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ABSTRACT:

Binge drinking (BD) is the main alcohol consumption pattern among teenagers. Recently,
oxidative stress (OS) generated by BD exposition has been related to hepatic metabolic
deregulation and cardiovascular dysfunction. This study analyzes if BD by generating oxidation
modulates the alteration in hepatic energy homeostasis through two important regulators of
energy metabolism: the NAD+ -dependent sirtuin deacetylase (SIRT1) and AMP-activated
protein kinase (AMPK); and if supplementation with the antioxidant selenium (Se) improves
those metabolic disorders. Four groups of adolescents rats, supplemented or not, with Se (0.4
ppm) and exposed an intermittent i.p. BD model had been used. BD rats had increased
AST/ALT ratio and total bilirubin in serum as well the lipid peroxidation in the liver. Also, these
BD rats had higher abdominal-thoracic ratio and increased values of TG, gluc, and chol than
control group, provoking an increase in mean blood pressure (MBP). This alcohol consumption
pattern decreased hepatic Se deposits, cytoplasmic GPx activity, and GSH levels as well as
expressions of two metabolic sensors and the pAMPK/AMPK ratio. Se supplementation
restored antioxidant parameters and decreased lipid oxidation, avoiding OS and improving the
hepatic expression of pAMPK and SIRT1, contributing to improving metabolic (better lipid
profile and IRS-1 expression) and vascular function (lower MBP), and to increase hepatic
functionality (lower AST/ALT ratio). All these actions decrease cardiometabolic risk factors
development in the short and long term and could disrupt the relationship between BD and

MS, two problems which are currently affecting adolescents.

Keywords: Binge drinking, energy homeostasis, metabolic sensors, oxidative stress.
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1. INTRODUCTION:

Alcohol intermittent binge drinking (BD) is the alcohol consumption’s pattern of greatest
concern among teenagers®. Adolescent BD exposition is associated not only with a range of
acute alcohol-related nervous harms?, but also to long term systemic harms related to
hepatic?, renal* and cardiovascular® damage. Acute ethanol, contrary to chronic moderate
consumption, greatly induces cytochrome P450 2E1 (CYP2E1) activity, generating a great
amount of oxidative stress (OS). CYP2E1 is a powerful generator of reactive oxygen species
(ROS) needed to metabolize ethanol in high doses®’. Moreover, it has been shown that BD
exposition during adolescence alters the activity of the main endogenous antioxidant
enzymes3. The OS generated by BD exposition, has recently been related to a metabolic
deregulation process which affects the energy homeostasis mainly in liver, even during early
growing states®. In adults, it leads to fatty liver disease, steatosis, high triglycerides (TG),
cholesterol (chol) and glucose (gluc) serum levels, insulin resistance (IR) and hypertension
(HTA)* L, Most of these alterations are factors of metabolic syndrome (MS), a highly prevalent

disease in adolescents *2.

Alcohol produces these alterations in the energy balance by affecting, among others, two
important regulators of energy metabolism: the NAD+ -dependent sirtuin deacetylase (SIRT1)
and AMP activated protein kinase (AMPK)®3. SIRT1 produces genetic changes that mediate the
increase in longevity caused by calorie restriction; its overexpression reduces the incidence of
cardiovascular and metabolic disorders. When a cell's energy state is diminished, AMPK
activation restores energy balance by stimulating catabolic processes that generate ATP and
downregulating anabolic processes that consume ATP*. Recently, it has been described that
they both have similar effects on several processes such as cell energy metabolism,
inflammation, or mitochondrial function, and that their dysregulation predisposes to disorders

such as IR®.

Alcohol, even in the form of BD, is known to affect SIRT1 as it decreases the NAD+/NADH ratio,

on which SIRT1 is dependent!®. On the other hand, different works establish that alcohol
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decreases the phosphorylation and activation of AMPK~2°, |t seems that during the oxidation
of NADH, produced by the metabolism of alcohol, energy generated is used to synthesize ATP;
therefore, the AMP/ATP ratio is decreased and AMPK inhibited?!. Alcohol also affects these
molecules indirectly by the OS generated as a consequence of the repeated acute alcohol
exposition. ROS are not only critical factors that control the activation of AMPK?? and inhibit
SIRT1%, but also they are known to play a fundamental role in IR or MS?*%. In fact, Jiang et
al.’® using an acute ethanol model of alcoholization in adult rats, have demonstrated that the
impaired Adiponectin-SIRT1-AMPK signaling pathway contributes, at least in part, to the
development of alcoholic fatty liver disease, affecting different enzymes related to lipogenesis.
According to that, different natural antioxidants have been used in ethanol exposed animals in
order to activate AMPK and prevent hepatic steatosis 242627, Probably, these antioxidants also
have actions on SIRT1, since it is known, for instance, that the antioxidant resveratrol used

SIRT1 to activate AMPK 28.

Ojeda et al.3, have found in BD adolescent rats a disruption in the homeostasis of the
antioxidant Selenium (Se). Se plays a key biological antioxidant role being the catalytic center
of different selenoproteins such as Glutathione Peroxidase (GPx). The GPx family members
play different roles; in general, they act as antioxidants, reducing free hydrogen peroxide to
water in different cells and organelles, with an important role in mitochondrial survival and
endoplasmic reticulum function?. GPxs also have been implicated in the modulation of the
transcriptional factor NF-kB protein, having a role in immune and apoptotic responses®%3!. Se
and GPxs have also been directly related to IR process, AMPK activation, hepatic steatosis and
vascular injury, being this effect intimately related to Se dose and oxidative balance3?734,
Recently, Yi et al.®> have described that Se-enriched diet avoids in part the hepatic damage
caused by chronic alcohol and high fat diet consumption. The same authors concluded that Se
inhibited lipid accumulation in hepatocytes; improved dyslipidemia; decreased OS; and

regulated lipid metabolism related genes such as AMPK, PPAR-a and SREBP1, avoiding

lipogenesis and inflammation.

The aim of this study is to find whether BD exposition during adolescence leads to changes in
the hepatic energetic sensors AMPK and SIRT1 leading to metabolic disorders, and if these
sensors’ alterations depend on OS generated by BD exposition. Secondly, it will be analyzed if
Se supplementation, as a potent hepatic antioxidant, can modulate these proteins’ expression,
improving the BD exposed rats’ metabolic profile, and consequently, avoiding cardiometabolic

risk factors. The association between BD and individual components of MS among the
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adolescent population has not been studied in great detail. Therefore, results which support a
relationship among them, for instance by generating oxidation or affecting key regulators of
energy metabolism, will stimulate research for antioxidant substances, such as Se, that could

improve cardiovascular health during adolescence.

2. MATHERIAL AND METHOD:

2.1. Animals.

For these experiments we have used forty adolescent male Wistar rats from the Centre of
Production and Animal experimentation, University of Seville (CITIUS-3). Rats were received at
postnatal day (PND) 21 and allocated in groups of two rats per cage for one week in housing
conditions. Corresponding to the adolescent period in Wistar rats, the experimental treatment
began when the rats reached PND 28 and ended at PND 47, lasting 3—weeks. Then, rats were
randomly divided into four groups (n=10/group) according to their treatments. Groups were:
control group (C): which received standard pellet diet and drinking water ad libitum, and on
the corresponding days, an isotonic physiological saline solution (PSS) intraperitoneally (i.p.);
BD alcohol group (BD): which received standard pellet diet and drinking water ad libitum, and
on the corresponding days, an ethanol solution in PSS i.p.; control Se group (CS): which
received standard pellet diet and Se supplementation in drinking water ad libitum, and on the
corresponding days an injection of PSS; and BD alcohol Se group (BDS): which received
standard pellet diet and drinking water supplemented with Se ad libitum, and on the

corresponding days, an alcohol solution in PSS i.p.

Standard pellet diet (2014 Teklad Global 14% Protein Rodent Maintenance Diet, Harlan
Laboratories, Barcelona, Spain) contains 0.23 ppm of Se. The Se supplemented groups (CS and
BDS) received 0.14 ppm of extra Se as anhydrous sodium selenite (Panreac, Barcelona, Spain)
in drinking water during all the experimental period. Drinking water was purified by reverse
osmosis system, and Se was detected by our PerkinElImer AAnalyst™ 800 high-performance
atomic absorption spectrometer. The amount of 0.14 ppm of Se was chosen taking into
account the amount of Se consumed by adolescent rats just with the Standard pellet diet, and

| 3¢, which, using sodium selenate as the Se source, reported

based on the study of Yang et a
that GSH-Px activities in rats’ plasma and liver were maximized at 500 pg/kg dietary Se. Since
the C adolescent rats used in this study have an intake of approximately 12 g of food per day,
with a supplemented Se diet of 0.5 ppm they will receive 6 pg/day. With the objective of
studying the effects of excessive but not extreme Se doses, Se supplemented water was

calculated in order not to reach 6 pg/day of Se intake. The Se supplemented protocol used in
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this study leads to a significant repletion of liver Se deposits (p<0.001). This fact has been
proved in a previous paper from our lab using similar experimental rats (C: 0.21 + 0.012; BD:

0.15 + 0.009; CS: 0.29 + 0.012; BDS: 0.27 + 0.008 pg/g dry weight) 3.

As always in our lab, during the whole experimental protocol rats were kept at an
automatically controlled temperature (22-23 2C) and in a 12-hour light-dark cycle (09:00 to
21:00). Animal protocols were approved by the Ethics Committee of the University of Seville,
and performed in accordance with EU regulations (Council Directive 86/609/EEC, November

24th 1986).
2.2. Nutritional control

During the whole experimental period body weight and solid and liquid intakes were
monitored daily at 9:00 a.m. to avoid changes due to circadian rhythms. The amount of food
and water ingested were calculated by the difference between their values every morning and
the following one. Total kilocalories consumed were estimated by multiplying the grams of
food consumed by 4.1 calories. Daily Se intake was calculated by multiplying Se concentration
in standard pellet (0.23ppm) by the grams of food consumed, and multiplying Se concentration

in supplemented water (0.14 ppm) by the ml of water ingested.

At the end of the experiment, prior to the sacrifice, the cranium-caudal length was measured
using a metric caliper. Body mass index (BMI) was estimated by the formula: Body weight
(g)/length? (cm?). At that moment, the abdominal circumference value (immediately anterior
to the hind foot), the thoracic circumference one (immediately behind the foreleg) and their

ratio were also determined.
2.3. Ethanol treatment

BD and BDS groups received an i.p. injection of alcohol (20 % v/v) in PSS (3 g/Kg/d) at 7:00
p.m., when the dark cycle began. These injections were administered for 3 consecutive days
each week, during 3 weeks. This experimental protocol has been used previously by this lab
Ojeda et al . ¥, proving that one hour after the i.p. administration the highest peak of blood
alcohol concentration was determined, which reached 125.0#9.8 mg/dl. In parallel with

alcohol injections, C and CS groups received an i.p. injection of an equal volume of PSS.
2.4. Samples

After 12h of the last injection, rats were transferred to individual metabolic cages and

fasted for 12h; urine sample was collected. Therefore, 24h after the last treatment, animals
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were anesthetized with an i.p. injection of 28% w/v urethane (0.5 ml/100 g of body weight).
Blood samples were obtained by heart puncture and collected in tubes. Serum samples were
prepared using low-speed centrifugation for 15 minutes at 1300 x g. In order to obtain hepatic
samples, the abdomen was opened through a midline incision. Liver was then removed,
debrided of adipose and connective tissue in ice-cold saline, weighed, frozen in liquid nitrogen
and stored at —80 2C. Hepatic somatic index (HIS) was estimated as hepatic weight/body

weight x 100.
2.5. Biochemistry parameter analysis

In serum, transaminases (alanine aminotransferase (ALT) and aspartate aminotransferase
(AST)), total bilirubin, glucose (gluc), cholesterol (chol), and triglycerides (TG) were measured
with an automated analyzer (Technicon RA-1000, Bayer Diagnostics). The albumin levels in

urine were spectrophotometrically determined using commercially available kits.
2.6. Selenium Analysis.

According to previous paper, serum samples were diluted five-fold in 0.2% v/v HNO3 and
0.2% Triton X-100 solutions Ojeda et al.3® Then serum Se levels were analyzed by using a
PerkinElmer AAnalyst™ 800 high-performance atomic absorption spectrometer with a
Transversely Heated Graphite Furnace (THGA) (PerkinElmer, Ueberlingen, Germany). The
sources of radiation were electrodeless Se discharge lamps (EDLs). The instrumental operating
conditions and the reagents are the same that we have used in the previous paper Ojeda et

al.8,
2.7. Lipid oxidation.

Serum protein content was estimated by the method of Lowry et al.>® The peroxidation of lipid
in serum samples was detected by the method based on the reaction between
malondialdehyde (MDA) and thiobarbituric acid (TBA)*. The absorbance of the pink
supernatant was measured at 535 nm and results were expressed as moles of MDA per
milligram of protein (mol/mg protein). Serum MDA results were used to estimate the ratio

serum Se/MDA.
2.8. Blood Pressure.

Systolic and diastolic blood pressure (SBP and DBP) were monitored with pressure meter
(NIPREM 645, CIBERTEC, Spain) using the indirect tail occlusion method. Measurements were

taken 24 hours after the last experimental injection in conscious animals. The signals collected
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were treated with an IT support via a data acquisition system coupled to the pressure meter.
Mean blood pressure (MBP) was calculated from SBP and DBP data: MBP = [SBP + (2 X DBP)] /
3.

2.9. Proteins immunoblotting assays.

The expression of the hepatic proteins IRS-1, total AMPK (tAMPK), phosphorylated AMPK
(PAMPK) and SIRT1 in adolescent rats was detected by Western Blotting. Before it, liver
samples were homogenized (100xg for 1min, 1:4 w/v) using a Potter homogenizer (Pobel
245432, Madrid, Spain) in phosphate buffer (1/10 p/v with K;HPO, (PANREAC) 50mM; KH,PO4
(PANREAC) 50mM and EDTA (SIGMA) 0,01mM) on an ice bath. Previously a protease inhibitor
(Complete Protease inhibitor Cocktail Tablets, ROCHE) was added. The homogenate was
centrifuged at 1400xg for 10 minutes at 4 °C, and the supernatant was used for the
determinations. The protein concentration of all samples was analyzed by the method of Lorry

et al. ®.

Liver samples for Western Blotting determinations contained 100 pg of protein. Proteins
from the liver were separated on a polyacrylamide gel and were transferred onto a
nitrocellulose membrane (Immobilon-P Transfer Membrane, Millipore, Billerica, MA, USA)
using a blot system (Transblot, BioRad CA, USA). They were incubated overnight at 42C with
specific primary antibodies (rabbit polyclonal 1gG, Santa Cruz Biotechnology) against IRS-1
(1:1000), tAMPK (1:4000), pAMPK (1:2000) and SIRT-1 (1:2000). Secondary antibody (anti-
rabbit IgG HRP conjugate, Santa Cruz Biotechnology) was incubated in dilutions of 1:5000 for
IRS-1, 1:10000 for tAMPK, 1:2000 for pAMPK and 1:5000 for SIRT1. Monoclonal mouse anti B-
actin (IgG1 A5441, Sigma-Aldrich, Spain) at 1:4000 was used to detect B-actin as a loading
control, followed by the secondary antibody anti-mouse IgG Peroxidase conjugate (A9044,
Sigma-Aldrich, Spain) at 1:8000. The signals were detected using enhanced chemiluminescence
Luminol ECL reagent (GE Health Care and Lumigen INC Buckinghamshire, UK). Relative density
of the bands was determined by Image J software (Java-based image-processing and analysis
software). The results were expressed as percent arbitrary relative units, referring to the

values in control animals.

2.10. Statistical Analysis

Data are expressed as Mean + SEM (standard error of the mean) and analyzed by using
GraphPad InStat 3 (CA, USA) statistical analysis software. Difference was assessed using

analysis of variance (one-way ANOVA). The number of samples used to obtain each final data
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was n=8. A p value <0.05 was considered statistically significant. When ANOVA resulted in

differences, multiple comparisons between means were studied by the Tukey-Kramer test.
3. RESULTS:

There were no differences in Kcal intake or body weight increase among the 4
experimental groups. Total Se intake was greater in supplemented groups, but it was not
altered in BD exposed animals. Relative hepatic weight, serum transaminases (AST and ALT)
and their ratio joint to total bilirubin serum values were increased in BD group with reference
to C ones. The Se supplementation used in BD animals significantly decreased the ratio
AST/ALT, mainly by decreasing AST serum values (Table 1). Serum Se levels were decreased in
BD rats as compared to C and BDS groups. CS rats had the highest Se serum levels. Serum MDA
levels were the highest in BD animals with regard to C and BDS rats. However, BDS rats had
higher MDA serum levels than CS ones. Therefore, BD rats had near half the serum Se/MDA
ratio value of C rats; Se supplementation to BD rats increased it in 25%. The serum Se/MDA
ratio was also increased in CS animals as compared to C ones (Table 1).

Regarding cardiometabolic risk factors, there were no differences in weight, length, BMI or
thoracic circumference values among the experimental groups; however, the abdominal
thoracic ratio was significantly increased in BD rats with reference to C ones. BD rats also had
higher values of TG, gluc and chol than C ones. BDS group had lower TG serum levels than BD
rats. Nonetheless, they present higher gluc serum values than CS ones. Whereas albuminuria
was not affected by the treatment used in this study, MBP was increased in BD rats and
significantly decreased after Se supplementation (Table 2).

Acute ethanol exposed adolescent rats had lower hepatic expression of IRS-1 than control
rats (p<0.001). Se supplementation to BD rats significantly increased this expression (p<0.05),

but had lower values than CS rats (p<0.05) (Figure 1).

Hepatic AMPK activation (pAMPK expression) was significantly decreased in BD rats, and
also the pAMPK/AMPK ratio, as compared to control animals (p<0.01). Se supplementation to

BD animals significantly increased those parameters (p<0.05) (Figure 2).

Repeated BD exposition decreased SIRT1 hepatic expression respecting control rats
(p<0.05); Se supplementation to BD rats significantly increased SIRT1 expression (p<0.05)

(Figure 3).

4. DISCUSSION:

4.1.Nutritional and hepatic parameters
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From a nutritional point of view, neither BD nor Se supplementation affects Kcal intake
or body weight. With regard to liver, previous research in this laboratory has described
hepatic damage associated to BD exposition during adolescence®”**2, Moreover, this lab has
previously described that Se plays an important role in the liver of BD exposed animals, since
BD deeply affects hepatic selenoprotein expression; and when selenite is supplied, hepatic
selenoproteins expression increased, leading to a better oxidative, inflammatory and apoptotic
liver profile 3. In that previous study, we used the liver from the same rats than in the current
one, and we found that liver GPx activity was decreased in BD animals, and that Se
supplementation avoided this situation (C: 98.3 + 5.2; BD: 76.43 + 4.64; CS: 131.23 + 9.34;
118.5 + 8.9 U/mg protein). Furthermore, we found higher lipid peroxidation in the liver of BD
rats, which decreased with Se supplementation (C: 0.087 + 0.006; BD: 0.14 + 0.007 ; CS: 0.09 +
0.006; BDS: 0.10 + 0.008 mol/mg protein); indicating that there is an important oxidative
balance disruption related to OS in the liver of BD rats, avoided when Se is supplemented to

those rats.

According to those data, in the present study it has been confirmed that BD leads to
hepatomegaly, higher transaminases AST/ALT ratio and higher bilirubin serum levels, being all
these markers related to hepatocytes damage. What is more, the serum ratio Se/MDA,
suggested as an indicator of hepatic damage caused by alcohol consumption via oxidation, was
deeply decreased®, confirming the deleterious effects of BD on the liver of adolescent rats,
and its relation to OS. Se supplementation to BD rats increased Se/MDA serum levels and

partially increased AST/ALT ratio, indicating a better hepatic function in these animals.
4.2.Cardiometabolic risk factor

BD is related to hepatic damage; with just a single BD event, mild steatosis could occur,
and when BD is repeated, macro-steatosis could manifest*. Steatosis is related to fat and
glucose metabolism disruption, leading to future cardiovascular disorders. Therefore, different
BD models can also lead to high gluc and lipid serum levels, IR and HTA%L; these alterations
are factors of MS development. According to that, in this study, when cardiometabolic risk
factors were measured, it was found that BD adolescent rats had high serum TG, chol and gluc
values; higher abdominal thoracic ratio, which is related to the hepatomegaly previously
found; and high blood pressure. On the contrary, albuminuria was not affected. This implies a
metabolic deregulation process which affects the metabolism and energy homeostasis. In this
context, Se supplementation to these animals decreased the abdominal thoracic ratio, the

MBP and TG serum levels; however, chol and gluc serum levels were still increased. Despite
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the fact that serum metabolic profile was not improved with Se supplementation, this trace
element has important beneficial effects on cardiovascular function. For instance, Se
supplementation to BD adolescent rats improves hydric-saline balance*; decreases vascular
proteins related to angiogenesis; improves myocyte function; and avoids the tachycardia
induced by BD>. Nevertheless, it is known that Se is deeply related to gluc and lipid metabolism

in an U shaped relationship, which needs to be well elucidated®.
4.3.Insulin resistance

Individuals with a history of BD have an increased risk of developing MS, type 2
diabetes and IR%. In fact, Steiner et al.*’ defend that ethanol greatly impact gluc metabolism
by different mechanisms, including impairments in intestinal gluc absorption; endogenous
pancreatic insulin secretion alterations; gluc effectiveness; and counter-regulatory effects. In
the present study, consistent with the hyperglycemia found, BD exposition during adolescence
leads to lower expression of hepatic IRS-1, which implies lower insulin hepatic sensitivity and
an impairment in gluc homeostasis and insulin action. Alwahsh et al.*® have found that alcohol
induces JNK-1 activation, phosphorylating hepatic IRS-1 and rendering it inactive, while
contributing to hepatic IR and probably hyperinsulinemia, since the liver is the mayor site of
insulin clearance. If this IR is maintained, in the long run, MS could occur. This is especially

worrying during adolescence, because these pathologies will have time enough to develop.

Se and hepatic selenoproteins have also been directly related to the IR process. Low Se
deposits are related to OS and IR, since it is necessary for insulin secretion and sensitivity*. To
the contrary, high GPx1 hepatic expression, by over-quenching intracellular H,0, required for
insulin sensitizing, downregulates IRS-1 action and leads to IR*°. However, since BD exposition
leads to a depletion of Se hepatic deposits and GPx1 activity, our Se supplementation therapy
acts efficiently by increasing Se deposits, GPx1 activity and IRS-1 expression, and thus, avoiding
the IR process in part. Moreover, the dose of selenite supplementation used was correct and
safe, since the Se hepatic repletion found in CS rats did not affect IRS-1 expression or gluc

serum levels.
4.4. Energetic balance

Taking into account the results obtained, it could be concluded for the first time that
BD exposition during adolescence, the main pattern of alcohol consumption among teenagers,
affects AMPK and SIRT1 hepatic expression. This downregulation disrupts hepatic energy

balance and could be implicated in the development of steatosis, since it affects Acetyl-CoA
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carboxylase (ACC) and sterol regulatory element-binding protein 1 (SREBP1) activities®'. AMPK
decreases ACC activity; this enzyme catalyzes the irreversible carboxylation of acetyl-CoA to
produce malonyl-CoA, which in turns increases lipogenesis and avoids lipolysis. When ethanol
decreased AMPK activity, ACC increased and lipogenesis appeared, leading to the
accumulation of fat in the liver. Ethanol, and even more when it is administered in an acute
way, increases oxidative phosphorylation in mitochondria, increasing ATP production and ROS

generation; both actions decrease AMPK synthesis and phosphorylation (Figure 4).

SIRT1 modulates SREBP1 expression; SREBP1 increases glycolysis and lipogenesis, and
it is known that it leads to liver steatosis in the IR process, like in this BD exposition. SIRT1
suppresses SREBP1 activity, and protects against development of fatty liver disease®2. BD
decreases SIRT1 hepatic expression not only by the high NADH/NAD* ratio created in its
oxidative metabolism via alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH),
but also by the ROS generated by CYP2E1 and the oxidative phosphorylation in mitochondria.
This contributes to a higher SREBP1 activity and lipogenesis (Figure 4). Interestingly, the
inhibitory effect of SIRT1 on ADH activity has been described, being important in terms of BD
tolerance, and pointing to the ratio ADH/SIRT1 as an important regulatory hub for ethanol
metabolism and susceptibilityl®. Furthermore, it seems that SIRT1 also plays an important role
in the IR process, but it is not still well elucidated®. It is known that SIRT1 depletion induced
JNK-1 activation; increased serine phosphorylation of IRS-1, along with inhibition of insulin
signaling steps, such as tyrosine phosphorylation of IRS-1; and phosphorylation of Akt and ERK.
In contrast, treatment of cells with specific small molecule SIRT1 activators led to an increase
in glucose uptake and insulin signaling, as well as a decrease in serine phosphorylation of IRS-1
55, Similar results, related to SIRT1 and IRS-1/Pi3K/AKT were found by Lin et al.”® These results
are according to our data, since BD leads to a lower SIRT1 and IRS-1 expression and a higher

gluc serum levels.

In order to know the role that OS plays in the modulation of these proteins, different
antioxidants have been used in ethanol exposed animals to activate AMPK?*%%°7_|n this study,
Se increased AMPK activity and SIRT1 hepatic expression. The antioxidant Se is not only related
to the hepatic dysfunction found after BD exposition, but also it has been found that can
modulate hepatic AMPK activity in MS models®. Apart from the action of GPx1 in insulin
cascade signaling, the Selenoprotein P (SeP) has been proved to be a hepatokine, which in IR
conditions is increased and impairs insulin signaling in the liver by inactivating hepatic AMPK >°.
It is described in adolescent rats exposed to the same BD protocol used in this study, that BD

decreases GPx1 expression, but not SelP, and that Se supplementation raises GPx1 to normal
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levels without affecting SelP expression3. Therefore, the upregulation of AMPK orchestrated by
Se supplementation does not seem to be related to SelP expression, which indicates that more
studies are needed to understand SelP function in IR. Hence, Se main action is related to its
antioxidant activity via different GPxs. This implies that OS plays a pivotal role in AMPK
inactivation by BD. Since BDS rats are exposed to the same amount of ethanol than BD ones
(ethanol has been administered i.p.) and so the ATP production should be similar, there should
be an important indirect action of ROS on AMPK activation after BD exposition. Besides, Se
supplementation also increases SIRT1 expression probably by avoiding OS, since the ratio
NADH/NAD+ should be similar to BD animals; this protein also activates AMPK, reinforcing the
importance of OS in SIRT1 and AMPK inactivation. This link is even more important, since it is
increasingly clear that AMPK activation has also multiple actions on inflammatory signaling
processes °°, ameliorating vascular endothelial dysfunction ! and inducing autophagia in the

cardiomyocytes %2, becoming a promising target for the treatment of MS and CVD.

In conclusion, the OS specifically generated by BD exposition during adolescence has a pivotal
role in metabolic and energetic balance. Se supplementation, by avoiding OS, improves the
hepatic expression of pAMPK and SIRT1, contributing to improve metabolic (better lipid profile
and IRS-1 expression) and vascular function (lower MBP), and to increase hepatic functionality
(lower AST/ALT ratio). All these actions decrease cardiometabolic risk factors development in
the short and long term, and could disrupt the relationship among BD and MS, two problems

which are currently affecting adolescents.
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Table 1. Nutritional and hepatic parameters.

C BD CS BDS

Increased body 5.45+0.24 5.10 + 0.31 5.38 +0.35 5.30 + 0.35
weight (g/day) T A DA D
Kcal intake (Kcal/day) 53.7+3.2 49.44 + 2.96 55.67 £3.34 485+ 2.9
Se from solid intake 31+02 2.8+0.2 313+ 0.3 27202
(ng/day)
Liquid intake 1752+ 1.2 14.2£0.7 17.64+ 0.9 15.57 + 0.8
(mL/day)
Se from liquid intake - - 2.46+0.21 218+ 0.19
(Hg/day)
Total Se intake 31+02 2.8+0.2 56+0.3 49+03
(ng/day) aaa cce
HS| (g/g body weight 3.6+0.10 3.9£0.08 3.67+0.15 3.71+0.11
(%))
AST (U/L) 127 5.2 223+ ;7'1 142 + 4.5 175 +12.1
ATL (U/L) a1:14 5529 42+3.4 >7 3.0
AST/ALT ratio 3.15+0.15 41z 2'19 3.4+0.20 3.1+ 0.27
Total Bilirubin 0530034 | 071E004L 1 45540036 | 061+0035
(mg/dL)

180.28 £6.3 | 342.1+85 245.1+9.1
Serum Se levels (ug/L) 213.1+8.3 * aaa cee .-
Serum MDA levels 80.5 + 4.8 139.4£9.9 96.4 + 6.1 109.2 + 7.5
(mmol/mg protein) ,a
Serum Se/MDA 100+ 6.86 45*5*5570 130107.91 722637




560
561
562
563
564
565

566

567

568
569
570
571
572

573

The results are expressed as mean + SEM and analysed by a multifactorial analysis of variance
(one-way ANOVA) followed by the Tukey’s test. The number of animals in each group is 8. HSI:
Hepatic somatic index. Groups: C: control group, BD: binge drinking alcohol group, CS: control
selenium group, and BDS: binge drinking alcohol selenium group. Signification: BD vs C:
*p<0.05, **p<0.01, ***p<0.001; BD vs BDS: 2 p<0.05, 33 p<0.001; C vs CS: “p<0.05, “““p<0.001;
BDS vs CS: *p<0.05, **p<0.01, ***p<0.001.

Table 2. Cardiometabolic risk factors.

C BD CSe BDSe
Weight (g) 97+ 4.6 82.8+5.8 92.2+ 4.8 80.9+ 6.2
Cranium—caudal 16.78+0.26 | 15.82+0.32 16.7 + 0.37 15.6 +0.18
length (cm)
Body Mass Index
BMI) (kg/m?) 32.33+ 2.1 32.34+ 1.9 31.8+2.3 32.9+18
Thoracic 8.34+0.23 8.5+ 0.44 9+0.35 8.7+0.2
Circumference (cm) D R - T
Abdominal
circumference (cm) 8.5+ 0.22 9.45+0.32 9.43 i 0.22 8.84 + 0.26
Abdominal/ 1.02 +0.06 1.11 + 0.06 1.04 +0.07 1.01 +0.04
Thoracic ratio * 3
Glucose (mg/dL) 169.2+7.2 205.7 £ 6.3 175.8 £ 10.2 239.1+12
* Yyl
Triglycerides 65.6+ 1.2 95.6+ 4.6 727+36 803+ 4.3
(mg/dL) ** o
Cholesterol (mg/dL) 86.4+21 96+2.3 86.3+2.3 101.2 +3.3
* 3
U””eég%tl’)“m'” 12.73+1.24 | 12.43+096 | 11.38+0.80 | 12.68+1.04
MBP 81.9+3.4 101.9.£3.6 82.6+4.1 90.8+2.9
(mmHg) ,a

The results are expressed as mean + SEM and analysed by a multifactorial analysis of variance
(one-way ANOVA) followed by the Tukey’s test. The number of animals in each group is 8.
Groups: C: control group, BD: binge drinking alcohol group, CS: control selenium group, and
BDS: binge drinking alcohol selenium group. Signification: BD vs C: *p<0.05, **p<0.01; BD vs
BDS: 2 p<0.05; C vs CS: “p<0.05; BDS vs CS: *p<0.05, ***p<0.001.



574
575
576
577
578
579

580
581
582
583
584
585

586
587
588
589
590
591

592
593
594
595
596
597

598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614

FIGURE CAPTIONS.

Figure 1. Expression of IRS-1 in the liver of adolescent rats. Representative western blot of
protein (normalized to B-actin). The results are expressed as mean * SEM and analyzed by a
multifactorial analysis of variance (one-way ANOVA) followed by Tukey’s test. The number of
animals in each group is 8. Groups: C: control group, BD: binge drinking alcohol group, CS:
control selenium group, and BDS: binge drinking alcohol selenium group. Signification: BD vs C:
"p<0.001; BD vs BDS: 2 p<0.05; BDS vs CS: *p<0.05.

Figure 2. Expression of AMPK (A), pAMPK (B) and its ratio (C) in liver of adolescent rats.
Representative western blots of proteins (normalized to B-actin) (D). The results are
expressed as mean + SEM and analyzed by a multifactorial analysis of variance (one-way
ANOVA) followed by Tukey’s test. The number of animals in each group is 8. Groups: C: control
group, BD: binge drinking alcohol group, CS: control selenium group, and BDS: binge drinking
alcohol selenium group. Signification: BD vs C: ~p<0.01; BD vs BDS: 2 p<0.05.

Figure 3. Expression of SIRT-1 in the liver of adolescent rats. Representative western blot of
protein (normalized to B-actin). The results are expressed as mean + SEM and analyzed by a
multifactorial analysis of variance (one-way ANOVA) followed by Tukey’s test. The number of
animals in each group is 8. Groups: C: control group, BD: binge drinking alcohol group, CS:
control selenium group, and BDS: binge drinking alcohol selenium group. Signification: BD vs C:
“p<0.01; BD vs BDS: @ p<0.05.

Figure 4: Oxidative metabolism of ethanol after BD exposition in hepatocytes, and its
relationship to SIRTL and AMPK via EROS and NADH/NAD+. Effects of selenium
supplementation. Ethanol is oxidized in hepatocytes, mostly through the enzyme alcohol
dehydrogenase (ADH) which in turn produces an increase in cytoplasmic NADH/NAD+. In BD exposition,
ADH is saturated (KM = 1.4 mM) and CYP2E1 increase its activity generating great amount of ROS. The
great amount of acetaldehyde generated by these enzymes enters the mitochondria and is oxidized to
acetate by acetaldehyde dehydrogenase (ALDH), increasing intramitochondrial NADH/NAD+ ratio.
Acetate pass to Acetyl CoA which enters in Krebs cycle (KC) and via oxidative phosphorylation (Ox-Phos)
produces ATP and ROS. The increase in ATP and ROS decreases the activity of AMP-dependent protein
kinase (AMPK). This decrease leads to higher Acetyl-CoA carboxylase (ACC) activity and higher Malony
CoA levels which increases lipogenesis and avoids lipolisis. At high ethanol levels, KC is decreased,
increasing Malony CoA levels. High ROS and NADH/NAD+ levels also decrease SIRT-1 activity, which
leads to an increase in sterol regulatory element-binding protein 1 (SREBP1) and increases lipogenesis.
Decreased SIRT-1 leads to a decreasse in insulin signaling pathway (IRS/PI3K/AKT) increasing insulin
resistance (IR). Selenite suplementation by increasing Glutathione Peroxidase (GPx) activity avoids ROS
generation and lipid oxidation increasing AMPK and SIRT-1 activities, improving hepatic lipid and
energetic profile. Solid lines and hatched lines indicate stimulatory and inhibitory actions, respectively.
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