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A B S T R A C T

Alcohol abuse affects several neurological pathways and causes significant alterations in the brain. Abstention
from alcohol is an effective intervention against alcohol related diseases. But the recovery of the damaged cells to
normal presents a major problem in those who have stopped alcohol consumption. Hence therapeutic in-
terventions are needed. Our previous studies have shown that all trans retinoic acid (ATRA) is effective in
reducing alcohol induced neuro toxicity. Chronic alcohol administration up-regulates and activates the NLRP3
inflammasome leading to caspase-1 activation and IL-1β production causing neuroinflammation. Hence, we
investigated whether ATRA has any impact on NLRP3 inflammasomes activation. Rats were divided into two
groups and were maintained for 90 days as control and ethanol group (4 g/kg body weight). After 90 days,
ethanol administration was stopped and animals in the control group were divided into control and control þ
ATRA (100 μg/kg body weight per day) groups; those in the ethanol group as ethanol abstention and ATRA (100
μg/kg body weight per day) and maintained for 30 days. Administration of ATRA reduced reactive oxygen species
and endotoxins which were elevated in alcoholic rats. There was also reduction in the expression of NLRP3
inflammasome and caspase 1. Our results suggested ATRA down regulated NLRP3 activation with concomitant
decrease in the release of caspase �1 and production of IL1β. However, all these parameters were higher in
abstention in comparison with ATRA supplemented group. In short therapeutic intervention with ATRA regressed
alcohol induced inflammasome activation better than abstention.
1. Introduction

Inflammation and altered innate immune responses are observed in
alcohol-induced organ damage (Szabo et al., 2011; Qin et al., 2008).
Long-term alcohol intake results in neuroinflammation (Valles et al.,
2004) and neurodegeneration both in humans and animal models. One of
the main players triggering acute or chronic inflammation is activation of
inflammasomes.

Alcohol-induced neuroinflammation is mediated by proinflammatory
cytokines which is sparked both by endotoxins and reactive oxygen
species (ROS). Chronic alcohol consumption leads to increased intestinal
permeability and translocation of gut bacterial components into the cir-
culation including the peripheral immune system and the central nervous
system (CNS). Lowe et al. (2018) observed that chronic alcohol admin-
istration to mice induces both neuroinflammation and intestinal
inflammation. Lipopolysaccharides (LPS) or endotoxins, activates
proinflammatory cytokine cascades through toll-like receptor 4 (TLR4)
and CD14, and leads to the production of tumor necrosis factor alpha
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(TNFα) and other proinflammatory cytokines. Quin et al. (2007)
demonstrated that systemic LPS administration can induce TNFα pro-
duction in liver, serum and brain within 1 h.

Chronic administration of alcohol generates ROS (Zhong et al., 2012).
Elevated ROS can alter intracellular signaling, leading to dysregulation of
the inflammatory response. Hoyt et al. (2017) reported that mitochon-
drial ROS production is critical for chronic ethanol-induced IL-1β hy-
persecretion which is a hall mark of inflammasome activation.

The NLRP3/caspase-1/IL-1 axis has emerged as a critical signaling
pathway of the innate immune system in the CNS (Rosenzweig et al.,
2011). The abundance of caspase-1 has been identified in
neuroinflammation-related disorders (de Rivero Vaccari et al., 2016).
Lippai et al. (2013) demonstrated that alcohol up-regulates and activates
the NLRP3/ASC inflammasome, leading to caspase-1 activation and IL1β
increase in the cerebellum.NLRP3 inflammasome complex consists of
adaptor protein pycard (ASC) and pro–caspase-1, which, when activated
by various endogenous and microbe-derived danger signals, directs the
auto cleavage and processing of pro–caspase-1 (Martinon et al., 2002).
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Activated caspase-1 cleaves both pro–IL-1β and pro–IL-18 to their mature
secretory forms and causes pyroptosis, a proinflammatory form of pro-
grammed cell death (Bergsbaken et al., 2009).There are also contradic-
tory reports on action of alcohol on inflammasome activation which may
be dose dependent. Nurmi et al. (2013) reported that ethanol inhibited
the NLRP3 inflammasome activation in macrophages.

One of the most important problems faced by those who have stopped
chronic alcohol consumption is the recovery of damaged cells to normal.
Although abstention is an effective therapy, studies have revealed that it
does not bring about marked regression of alcohol induced toxicity
(Stickel et al., 2017; van Eijk et al., 2013; Abhilash et al., 2012; Har-
ikrishnan et al., 2013). Hence noninvasive economical therapeutic in-
terventions are needed. Our recent study showed that all-trans retinoic
acid (ATRA), an active form of vitamin A, ameliorated alcohol induced
neuro toxicity (Priyanka et al., 2018; Nair et al., 2015) better than
abstention. ATRA was also reported to negate the effects of ethanol on
fetal alcohol syndrome in zebra fish (Marrs et al., 2010). Hence, we
investigated whether ATRA has any impact on NLRP3 inflammasomes.

2. Materials and methods

2.1. Animals, housing and study design

Male albino rats (Sprague Dawley strain, average weight of 175 � 25
gm) were selected and housed in polypropylene cages. The cages were
kept in a room at 28�-32 �C. The light cycle was 12 h light and 12 h dark.
Animals were handled as per the National Institutes of Health guide for
the care and use of Laboratory animals (NIH Publications No. 8023,
revised 1978) and fed on animal feed (Ashirvad Pvt. Ltd., India). The
study protocol was approved by the Institutional Animal Ethics Com-
mittee [IAECNo-KU-25/2011-BC-MI (36)]. Standard diet andwater were
provided by ad libitum. Ethanol purchased fromM/sMerck Ltd, Mumbai,
India, was diluted with water (1:1) and given orally by gastric intubation.
ATRA was purchased from M/s Sigma Aldrich (Bangalore, India; Product
No. R2625, CAS No: 302-79-4) and dissolved in 30% ethanol and
administered orally by gastric intubation. The dose of ethanol and ATRA
was taken from previous report (Nair et al., 2015). A total of 36 rats were
divided into two groups and were maintained for 90 days as control (C)
and ethanol groups (E) (4 g/kg body weight). One cage contained 18
animals. The control group was given isocaloric glucose solution for 90
Fig. 1. Schematic representati
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days and then discontinued. After 90 days, we sacrificed 6 animals from
each group to find out whether toxicity has been induced or not. The
ethanol administration was stopped after 90 days and animals in the
control group were divided into two groups and then maintained for 30
days as the control (C) and ATRA (100 μg/kg body weight) and those in
the ethanol group as ethanol abstention(A) and ATRA þ ethanol
abstention (ATRA þ A) (100 μg/kg body weight). In this case each cage
contained 6 animals. This is schematically presented in (Fig. No 1).
Serum γ-glutamyl transferase (GGT) was assayed every week using blood
collected from tail. At the end 30 days the animals were sacrificed after
overnight fasting. The experimental animals were euthanized by inject-
ing an overdose of thiopentone sodium intraperitonially. Blood was
collected, and tissues were dissected out and cleaned with ice-cold saline,
blotted dry and immediately transferred to ice-cold containers for various
biochemical studies.

2.2. Biochemical analysis

Serum γ-glutamyl transferase (GGT) activity was assayed using the kit
by Agappe Diagnostic Ltd., India (Product No. 11416001). Intracellular
ROS was measured by 2, 7-dichlorofluorescein diacetate (DCDFA)
method (Kengo et al., 2004).

2.3. Estimation of endotoxin

Endotoxin level was detected using ToxinSensor Chromogenic LAL
endotoxin assay kit, (Cat. No. L00350, Gen Script, USA) according to
manufacturer’s instructions. The concentrations of endotoxin in samples
were calculated from a standard curve of known amounts of Escherichia
coli endotoxin.

2.4. Assay of intestinal permeability

The method of Wilson and Wiseman (1954) was used for the mea-
surement of intestinal permeability towards endotoxin. A 20 cm long
portion of small intestine (part of ileum, distal to colon) was isolated from
experimental rats and one end of the intestine was bound to form a sac.
The sac was everted so that the serosal layer was inside, and the mucosal
layer was outside. The sac was filled with 10 ml of Krebs’s buffer and
incubated in Krebs’s buffer with endotoxin standard solution at 37 �C
on of experimental design



Table 1
Primer sequence used.

Gene Gene Sequence Accession No:

β-actin Forward 50- ACCCGCGAGTACAACCTTCT30 NM-031144.3
Reverse 50- ATGGCTACGTACATGGCTGG30

NLRP-3 Forward 50-TGC TCT TCA CTG CTA TCA AGC CCT-30 74446285
Reverse 50-ACA AGC CTT TGC TCC AGA CCC TAT-30

IL-1β Forward 50-TGG AAA AGC GGT TTG TCT -30 74446286
Reverse 50- ATA AAT AGG TAA GTG GTT GCC -30

Caspase-1 Forward 50-GTGTTGCAGATAATGAGGGC-30 74446288
Reverse 50-AAGGTCCTGAGGGCAAAGAG-30

Fig. 2. Values are expressed as mean � SEM of six rats in each group. Values not
sharing a common superscript differ significantly at p < 0.05* The μM p-
nitroaniline lib/min/mg protein.
[E ¼ Ethanol, A ¼ Abstention].

Fig. 3. Values are expressed as mean � SEM of six rats in each group. Values not
sharing a common superscript differ significantly at p < 0.05.
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under O2 supply in a sterilized conical flask. The samples were injected
out from the sac and endotoxin concentrations in sample were detected
by means of ToxinSensor Chromogenic LAL endotoxin assay kit (Cat. No.
L00350, GenScript, USA), according to manufacturer’s instructions.

2.5. Total RNA isolation

Total RNA was isolated using TRI reagent (Sigma Aldrich) extraction
method described by Chomcynski and Sachi (1987).

2.6. Quantitative polymerase chain reaction (qPCR)

The isolated RNA was subjected to real time PCR (qPCR) using PCR
master mix including evagreen qPCR Kit (Thermo Scientific, Bangalore,
India). For RT-PCR amplification an initial amplification using primers
was done with a denaturation step at 95 �C for 10 min, followed by 35
cycles of denaturation at 95 �C for 1 min, primer annealing at 55 �C for
30s, and primer extension at 72 �C for 45s. Upon completion of the
cycling steps, a final extension at 72 �C for 5 min was done and then the
reaction was stored at 4 �C. Real-time PCR was carried out using
Eppendorf Master Cycler RealPlex. Reactions were run in triplicate in
three independent experiments. The geometric mean of housekeeping
gene β- actin was used as an internal control to normalize the variability
in expression levels. The primer sequences are provided in Table 1.
Expression data were normalized to the geometric mean of housekeeping
gene β- actin to control the variability in expression levels and were
analyzed using the 2 �ΔΔCT method described by Livak and Schmittgen
(2001).

2.7. Statistical analysis

Statistical analyses were carried out using the Statistical Package for
Social Science (SPSS Inc. Chicago, IL, USA) version 17.0. Data with
normal distribution and homogenous variance were analyzed using One-
way analysis of variance (ANOVA). Pair fed comparisons between the
groups was made by Duncan’s multiple range test p � 0.05 was consid-
ered to be significant.

3. Results

3.1. GGT regression curve

Monitoring the activity of GGT in serum during treatment period
showed a gradual increase in the activity upon administration of ethanol
(Fig. 2). ATRA supplementation and abstention significantly decreased
the activity of GGT when compared to ethanol treated group. A more
significant and rapid decrease was found on ATRA supplementation
compared to that of abstention.

3.2. ROS generation in whole brain

ROS were significantly increased in ethanol treated group compared
with control group (Fig. 3). But it was significantly decreased in ATRA þ
A group compared with ethanol abstention and ethanol group.
3

3.3. Endotoxin levels in intestinal fluid, whole brain and intestinal
permeability

The level of endotoxins in the intestinal fluid and brain showed that
endotoxins was significantly increased in ethanol group in comparison
with control and ATRA (Fig. 4). Significant reduction was observed in the
abstention and ATRA þ A group when compared to ethanol group. In
comparison with abstention group a more significant reduction in
endotoxin level was observed in ATRA þ A.

Ex vivo analysis of the intestinal permeability (Fig. 4) showed that
intestine was more permeable to endotoxins on exposure to chronic
alcohol. A reduction in permeability was observed on supplementation of
ATRA and abstention. But more significant decrease was seen in ATRA þ
A group in comparison with abstension
3.4. qPCR of NLRP3, Caspase-1 and IL-1β in whole brain

The mRNA expression of NLRP3 in brain was significantly increased
in ethanol group in comparison with control and ATRA groups (Fig. 5).
But it was significantly reduced in ATRA þ A group compared to ethanol
and ethanol abstention group. More reduction in NLRP3 was observed in
ATRA þ A group than abstention.

4. Discussion

Alcohol is a neurotoxic compound and its administration to experi-
mental animals can induce brain damage. Inflammatory responses are
necessary steps in tissue repair (Chen et al., 2018). But uncontrolled
neuroinflammation may lead to further tissue injury and neural



Fig. 4. *One EU is approximately equivalent to 100 pg of E. Coli LPS- the amount present in around 105 bacteria. Values are expressed as mean � SEM of six rats in
each group. Values not sharing a common superscript differ significantly at p < 0.05.

Fig. 5. NLRP3, Caspase-1 and IL-1b mRNAs quantified by qPCR and the prod-
ucts standardized against their respective β-actin controls. Fold change (Y-axis)
represents the expression of the target gene mRNAs relative to that of the control
group. Values are expressed as mean � SEM of six rats in each group. Values not
sharing a common superscript differ significantly at p < 0.05.
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dysfunction (Choi et al., 2009; Abo-Ouf et al., 2013). Several studies are
now focusing on inflammasomes especially NLRP3 due to its abundant
expression in CNS (Rosenzweig et al., 2011). Our quest to find an
economical and noninvasive method to regress the alcohol induced
toxicity revealed the ameliorative potential of ATRA. It was able to
reduce alcohol induced toxicity better than abstention as evidenced by
the GGT curve. In this paper our focus was on the impact of ATRA sup-
plementation on the NLRP3 inflammasome activation.

The major pathways for alcohol induced brain toxicity are mediated
through the elevated ROS production and enhanced endotoxin levels.
ROS and endotoxins can trigger NLRP3 activation (Abais et al., 2015).
Consistent with our earlier reports we observed an increased production
of ROS on administration of alcohol (Priyanka et al., 2018).

This study revealed that chronic alcohol exposure caused increased
intestinal permeability and translocated gut bacterial components into
the circulation. This is supported by the reports that impaired gut barrier
function, bacterial translocation and alterations in the gut microbiome
are found in animal models of chronic alcohol consumption
4

(Keshavarzian et al., 1999; Hartmann et al., 2012). An alteration in
colonic microbiome was also reported in chronic alcoholics (Mutulu
et al., 2012). Several studies in animals as well as in humans have shown
that alcohol consumption affects intestinal permeability (Leclercq et al.,
2017). Zhong et al. (2010) demonstrated reduced distribution of tight
junction proteins, claudin, occludin and ZO-1 in the distal intestine in
association with increased gut permeability and plasma endotoxin level
in mice chronically fed alcohol. But, ATRA administration reduced ROS,
endotoxemia and decreased intestinal permeability than alcohol
abstention. In addition, ATRA has been reported to have antibacterial
effect (Wheelwright et al., 2014). This may be also a factor for its ther-
apeutic potential. It has been suggested that manipulation of the gut
microbiota with psychobiotics, prebiotics, or antibiotics might alleviate
impaired brain functions (Dinan and Cryan, 2017).

It is well established that NLRP3 inflammasome activation triggers
caspase-1 activation and IL-1β maturation. Lippai et al. (2013) reported
that alcohol up-regulates and activates the NLRP3/ASC inflammasome,
leading to caspase-1 activation and IL-1β increase in the cerebellum. We
also observed elevated expression of caspase 1, whichmay be responsible
for the elevated levels of IL-1β since it is involved in the processing of
proIL-1β to IL-1β. These markers of NLRP3 activation were decreased on
ATRA supplementation. Overall these cascades of cellular events due to
ATRA supplementation would have reduced pyroptosis. NLRP3 activa-
tion was higher in abstention in comparison with ATRA supplemented
group, thus pointing out the therapeutic potential of ATRA.

5. Conclusion

In short, this study points out that ATRA ameliorates alcohol toxicity
in the brain better than abstention. Supplementation of ATRA to alco-
holic rats reduces ROS and endotoxins in circulation leading to the down
regulation of the NLRP3 inflammasome activation and concomitant
release of caspase �1 and reduced production of IL-1β.
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