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Abstract

The aim of this study is to determine if the offspring of mothers with obesity, present disorders
in the expression of genes related to atrophy or protein synthesis in the muscle and if these
disorders are modified with the (−)-epicatechin (Epi) treatment. Six male offspring per group
were randomly assigned to the control groups [C and offspring of maternal obesity (MO)] or
the Epi intervention groups, Epi treatment for 13 weeks (Cþ Epi long or MOþ Epi long), or
Epi administration for two weeks (Cþ Epi short or MOþ Epi short). The effect of Epi in the
gastrocnemius tissue was evaluated, analyzing mRNA and protein levels of Murf1, MAFbx,
Foxo1, NFkB, and p70S6K-alpha. After the analysis by two-way ANOVA, we found an
influence of the Epi long treatment over the model, by decreasing theMurf1 gene expression in
both groups treated with the flavonoid (Cþ Epi long andMOþ Epi long) (p= 0.036). Besides,
Epi long treatment over the NFκB expression, by decreasing the fold increase in both groups
treated with the flavonoid (Cþ Epi long and MOþ Epi long) (p= 0.038). We not find any
interaction between the variables or changes in the MAFbx, Foxo1 mRNA, neither in the
phosphorylated/total protein ratio of NFκB, Foxo1, or p70S6K-alpha. In conclusions, treatment
with a long protocol of Epi, reduces themRNAof themuscle atrophy genesMurf 1 andNFkB, in
the gastrocnemius muscle; however, these changes are not maintained at protein level.

Introduction

In Mexico, the last National Survey demonstrated that obesity prevalence in women of
reproductive age increased by 9.6% from 2012 to 2021, with the prevalence of obesity in 2021 in
this group at 41.1%,1 indicating that a significant proportion of women who are planning to be
pregnant have obesity. Overall, this disease is considered one of the leading public health
problems in the country. Obesity exposes fetuses to an obesogenic environment in utero, which
leads to an increased risk of several diseases in the progeny (fetal programing).2–4

It has been described that diet-induced obesity leads to skeletal muscle deregulation and
subsequent development of muscle atrophy, a condition associated with decreased protein
synthesis and accelerated degradation of myofibrillar and soluble proteins. This occurs through
various mechanisms such as ubiquitin-proteasome pathway over activation, oxidative stress,
myonuclear apoptosis, and autophagy, among others.5–7

Moreover, an obesogenic maternal environment causes impaired skeletal muscle develop-
ment, characterized by a decrease in lean mass and muscle fibers, an increase in intramuscular
lipid content, a reduction in muscle cell proliferation, and impaired markers of postnatal
myogenesis in the offspring; notably, a healthy postnatal diet might not reverse any of these
effects.8–10

It has been described that the AKT/PI3K signaling cascade is relevant to muscle catabolic/
anabolic balance since this activation induces phosphorylation of FOXO1, causing its
translocation to the cytoplasm, inhibiting its function as a transcription factor for MURF and
MAFbx, which are ubiquitin ligases specific for degradation of multiple skeletal muscle proteins.
Besides, activation of AKT/PI3K induces activation of p70S6K, which is related to the
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development of muscle fibers.11 Because of an obesogenic maternal
diet, a decrease in AKT phosphorylation in skeletal muscle has
been demonstrated in animal models.12 This effect over the pivotal
AKT activation, related to an obesogenic maternal diet, suggests
that several downstream molecules could be affected, like p70S6K,
FOXO1, MAFbx, and MURF, which have been evaluated in direct
obesity models, but not in maternal obesity (MO) models.
Furthermore, NFkB participates in muscle atrophy induced by a
high-fat diet (HFD).5

On the other hand, the impact of obesity during pregnancy in
offspring is necessary to identify specific components in food, like
the natural phytochemicals, that might help prevent several
chronic disorders, including obesity and its comorbidities.13 One of
these products is (−)-epicatechin (Epi), a flavonoid that has shown
beneficial effects on skeletal muscle.14,15 Likewise, it has been
demonstrated, in a model of obesity due to a HFD, that Epi has a
protective effect against skeletal muscle loss and physical
performance decline induced by the lipotoxicity state associated
with obesity.16 In addition, our group9 evidenced that prolonged
treatment with Epi (13 weeks) could increase leanmass in offspring
descendants of MO in the context of fetal programing; however,
the possible mechanisms performed by Epi in this phenomenon
were not explored.

Considering that these mechanisms that predispose to muscle
damage in the offspring of obese mothers are not well known we
previously demonstrated that the offspring of obese mothers
present obesity and metabolic disorders.9,17 We investigated
whether the offspring of mothers with obesity, induced by a
HFD, presented disorders in the expression of genes related to
atrophy (Murf1, MAFbx, NFκB and Foxo1) or in protein synthesis
(p70S6K-alpha) in the gastrocnemius muscle, and if these
disorders were modified with the administration of the flavonoid
(−)-epicatechin using two different protocols (short and long). We
hypothesized that the treatment with (−)-epicatechin will increase
the expression of genes related to skeletal muscle protein
synthesis and will decrease the expression of genes associated
with pathological atrophy of this tissue in offspring obese by
programing in comparison with the offspring without treatment
with this flavonoid. However, we did not find that Epi modified
the expression of genes involved in the skeletal muscle’s atrophy
and/or protein synthesis.

Materials and methods

Animal model

The Salvador Zubirán National Institute of Medical Sciences and
Nutrition Animal Experimentation Ethics Committee previously
approved this study (INCMNSZ) with the approval number
CINVA: UIO-1892-17/19-1. Regarding the manipulations and
procedures done with the animals, these were conducted following
the guidelines of the Official Mexican Standard NOM-062-
ZOO-1999.

A detailed procedure to administrate the chow diet, HFD, and
the standardization of the F0 mother’s phenotype to produce the
F1 offspring has been described by our group.9 Furthermore, a
prior publication also outlined the procedure for administering the
flavonoid (−)-epicatechin.9

Briefly, female albinoWistar rats bred in the animal care center
of the INCMNSZ were maintained at 22–23°C under controlled
lighting (lights on 07:00–19:00 h) and were fed with Chow diet
(Purina 5001, Labdiet, St Louis, MO, U.S.A.). At the age of 14–16

weeks, when they weighed 200–240 g, females were randomly bred
with males from other mothers.

The study was performed in two stages. The first stage was
completed at weaning (day 21), in which one female, F0 pup from
each litter, was randomly assigned to either a control (C, n= 6)
group, that received the laboratory Chow diet, or to a maternal
obesity group (MO, n= 6) group fed aHFDwith an energy content
of 4.9 kcal/g. A total of four rats for each group were included.

The six F0 female albino Wistar rats were placed with proven
male breeders on postnatal day 120 and conceived during the next
cycle. To minimize consumption of the HFD, by males, during the
mating period, males were placed with females at night and
removed during the morning. Lactating mothers were maintained
on their pregnancy diet (Figure 1). Both diets were adjusted and
administrated following the recommendations to ensure adequate
support for growth, pregnancy, and lactation phases outlined by
the American Institute of Nutrition (AIN-93G).18

For the stage two, F1 offspring, litter size and pup weight were
recorded at birth. The anogenital distance wasmeasured to identify
males and females. To guarantee the homogeneity of all litters of F1
offspring on postnatal day 2, all litters studied were adjusted to 10
pups with equal numbers of males and females. Offspring were
weaned at postnatal day 21, housed two rats per cage, and fed chow
diet throughout the study. Only male offspring were studied. Three
male offspring from C or MO mothers from different litters
were randomly selected to the control group (vehicle) or to
the (−)-epicatechin intervention groups (short or long) (Figure 1).

For the (−)-epicatechin treatment, two distinct protocols were
implemented: one from day 21 to day 110 postnatal (lasting 13
weeks, referred to as the long protocol),19 and the other from day
95 to day 110 postnatal (comprising two weeks, referred to as the
short protocol).20,21 The male pups were either administered a
vehicle (water) or 1 mg/kg of body weight of (−)-epicatechin
(Sigma-Aldrich, St Louis, MO, U.S.A.) via oral catheter twice daily
(Figure 1).14,20,21

To form the experimental groups, six male offspring from
different litters from both the F0 groups (originating from either
control mothers (C) or obese mothers (MO) were randomly
allocated to one of the six experimental groups, which were as
follows: offspring F1 of control mother (C)), offspring F1 of control
mother and two weeks of postnatal (−)-epicatechin treatment
(Cþ Epi short), offspring F1 of control mother and 13 weeks of
postnatal (−)-epicatechin treatment (Cþ Epi long), offspring F1
of obesemother (MO), offspring F1 of obesemother and twoweeks
of postnatal (−)-epicatechin treatment (MOþ Epi short), and
offspring F1 of obese mother and 13 weeks of postnatal (−)-
epicatechin treatment (MOþ Epi long) (total of male F1 rat = 32)
(Figure 1). It’s important to note that no adverse effects resulting
from this dietary intervention were recorded, and no rats perished
before the conclusion of the experimental protocol.

Gastrocnemius tissue RNA extraction

On postnatal day 110, the rats were euthanized, and skeletal muscle
tissue (gastrocnemius) was collected from each animal. RNA
extraction from the gastrocnemius muscle tissue samples was
performed using TRIzol reagent (Invitrogen®, Carlsbad, CA,
U.S.A.), following the manufacturer´s instructions.

Gene expression analysis

RNA (100 ng) was used for the evaluation of gene expression using
the AgPath-ID™One-Step RT-PCR Reagents (Applied Biosystems™,
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Carlsbad, CA, U.S.A.), following instructions provided by the
manufacturer. This procedure allowed for the assessment of the
gene expression of Muscle RING-finger protein-1 (Murf1), Muscle
atrophy F-box (MAFbx), Forkhead box protein O1 (Foxo1), Nuclear
factor kappa-light-chain-enhancer of activated B cells (NFkB), and
Ribosomal protein S6 kinase beta-1 (p70S6K-alpha) in gastrocnemius
tissue, only in C,MO, Cþ Epi long andMOþ Epi long groups using
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). TaqMan on Demand Gene Expression Probes from
Applied Biosystem (Applied Biosystems™, Carlsbad, CA, U.S.A.),
were employed for this analysis: assay ID: Murf1 (Rn00590197_m1),
MAFbx (Rn00591730_m1), Foxo1 (Rn01494868_m1), NFκB
(Rn01502266_m1) and p70 S6K-alpha (Rn00583148_m1). The
values were normalized to the relative amounts of β-actin (Assay
ID: Rn00667869) for each sample, allowing for comparing and
interpreting gene expression levels in the different experimental
groups.

Reverse transcription-quantitative PCR (RT-qPCR) was carried
out using a LightCycler® 480 Instrument (Roche Diagnostics Ltd,
Risch-Rotkreuz, Switzerland). The data obtained were normalized
using an endogenous control, β-actin, and relative quantification
was determined using the 2^(-Delta Delta CT) procedure.

Western blotting

Protein expression was analyzed across all experimental groups,
which included C, MO, Cþ Epi short, Cþ Epi long, MOþ Epi
short, and MOþ Epi long. Fifty mg of protein extracts of
gastrocnemius, obtained by homogenization in RIPA lysis
buffer (Santa Cruz Biotechnology, Inc., Dallas, TX, U.S.A.) and
supplemented with protease and phosphatase inhibitors, were
submitted to SDS-PAGE gel electrophoresis. They were sub-
sequently transferred to a nitrocellulose membrane 0.45 μm (Bio-
Rad Laboratories, Life Science Group, Hercules, CA, U.S.A). The

proteins were detected using the following primary antibodies:
recombinant Anti-MURF1 þ MURF3 þ MURF2 (ab172479)
(Abcam Inc., Waltham, MA, U.S.A.); recombinant Anti-Fbx32
(ab168372) (Abcam Inc., Waltham, MA, U.S.A.); anti-Foxo1
(C29H4, Rabbit mAb#2880), (CellSignaling, Danvers, MA,
U.S.A.); anti-Phospho-Foxo1 (Ser256) (E1F7T, Rabbit mAb
#84192), (CellSignaling, Danvers, MA, U.S.A.); anti-NF-κB p65
(C22B4, Rabbit mAb #4764), (CellSignaling, Danvers, MA,
U.S.A.); anti-Phospho-NF-κB p65 (Ser536) (93H1, Rabbit
mAb#3033), (CellSignaling, Danvers, MA, U.S.A.); anti-p70S6
Kinase (49D7, Rabbit mAb #2708), (CellSignaling, Danvers,
MA, U.S.A.); anti-Phospho-p70 S6 Kinase (Thr389) (108D2,
Rabbit mAb #9234), (CellSignaling, Danvers, MA, U.S.A.).
Anti-Gadph (PA1-988), (ThermoFisher Scientific, Rockford, IL,
U.S.A.) was used as a loading control. Protein detection was
carried out using the appropriate secondary antibody: HRP-goat
anti-rabbit IgG (111-095-003) or H.R.P.- anti-mouse IgG (715-
035-150) (Jackson Immuno Research Laboratories, Inc., West
Grove, PA, U.S.A.). The proteins were detected by chemilumi-
nescence with the SuperSignal™West Femto Chemiluminescent
Substrate kit (ThermoFisher Scientific, Rockford, IL, U.S.A.).
Digital image adquisition was obtained with C-DiGit Blot
Scanner (LI-COR Biosciences, Lincoln, NE, U.S.A.) using LI-
COR Image Studio software (http://www.licor.com/bio/produ
cts/software/image_studio_lite/); additionally, ImageJ software
(U.S. National Institutes of Health, Bethesda, Maryland, USA),
was employed for further analysis and quantification of the
protein band intensities.

Statistical analysis

The data were tested to determine normal distribution using the
Kolmogorov-Smirnov test. Data are expressed as mean ± standard
deviation of 6 individual experimental observations for gene

Figure 1. Timeline for the study of two inter-
ventions with Epi (short and long), in male
offspring of obesemothers at 110 postnatal days
(F1). Obesity model. Four female rats (F0) per
group were fed with control or high-fat diet at
weaning and during pregnancy and lactation. At
postnatal day 21, twelve males per group (C and
MO) from different litters were randomly allo-
cated to be treated with water or with (−)-
epicatechin twice per day for 2 or 13 weeks (C,
Cþ Epi short, Cþ Epi long, MO, MOþ Epi short,
MOþ Epi long, n= 6 rats per group).
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expression. A two-way ANOVA was performed to determine the
influence of the two variables over the model (maternal diet and
Epi treatment) and possible interactions between them. To address
the effect size, percentage of variation of the model attributable to
each variable was calculated using the omega-square measure, and
the ones with significant were reported. It was followed by a one-
way ANOVA and a Tukey post hoc test to determine differences
between individual groups.

For protein expression, data is presented as median ± range of 6
individual experimental observations; a Kruskal-Wallis non-
parametric test was then conducted, followed by a Dunn’s post
hoc test. Data were analyzed with GraphPad Prism 6.0 software
(GraphPad Software, San Diego, CA). Significant differences were
defined by a p< 0.05.

Sample size and power were calculated according to the
algorithm of the percentage of success and error test (by group/by
trial): n= log B/log p; n= 6.39 per group/test.

Results

Effect of (−)-epicatechin long treatment in the expression of
mRNA of genes related to muscle atrophy or protein
synthesis in F1 male offspring of obese wistar rats

The relative expression for the genes of interest was performed
with qRT-PCR, using β-actin as a reference gene. All measure-
ments were taken as duplicates, and the 2−ΔΔCt method was
applied for data analysis. After the analysis by two-way ANOVA,
we found an influence of the Epi long treatment over the model by
decreasing the Murf1 gene expression in both groups treated with
the flavonoid (Cþ Epi long and MOþ Epi long) (p= 0.036)
accounting for 13.08% of the variation of the model (Figure 2,

Panel A). Moreover, we also found an influence of the Epi long
treatment over theNFκB expression by decreasing the fold increase
in both groups treated with the flavonoid (Cþ Epi long and
MOþ Epi long) (p= 0.038) accounting for 15.03% of the variation
of the model (Figure 2, Panel C); however, we did not find any
interaction between the variables.

MAFbx, Foxo1, and p70S6K-alpha mRNA expression showed
no changes secondary to maternal diet or Epi treatment in any
experimental group (C, Cþ Epi long, MO and MOþ Epi long).

Afterward, we performed a one-way ANOVA, followed by the
post hoc Tukey test for pair comparison (n= 6 rats per group),
finding no differences inMurf1,MAFbx, NFκB, Foxo1, or p70S6K-
alphamRNA expression among offspring of C, MO, Cþ Epi long
and MOþ Epi long groups (Figure 2, Panel A-to-E).

Effect of (−)-epicatechin long and short treatment in the
expression of proteins related to muscle atrophy or synthesis
of proteins in F1 male offspring of obese wistar rats

Western blot assays did not show changes in the level of Murf1 and
MAFbx proteins related tomuscle protein degradation through the
proteasome, both in the control group (C) and in the offspring of
obese mothers (MO). Likewise, administration of the flavonoid did
not modify the expression of these proteins, neither with the
treatment of 2 weeks (short protocol), nor with the treatment of
13 weeks (long protocol) (Figure 3, Panel A-to-D).

On the other hand, a significant reduction of the total NFκB
protein was observed in the MOþ Epi long treated animals in
comparison to the offspring of the Cþ Epi long (p< 0.05) and a no
effect in the expression of NFκB total levels in the descendants of
the Cþ Epi long versus C group (p= 0.06) (Figure 4, Panel A-to-
C); in contrast, no significant differences were determined in the

Figure 2. Effect of long-treatment with Epi on relativemRNA expression of genes related to atrophy and protein synthesis in the gastrocnemiusmuscle, ofmale offspring of obese
mothers at 110 postnatal days. (a)Murf1, (b)MAFbx, (c)NFkB, (d) Foxo1, and (e) p70S6K-alphamRNA expression. Epi long treatment decreasing theMurf1 gene expression in Cþ Epi
long and MOþ Epi long groups (p = 0.036) (Figure 2, Panel A). Also, Epi long treatment decreased the NFκB expression, by the fold increase in Cþ Epi long and MOþ Epi long
groups (p= 0.038) (Figure 2, Panel C). Data are expressed as median and range and were analyzed by Kruskal-Wallis followed by post hoc Dunn test for pair comparison (n= 6 rats
per group). C=male rats offspring of control mothers; Cþ Epi long= male rats offspring of control mothers treated with Epi 13 weeks; MO =male rats descended from obese
mothers; MOþ Epi long= male rats descended from obese mothers treated with Epi 13 weeks.
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phosphorylated/total protein ratio in any of the experimental
groups (Figure 4, Panel A-to-C).

Moreover, our results of the expression of the transcription
factor Foxo1 showed that the offspring of the C, MO, Epi short- or
long-treatment groups did not change this protein’s total or
phosphorylation levels in any of the analyzed groups (Figure 4,
Panel D-to-F).

Regarding the expression of kinase p70S6K-alpha, we observed
that in the control group, with a short treatment of Epi (Cþ Epi
short), a significant increase in the total expression of p70 S6K-
alpha was observed when compared to the control group (C)
(p< 0.05), but the long treatment of Epi (Cþ Epi long) showed a
significant decrease in the total level of this protein versus the
Cþ Epi short group (p< 0.01). Likewise, we observed that the
p70S6K-alpha total levels increased significantly in the MOþ Epi
short group compared to the MO group (p< 0.05). Nevertheless,
all analyzed groups showed significant changes in the proportion
of phosphorylated and total protein (C, MO, Cþ Epi short,
Cþ Epi long, MOþ Epi short, and MOþ Epi long) (Figure 4,
Panel G-to-I).

Discussion

Obesity favors the development of musculoskeletal disorders that
include muscle atrophy due to the degradation of muscle fibers,
reduction in the size of myofibers, and decrease in the number of

satellite cells, in addition to the reduction of type 1 oxidative fiber
and an increase in type 1 glycolytic fibers 2X.22–24

Besides, in the context of programing, obesity induces in the
skeletal muscle of puppies of mothers fed with a HFD during
gestation and lactation, a lower percentage of lean mass, a decrease
in protein content, an increase in intramuscular inflammation,
imbalance of protein synthesis/degradation markers, as well as
deregulation in myogenesis.9,25–27

Given the acute effects that obesity has on offspring’s skeletal
muscle programing, it is essential to explore preventive strategies
based on natural bioactive compounds such as the flavonoid (−)-
epicatechin. In this regard, Epi has been shown to benefit the
skeletal muscles of murine models with sarcopenia, murine models
and patients with muscular dystrophy, and the skeletal muscles of
patients with diabetes.20,28–30 Likewise, treatment with this
flavonoid increased the percentage of lean tissue in the offspring
of mothers fed with a HFD.9

We investigated whether the offspring of mothers with obesity,
induced by a HFD, presented disorders in the expression of genes
related to atrophy (Murf1, MAFbx, NFκB and Foxo1) or protein
synthesis in the musculoskeletal tissue (p70S6K-alpha)5 and if
these disorders were modified with the administration of two Epi
protocols (short and long).

The high plasticity of skeletal muscle is carried out by regulating
anabolic and catabolic processes, which can be disturbed by
various diseases, including obesity and metabolic disorders. Sishi

Figure 3. Effect of short-and-long-treatment with Epi on proteins related to atrophy in the gastrocnemius muscle of male offspring of obese mothers at 110 postnatal days. (a)
and (c) Representative immunoblotting of protein of Murf1 and MAFbx, GAPDH was used as a loading control. (b) and (d) densitometry analysis of Murf1 and MAFbx protein
expression in gastrocnemius muscle. Data are expressed as median and range and were analyzed by Kruskal-Wallis followed by post hoc Dunn test for pair comparison (n= 6 rats
per group). C =male rats offspring of control mothers; Cþ Epi short=male rats offspring of control mothers treated with Epi 2 weeks; Cþ Epi long=male rats offspring of control
mothers treated with Epi 13 weeks; MO=male rats descended from obesemothers; MOþ Epi short=male rats descended from obesemothers treatedwith Epi 2 weeks; MOþ Epi
long= male rats descended from obese mothers treated with Epi 13 weeks.
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et al.5 demonstrated that obesity increases the expression of
proteins related to atrophy, with the ubiquitin-proteasome
proteolytic pathway being one of those responsible for regulating
the degradation of skeletal muscle proteins through the Murf1 and
MAFbx ligases, the activation of the Foxo1 transcription factor or
through signaling from NFkB; both pathways, lead to muscle
breakdown known as “ubiquitin-dependent protein wastage.”5,31

Moreover, phosphorylation of the kinase p70S 6K-alpha by the
Pi3K/Akt/Mtor axis has been reported as necessary for muscle
fibers in order to reach their standard size by increasing protein
synthesis.32

To the best of our knowledge, most reports in the literature are
directed at the analysis of genes related to atrophy or protein
synthesis in a direct model of obesity,5,33,34 and studies related to
the impact of obesity by programing on skeletal muscle, are aimed
at analyzing other molecular pathways in skeletal muscle.8,25,27

It has been described that in the gastrocnemius muscle of adult
male rats (150 days postnatal), descendants of obese mothers
nurtured with a HFD, have a diminished content of muscle

proteins and signs of skeletal muscle atrophy, with overexpression
of Murf1 and increased phosphorylated NFkB; whereas, the Foxo1
and p70S6K-alpha phosphorylation at Thr389 showed no significant
differences in this tissue. These authors proposed that MO negatively
impacts skeletal muscle development in the offspring.26

Regarding our results, in contrast with those reported by Pileggi
et al.,26 we did not find significant differences in the expression of
Murf1 andMAFbxmRNA, as well as in the phosphorylated NFkB
and p70S6K levels in the gastrocnemiusmuscle, in the offspring obese
by programing in comparison to the control group. Interestingly, Epi
administrationmodified theMurf1 andNFkBmRNA levels but not at
the protein levels. This discrepancy between the mRNA expression
and the protein levels, could be due to transcriptional, post-
transcriptional, translational, and post-translational regulation35 as
well as by protein stability,36 or we hypothesize that because we
studied young rats, the effect of MO on the muscle tissue of their
offspring, first manifests itself in variations in the expression of
mRNA, and could being the starting point for the subsequent change
in the expression of their proteins in older ages.

Figure 4. Effect of short-and-long-treatment with Epi on proteins related to atrophy and synthesis of proteins in the gastrocnemius muscle of male offspring of obesemothers at
110 postnatal days. (a), (d), and (g) Representative immunoblotting of NFκB total and phosphorylated protein, Foxo1 total and phosphorylated protein, and p70 S6K-alpha total
and phosphorylated protein. GAPDH was used as a loading control. Densitometry analysis of protein expression (b) and (c) NFkB total and the relationship between
phosphorylated and total NFkB, (e) and (f) Foxo1 total and the relationship between phosphorylated and total Foxo1, and (h) and (i) p70 S6K-alpha total and the relationship
between phosphorylated and total p70 S6K-alpha in gastrocnemiusmuscle. (b) Cþ Epi long show a higher NFkB total protein level in comparison to offspring of MOþ Epi long. (h)
The Cþ Epi short group presented a significant increase in the total expression of p70S6K-alpha compared to the C group; the Cþ Epi long group showed a significant decrease in
the total level of this protein versus the Cþ Epi short group; besides, the p70S6K-alpha total level significantly increased in the MOþ Epi short group in comparison to the MO
group. Data are expressed as median and range and were analyzed by Kruskal-Wallis followed with post hoc Dunn test for pair comparison. ap< 0.5 vs. Cþ Epi long and C group;
bp< 0.01 vs. Cþ Epi short group; cp < 0.05 vs. MO group (n= 6 rats per group). C =male rats offspring of control mothers; Cþ Epi short=male rats offspring of control mothers
treated with Epi 2 weeks; Cþ Epi long=male rats offspring of control mothers treated with Epi 13 weeks; MO=male rats descended from obese mothers; MOþ Epi short=male
rats descended from obese mothers treated with Epi 2 weeks; MOþ Epi long= male rats descended from obese mothers treated with Epi 13 weeks.

6 A. L. Alvarez-Chávez et al.

https://doi.org/10.1017/S2040174424000187 Published online by Cambridge University Press

https://doi.org/10.1017/S2040174424000187


Furthermore, in spite that we found that Epi treatment was able
to modify the total NFkB and p70 S6K-alpha protein levels, no
significant differences were determined in the phosphorylated/
total protein ratio in any of the experimental groups, indicating
that the administration of this flavonoid could exert an effect on
the expression of the total protein, but not on its phosphorylation
pattern.

The discrepancies between our results and those reported by
Pileggi et al.26 might be due to the age of the animals; in our study,
110 days of postnatal life, equivalent to a young adult (in contrast
to rats of 150 days that aremature adults), which could be related to
the lack of disorders at this age, without discarding the possibility
of presenting them later.

Also, several studies have demonstrated that type II muscular
fibers are smaller in the aged population and type I are more
conserved,37,38 showing differences in the composition of skeletal
muscle depending on age. These different types of muscle fibers
elicit responses to neural inputs and metabolic stressors,39,40

including obesity, showing a shift in the proportion of fibers
towards more type IIb fibers. In contrast, the amount of type I and
IIa fibers is diminished.41,42 Considering that animals analyzed in
the present study are equivalent to young adults, having a higher
proportion of type II fibers, potential disorders that the
gastrocnemius muscle may present could still be compensated
thanks to the abundance of these fibers.

In conclusion, our results show that male offspring at 110
postnatal days, descendants of obese mothers, do not present
disorders in the expression at RNA level or proteins of the atrophy
pathway, nor in the protein synthesis in the gastrocnemius muscle.
However, treatment with a long protocol of (−)-epicatechin
reduces the mRNA of the muscle atrophy genesMurf 1 and NFkB,
but these changes are not maintained at the protein level. Further,
Epi could not modify the phosphorylated/total protein ratio of the
NFkB and p70S6K-alpha. Finally, MAFbx and Foxo1 remain
unchanged either at mRNA or protein level by the Epi
administration.

Further, our results suggest that the age of the animals could be
a determining factor in the effect of MO on musculoskeletal tissue,
showing slight changes at this early age; however, research must be
extended to analyze these changes over time. On the other hand,
Epi administration could affect MO and fetal programing, showing
certain effects on proteins related to the balance of anabolic/
catabolic pathways in musculoskeletal tissue. For this reason, it
would be relevant in future research to evaluate the effect of Epi on
older animals and/or with another stimulus, such as a postnatal
diet rich in fat. Likewise, these studies on muscle fibers with
different glycolytic or oxidative capacities would be important.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S2040174424000187.
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