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Abstract

Chronic alcohol abuse damages nearly every organ
in the body. The harmful effects of ethanol on the
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brain, the liver and the pancreas are well documented.
Although chronic alcohol consumption causes serious
impairments also in the gastrointestinal tract like altered
motility, mucosal damage, impaired absorption of nu-
trients and inflammation, the effects of chronically
consumed ethanol on the enteric nervous system are
less detailed. While the nitrergic myenteric neurons play
an essential role in the regulation of gastrointestinal
peristalsis, it was hypothesised, that these neurons are
the first targets of consumed ethanol or its metabolites
generated in the different gastrointestinal segments.
To reinforce this hypothesis the effects of ethanol on
the gastrointestinal tract was investigated in different
rodent models with quantitative immunohistochemistry,
/n vivo and in vitro motility measurements, western blot
analysis, evaluation of nitric oxide synthase enzyme
activity and bio-imaging of nitric oxide synthesis. These
results suggest that chronic alcohol consumption did not
result significant neural loss, but primarily impaired the
nitrergic pathways in gut region-dependent way leading
to disturbed gastrointestinal motility. The gut segment-
specific differences in the effects of chronic alcohol
consumption highlight the significance the ethanol-
induced neuronal microenvironment involving oxidative
stress and intestinal microbiota.

Key words: Chronic ethanol consumption; Nitrergic
myenteric neurons; Enteric nervous system; Nitric oxide
synthase; Gut motility disorders; Intestinal microbiota
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Core tip: Chronic ethanol administration causes neuro-
degeneration in the central nervous system. In the
enteric nervous system neurodegeneration was not
demonstrated, however alcohol-induced quantitative,
functional and neurochemical changes of nitrergic
myenteric neurons were observed in gut region-dependent
way. These suggest that disturbed gastrointestinal transit
characteristic to alcoholic patients due to an impairment
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of a nitric oxide-mediated descending inhibition during
peristalsis. The better understanding of the effects of
chronic ethanol administration on enteric neurons may
reveal new targets for therapy.

Bagyanszki M, Bodi N. Gut region-dependent alterations of
nitrergic myenteric neurons after chronic alcohol consumption.
World J Gastrointest Pathophysiol 2015; 6(3): 51-57 Available
from: URL: http://www.wjgnet.com/2150-5330/full/v6/i3/51.htm
DOI: http://dx.doi.org/10.4291/wjgp.v6.i3.51

INTRODUCTION

Alcoholism is one of the world’s leading risk factor for
morbidity, disability and mortality. In 2012, 5.9% of all
global deaths in the world were attributable to alcohol
abuse. Chronic alcohol consumption is a component
cause of more than 200 disease and injury conditions'"’.

The majority of absorbed ethanol is metabolized in
the liver, but disassembly of ethanol also occurs in the
whole length of the gastrointestinal (GI) tract, including
the oral cavity, the esophagus, the stomach, and the
small and large intestines. Ethanol is metabolized
oxidatively into acetaldehyde by alcohol dehydrogenase,
by the microsomal ethanol oxidizing system cytochrome
P4502E1, and by catalase in the peroxisomes®?.

Ethanol and its oxidative and non-oxidative metabo-
lites can be found throughout the GI tract, where
they can interfere with several functions, including
the intestinal barrier™, GI motility and absorption of
nutrients'™®,

Animal models are available to investigate alcohol-
related diseases”?”, however there is still a need for
animal models resembling more the human condition.
It is well documented that alcohol ingestion results
neuroinflammation and neurodegeneration in humans
and animals™*®, In the induction of neuronal apoptosis,
oxidative stress plays an important role™, Toxic and
metabolic effects of ethanol vary in brain regions, the
most affected regions are the frontal lobes, the cortical
limbic-circuits and the cerebellum. Skeletal muscle, and
peripheral nerves are also important targets of chronic
alcohol-related metabolic injury and degenerationt?>%,

In this review the effects of chronic ethanol con-
sumption on the enteric nervous system (ENS) are
highlighted, particular the changes in the quantitative
properties of nitrergic myenteric neurons and related
motility disturbances in the different parts of the GI
tract.

ALCOHOL AND NOS CONTAINING
NEURONS

In the ENS, nitric oxide (NO) plays a critical role in
mediating non-adrenergic, non-cholinergic relaxation of
the intestinal smooth muscle in a gut regionally different
way* %!, High concentrations of ethanol are reached
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only in the duodenum and jejunum®?’®, however

the concentration of ethanol reached in the ileum is
not significantly different to the levels in the blood™”.
Therefore, the neuronal NO may be altered directly by
the ethanol in the duodenum, while by the different
oxidative and reductive metabolites in the different
intestinal segments after chronic ethanol consumption.
More findings provide evidence that effects of ethanol
on NO system of intestinal relaxation'®*” is responsible
to the impaired motor function leading gut motility
disorders™***", NO is synthesized by the neuronal (n),
endothelial (e) and inducible (i) nitric oxide synthases
(NOSs)P?, and now, numerous investigations have
already confirmed that all the NOSs are constitutively
expressed in the myenteric neurons®***, However,
the effects of chronic alcohol intake on the density of
nitrergic myenteric neurons, the amount of the three
NOSs and/or their activity in different parts of the GI
tract have been poorly investigated.

Therefore, in the last ten years we concentrated our
research on the alcohol-induced alterations of nitrergic
myenteric neurons in different gut regions!®**>*, we
established a model suitable to study the NOS activities,
protein content and the number of total and nNOS-
immunoreactive myenteric neurons (Figure 1) in the
duodenum, jejunum, ileum and colon of control and
ethanol-exposed animals®'. The activity of constitutive
NOS (cNOS, both neuronal and endothelial) was 20
times higher in the proximal colon than in any part
of the small intestine in control animals. Except of
duodenum cNOS activity decreased significantly after
chronic ethanol consumption. Under physiological
conditions, the iNOS activity was also higher in the
distal gut segments, but it did not change by the effects
of ethanol. Similar results were observed in NOS protein
content of tissue samples; the nNOS density of colonic
fractions was more than twice as high as those of the
samples prepared from the other gut segments and
it also decreased after chronic ethanol consumption.
The densities of eNOS-fractions were very weak and
differences were not revealed in different intestinal
samples and conditions. In intestinal whole-mount
preparations from control rats, the number of nNOS-
immunoreactive neurons was the highest in the colon.
After ethanol exposure the decrease in the nitrergic cell
number was significant in the whole length of the gut
(Figure 2), however the greatest decrease in density of
nitrergic neurons was observed in the colon®. The total
number of myenteric neurons labelled with HuC/HuD
pan-neuronal marker did not differ between controls
and ethanol-drinking rats which suggest that chronic
alcohol administration did not result in significant cell
loss, but primarily impaired the nitrergic pathways in
regionally different way.

Reduced number of nNOS-expressing neurons
after chronic alcohol intake was also demonstrated in
the murine jejunum®!! without changing in the total
neuronal number. Both results indicate that chronic
alcohol consumption leads to reduced nNOS expression
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Figure 1 Representative light micrographs of whole mount preparation on the myenteric neurons of rat ileum after neuronal nitric oxide synthase

immunohistochemistry. A: x 100; B: x 400.

resulting in motility disorders. In another study'®,

the bio-imaging of basal NO synthesis of individual
myenteric neurons was validated by loading the whole-
mount preparations with the fluorescent indicator DAF-
FMP7*®, Based on DAF-FM recordings, chronic alcohol
consumption induced a markedly increased basal NO
synthesis in myenteric neurons as well as in glial cells or
smooth muscle cells, indicates that chronic alcohol intake
caused a general overproduction of NO in the jejunal
gut wall. They confirmed reduced proportion of nNOS-
expressing myenteric neurons and an increase of the
proportion of iINOS-immunoreactive neurons was also
revealed in murine small intestine®®. Interestingly, the
percentage of iINOS-containing neurons is in reasonable
agreement with the measured percentages of neurons
that produced NO but were not immunoreactive for
nNOS. Others has also demonstrated that ethanol
increased the amount of intestinal iNOS"***! and content
of NO®? in rats. Ethanol-induced NO overproduction
appears to be relevant to the intestinal barrier dysfunc-
tion and alcoholic gut leakiness™*”.

Besides myenteric neurons, the presence of the
three NOSs shows characteristic cell type-specific
distribution in enteric smooth muscle cells and capillary
endothelium®*. In accord with recent studies***?, we
hypothesized that the presence of the three NOSs with
similar functions in the same type of cells, the gut wall
is able to adapt to different pathological conditions. To
evaluate the possible rearrangement of the cellular and
subcellular NOS compartments in response to chronic
ethanol treatment post-embedding immuno-electron
microscopy was used in different gut segments and cell
types. Counting gold particles labelling different NOSs,
the nNOS labels were in general the most numerous
under normal conditions! which is in agreement
with the finding of an earlier study**® and strengthen
that in the GI tract, nNOS is the main source of NO.
However in the different intestinal segments and
cellular compartments, well-pronounced differences
were observed in the number of nNOS labels under
physiological and alcoholic conditions. After chronic
ethanol consumption, the numbers of nNOS labels are
decreased in one intestinal segment and increased
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in another suggest significant differences in the
microenvironment in different gut regions. Interestingly,
the quantitative features of eNOS labels were changed
in the opposite way to those in nNOS signing after
ethanol intake. For example, while the number of nNOS
gold particles decreased by more than 50% in the
ganglia of duodenum, the eNOS labels approximately
doubled here®. Depending on the investigated gut
segment and type of NOS, a pronounced subcellular
realignment of NOS labels was also found in ethanol-
treated rats. The opposite alterations of eNOS and nNOS
and subcellular rearrangement of NOS compartments
may reflect a functional plasticity, in which different
NOSs can replace each other to help maintenance the
optimum NO level even under pathological condition.

CHRONIC ETHANOL ADMINISTRATION
AFFECTS GASTROINTESTINAL MOTILITY

Although the effects of ethanol consumption on gas-
trointestinal motility is well documented™*, even the
opposite effects of acute and chronic administration
of alcohol on GI transit have demonstrated, the mech-
anisms underlying impaired smooth muscle contractility
are poorly understood and several conflicting data are
present.

To reinforce the pathogenic role of NO in the ENS
during chronic alcohol treatment, we investigated
possible changes in the proportion of nitrergic myenteric
neurons in relation to GI motility disturbances observed
after chronic alcohol consumption in a murine model™".

We demonstrated that chronic alcohol consumption
affects gastric emptying and small intestinal transit
in vivo (Figure 3). Migration of an Evans blue bolus
throughout the stomach and small intestine was
significantly delayed in chronic alcohol-treated mice
when compared with controls receiving tap water. These
findings point to an effect of chronic alcohol treatment
on both stomach and small intestinal motility.

To elucidate whether this delay in intestinal transit
could be associated with altered nitrergic relaxation
of smooth muscle, we performed in vitro organ bath
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Figure 2 In vivo measurement of % gastric emptying and % small intestinal
transit in control and alcohol-treated mice (Bagyanszki et al” 2010). P <
0.0001 vs control.

experiments. Jejunal muscle strips relaxed to electrical
field stimulation (EFS) and these relaxations were
mimicked by exogenous NO. Relaxations to EFS were
blocked by the NOS inhibitor L-NNA, confirming that
they are mediated by NO™. In chronic alcohol-treated
mice, the nitrergic relaxations to EFS were significantly
decreased, whereas those to increasing concentrations
of exogenous NO did not differ between chronic alcohol-
treated and control mice. This finding indicates that
the effect exerted by chronic alcohol consumption on
smooth muscle relaxation is not because of a defective
responsiveness of the smooth muscle to NO but
appears to originate from impaired nitrergic neuronal
activity®",

Recently Yazir et al®*! found that chronic alcohol
consumption impairs relaxant and contractile responses
of both esophageal tunica muscularis mucosae and
lower esophageal sphincter smooth muscle. Similarly
to our results they found decreased nNOS immuno-
reactivity in esophageal myenteric plexus in alcohol-
exposed group compared to control groups®*’,

ALCOHOL AND GUT MICROBIOTA

It is well documented that the anatomical, functional,
and pathological regionality of the gastrointestinal tract
develops under strict genetic control®*¥, which itself
result in the unique susceptibility of the neurons to
pathological conditions in different intestinal segments.
The gut region-specific neuronal damage demonstrated
in rats with chronic ethanol consumption™®3***?¢ indi-
cates the importance of the molecular differences in
the microenvironment of nitrergic neurons located in
different gut segments™®. It has recently evidenced
that after chronic ethanol consumption, the three
NOS isoforms were affected differentially not only in
the myenteric neurons but also in mesenteric capil-
laries running in the vicinity of myenteric ganglia and
smooth muscle cells®®. Among the many factors that
are implicated in this regionally distinct pathologic
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Figure 3 Gut-region-specific changes in the density of nNOS-immunor-
eactive myenteric neurons after chronic ethanol consumption (Krecsmarik
et al™ 2006). °P < 0.05, °P < 0.01, °P < 0.001 vs control.

microenvironment of neurons in different gut segments,
the intestinal microbiota got recently in the focus of
research gastrointestinal diseases?®**",

The composition of gut microbiome and the amount
of bacteria is also unique along the oro-anal gut axis.
The upper gastrointestinal tract does not harbour a rich
of microbial concentration due to gastric acid, biliary
and pancreatic secretion, while in the colon the highest
density of bacterial community is found™®*”! with potential
role in prevention, several metabolic activities and gut
permeability™®®*?, Alcohol has been shown to increase
in total number of bacteria in jejunum™” and also result
in duodenal bacterial overgrowth™ ¥, Others®! also
demonstrated that chronic ethanol feeding caused
an increase in the abundance of the gram negative
Proteobacteria including several pathogenic species
and gram positive Actinobacteria, as well as resulted
in a decline of Bacteroidetes and Firmicutes phyla. The
balance in the composition of microbiome is critical to
maintain gut homeostasis, therefore the breakdown
of it associated with endotoxemia, lipopolysaccharides
translocation and several immunological reactions®?..
Elevation of the growth of gram negative bacteria results
in augmentation of lipopolysaccharides like endotoxins,
a component of gram negative bacterial wall. Endotoxins
release several pro-inflammatory cytokines from acti-
vated macrophages®®®”! which lead the alteration of
intestinal barrier through disruption of tight junctions !
and contribute to the progression of alcoholic liver
disease, cirrhosis or alcoholic pancreatitis™>*”., Increased
gut permeability allows to endotoxins passing into the
bloodstream creating harmful cycles””. However, Zhong
et al”"! found that the gut leakiness after chronic alcohol
exposure occurs in the ileum but not in the duodenum
or jejunum. They also observed that alcohol exposure
caused ROS accumulation in the small intestine with
strongest labelling in the ileum. In parallel with oxidative
stress, the zinc dyshomeostasis was also found gut
region-specific as a consequence of ethanol exposure;
the zinc status (an important trace element of all the
major cell functions) was not affected in the duodenum
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and jejunum but significantly decreased in the ileum”™.

Besides oxidative stress, alcohol reactive metabolites
also have been suggested to critically mediate alcohol-
induced intestinal barrier dysfunction’”””*. Acetaldehyde
is produced in a high concentration through ethanol
metabolism by bacterial alcohol dehydrogenase!’*”
mediated mainly by aerobic or facultative anaerobic
bacteria in the colon”®”®, Based on these findings,
further investigations on the region-specific composition
of gut microbiome and alcohol-related alterations of
intestinal microbiota in different gut segments should be
performed to reveal the underlying events.

DISCUSSION

Endogenous NO is largely involved in the regulation of
gut motility, secretion and blood flow”*®", More findings
provide evidence that nitrergic subpopulation of the
myenteric neurons is especially susceptible to different
pathological conditions®***#®°1, Furthermore, the NOS
neurons are more sensitive to damage than other
enteric neurons™. Among the possible reasons involving
NOS neurons in enteric neuropathies, intracellular Ca*
concentration is thought to be critical®”. In stress,
neurons cannot maintain the optimal intracellular Ca*
level. Elevated Ca* activates NOSs result in excessive
production of free radicals as NO or peroxynitrite which
lead cytotoxicity of neurons®®”), It has also been
demonstrated that impairment of nitrergic myenteric
neurons after chronic ethanol consumption is strictly gut
region-dependent”®>**, which emphasize the importance
of neuronal microenvironment. Therefore, to reveal the
region-specific structural and molecular differences along
the whole length of GI tract is essential to outline new
directions in the diagnosis and the therapies GI diseases
in chronic alcoholism.
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