,
Parot P. Double-blind randomized multicentre trial of
acamprosate in maintaining abstinence from alcohol.
Alcohol Alcohol 1995; 30:239-47; PMID:7662044

35. O’Malley SS, Jaffe AJ, Chang G, Schottenfeld RS,
Meyer RE, Rounsaville B. Naltrexone and coping skills
therapy for alcohol dependence. A controlled study.
Arch Gen Psychiatry 1992; 49:881-7; PMID:1444726;
http://dx.doi.org/10.1001/
archpsyc.1992.01820110045007

36. Volpicelli JR, Alterman AI, Hayashida M, O’Brien
CP. Naltrexone in the treatment of alcohol depen-
dence. Arch Gen Psychiatry 1992; 49:876-80;
PMID:1345133; http://dx.doi.org/10.1001/
archpsyc.1992.01820110040006

37. Ressler KJ, Mayberg HS. Targeting abnormal neural
circuits in mood and anxiety disorders: from the
laboratory to the clinic. Nat Neurosci 2007;
10:1116-24; PMID:17726478; http://dx.doi.org/
10.1038/nn1944

38. Robinson G, Most D, Ferguson LB, Mayfield J, Harris
RA, Blednov YA. Neuroimmune pathways in alcohol
consumption: evidence from behavioral and genetic
studies in rodents and humans. Int Rev Neurobiol
2014; 118:13-39; PMID:25175860; http://dx.doi.org/
10.1016/B978-0-12-801284-0.00002-6

39. Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermu-
dez-Humaran LG, Gratadoux JJ, Blugeon S, Bridon-
neau C, Furet JP, Corthier G, et al. Faecalibacterium
prausnitzii is an anti-inflammatory commensal bacte-
rium identified by gut microbiota analysis of Crohn dis-
ease patients. Proc Natl Acad Sci USA 2008;
105:16731-6

40. Pitel AL, Rivier J, Beaunieux H, Vabret F, Desgranges
B, Eustache F. Changes in the episodic memory and
executive functions of abstinent and relapsed alcoholics
over a 6-month period. Alcohol Clin Exp Res 2009;
33:490-8; PMID:19120052; http://dx.doi.org/
10.1111/j.1530-0277.2008.00859.x

41. Schuckit MA. Genetics of the risk for alcoholism. Am J
Addictions / Am Acad Psychiatrists Alcohol Addictions
2000; 9:103-12; http://dx.doi.org/10.1080/
10550490050173172

www.tandfonline.com 391Gut Microbes


