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[Abstract )
Background: In aerobic organisms, oxygen metabolism produces Reactive Oxygen and Nitrogen Spe-
cies (ROS/RONS) as byproducts. Within certain quantities they act as mediators and stimulators of vi-
tal functions but when their generation overreaches the cellular antioxidant defense, they react against
important biomolecules and led to Oxidative Stress (OS), affecting organs and important functions. OS
affects liver, the resulted dysfunctions also affect other organs, increasing cardiovascular risk (CVR).

Methods: Using blood analysis, we followed the effects of induced OS on the organ functions of
stressed mice and their recovery by antioxidant nutritional therapy with probiotics (yeast, selenized
yeast, vitamin Bl12 and cranberry). We also evaluated the evolution of liver and cardiovascular func-
tions in young men predisposed to liver, cardiovascular, kidney and diabetes diseases, combining
a diet supplemented with probiotics and physical training. In stressed mice probiotic complement-
ed diet resulted in better defense and recovery to OS. In individuals, nutritional therapy combined
physical activities helped improve liver and cardiovascular function parameters. The combined nu-
tritional and training strategy in young individuals allows to prevent fatty liver disease and CVR.

Conclusions: OS is the most important pathogenic cause in liver diseases, and it’s well correlated with
cardiovascular risks and other organic dysfunctions. )
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Introduction

The liver is a crucial organ for the vertebrate organ-
isms due to the large number of functions it assumes,
including macronutrient metabolism, biotransforma-
tion, regulation of blood circulative volume, support
of immune and endocrine systems, lipid and carbo-
hydrate homeostasis and reserves, immune system
support, control of growth signaling pathway, detox-
ification of drugs and xenobiotic compounds, among
others. The capacity of liver to form and store glyco-
gens by the way of gluconeogenic pathway is essen-
tial to energetic supply of the whole organism. The
liver also oxidases lipids and conserves their excess
in a form of adipose tissues, regulates protein and
amino acid metabolism, is in charge for the amino
acid deamination, and protein degradation by urea
metabolism [1,2]. For all these reasons liver dys-
function impacts in other important biochemical pro-
cesses and in the health condition of the organism,
including the increase of CVR [3]. One of the impor-
tant factors affecting liver and its functionality is the
Oxidative Stress (OS). Redox imbalance is a source
of many liver disorders and diseases, particularly
triggering inflammatory, metabolic and proliferative
liver dysfunctions. In liver hepatocytes, ROS/RONS
are primarily produced in the mitochondria, during
respiration, and in the endoplasmic reticulum, of by
the way of the cytochrome P450 enzymes. In nor-
mal conditions, aerobic cells dispose a wide antiox-
idant system for maintaining REDOX homeostasis,
neutralizing free radicals and neutralize oxidants.
The antioxidant system is composed by antioxi-
dant enzymes, such as superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx),
thioredoxin (Trx), as well as non-enzymatic antiox-
idants such as vitamins, catechin, curcumin, and ca-
rotenoids. When antioxidant defense is overpassed,
the excess of ROS/RONS affects the structure of

many biological molecules at different levels: cells,
tissues, organs and whole organism. OS alters the liv-
er functions resulted in metabolic alterations metabol-
ic alterations that have an impact on cardiovascular
system and increase cardiovascular risk (CVR) [4,5].
However, specific risk score-based treatment pro-
cedures are lacking, probably because mechanisms
behind the increased CVR in patients with FLD are
complex, multifactorial and difficult to elucidate. We
present the use of specific blood biochemical markers
to study this relation in stress induced mice fed with
antioxidant diet complemented with probiotics (yeast,
selenized yeast, blueberry extract) during stress and
during recovery period with encouraging results.
We also evaluated the evolution in young individu-
als showed predisposition to develop Non-Alcoholic
Liver Fatty Disease (NALFD) and Cardiovascular
Risks (CVR), combining nutritional (yeast, vitamin
B12, blueberry extract) and physical training strate-
gies with positive results. In both studies we followed
the dynamic of blood biochemical parameters liked
to hepatic and cardiovascular functions [5]. It has
been reported that ingestion of probiotic supplements
brings the described beneficial effects on vertebrate
organisms but synergic combinational effect has not
been extensively evaluated [6]. Our main focus is to
appeal to these combinational assessments to prevent
liver disease and cardiovascular risk.

Oxidative Stress

Oxygen is essential but highly reactive molecule that
during its metabolism may induce oxidative stress
(OS) causing modification in biopolymers and cellu-
lar structures by the generation of large amounts of
reactive oxygen and nitrogen species (ROS/RONS).
Among these reactive species we can listed the fol-
lowing: ROS (superoxide anion (O2-), hydroxyl
radical (HO—), hydrogen peroxide (H202), peroxyl
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(ROO-), reactive aldehyde (ROCH), singlet oxygen (O-2)) and RONS (nitric oxide (NO), nitrogen dioxide
(NO2-), peroxynitrite (ONOO-), nitrosyl cation (NO+), nitroxyl anion (NO—), dinitrogen trioxide (N203),
dinitrogen tetraoxide (N204), nitrous acid (HNO2), peroxynitrous acid (ONOOH), and nitryl chloride (NO-
2Cl) (7). ROS/RONS are important as a part of both intracellular and intercellular signaling systems, whether
nearby, between cells of the same organ or tissue, or distal, between different organs or tissues and systemi-
cally in whole organism allowing to perform important physiological functions coordinately (Figure 1).
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Figure 1: Oxidative stress has systemic effects.

Excess of ROS/RONS produces OS exceeds antioxidant capacity triggers oxidative stress with the affecta-
tion of functional integrity of cells, tissues, organs and whole organism. Cellular morphology, physiology,
intensity of REDOX (particularly respiratory function) specific cell functions, capacity of the antioxidant
system and gene expression pattern constitute important facts determining susceptibility of differentiated and
specialized cells to stressors. On the other hand, different ROS/RONS species differ from each other due to
their chemical nature, reactivity, diffusion capacity and type of biological compound they attack.
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These reactive species are also an important inducer
of cellular defense against invading microorganisms,
coordination of metabolism, gene expression and the
unleashing of growth or death processes [8,9]. When
the generation of ROS/RONS exceeds certain lim-
its and the cell antioxidant system in unable to keep
REDOX homeostasis, many biological structures
and molecules are attacked by ROS/RONS with the
affectation of the functional integrity of cells, and
causing dysfunction in tissues and organs and com-
promising the state of health of the entire organism
[10,11].

Pluricellular organisms are composed by tissues and
organs with highly differentiated and specialized
cells as a result of long evolutive process. In animals,
particularly vertebrates, there are organs belong to
main vital systems: brain (central nervous system),
spinal cord (peripheral nervous system), liver with
its multifaceted activity (system endocrine), kidneys
(excretion system), heart (cardiovascular system),
among others. The nature of the targeted by ROS/
RONS cells in different tissues and organs can de-
termine their susceptivity to different stressors. The
most important that determines mentioned events are
cellular specific morphology, physiology, intensity
of respiratory function, specific functions, antioxi-
dant capacity and induced specific gene expression
patterns. In addition, different ROS/RONS species
differ each other due to their chemical nature, reac-
tivity, diffusion capacity and type of biological com-
pound they attack (Figure 1). Liver is particularly
sensitive to OS and if the antioxidant defense of the
hepatocytes is surpassed the generated ROS/RONS
inflammation and poor liver function [12-15]. This
dysfunction causes functional changes in important
biological processes, including gene transcription
and expression, protein modification, lipid peroxi-
dation, cell apoptosis, and hepatic stellate cell acti-
vation among others organic alterations [13]. Acti-
vation of the apoptotic or necrotic process can even
cause the death of hepatocytes. These lethal process-
es take place through different metabolic pathways,
including degradation of mtDNA, strand breaks,
mutagenic base lesions in ROS-damaged mtDNA,
alteration in enzymatic patterns, lipid peroxidation
of cellular membranes and hepatoxicity [14-16]. The
role of oxidative stress in liver diseases has been ex-
tensively explored and still a matter of permanent

research. The interest in this is not limited to hepatic
diseases where OS is the etiological origin, but also in
cases where liver malfunction impacts on the physio-
logical condition of other organs and systems, exac-
erbating other diseases. This fact is well understood
because of liver multifunctionality and its role in the
maintenance of homeostasis and metabolic process-
es in animal but also in all vertebrates [16,17]. Such
pathologies as alcoholic liver disease (ALD), non-al-
coholic liver disease (NAFLD), steatosis or fatty liver
disease (FLD), hepatic fibrosis (HF), hepatic enceph-
alopathy (HE) and hepatocellular carcinoma (HCC)
are crucial to increase cardiovascular risks (CVR) as
well as the risks of the emergence and aggravation
of other pathological processes and diseases in oth-
er vital organs and organic systems [18,19]. Results
obtained in animal models and clinical trials demon-
strated that prolonged oxidative stress in liver caused
inflammation and development of multiple diseases
independently of the illness etiology [15,16,20].

Oxidative Stress and Liver Functions

In hepatocytes, OS causes the accumulation of lipids
in the liver increasing the probabilities to develop se-
vere liver diseases such as NAFLD and also increas-
ing CVR mainly through the metabolic disorders they
cause. (Figure 2).
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Figure 2: Liver damage by Oxidative Stress increases cardiovascular risk.

Liver diseases and their subsequent impact on metabolic imbalance frequently cause cardiovascular outcomes.
Oxidative Stress induces liver dysfunction causing metabolic alterations that in turn create cardiometabolic
abnormalities that considerably increase cardiovascular risk. Patients with alcoholic and nonalcoholic hyper-
lipidemia, are prone to suffer prothrombotic, proinflammatory and procoagulative events closely linked with
Cardiovascular Risk.

The relationship between OS and liver inflammation have been studied evidencing that both events are well
correlated and damage liver condition leading to hepatic illness [20,21]. Gross antioxidative therapy showed
unsatisfied outcomes in many human clinical trials, although the existence of interdependence between ox-
idative stress, inflammation and liver diseases are firmly established [18]. To abord more specific treatment
it’s necessary to block only specific pathway that are the cause of detrimental effects in stressed organisms,
but this fact forces to establish such specific pathway and implement suitable therapies. A failed therapy
can have adverse results than desired, worsening oxidative conditions, intensifying inflammatory processes,
and leading to health deterioration [22-24]. ROS/RONS can activate redox-sensitive transcription factors,
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inducing changes in the normal gene expression and
protein synthesis, altering signaling pathways in
important enzymes, such as cellular kinases, phos-
phatases, and even in the expression of transcrip-
tion factors, involved in regulation of cellular cycle,
proliferation, differentiation and apoptosis [25-27].
In hepatocyte mitochondria, OS produces second-
ary inhibition of lipids [-oxidation, promoting the
accumulation fatty acids in liver, increasing risk to
develop Fatty Liver Disease (FLD). Other important
process in hepatocyte is the degradation of purine
mainly driven by a cytosolic xanthine oxidase (XO)
that regulates the conversion of hypoxanthine to uric
acid, with generation of large amounts of superox-
ide anions as a byproduct. The synthesis of XO is
induced by 4-HNE (4-Hydroxynonenal) an a, B-un-
saturated hydroxyalkenal produced by lipid perox-
idation, and trend to cause ROS-mediated hepatic
damage [28-29]. Lipid peroxidation of fatty acids,
is another process that implies a generation of large
amount of ROS/RONS by the way of microsomal
cytochromes CYP2E1 and CYP4A [30]. Incidental-
ly CYP2EI can be upregulated by existence of free
fatty acids and also in case of existence of insulin re-
sistance, a fact that indicate the correlation between
diabetes and liver OS-mediated damage [31]. Exper-
imental and clinical reports evidence the relationship
between the increment of superoxide production with
the activity of NADPH oxidase. In terms of inflam-
mation, it was formerly established the infiltration
of various types of serum pro-inflammatory cells,
such as neutrophils, macrophages, T helper cells,
natural killer T (NKT) cells, and natural killer (NK)
cells. In steatosis, inflammatory mediators, such as
TNF-a, IL-6, and IL-18 are found to be upregulat-
ed, contributing to different metabolic alterations in-
cluding insulin resistance and liver damage. Kupffer
cells (KCs), resident liver macrophages critical for
liver function that are the first innate immune cells
protecting liver from bacterial infections, react to
lipid peroxidation inducing the synthesis of TNF-a
and Fas- L L. Both molecules are members of the
tumor necrosis factor (TNF) family and act, through
activation of independent mechanisms, as initiators
of apoptosis. In the initial phase of Fatty Live Dis-
ease (FLD), the immune resident cells, as KCs and
dendritic cells, react to early signs of liver damage
by generating proinflammatory cytokines, as IL-1p,
and chemokines, as chemokine ligand 2 (CCL2) in a

recurrent spiral-type cycle (19). ROS/RONS cause li-
pid peroxidation, resulting in the generation of 4-HNE
and MDA, which can passively diffuse to the outside
of cells, increasing the amount of proinflammatory
cytokines and activating hepatic stellate cells, caus-
ing inflammation [32-33]. It is known that the levels
of markers of lipid peroxidation and oxidative DNA
damage, like 4-HNE and 8-hydroxydeoxyguanosine,
are well correlated with the depth of inflammatory, ne-
crosis and fibrosis processes [34]. Described process-
es promote also the release of proinflammatory cy-
tokines, leading to neutrophil chemotaxis and lesions
of NASH. ROS/RONS activate NF-«kB signaling
pathway, leading to the synthesis of TNF-a and the
upregulated TGF-f, IL-8, IL-6, and Fas-L. TGF-p,
IL-8, and 4-HNE promote the neutrophil infiltration
during liver inflammation causing more generation of
infiltrated neutrophils and other immune cells produce
more inflammation and mitochondrial dysfunction in-
creasing OS-mediated liver disease [35,36].

Metabolism is an interconnected maze of multiple
pathways of physiological and biochemical processes,
assuming that effects on one particular pathway also
impact others. Just as an effect on a particular organ
or tissue influences others and the entire organism.
Following this criterion, liver damage obviously in-
creases cardiovascular risk [15,16,37,38]. Increases
in alcohol consumption cause Alcoholic Fatty Liver
Disease (AFLD) and together with hepatic cirrhosis
and Non-Alcoholic Fatty Liver Disease (NAFLD)
become the most common causes of Chronic Liver
Disease (CLD). It has been found that cardiovascular
disease is the major cause of death in CLD [39,40].
Cardiovascular risk factors such as atherosclerosis,
hypertension, coagulation problems, cardiac dysfunc-
tion and pulmonary hypertension increase as liver
function deteriorates with the exacerbation of liv-
er function problems related especially to metabolic
problems [40,41]. As with many diseases, both patho-
logical conditions also share risk factors that impose
an adverse condition on liver function, including those
of a pharmacochemical nature, due to the toxicity of
a specific drug or pharmacological substance; genetic,
such as enzyme deficiency and genetic malformations
of the organs. Other important factors that precondi-
tion hepatic dysfunction may have epigenetic origin,
the cause of which is more difficult to detect but is
manifested in the clinical history of the individual’s

J.of Bio Adv Sci Research

Vol:1,1. Pg:6



Research Article Open Access

previous generations [43]. All these conditions lead
to oxidative stress, systemically altering all the phys-
iological functions of the organism and in liver cause
not only hepatic but metabolic disfunction and led
to increase CVR, with Fatty Liver Disease (FLD:
NAFLD and AFLD) [44]. The relationship between
liver disorders and cardiovascular risk is evident not
only because both of them share many causes and
risk factors, such as obesity, physical sedentary life-
style, poor quality nutrition, lipidemia alterations,
type I and II diabetes, oxidative stress, among oth-
ers, but also in the fact that the CVR increases to
the extent that liver function deteriorates. In general,
Fatty Liver Disease (FLD) associated with metabolic
dysfunction and oxidative stress (OS) is a matter of
growing concern to public health in exacerbating by
today’s intense life, poor quality nutrition, exposi-
tion to different harmful and stressful environmental
agents, consumption and abuse of drugs, medica-
tions and unhealthy products and sedentary style of
life. FLD associated with dysfunctional metabolism
has an increasing global prevalence of 25%, and with
a high probability of evolving into other more seri-
ous diseases such as cirrhosis, metabolic syndrome,
hepatocellular carcinoma, which results in a drastic
increase in cardiovascular risk (CVR) [45,46].

Oxidative Stress and its Effect on Hepato-Cardio-
vascular Dysfunction

Liver diseases and their subsequent impact on met-
abolic imbalance frequently cause metabolic altera-
tions that in turn create cardiometabolic abnormali-
ties and CVR (Figure 2) [47]. Patients with alcoholic
and nonalcoholic hyperlipidemia, frequently suffer
prothrombotic, proinflammatory and procoagula-
tive events closely linked with CV risks [48-50].
NAFLD increases CVR through complications such
as coronary arteries disease (CAD), subclinical ath-
erosclerosis, cardiac arrythmias, heart dysfunction,
prothrombotic condition and other functional alter-
ation of cardiovascular system and all these factors
can further contribute to an increased CVR and lead
to cardiovascular disease [51,52]. Pathogenic liver
diseases also can increase CVR in a multifactorial
manner, which include inflammation processes, adi-
pokines, intestinal dysbiosis, oxidative stress as well
as psychological disorders including anxiety and
depression [53,54]. Among liver diseases the main
metabolic disorder associated hepatic dysfunctions

is the Metabolic-dysfunction Associated Steatotic
Liver Disease (MASLD) that includes both Non-Al-
coholic Fatty Liver Disease (NAFLD) and Alcoholic
Liver Disease (AFLD). NAFL, characterized by three
overlapped steps: liver steatosis, excess fat in the liver;
non-alcoholic steatohepatitis (NASH), including liver
inflammation and hepatocyte degeneration; and the fi-
nal step where hepatic dysfunction evolutes to fibrosis,
cirrhosis and to hepatocarcinoma [55,56]. NAFLD in-
creases CVR through complications such as coronary
arteries disease (CAD), calcification of coronary ar-
teries, subclinical atherosclerosis, cardiac arrythmias,
heart dysfunction, prothrombotic condition and other
cardiovascular risk factors that induce cardiovascular
events and mortality [51,52]. Pathogenic liver diseas-
es also can increase CVR in a multifactorial manner,
which include inflammation, adipokines, intestinal
dysbiosis, and psychological disorders including anx-
iety and depression (Figure 3) [53,54].
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Figure 3: Effect of antioxidant diet in stressed mice.
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Dynamic of Weight gain week old C57BalC mice subjected to induced environmental stress and treated with
different antioxidant diets. The treatments correspond to: T1-normal diet not stressed, T1S-noemal diet and
stressed, T2-aupplemented diet not stressed, T2S supplemented diet stressed. The best response to induced
stress and the best weight recovery was observed in the group that received supplemented diet previously and

after stressed period.

Specific and General Biomarkers Linking Hepa-
to-Cardiovascular Dysfunction

Liver and heart health problems can be asymptomat-
ic, and without any visible manifestation of disease
is only possible to detect by clinical studies. Other-
wise, the symptoms will be visible only when the pa-
thology scaled to a serious health problem. Regular
tests and checkups are crucial to observe the health
condition and to prevent cardiovascular dysfunction
[57]. Due to the complexity of liver functions, efforts
have been made to develop noninvasive a series of
test and to establish biological markers to detect liver
dysfunctions. These biological markers help predict
whether liver disease is developing and whether its
repercussions pose risks to other vital organs and sys-
tems, including CVR [58]. The best way to study the
liver function and its implications is to combine the
blood chemistry tests, measurement of liver stiffness
and the use of either imagen tests like ultrasound-
or magnetic resonance—based elastography analysis.
The traditional blood markers measuring the levels
of certain enzymes and proteins in serum is a

suitable method that can indicate how it influences
in the whole organism. The main blood biomarkers
are: Alanine aminotransferase (ALT), aspartate ami-
notransferase (AST) Alkaline phosphatase (ALP) and
y-Glutamyl transferase (GGT), serum bilirubin, pro-
thrombin time (PT), the international normalized ratio
(INR), serum total protein and serum albumin. These
parameters can help to established an area of the liver
where damage would be located and if something out-
side the normal ranges is observed, more specific tests
can be used. Combined independent data in form of
indexes allow to standardize criteria about the nature
of liver dysfunction and damage. For example, the In-
ternational Normalized Ratio (INR) is useful to follow
the evolution of patients under anticoagulant treat-
ment through prothrombin time. and it is particularly
useful to follow. The elevations in ALT and AST dis-
proportion to elevations in alkaline phosphatase and
bilirubin denote hepatocellular disease, elevation in
alkaline phosphatase and bilirubin in disproportion to
ALT and AST would characterize a cholestatic pattern
[59]. In addition to these blood tests, it is advisable
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to complement them with imaging studies for a com-
prehensive and accurate diagnosis. The most recur-
rent imagen methods are ultrasound, nuclear mag-
netic resonance (NMR) or nuclear magnetic imaging
(NMI).

Fatty Liver Disease (FLD: AFLD and NAFLD) can
be present in three progressive overlapping stages:
liver steatosis (excessive fat accumulation), liver ste-
atohepatitis (liver inflammation and hepatocyte de-
generation) and liver fibrosis (fibrosis, cirrhosis and
to hepatocarcinoma) [55,56]. Each of these stages
has characteristic values for both serum biomarkers
and typical images. A comprehensive analysis of the
results allows to stablish a more accurate diagnosis
of hepato-cardiovascular axis. Parameters as Fatty
Liver Index, Hepatic Steatosis Index and Triglycer-
ide Glucose Index help to determine Liver Steato-
sis and to follow the effect of medical treatments to
avoid the progression of liver disease to the steato-
hepatitis stage. In this second stage where dysfunc-
tion and impairment of liver function become more
evident, there are other biomarkers and parameters
that reflect not only the accumulation of fat but also
the degeneration of hepatocytes and the evolution to
more chronic and irreversible damage to the liver,
such as apoptosis, changes in the metabolism of fats
and carbohydrates, liver inflammation and conse-
quent alteration of inflammatory mediators. At this
stage, alterations in common blood hepatic param-
eters become evident and levels of Alanine ami-
notransferase (ALT) and aspartate aminotransferase
(AST), Alkaline phosphatase (ALP) and y-Glutamyl
transferase (GGT), serum bilirubin, albumin and to-
tal serum protein become out of normal ranges. At
this stage inflammation causes pain in the patient
[60]. The third stage is a NASH-related fibrosis and
the main biomarkers used are: Fribrosis-4-index, fi-
brosis score, BARD score, Hepamet fibrosis score,
AST/platelet ratio index and FORNS index some
newest test can be added (Fibrometer, Fibrotest, En-
hanced liver Fibrosismainly due to the metabolic.
The risk factors for fatty liver disease and cardiovas-
cular disease are common: shared: obesity, elevated
blood glucose levels until de veloping prediabetes
and diabetes mellitus, hypertension, dyslipidem-
1a. In addition, oxidative stress risk actors for liver
and cardiovascular disease are caused for enhanced
by unhealthy lifestyles where inadequate nutrition,

consumption and ingestion of harmful substances,
sleep deprivation, sedentary lifestyle and little phys-
ical activity are predominant habits [61,62]. All this
leads to the deterioration of cardiovascular activity
causing arteriosclerosis, directly linked to coronary
artery diseases, ischemic stroke; cardiac arrhythmia,
MF heart failure and serious life-threatening cardio-
vascular clinical events due to poor condition of the
cardiovascular system [63,64].

Fatty Liver Index (FLI) is an index that is evaluated in
ranges from 0 to 100 using Body Mass Index (BMI)
and waist circumferences, Triglyceride level in serum
(TG) and glutamyl transferase (GGT) concentration.
BMI is measured in kg/sqm, surrogating measure for
body adiposity and considering weight and height of
studied person. Waist circumference reflex a higher
risk of FLD, particularly NAFLD when persons is not
obese but have large waist circumference. A waist cir-
cumference larger than 40 inches for men or 35 inch-
es for women could mean that you have an increased
risk of heart disease, stroke, or type 2 diabetes. High
levels of serum triglycerides are associated with FLD,
pancreatic and liver disfunctions whereas high levels
in Serum GGT (gamma-glutamyl transpeptidase) is
usual marker for liver function. All primary data from
serum analysis and measurements are used to calcu-
late FLI according to standard formula. If the obtained
result score 30 or less mean hepatic steatosis and
FLD is not present whereas scores 60 or more indi-
cate that FLD is present in the studied person [56,65].
FLI is a suitable FLD biomarker, particularly to de-
tect NAFLD. Different studies controlled for age, sex,
obesity, consume of alcohol and tobacco products,
presence of dyslipidemia and hypertension, in adult
populations this index show well correlation of Hepat-
ic steatosis Index (HIS) and Fatty Liver Indexes (FLI)
with Cardiovascular Risk (CVR) [66]. The NAFLD
Liver Fat Score (NAFLD-LFS) is other important bi-
omarker to determine if the patient carries metabolic
syndrome, DM2, fasting serum insulin, AST and ALT.
Al these measure parameters are integrated in formula
to solved to obtain the value of NAFLD-LFS index
[67]. Another steatosis marker is the Hepatic Steatosis
Index (HIS). This index takes in to consideration both
liver transaminases (AST and ALT), Body Mass Index
(BMI), female sex and existence of Diabetes mellitus
type 2 (DM2). The re sult of calculation is a curve
graphic and the derivate from this curve represent the
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(AUC) and when NAFLD-LFS is higher than 1.257
is a clear indication of Cardiovascular Risks (CVR).
If NAFLD-LFS is higher than -0.640 the correlation
to cardiovascular disease (CVD) is unadjusted [68].
This correlation seems to be more evident in lean
patients than in obese ones [68]. Insulin resistance,
a health condition that does not trigger any symp-
tomatology, and for this reason Triglyceride-Glucose
Index (TGI) was created. A patient with insulin re-
sistance has a necessity to secrete more insulin than
usual to keep adequate blood sugar levels. This con-
dition increases the risk of developing prediabetes
and diabetes DM2 if it isn’t discovered and reversed
[68]. If TG index 4.49 the patient is diagnosed with
insulin resistance. Triglyceride and glucose level in
blood are usually taken to test metabolic and liver
functions but also is recognized as cardiovascular
risk biomarker [69,70]. This biomarker is associated
with cardiovascular risk and death, coronary artery
disease, coronary angiography in patients with FLD
(NAFLD) independent from sex, age, and other car-
diovascular risk factors such as hypertension and di-
abetes mellitus [70]. For diagnosis of steatohepatitis
(NASH) stage other biomarkers has been developed
to complement imaging test [53]. This stage is char-
acterized by hepatocyte apoptosis, live inflamma-
tion, dysfunctional carbohydrate and lipid metabo-
lism and deterioration of liver oxidative balance.

Hepatocyte apoptosis is related with the presence
of Cytokeratin 18 (CK-18) that is released to blood
during hepatic injury and hepatocyte apoptosis. CK-
18 can be detected using specific monoclonal anti-
bodies able to detect two antigens, M30 and M65.
Patatin-like phospholipase (PNPLA3) and glucoki-
nase regulatory protein (GCKR) can be used as a
biomarker to NASH too [71]. The three parameters
previously described found to be well correlated
with cardiometabolic disorders and cardiovascular
risk factor and disease [72]. To follow the chronic
inflammatory process at this stage is usually to test
high sensitivity C-reactive protein level (hs-CRP)
allowing to distinguish NASH from NAFLD [73].
High level of hs-CRP protein is consisted with the
calcification of coronary arteries andis also well cor-
related with metabolic-associated atty liver disease,
other cardiovascular risk factors, cardi ovascular
events and mortality [74]. Another group of proteins
related to the inflammatory process characteristic of

NASH and that can be used as markers of this stage
are: tumor necrosis factor (TNF-alpha), released by
hepatocytes in response to lipid deposition; interleu-
kins (IL-1-beta, IL-6), related to inflammation, severe
atherosclerosis, NAFLD and NASH. In animal mod-
els was observed that a reduction of these cytokines
also reduces cardiovascular events [75,76].

In NAFLD patients that evolute to NASH score of >
4 a significantly higher levels of lipid peroxidation
(LPO) were observed. ROS/RONS-mediated attack
provokes lipid peroxidation, resulted not only in fat
accumulation, but also in structural affectation of cell
membranes and their physiological functions. Lipid
peroxidation is caused when hydrogen atom is ab-
stracted from an unsaturated fatty acid by the reactive
ROS/RONS, and this is just the initial step of a chain
reaction that results in the disruption of cellular mem-
brane and release high reactive metabolites are gener-
ated more reactive species, maximizing this destruc-
tive process that may cause apoptosis or other lethal
mechanisms resulted in cellular death [77]. Followed
this process the stellar cells are activated promoting
the overexpression of proinflammatory cytokines, cell
necrosis, apoptosis and the development of fibrosis
[78]. It is important to elucidate the molecular mech-
anisms underlying the basal inflammation present in
liver in individuals affected by NASH.

Liver produces hormone named Fibroblast Growth
Factor 21, (FGF-21) that is linked with NAFLD and
cardiovascular diseases, the highest level of such hor-
mone was found when patients suffer both diseases,
NAFLD and CVD (77). In the last stage of NAFLD
some NASH-linked fibrosis markers have been estab-
lished, including Fibrosis-4 Index (FIB-4), NAFLD
Fibrosis Score (NFS), BAED Score, AST to Platelet
Ratio Index (APRI), Forns Index and Hepamet Fibro-
sis Score [79]. The index for Liver Fibrosis FIB-4 is
calculated with a formula used to determine NAFLD/
NASH status and the level of fibrosis in NAFLD. The
FIB4 index was developed in 2006 as a noninvasive
method to diagnose liver fibrosis and combines as-
partate aminotransferase (AST-GOT) levels, alanine
aminotransferase (ALT-GPT) levels, platelet count,
and age (79, 80). A higher FIB-4 score indicates more
advanced liver fibrosis and its scores are well corre-
lated with cardiovascular risk even in patients with-
out NAFLD or AFLD (80). The FIB-4 index is well
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correlated with cardiovascu lar risk even in patients
without NAFLD or AFLD. Higher FIB-4 conduce
to higher CVR and this direct correlation is true re-
gardless of the existence of other risk factors [80].
Other important biomarker is the NAFLD Fibrosis
Score (NFS), an index used to predict the advanced
fibrosis in patients affected by NAFLD or AFLD
and higher values of NFS have been related to Cor-
onary Artery Calcium (CAC) progression; CAC is a
marker of atherosclerosis, an important condition of
cardiovascular risk and this reason. Higher CAC de-
termination is directly correlated with higher cardio-
vascular risk, whereas lower CAC is associated with
a low risk of cardiovascular events [8§1]. The BARD
score is also a result of an algorithm combining three
basic sources: Body Mass Index (BMI) and relation
AST/ALT values. This biomarker used to predict
advanced fibrosis in patients with NAFLD [12,82].
Platelet Ratio Index (APRI), one of the non-invasive
liver fibrosis serum markers, can predict cardiovas-
cular risk (CVR). This fibrotic test uses the data of
AST values and platelets as a tool originally to pre-
dict liver fibrosis and cirrhosis in viral hepatitis pa-
tients but has been validated to evaluate metabolic
syndrome and to predict cardiovascular risk (CVR)
[83]. APRI significantly is well correlated with CVR
and its elevated values imply a significant increase
in CVR for both genders but specially in females.
The Framingham Risk Score (FRS) is a sex-specific
algorithm used to estimate the 10-year cardiovascu-
lar risk of an individual and is well correlated with
APRI. This correlation also exhibits the axis between
liver disease and cardiovascularrisks [83]. FORS In-
dex and Hepamet Fibrosis Score (HFS) are also non-
invasive tests used to test fibrosis severity and also
to explore the cardiovascular risks [84]. The FORNS
Index is a biomarker used to predict liver fibrosis in
patients with chronic hepatitis C, taking into account
the platelet count, gamma-glutamyl transferase
(GGT), cholesterol levels and age [84]. This index
is well correlated with many cardiovascular risks
(CVR) and it is a predictor of cardiopulmonary dis-
eases [85]. Hepamet Fibrosis Score (HS) isthe same
type algorithmic index, a product of applied formula
incorporating several parameters: gender, age, BSA,
platelets, insulin levels and diabetes status, and it
was established for diagnosis in advanced liv er fi-
brosis [86,87]. The use of algorithmically complex
indexes as biomarkers help to accurately analyze

primary data obtained by blood test and biometrical
noninvasive diagnostic methods. At the same time, it
demonstrates the close relationship between liver dis-
eases, where oxidative stress is the main pathological
process that causes it, and cardiovascular risk. The
selection of which biomarkers are most suitable for
assessing the state of health of the liver and the lev-
el of cardiovascular risk that this implies will depend
on the direction in which it is considered necessary to
direct the exploration of a specific clinical pathology.

Study of Antioxidant Nutritional Assessment to
Prevent Liver Damage and Cardiovascular Risks
Preparation of a Probiotic Supplements

It is known that ingestion of probiotic supplements
brings beneficial effects to all organisms, including
vertebrate, but synergic combinational effect has not
been commonly evaluated [6]. Our main focus is to
study these combinational effects using the results
obtained in a series of preliminary studies (Data not
shown). We conformed two probiotic supplements,
basically composed by yeast extract, or by its product,
and raw dehydrated extract of blueberry (Vaccinium
corymbosum L.). We designed probiotic supplement
for the first experiment with stressed C57/BalC and
other with human individuals with antecedents of
NAFLD, blood hypertension, and other factors pro-
moting NAFLD and increasing NAFLD. We also used
a selenized yeast extract in the experiment with mice,
but it was not taken in the composition of probiotic
supplement using in human individuals for safety con-
siderations (88). The probiotic antioxidant diet using
in mice was prepared as follows. The standardNUTRI-
CUBOS-LabChows (Agribrands Purina, Mexico) was
used as a basic food (Normal Diet) for mice (T1). The
probiotic-enriched (T2) was composed by basic food
(Normal Diet) supplemented by probiotic mixture
containing a combination of yeast (final concentration
30%: weight), selenized yeast extract (bioselenium,
0.015 % Se: weight) , powder of dehydrated raw blue-
berry extract (5% AP: eight) and Vitamin B12 (0.01
% VBI12: weight) the rest of the was composed by
the normal diet reported by NUTRICUBOS (64.9 %
Normal Diet: weight), but in higher concentrations to
compensate the volume corresponding to added com-
plements. Both diets meet the established standards
recommended for Mice US National Research Council
(1995).The study in human individuals originally was
a part of educative project in engineering education,
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focused in the relationship between sustainability
and character education. In part, the project focuses
on health problems affecting the population, so we
tried to explore whether by using a more active and
healthy diet and lifestyle we could improve health
in individuals. The students selected for this study
were young students who had a family history of
overweight, type II diabetes, NAFLD and cardio-
vascular disease. We tried to improve liver function
and reduce cardiovascular risk. The volunteers were
male students at the Higher Technological Institute
of Irapuato (ITESI-TecNM, Guanajuato, Mexico)
during the years 2012-2014, corresponding to stud-
ying years 2 to 5 semesters [89]. The probiotic was
administered in the form of a dehydrated powder to
be added to different types of previously prepared
foods: smoothies, rice, and different meal. The dose
of 5 gr consists in: 4.5 grams of yeast extract (90%:
weight), 0.5 grams of dehydrated blueberry powder
(5%: weight) and 0.8 micrograms of vitamin B12 are
added, representing diary intake’s dose. To facilize
the intake of supplement a dosage spoon correspond-
ing to daily intake. The chemical nature of the ingre-
dients that make up probiotic supplements used for
vertebrates, including humans, indicate that they are
safe and harmless and do not represent any danger to
animal and human health in any quantity and propor-
tion [90-92].

Results

Example 1: Effects on different organic functions
and beneficial effect of a probiotic-supplemented
diet on the confrontation and recovery to OS in
stress-induced C57/BalC mice

Objective

To observe the effect of OS in different physiological
functions in stressed mice in evaluation of probiotic
supplemented diet in the recovery period.

Material and Method

This study was performed in accordance with the
Guidelines for Ethical Conduct in the Care and Use
of Nonhuman Animals in Research and the Syner-
giaBio Institutional Committee of Ethics, Animal
Care, Ecology and Welfare [15, 16, 92, 93]. The diets
and probiotic dietary supplement were designed and
prepared according the established standards recom-
mended for Mice US National Research Council [94].

Animal Care, Husbandry and Probiotic Testing

Six-week-old female C57/BalC mice were housed in
temperature controlled (22-25°C) on a 12h light/dark
cycle (12h/12h) with access to water and food “ad
libitium”. A total of 60 animals were divided into 4
groups of 15 individuals each. First two groups were
fed with a normal control diet without probiotic sup-
plements (T1) and other two groups were fed with a
diet enriched with experimental probiotic supplement
(T2). The induction of oxidative stress in mice fed by
environmental factors was carried out in 15 of mice
fed with the normal diet (T1S) and 15 fed with the
supplemented diet (T2S) for 72 hours, while the oth-
er two groups (T1, T2) remained un stressed. The in-
duction of OS was performed submitting test groups
(T1S, T2S) to environmental stress conditions during
72 hours. The OS induction was performed altering
the periods of light/dark, deprivation of food, water,
sleep disturbance, movement and change of place.
The effect of OS was monitored using blood test to
determinate the evolution of blood biochemical pa-
rameters markers related with specific liver, renal, car-
diovascular, blood cell components, oxidative status
and immune system during 30 days. The animals were
weighed daily until day 30th. Blood tests were car-
ried at the day 1 (prior to day exposure) and at the
day 15th, 30th according with standard procedures
[93]. Liver and renal functions were evaluated by
measuring, serum albumin, urea, uric acid, creati-
nine, alanine transaminase, aspartate transaminase,
alkaline phosphatase, serum glutathione peroxidase
and serum total antioxidant capacity. Measurements
were done using the following commercial kits: a)
Serum Albumin (QuantiChrom™ BCG Albumin As-
say Kit, BioAssay Systems, Hayward, CA, USA);
b) Urea BUN (Mouse Blood Urea Nitrogen ELISA
Kit, Creative Diagnostics, Shirley, NY, USA); ¢) Uric
Acid (QuantiChrom™ Uric Acid Assay Kit, BioAssay
Systems, Hayward, CA, USA); d) Creatinine (Mouse
Creatinine CREA ELISA, Kamiya Biomedical Co.,
Seattle, WA, USA); e) Alanine Transaminase (Enzy-
Chrom™ Alanine Transaminase Assay Kit, BioAssay
Systems, Hayward, CA, USA); f) Aspartate Transam-
inase (EnzyChrom™ Aspartate Transaminase As-
say Kit, BioAssay Systems, Hayward, CA, USA);
g) Alkaline phosphatase (Mouse Alkaline Phos-
phatase (ALP) ELISA, Kamiya Biomedical Co., Se-
attle, WA, US); h) Serum GSH-Activity (Mouse Glu-
tathione (GSH) Colorimetric Cuvette Detection Kit
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(Innovative Research, MI, USA) and i) Plasma To-
tal Antioxidant Capacity (Total Antioxidant Capac-
ity Assay Kit, ABCAM, Cambridge, MA, USA).
The immunological status of animals was followed
up by using counting lymphocytes, neutrophils and
monocytes. The production of some proinflamma-
tory cytokines (Interleukin-2(IL-2), Interleukin 12
(IL-12) and gamma interferon (IFN-y)) and anti-in-
flammatory (Interleukin 4 (IL-4), Interleukin 10 (IL-
10)) cytokines by using commercial kits (AbCam,
Cambridge, UK). Data analysis was performed as
follows. One-way ANOVA followed by Dunnett’s or
Fisher’s protected least significant difference multi-
ple comparison testing in SPSS13.0 (SPSS, Chicago,
IL, USA). When necessary, data were transformed
for normalization and to reduce heterogeneity of var-
iance p-values 0.05 or more were considered statisti-
cally significant [93].

Results

We evaluated antioxidant probiotic supplement
composed by yeast extract, blueberry extract, vita-
min B12 and selenized yeast extract in OS stressed
mice [95,96]. The obtained results suggest that used
probiotic-supplemented diet had a positive effect
on antioxidant capacity, immunological, renal, he-
patic, metabolic functions contributing to improve
health and reduce liver and cardiovascular risk [97].
The evolution of hepatic (Alanine Transaminase,
Aspartate Transaminase, Alkaline Phosphatase),
renal (Urea BUN, Uric Acid, Creatinine) and Se-
rum Oxidative Status (Serum Albumin, Serum
Glutathione Peroxidase, Serum Total Antioxidant
Capacity) functions were observed by blood tests
and weighing during 30 days. The animals fed with
diet supplemented with diet reached the parameters
of control group and the end of experiment, show-
ing a complete recovering (98). The blood param-
eters measured are altered in all stressed mice but
the animals fed with supplemented diet (T2S) tend
to normalize these values quickly compared to those
that received the normal diet (T1S). control groups.
Increases in proinflammatory interferon IFN-f3 were
observed too. This type of interferon plays a key role
in the innate immune response to infection, devel-
oping tumors and other inflammatory processes [99,
100, 101]. The evolution of weight gain also evi-
dences the systemic positive effect of supplement-
ed diet (T2S) (Tables 1, 2) ) [102]. Cytokines are

important players in regulating immune homeostasis
thanks to the pleiotropic characteristics present in the
majority of cytokines. Pleiotropy is defined as the ca-
pacity of one cytokine to exhibit diverse functionali-
ties, in redundant overlapping manner with differen-
tially activities. Cytokines are important for regulating
immune homeostasis and have a variety of effects in
different cells. Cytokine pleiotropy provoke induction
of a wide range of functional activities in different
cell subsets, including immunologic, hematopoietic,
and pro-inflammatory processes. Interleukin 6 (IL-6)
has a broad range of effects, stimulating antibody pro-
duction, induces differentiation of naive CD4 T cells
into effector T cells, and activates vascular endothelial
cells to produce IL-6, IL-8, and other immune related
proteins (103). Another example is interleukin 10 (IL-
10), that is the only cytokine that can both promote
and downregulate Th2-dependent allergic responses.
the type of cytokine that is produced but also but also
in the entire pattern of cytokine expression, the pro-
portion between its different types in the effect at the
level of organs, system or physiological process in
particular and type of cell in which the summative ef-
fect of the cytokines produced is evident. In addition,
it’s necessary to understand the protein determinants
in the different cytokines that promotes specific pro-
cesses in specific cells to elucidate aspects that are im-
portant to harness its potential as a therapeutic [104,
105].
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Table 1: Dynamics of some Hepatic, Renal, and Oxidative Status in Stressed Mice.

Hepatic T1 |28.41]1.43 |27.95 |[2.42 |28.82 |2.35 | Stable normal ALT values
T1S |28.18 |2.35 [69.32 |2.92 |38.44 [2.37 |Increase at day 15, incom-
plete recovery at day 30
T2 [27.63 |12.37 [27.64 |2.38 |28.09 [2.52 [Stable normal ALT values
T2S |27.34 1199 |39.96 [2.08 |27.32 | 1.95 [Increases at day 15, com-
plete recovery at day 30
Aspartate T1 6834|152 |67.41 |[2.15 |68.42 |2.54 | Stable normal ASP values
Transaminase |T1S [68.32 [2.26 |138.54 [1.71 |95.25 | 1.68 |Increase at day 15, incom-
(ASP U/L) plete recovery at day 30
T2 |64.4212.11 [68.26 |1.75 |67.71 [2.54 | Stable normal ASP value
T2S |65.73 12.82 [82.42 |2.21 [66.69 [2.41 |Increases at day 15, com-
plete recovery at day 30
Alkaline T1 |41.62|2.28 [41.15 |2.05 [38.57 [2.78 | Stable normal ALP values
Phosphatase | T1S |42.37 [2.38 [149.86 [2.15 |86.56 | 1.49 | Increase at day 15, incom-
(ALPU/L) plete recovery at day 30.
T2 |43.88 | 2.03 [41.67 |2.35 |40.43 [2.83 | Stable normal ALP values
T2S |40.77 12.29 169.62 [2.43 |39.45 |2.39 |Increases at day 15, com-
plete recovery at day 30.
Urea (BUN T1 |21.41|1.51 [21.86 |1.74 |21.92 [1.51 [Stable normal Urea values
mg/dL) T1S |21.58 [1.43 |59.67 [1.39 [34.35 | 1.37 |Increase at day 15, incom-
plete recovery at day 30.
T2 [21.25|1.74 [20.31 |1.68 |21.87 [1.41 [Stable normal Urea values
T2S |21.64 | 1.52 [32.97 |1.86 [21.23 [1.44 |Increase at day 15, complete
recovery at day 30
Renal Uric Acid T1 |0.16 |0.02 [0.17 0.04 [0.17 [0.03 [Stable normal Uric Acid
(UA mg/dL) values
T1S |0.15 ]0.03 [0.38 0.03 [0.32 [0.03 [Increase at day 15, incom-
plete recovery at day 30
T2 10.16 |0.03 [0.17 0.02 {0.16 [0.05 [Stable normal Uric values
T2S 10.17 10.06 [0.41 0.04 [0.16 [0.02 [Increase at day 15, complete
recovery at day 30
Uric Acid TI (0.16 0.02 |0.17 0.04 {0.17 [0.03 [Stable normal Uric Acid
(UA mg/dL) values
T1S |0.15 ]0.03 [0.38 0.03 [{0.32 [0.03 [Increase at day 15, incom-
plete recovery at day 30
T2 10.74 ]0.04 [0.73 0.03 [0.74 [0.02 [Stable normal Creatine
values
T2S [0.74 ]0.02 [0.89 |0.04 |0.71 |0.04 |Increases atday 15, complete
recovery at day 30
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Se- Serum Albu- | T1 2.87 |[0.15 (2,76 [0.18 |2.75 [0.14 | Stable normal BSA values

rum | min
Oxi- | (BSA mg/dl) T1S |2.71 |0.14 |3,88 |[0.12 [3.32 |0.15 |Increase at day 15, incomplete

dative recovery at day 30
Status T 2.83 10.11 |2,72 [0.15 [2.69 [0.24 | Stable normal BSA values
T2S |[2.88 |0.13 |3,99 |0.11 [2.58 |0.11 |Increases at day 13, complete re-
covery at day 30
Serum T1 2855 |1.09 |28.18 |1.34 [29.31 [1.81 |Stable normal GSH-Px values
Glutathione I ™5 ¢ 1145 [18.14 | 1.35 | 19.21 | 1.38 | Decrease at day 15, incomplete
Peroxidase recovery at day 30
(GSH-Px yardqay

nmol/ml) T2 |27.73 |1.04 |28.73 [ 1.68 |27.89 | 1.21 | Stable normal GSH-Px values
T2S |27.91 | 1.22 |17.82 | 1.62 |27.67 |1.43 | Activity decrease at day 15, com-

plete recovery at day 30
Total An- T1 1099 |0.02 [0.95 |0.03 |0.96 [0.04 |Stable normal TAC values
tioxidant -
Capacity T1S |0.98 |0.04 |0.65 |0.04 [0.79 [0.03 | Decrease at day 15, incomplete
(TAC nmo- recovery at day 30
I/L) T2 0.97 [0.03 |0.78 [0.05 |0.98 |0.04 |Stable normal TAC values
T2S (096 |0.02 [0.95 ]0.03 |0.97 [0.03|Decrease at day 15, complete re-
covery at day 30

Dynamic of liver, mice subjected to oxidative stress conditions were monitored by blood biochemical tests
from peripheral blood of mice C57/BalC subjected to stress. T1: normal diet not stressed; T1S: normal diet
stressed; T2: supplemented diet not stressed; T2S: Supplemented diet stressed. Animals fed with supplement-
ed shown a complete recovery diet from induced oxidative stress at the end of experiment.

Table 2. Dynamics of Immunological Function in Stressed Mice.

Func- Test T |Day |s Day |s Day |s Observed Tendency
tion 1 15 30

Leuco- |[Lymphocytes |T1 |10.31(0.73|10.68 [0.62 | 10.65 |0.43 | Without significant changes
cytes | Cellsx 103/ 1 g 0271047 | 641 [0.63 [8.19 |0.45 | Decrease at day 15, incom-
Cellsx |uL

plete recovery at day 30

103/uL
T2 |11.4210.68 [13.34 [0.68 | 13.25 |0.55 [ Without significant changes

T2S | 11.84 10.62 [ 14.55 [0.72 | 12.08 |0.53 [ Increment at day 15, complete
recovery at day 30

Neutrophils T1 |5.85 10.31(5.77 [0.29 |5.86 |0.39 [ Without significant changes
Cells x 103/
uL

T1S [5.72 ]0.39 [5.12 |0.36 |5.29 0-35 [ Decrease at day 15, incomplete
recovery at day 30

T2 (576 ]0.34 (599 |0.42 |5.86 |0.47 | Without significant changes

T2S |5.84 |0.41 |6.77 |0.43 |5.88 |0.47 | Increment at day 15, complete
recovery at day 30
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Monocytes [ T1 |0.75 0.17 10.74 0.17 10.77 | 0.15 | Without significant changes
Cells x T1S[0.72 0.13 |0.56  [0.15|0.61 |[0.16 | Decrease at day 15, incom-
103/uL plete recovery at day 30
T2 10.73 0.16 {0.70 0.15 10.72 10.16 | Without significant changes
T2S10.72 |0.12 | 0.51 0.12 10.75 ]0.14 [ Increment at day 15, complete
recovery at day 30
Phago- [Phagocy- |T1 [36.09 [1.52 |38.55 [1.29 (37.49 |1.32 | Without significant changes
cytosis | tosis T1S|35.68 |1.71 [24.21 |1.53 |30.63 |1.51 |Increment
ARl in Mono-  f12 [3592 [2.12 37,95 |1.21 [39.93 |1.46 | No Increment
(%) ng;s T2S [35.15 |1.66 |59.04 |1.45 |72.05 |1.41 Increment
0
Phagocyto- [ T1 |[33.21 |1.31 |35.57 |1.45]35.23 [1.51 [ Without significant changes
sis in Mac- | T1S [35.88 [1.22 |67.34 |1.05|78.16 |1.42 |Increment
rophages 12 [3634 [2.13 [65.32 [1.42 [77.16 [1.24 [Increment
(%) T2S [36.02 |1.12 |75.72 |1.14 [95.86 |1.33 | Highest Increment
Cy- Interferon [T1 |[360.65 |2.32 |355.39 |2.09 |369.69 [ 1.23 [ Without significant changes
tokines | a T1S |349.43 [1.87 [372.46 |1.79 [420.37 | 1.45 | Increment
pg/mL  [(IFN-a). 12 [351.26(1.92 [389.23 [1.48 [451.34 [ 1.32 [ Increment
pg/mL T2S [248.38 [ 1.37 [402.21 |1.65 |480.34 | 1.42 | Highest Increment
Interferon [T1 |[201.32|1.76 |208.23 | 1.89 |210.45 [ 1.43 [ Without significant changes
B T1S|202.15|2.01 [243.23 | 1.76 |259.15 | 1.49 | Increment
(IEN-B).  [T12 [201.97[1.54 [229.32 [1.95 [240.27 [ 1.28 | Increment
pg/mL T2S [199.45 [ 1.59 [261.32 [1.67 |299.49 | 1.36 | Highest Increment
Interferon |[T1 |[130.19 |1.27 | 141.21 | 1.15 | 149.25 [ 1.54 [ Without significant changes
gamma TIS|141.31|1.79 [187.95 | 1.38 |312.55 | 1.67 | Increment
(IEN-y).  [12 [132.76 [1.32 [ 157.87 [1.72 [258.59 [ 1.94 | Increment
peg/mL T2S [139.12 | 1.48 [189.21 |1.47 |320.02 | 1.59 |Highest Increment
Interlukin 2 [ T1 [210.19 | 1.32 |200.52 |0.13 |231.49 [ 0.59 [ Without significant changes
(IL2) T1S [221.31]0.79 |289.92 [1.62 |312.55|0.63 | Increment
pg/mL T2 |213.54|1.48 [238.65 | 1.52 |289.27 | 0.86 | Increment
T2S [211.26 [0.64 [291.15 | 1.66 [350.09 | 0.77 | Highest Increment
Interlukin 4 [ T1 |283.81 [1.12 [296.45 |1.31 |306.68 | 1.09 | Without significant changes
(IL4) T1S [281.23 [1.28 [351.2 |[1.39 [425.82|1.46 |Increment
pg/mL T2 |285.37|1.76 [380.02 |1.96 |530.95 | 1.31 | Highest Increment
T2S 279,97 | 1.43 [360.02 | 1.52 |430.95 | 1.31 | Increment
Interlukin [ T1 |[359.51 | 1.41 |373.65 | 1.46 |361.43 [0.75 [ Without significant changes
10 T1S |348.23|.1.49(537.69 | 1.51 |654.31|0.65 | Increment
(IL10) T2 [339.45(1.29 |450.45 |1.48 |510.32 | 1.25 | Increment
pg/mL T2S [360.23 [ 1.55 [550.05 [1.39 | 760.24 [ 0.59 | Highest Increment
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Interlukin [ T1 |[322.45|1.05 |327.31 | 1.61 |339.67 [ 1.25 [ Without significant changes
12 T1S [315.86 [1.32 | 436.57 | 1.47 | 532.48 | 1.37 | Increment

(IL12) T2 [331.22]1.59 [441.38 [1.18 [468.31 [ 1.42 | Increment

peg/mL T2S [310.98 [ 1.21 [450.26 |1.61 | 640.23 | 1.29 |Highest Increment

Immunological function was followed using blood biochemical tests from peripheral blood of mice C57/BalC
subjected to stress in stressed mice after environmental stress induction and during period of recovery. T1:
normal diet not stressed; T1S: normal diet stressed; T2: supplemented diet not stressed; T2S: Supplemented
diet stressed. Animals fed with supplemented shown a complete recovery diet from induced oxidative stress
at the end of the experiment.

Example II. Effect of combinational therapy and lifestyle intervention in young persons predisposed to
hepatic and cardiovascular risk

Objective

Evaluation of a diet enriched with probiotics combined with physical exercises in patients with a history and
predisposition to fatty liver disease and cardiovascular risk through monitoring of organic functions through
blood chemistry analysis.

Material and Method

A group of volunteers aged between 17 to 19 years old were selected to test probiotic and antioxidant dietary
complements generated according to previous studies [15, 92, 93]. The selected individuals were students of
Irapuato Institute of Technology (ITESI). We selected those who presented some family antecedents of clini-
cal history and preconditions for probable development of Fatty Liver Disease (FLD) and cardiovascular risk
(CR). Two test groups were conformed: those who had some excess body weight (OWO) and those who were
skinny but with abdominal fat accumulation (SAF). The groups were made up of 34 volunteers in the over-
weight group and 35 in the second for, a total of 69 volunteers who reached the end of the study. Each group
followed a flexible diet limited the intakes of carbohydrate and fat consumption according to characteristics
of each individual. Physical conditioning program, was designed for both groups (OWP and SAF) comple-
menting the effect of probiotic supplemented diets. After first year 14 individuals in OWO and 20 ones in
SAF, some participants decided to complement conditioning training by other sports discipline by themselves.
The overweight group (OWO) underwent a low carbohydrate but flexible diet, low fat and higher in proteins.
For skinny individuals (SAF) the diet focused primarily on lowering these abdominal lipid reserves. Diet was
moderately low in carbohydrates and lipids, but higher than those diet for individuals in OWO group, and high
proteins intakes. In this group the exercises were aimed to eliminate abdominal fat during the first 6 months,
and then the calisthenic training was similar to those established for the group of overweight individuals.
Due to the heterogeneity among the participants, and the small number we considered not working the data
statistically. Blood chemistry tests and BMI were used to follow the initial health status and different organic
functions, were followed using clinical laboratories test every year.

Results

Blood chemistry tests show positive evolution of evaluated parameters in the majority of case the levels were
for renal, hepatic, immunological, metabolic function as well as for the status of cardiovascular risk (CR)
when compared with the accepted clinical standard values. (Table 3, 4). In general, the evaluated parameters
are within normality, although in some cases they are already slightly outside the reference standards. In the
case of the WOW group, the average levels of glucose, LDH, gamma-GGT, ST and ALT as well as the AST/
ALT ratio are slightly outside the standards. However, regarding the AST/ALT index, its value must be tak-
en into account if the levels of these liver enzymes are at high levels, which is not the case. Regarding the
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cardiovascular risk parameters, the levels of cholesterol, HDL, LDL, LDL/HDL index, triglycerides, total
lipids and alkaline phosphatase are within or close to the limit of the reference standard. In other cases, it was
possible to reverse the unusual variations to enter within the values considered normal. In the SAF group, we
have a similar situation with the values of glucose, LDH, AST, ALT elevated or close to the limits established
by the reference standard in liver activity, while in relation to cardiovascular risk the values of cholesterol,
HDL LDH, triglycerides, total lipids and alkaline phosphatase are close to or above those set by the reference
standard. In case on stressed mice, we can observe increasing of IL-12 and IL-10 consistent with alterations in
immune systems under oxidative stress. Because of its double function of a proinflammatory cytokine and an
immunoregulatory factor, IL-12 plays a key role in the resistance to infections, particularly those related with
bacterial infections and intracellular parasites, against which phagocytic cell activation and Thl-mediated
responses are particularly effective (Table 4) [100, 104, 105]. This evidences a situation where it is possible to
progress to a condition that causes the development of NAFLD if corrective treatment is not performed. In the
tables with the results of the experiments we observe an improvement in the evaluated parameters until they
reach the normal levels established for a healthy organism.

Table 3: Clinical Precedents of Hepatic and Cardiovascular Risk Factors in Individuals included in the
Dietary-Lifestyle Study.

General Characterization of individuals included in the study
Group Age (years) [ Height [Weight Waist Cir- | Healthy | BMI Aver- | Healthy
Range |Range (Kg) | cumference | Waist age BMI stand-
(cm) (cm) Circum- ard
ference
standard
(cm)
Overweight and | 18-23 170-185 | 84-95 90.9-124.3 [Upto 25.1-32 18.5-24.9
Obesity 101.6 cm
(OWO) (in male)
n=34
Skinny with 18-23 170-185 [ 64-78 88.9-114.3 [Upto 15.5-18 18.5-24.9
Abdominal Fat 101.6
(SAF) (in male)
n=35
Family Clinical Precedents
Group Overweight | NAFLD | Hepatitis Diabetes Diabetes | Hyperten- | Heart dis-
(any type) |[type 1 type 2 sion ease
Overweight and | 24 9 4 1 15 21 15
Obesity (OWO)
n=34
Skinny with 2 11 3 0 13 27 12
Abdominal Fat
(SAF)n=35
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Parameters such as body mass index (BMI) and waist circumferences (WC) and family clinical antecedents
were included. The number showed in Family Clinical Precedents represent the number of total clinical cases
in each group.

Table 4: Evolution of Liver and Cardiovascular Parameters in Young Individuals Subjected to Dietary
and Physical Training Therapy.

Liver Function and Glucose
. - n::: 3 :m': Bef.  Ghcose  Ref. B84 Rt AP Rel LW Rek  pGGT  Rel AST  Rel AT Rel o
roup ar n n
mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL gfdL gL u/L ui UL un ufL UL WL u Ui uiL
0 0.7 012 120 405 58 235 80 49 42 116
Year 1 055 o1 ag 4.15% &0 150 %5 e} 8 103
pzyg  Year2 0.54 010 0.09 85 55 452 a9 65 0 1y 135 2 9 17 20 0.85 <1
Yeard 054 2 011 n 458 [ 172 2 s e 05 NARD
< 1. to to to o to o L <
0 089 013 108 362 a 162 50 53 44 i1 »2
SAF
Year 1 055 013 03 LH 422 51 60 130 193 g £L] 7 49 43 11 ARD
=15 Year 2 053 012 80 431 &0 159 15 16 18 088
Year3 053 012 75 4.53 65 169 26 16 18 Q.88
Test Meaning of the cvaluated parameters memwﬁ Close to the limit of the reference standard [ More positive data at the end of study
Bilirubin Bilirubin can be found in blood at low level; however elevated levels may sigrnal bver disfunchion.
BSA B5A: Migh levels of albumin are 2 sign of dehydration and malnutritonal conditions. Low albumin levels sign kidney and liver diseases a3 well as protein absorption dysfunction.
AST Aspartate transferase (AST): High levels of AST indicate metabolic problems and liver damage.
AT Alanine transaminase (ALTE High leveds of ALT indicate metabolic problems and liver damage.
yGGT Gamma-glutamyl transferase (High levels in blood evidence lver disease or damage to the bile ducts
AP Alialine phosphatase [ALP): High levels of ALP in your blood may ndicate metabolic problems, liver dsase or bone disorders.
LDH Lactate debydrogenase in high levels in blood sign tissue damage, and help to follow a progressive health condition in severe infection, cancers, gluconeogeness or DNA metabolams
AST/ALY The ratic between these two liver enzymes AST and ALT indicated status of lver function. If AST/ALT < 1 means NAFLD, but if AST/ALT 52 means AFLD,
Cardiovascular Risks and Heart Disease
Cholest. Cholest. Highly
Cholest. Rel Red. Serum Ref.
Rel. HOL Ref, oL Trighycerides Ref. Sensitive Total Lipids Rel.
LT LDU/HI Phosph. AP L
G Year  mg/dL o/t mg/et  mg/et  mgre Y oL Ret gfdl g/a ceretsin T8 mga  mya me/ Red
dL daL mg/dL dL
mgfdL
— —
0 10 63 157 249 160 0 To1 183 41
WOW  year1 128 48 8 17 145 0.5 64 181 34
T 112 47 40 Lt 176 110 0.1 374 380 187 161 iz
Yeard 124 200 47 . 82 € 1.74 20 111 < 0.1 .s 370 . 191 . 3.2 s
< — — — ] — — — — —
[] ns [ ° 167 100 250 151 150 045 750 ° 193 46
al Year 1 120 51 60 %0 163 139 024 809 248 185 268 33
_— Year 2 113 50 86 LM% 117 0.1 ms 189 31
Year 3 120 45 84 177 108 0.1 391 185 31
Test Meaning of the evaluated parameters Clwwammwl:l Clase to the limit of the reference standard Dmmmmawmdm |
Cholestersl HDL Migh-density lipaprotein chalesterad. HDL picks up excesy :halalnal in your blood and takes it nxk to your lvver where it's broken down and removed {m ofganiams.
Cholesterol LOL High levels of low-density lipoprotein (LDL) can build up within the walls of blood vessels and narmow the ways. When clot can form and get stuck in the narrowed space causing a heart attack or stroke.
ARl LOL Cholesterol (mgfdL) / HOL Cholesterod (mg/dL) in 2 biomarker indwCates cardeovascular risk. A hagh atherogenic index indicates 2 higher rak.
Triglycerides They are our main source of energy and are essential for good High levels of trighyerides can raise the risk of heart disease
Highly Sensithve C Protein The leveds of the Liver C-reactive protein (CRP) increase when there's inflammation. A high-sensitivity C-reactive protein (hs-CRP) test is very semitive than a standard test.
e The atherogenic index of plasma (AIP) & a novel biomarker consisting of the logarithmically transformied ratio of triglycerides to high-demsity lipoprotein [HDL)-cholesterel.
Phaospholipids Hyperphosphatemia is 3 major cardhavascular risk factor for death. cardwovascular events and vascular cakification and it's asscciated with a greater risk of death and cardiovascular events.

The data were obtained during performance of a three-year study in young individuals with tendencies to de-
velop NAFLD and Cardiovascular Risk. The individuals consumed regularly dietary supplemented composed
by dehydrated extract yeast and blueberry powder and combined this functional diet with physical exercises
and clinical parameters were clearly improved at the end of study.

Discussion

The increasing prevalence of obesity, inadequate nutrition, sedentarism, increasing stressors promoting oxi-
dative stress has made fatty liver diseases (FLD) and particularly nonalcoholic fatty liver disease (NAFLD)
the most common chronic liver disease and growing health problem associated with an increment of cardio-
vascular risk (CVR). NAFLD and especially its chronic inflammatory, steatohepatitis (NASH) is considered
the fastest increasing etiology, frequently ending in cirrhosis and hepatocellular carcinoma. It is obvious that
oxidative stress, whether due to the action of internal or external stressors, makes this organ a preferred target
and through its influence affects other vital systems of the organism [15]. A healthy diet, characterized by daily
intake of foods improving the antioxidant capacity of the organism can reduced incidence of stressor diseases
related to oxidation, prevent oxidative stress and OS-derived dysfunctions and diseases, modulate REDOX
processes within the limits of the antioxidant capacity but without losing their vital role in cell signaling at
the cell, tissue, organ and systemic levels. Probiotics, prebiotics, or symbiotic contribute to the welfare and
health of the intestinal microbiota. They can be consumed in the form of raw vegetables and fruit, fermented
pickles, or dairy products. One the most valuable source of such beneficial dietary components is yeast, which
contributes with many nutrients, including proteins, vitamins, B-glucans among others, to the healthy diet [96,
106]. B-glucans are absent in vertebrate cells, and it is recognized to have overall stimulation effect on innate
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and acquired immunity. In their absence vertebrates
can be an easier target to foreign invasive and po-
tentially pathogenic substances. Microbe-Associate
Molecular Pattern (MAMPs) by Pattern Recognition
Receptors (PRR) are crucial in the development and
functioning of innate immune system and are mainly
expressed by antigen presenting cells such as den-
dritic cells, monocytes, macrophages, natural killer
cells, neutrophils, eosinophils and in epithelial cell
of many tissues, including intestinal epithelial cells
[16, 93]. MAMPs include different agents, bacterial
lipopolysaccharides, mannose; nucleic acids, pepti-
doglycan, lipoteichoic acid from Gram positive bac-
teria, etc. This fact could explain the multifaceted
action of yeast B-glucans. B-glucans have the ability
to promote the growth of beneficial microorganisms
such as Lactobacillus ssp. and Bifidobacterium ssp.
in the gut microbiota, and also stimulate the immune
system in mammals [106, 107, 108]. Overall probi-
otic effect of yeast B-glucans prevent oxidative stress
and have hepatoprotective effects by improving an-
tioxidant capacity [15, 16, 92]. The incorporation
of vitamin B12 responds to the fact that we want to
overcome the deficiency found in our probiotic com-
plement.

The consumption of raw fruits and vegetables is fun-
damental in the prevention and treatment of various
diseases as well as the post-illness recovery. That is
the case of blueberry, specie of the genus Vaccinium,
a morphologically diverse genus which includes,
4250 species (33 types), grouped into 9 subfami-
lies and 125 genera distributed across Europe, the
Americas, South, East and Central Africa, Asia [109,
110]. The most economically important and wide-
ly cultivated crop of Vaccinium genus is blueberry
(Vaccinium corymbosum L.). Blueberry was domes-
ticated and cultivated in North America, but today
it’s present in the rest of the world and it’s become
an important crop and commercial commodity (The
International Blueberry Organization (IBO), 2022).
Blueberry is one of five healthy fruits recommended
by the FAO, WHO and UN agencies due its many
functional phytochemical compounds, including
organic acids, as hydroxycinnamic and hydroxy-
benzoic acids, phenolics, anthocyanins, quercetin,
kaempferol, resveratrol, minerals and vitamins [111,
112]. Among the properties of these bioactive com-
pounds we can mention: improvement of antioxidant
capacity, mitigation of anti-inflammatory processes,

retardation of tumor-cell proliferation, neuroprotec-
tive effect, stimulation of cognitive brain function,
improvement of hepatic, cardiovascular, renal and
homeostatic functions, regulation of intestinal micro-
flora, prevention of the development of obesity, type
2 diabetes, chronic liver inflammation, fatty liver dis-
ease, atherosclerosis, coronary heart disease and other
cardiovascular risks [ 113, 114]. The most abundant vi-
tamin in blueberry is ascorbic acid, vitamin C, an anti-
oxidant that reduces the inflammation [115]. Ascorbic
acid also affects inflammasome functioning through
the stimulation of the thioredoxin-interacting protein
(TXNIP), thus reducing both, ROS production and
the expression of pro-inflammatory proteins, like in-
terleukins 1B, 18 and caspase-1) and contribute to the
development of neoplastic changes and atherosclero-
sis, increasing cancer and cardiovascular risks [115,
116]. Blueberries are rich in Poly Phenolic compounds
(PP), mainly anthocyanins known for their antioxidant
and cardiovascular protective and therapeutic effects,
The same properties have found in polyphenolic com-
pounds, including tannins The same properties have
found in polyphenolic compounds, including tannins
[115]. The type and content of anthocyanins depend
up to the cultivar, 14 different anthocyanins were iden-
tified in 74 blueberry cultivars in southern China such
as malvidin-3-O-galactoside, malvidin-3-O-glucoside
and delphinidin-3-galactoside as the main compo-
nents while another 36 were found in phenolics from
northern highbush blueberry and one cultivar, “Elli-
ott”, showed the highest anthocyanin and free phe-
nolic contents [117, 118]. The mode of action of the
described effect is unclear, due that most of PP cannot
be absorbed by mammalian animal [119]. Myricetin,
also known as hydroxyquercetin, clearly has exhibited
hepatoprotective effect through the down-regulation
oxidative stress, cellular apoptosis, antitumor anal-
gesic, antidiabetic inflammation and the increment of
antioxidant capacity besides its partial regulation of
sirtuin 1 and autophagic pathway [120]. The signifi-
cant antioxidant activity of myricetin is attributed to
the presence of three hydroxyl groups on ring B as
compared to other flavonoids [121].

Many bioactive compounds can, directly or through
secondary messengers, interact at DNA level with
specific nuclear receptors (NRs). This is a family of
transcription factors that regulate um metabolism, re-
production, inflammation, circadian rhythm and other
physiological processes. These receptors are domains

J.of Bio Adv Sci Research

Vol:1,1. Pg 20



Research Article Open Access

that interact, in a specific manner, with all types of
ligands and proteins, even when they are at very low
concentrations and possibly this is one of the path-
ways that the active components of blueberry use to
exert their regulatory influence as control agents of
gene expression especially at the transcriptional lev-
el. NRs interact with specific ligands activating the
expression of transcription factors, that subsequently
control the expression of genes that regulate cell pro-
liferation, differentiation and other important physio-
logical processes. In hepatocytes, NRs sense changes
in lipid metabolite levels and its dynamic producing
distinct physiologic effects avoiding lipid accumula-
tion in liver, preventing Fatty Liver Disease (FLD,
NAFLD [122,123,124]. One example is the Perox-
isome proliferator-activated receptors (PPARs) that
are involved in regulating cell proliferation, differen-
tiation and survival and as well as energy substrate
metabolism [123]. Due to this interaction blueber-
ry powder could mediate lipid metabolism, glucose
metabolism, cell differentiation, and inflammation
[124, 125]. Previous studies have demonstrated that
dietary supplementation with blueberry powder in-
creases bone mass in mice by suppressing PPARYy
expression, which regulates marrow adipogenesis
[126]. It is clear that elucidating the SNR-bioactive
compound interaction and its subsequent effects is an
interesting avenue for the development of medica-
tions and therapies that promote the biomedical use
of blueberry [127].

In the case of mice, we observed the beneficial effects
of Se incorporated to selenoproteins, but we rule
out its use in humans in this moment because more
information about its mechanism of action need to
be elucidated for save use in human test [128]. The
mode of action of selenoproteins is not completely
elucidated but their probiotic and immune stimula-
tory effects, are known. More exhaustive research-
es could be conducted before its practical applica-
tions in human nutrition. In our both case of study
we can observe the evolution of Alanine Transam-
inase (ALT), Aspartate Transaminase (AST), Alka-
line Phosphatase (ALP) and Glutathione peroxidase
(GSH-Px) indicate better liver function [129, 130].
Abnormal values of these parameters indicate a vari-
ety of pathophysiological conditions, including renal
and hepatic malfunctions, liver inflammation and ox-
idative stress. Described evidences suggest that the
probiotic-supplemented diet had a stimulatory effect

on the proliferation of different leucocyte popula-
tions providing better protection against pathogens
and infections and neoplastic diseases and reducing
the likelihood of developing fatty liver disease (FLD),
particularly NAFLD, and thereby reducing the risk of
metabolic diseases, diabetes, and cardiovascular risk.

Probiotic-enriched and antioxidant nutrition along
have limited effect and in many case the results ob-
tained in animals and human patients are mixed of
contradictories. It is obvious that the modern life im-
plies exposure to stressful living and working con-
ditions, often aggravated by the excessive intakes of
alcohol and different types of drugs, provoking ox-
idative stress and detrimental results to health and
particularly deterioration is observed in hepatic and
cardiovascular functions. Liver damages by oxidative
stress increase directly, thought metabolic alterations
cardiovascular risk. Some of the factors that most fre-
quently contribute to the emergence and rapid devel-
opment of FLD are obesity and a sedentary lifestyle. a
sedentary lifestyle. Lower physical activity, is directly
linked to the rapid development and severity of fatty
liver disease (FLD) [131]. Regular physical exercise
is a lifestyle factor for a good health. Physical activi-
ties are considered a non-pharmacological or dietary
mode to prevent, drive and treat many cardiovascular
risks and diseases by the way of stimulation of differ-
ent mechanisms and physiological processes, includ-
ing the improvement of insulin sensitivity, stimulation
of lipid metabolism, regulating autonomic function.
Exercise stimulates the sympathetic nervous system
and induces an integrated response from the body. This
response maintains an appropriate level of homeosta-
sis for the increased demand in physical, metabolic,
respiratory, and cardiovascular efforts by the control
of blood viscosity and pressure, controlling levels of
endothelial nitric oxide avoiding hemodynamic shear
stress (HSS) [132]. This is an important physiological
stimulus in the regulation of nitric oxide release from
the endothelium and when these mechanisms fail due
to endothelial cell dysfunction, liver dysfunction, car-
dio-cerebrovascular risks, diabetes, and hemorrhag-
ic events can arise [133]. The autonomic function is
unconscious control of cardiac muscle work, smooth
muscle contractions, exocrine and endocrine glands
among other activities [134]. The physical training
improves the number of mitochondria, increasing
respiratory capacity of the cells, fatty acid oxidation,-
blood vessels dilatation, improving myocardial per
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fusion and reducing inflammation, atherosclerosis
and regulation of diastolic blood pressure. and other
cardiovascular risks CVR [135, 136].

The observed weight and muscular mass in SAB
group individuals could be explained by the im-
provement in gut microbiota and bile acids through
the pathways where Farnesoid X receptor (FXR) and
Transmembrane G protein-coupled receptor (TGRS)
are involved [136]. FXR is expressed in different or-
gan and tissues but mainly in liver, intestines, white
adipose tissue, adrenal glands, kidneys, and im-
mune cells. This receptor plays a significant role in
bile acid regulation and plays an important role in
lipid metabolism. TGRS promotes cAMP synthesis
and activates the mitogen-activated protein kinase
(MAPK) pathway2, involved blood glucose regula-
tion through multiple pathways. For these reason in-
gestion of high caloric diet without regular physical
activity can induce obesity in individuals [137]. The
physical exercise stimulates increase of functional
capillaries in the peripheral circulatory system, with
consequent increase of cellular respiratory capac-
ity [138, 139]. Muscular movements are a source
of ROS/RONS by the way of respiratory function,
it stimulates antioxidant capacity by enhancing the
expression and activity of antioxidant enzymes [ 10,
140-144]. Physical exercise effects depend of mul-
tiple factors including: type of exercise, intensity-,
duration- and type-dependent effects on antioxidant
system of the cells [142-145]. But excessive physi-
cal exercise implies increases in oxidation rates and
diminution of antioxidant capacity with a great dam-
age to biopolymers [143]. By contrast low-to-mod-
erate intensity exercise enhances the activity of anti-
oxidant enzymes and other antioxidant mechanisms
lowering the levels of ROS/RONS levels, improving
adaptive responses and managing properly the oxi-
dative stress (OS) [144-147].

The described processes are particularly evident in
liver, for its role in metabolism, and cardiovascular
systems. In liver physical exercise prevents fatty
liver disease through by different ways, including
increments in peripheral insulin resistance reduces
the free fatty acids and glucose transformation for
fatty acid synthesis and accumulation in the liver.
In hepatocytes exercise stimulate fatty acid oxida-
tion for covering of energetic demands and prevents

mitochondrial and hepatocellular damage preventing
NAFLD [37, 131, 132]. The antioxidant component
of blueberries can reduce exercise-induced oxidative
stress and muscle damage and upregulate adaptive
processes in muscle recovery [147].

Conclusions

Obtained are interesting when it comes to reduce the
causes and aggravating factors of liver diseases and
cardiovascular risk in a context when unhealthy nutri-
tion, obesity, sedentary life style, alcohol intakes and
drugs consumption are a growing public health prob-
lem. Oxidative Stress (OS) is the most important path-
ogenic mechanism in FLD (NAFLD. AFLD). Yeasts
as probiotics are a very valuable source of beneficial
compounds, nutraceuticals, vitamins, minerals and
beta glucans, among others. Blueberries are a source
of various beneficial compounds and in our case, we
use dehydrated blueberry powder. The combined nu-
tritional supplements prepared for trials in oxidative
stress induced mice is a multilateral two was directed
interaction and beneficial effect of diet complement-
ed by probiotic antioxidant supplement. In young in-
dividuals, with antecedents, tendencies of liver fatty
disease and cardiovascular risk, the use of preventive
and corrective assessment using antioxidant dietary
supplement combined with physical exercises served
to prevent development of fatty liver disease reduce
cardiovascular risk by increasing antioxidant capac-
ity and improving metabolic status. This association
is needed as preventive method in both healthy and
physically impaired individuals.

Our studies have some limitations that could affect the
results and can limit the conclusions to the specific
conditions. We have carried out our experiment with
a small number of male individuals (69 persons) with
an average age of 19-23 years. The individuals have
different physical status, but this large variation in
baseline health and physical status were limited with
the conformation of two groups, skinny people with
abdominal fat and overweight individuals, due to our
interest focused on the prevention of fatty liver disease
and cardiovascular risks. In all cases, the participants
had a family history of fatty liver and cardiovascular
risks in adults. Another factor that can alter the results
is the way in which the probiotic is ingested, the daily
dose can be mixed with different foods and that can
alter the way in which the supplement acts on the mi-
crobiota, promoting it to a greater or lesser extent.

J.of Bio Adv Sci Research

Vol:1,1. Pg 22



Research Article Open Access

Author Contributions

De la Riva G.A. was the head and coordinator of the
project, he has designed the experiment and was in
charge of laboratory tests and redacted the present
work. Moran Valdivia R. designed the composi-
tion and intake doses of probiotic supplements, he
also contributes to the redaction of this manuscript,
the conformation of the experimental models and
the discussion of generated results. Jesus Aguilar
Hernandez A. J. designed the nutritional and train-
ing programs for each of the voluntary experimental
groups in case study 2. Garcia Gonzélez R. prepared
the probiotic supplement and analyzed the obtained
data and results.

Funding

This project funded by grand 2012-LB-P02, sup-
ported by Instituto Tecnolégico Superior de Irapuato
(ITESI), Irapuato, Guanajuato, México and grand
2020-Synergia-P1012 supported by SynergiaBio/Bi-
oTecnos, Talca, Chile.

Institutional Review Board Statement
Institutional review board (IRB) decision support the

research and are agree with arrived conclusions in-
hepatology 11: 1246-1255.

References

1. Finkel T, Holbrook NJ (2000) Oxidants, oxida-
tive stress and the biology of ageing. Nature 408:
239-247.

2. Lorente S, Hautefeuille M, Sanchez-Cedillo A
(2020) The liver, a functionalized vascular struc-
ture. . Scientific Reports 10: 16194.

3. de Roos A, Lamb HJ (2020) Exploring the Inter-
action between Liver and Heart Disease. Radiol-
ogy, 297.

4. MaY, Lee G, Heo SY, Roh YS (2021) Oxidative
Stress Is a Key Modulator in the Development of
Nonalcoholic Fatty Liver Disease. Antioxidants
(Basel, Switzerland) 11: 91.

5. Liu X, Shao Y, Han L, Zhang R, Chen J (2023)
Emerging Evidence Linking the Liver to the
Cardiovascular System: Liver-derived Secreto-
ry Factors. Journal of clinical and translational
hepatology 11: 1246-1255.

6. Maftei NM, Raileanu CR, Balta AA, Ambrose L,
Boev M, et al. (2024) The Potential Impact of
Probiotics on Human Health: An Update on their

10.

I1.

12.

13.

14.

15.

16.

17.

Health-Promoting Properties. Microorganisms 12:
234.

Phaniendra A, Jestadi DB, Periyasamy L (2015)
Free radicals: properties, sources, targets, and
their implication in various diseases. Indian jour-
nal of clinical biochemistry 30: 11-26.
Schulze-Osthoff K, Bauer MK, Vogt M, Wessel-
borg S (1997) Oxidative stress and signal trans-
duction. International journal for vitamin and nu-
trition research 67: 336-342.

Hotamisligil GS, Davis RJ (2016) Cell Signaling
and Stress Responses. Cold Spring Harbor per-
spectives in biology 8: a006072.

Checa J, Aran JM (2020) Reactive Oxygen Spe-
cies: Drivers of Physiological and Pathological
Processes. Journal of inflammation research 13:
1057-1073.

Jitcd G, Osz BE, Tero-Vescan A, Miklos AP, Rusz
CM, et al. (2022) Positive Aspects of Oxidative
Stress at Different Levels of the Human Body:
A Review. Antioxidants (Basel, Switzerland) 11:
572.

Cichoz-Lach H, Celinski K, Prozorow-Kro6l B,
Swatek J, Stomka M, et al. (2012) The BARD
score and the NAFLD fibrosis score in the assess-
ment of advanced liver fibrosis in nonalcoholic
fatty liver disease. Medical science monitor: in-
ternational medical journal of experimental and
clinical research 18.

Li S, Tan HY, Wang N, Zhang ZJ, Lao L, et al.
(2015) The Role of Oxidative Stress and Antiox-
idants in Liver Diseases. International Journal of
Molecular Sciences 16: 26087-26124.
Cichoz-Lach H, Michalak A (2014) Oxidative
stress as a crucial factor in liver diseases. World
Journal of Gastroenterology 20: 8082-8091.

De la Riva GA, Lopez Mendoza FJ, Agiiero-Chap-
in G (2018) Known Hepatoprotectors Act as An-
tioxidants and Immune Stimulators in Stressed
Mice: Perspective in Animal Health Care. Current
Pharmaceutical Design 24: 4825-4837.

De la Riva GA, Torres Osornio AJ, Agiiero-Chap-
in G, Saldafia Trujillo LA, Arellano Nudez A, et
al. (2023) Assessment on Oxidative Stress in An-
imals: From Experimental Models to Animal Pro-
duction. Y. A. Sabuncuoglu S., Importance of Ox-
idative Stress and Antioxidant System in Health
and Disease, London, U.K.: IntechOpen.

De la Riva GA, Carlos Hernandez Gonzalez JC

J.of Bio Adv Sci Research

Vol:1,1. Pg 23



Research Article Open Access

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Moran Valdivia R, Garcia Gonzalez R (2024) Ox
idative Stress (OS) in Plants, Beneficial Interac
tions with Their Microbiome and Practical Impli
cations for Agricultural Biotechnology. Intech-
Open.

Pomacu MM (2021) Interrelation of inflamma-
tion and oxidative stress in liver cirrhosis. Exper-
imental an Experimental and therapeutic medi-
cine 21: 602.

Allameh A, Niayesh-Mehr R, Aliarab A, Sebas-
tiani G, Pantopoulos K (2023) Oxidative Stress
in Liver Pathophysiology and Disease. Antioxi-
dants12: 1653.

Gambini J, Stromsnes K (2022) Oxidative Stress
and Inflammation: From Mechanisms to Thera-
peutic Approaches. Biomedicines 10: 753.
Sadasivam N, Kim YJ, Radhakrishnan K, Kim
DK (2022) Oxidative Stress, Genomic Integrity,
and Liver Diseases. . Molecules (Basel, Switzer-
land) 27: 3159.

Halliwell B (2013) The antioxidant paradox:
less paradoxical now? British Journal of Clinical
Pharmacol 75: 637-644.

Zhang CY (2023) Antioxidant and anti-inflam-
matory agents in chronic liver diseases: Molec-
ular mechanisms and therapy. World journal of
hepatology 15: 180-200.

Das SK, Nerune SM, Das K (2024) Antioxidant
therapy for hepatic diseases: a double-edged
sword 35: 7-14.

Matés JM, Segura JA, Alonso FJ, Marquez J
(2008) Intracellular redox status and oxidative
stress: implications for cell proliferation, apop-
tosis, and carcinogenesis. Archives of toxicology
82:273-299.

Mari M, Colell A, Morales A, von Montfort C,
Garcia-Ruiz C, et al. (2010) Redox control of
liver function in health and disease. Antioxidants
and Redox Signaling . Antioxidants and Redox
Signaling, 12: 1295-1331.

Zhen Z, Ren J, Zhu J (2024) The redox require-
ment and regulation during cell proliferation.
Trends in endocrinology and metabolism: TEM
35:385-399.

Koek GH, Liedorp PR, Bast A (2011) The role of
oxidative stress in non-alcoholic steatohepatitis.
Clinica Chimica Acta 412: 1297-1305.
Arroyave-Ospina JC, Wu Z, Geng Y, Mos-
hage H (2021) Role of Oxidative Stress in the

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Pathogenesis of Non-Alcoholic Fatty Liver Dis
ease: Implications for Prevention and Therapy.
Antioxidants (Basel, Switzerland) 10: 174.

Su LJ, Zhang JH, Gomez H, Murugan R, Hong
X, et al. (2019) Reactive Oxygen Species-Induced
Lipid Peroxidation in Apoptosis, Autophagy, and
Ferroptosis. Oxidative medicine and cellular lon-
gevity 5080843.

Lingappan K, Lin HC, Yeh CW, Chen YF, Lee TT,
et al. (2018) NF-kB in Oxidative Stress. Current
opinion in toxicology 7: 81-86.

Ramos-Tovar E, Muriel P (2020) Molecular Mech-
anisms That Link Oxidative Stress, Inflammation,
and Fibrosis in the Liver. Antioxidants (Basel,
Switzerland) 9: 1279.

Reid DT, Reyes JL, McDonald BA, Vo T, Reimer
RA, etal. (2016) Kupffer cells undergo fundamen-
tal changes during the development of experimen-
tal NASH and are critical in initiating liver dam-
age and inflammation 11: €0159524.

Valgimigli L (2023) Lipid Peroxidation and Anti-
oxidant Protection. Biomolecules 13: 1291.
Kawai T, Autieri MV, Scalia R Kawai TA (2021)
Adipose tissue inflammation and metabolic dys-
function in obesity. American journal of physiolo-
gy. Cell Physiology 320: C375-C391.

Margraf A, Lowell CA, Zarbock A (2022) Neutro-
phils in acute inflammation: current concepts and
translational implications. Blood 139: 2130-2144.
37. Verbrugge FH, Dupont M, Steels P, Grieten
L, Malbrain M, et al. (2013) Abdominal Contri-
butions to Cardiorenal Dysfunction in Congestive
Heart Failure. J. Am. Coll. Cardiol 62: 485-495.
Ismaiel AD, Dumitrascu DL (2019) Cardiovascu-
lar Risk in Fatty Liver Disease: The Liver-Heart.
Front. Med 6: 202.

Soderberg C, Stal P, Askling J, Glaumann H, Lind-
berg G, et al. (2010) Decreased survival of sub-
jects with elevated liver function tests during a
28-year follow-up. Hepatology (Baltimore, Md.)
51: 595-602.

Ekstedt M, Hagstrom H, Nasr P, Fredrikson M,
Stal P, et al. (2015) Fibrosis stage is the strongest
predictor for disease-specific mortality inNAFLD
after up to 33 years of follow-up. Hepatology 61:
1547-1554.

Horwich TB, Fonarow GC, Clark AL (2018) Obe-
sity and the Obesity Paradox in Heart Failure. Pro-
gress in cardiovascular diseases. Progress in Car-

J.of Bio Adv Sci Research

Vol:1,1. Pg 24



Research Article Open Access

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Cardiovascular  Diseases  61:  151-156.
Nakashima M, Nakamura K, Nishihara T, Ichika-
wa K, Nakayama R, et al. (2023) Associaion be-
tween Cardiovascular Disease and Liver Disease
from Clinically Pragmatic Perspective as a Car-
diologist. Nutrients 15: 748.

Cespiati A, Youngson NA, Tourna A, Valenti L
(2020) Genetics and Epigenetics in the Clinic:
Precision Medicine in the Management of Fatty
Liver Disease. Current Pharmaceutical Design
26: 998-10009.

Lee H, Lee YH, Kim SU, Kim HC (2021) Met-
abolic Dysfunction-Associated Fatty Liver Dis-
ease and Incident Cardiovascular Disease Risk:
A Nationwide Cohort Study. Clinical Gastroen-
terology and Hepatology 19: 2138-2147.
Younossi ZM, Koenig AB, Abdelatif D, Fazel Y,
Henry L, et al. (2016) Global epidemiology of
nonalcoholic fatty liver disease—Meta-analytic
assessment of prevalence, incidence, and out-
comes. Hepatology 64: 73-84.

Byrne CD, Targher G, Byrne CT (2015) NAFLD:
A multisystem disease. Journal of Hepatology
62: 0168-8278.

Roca-Fernandez A, Banerjee R, Thomaides-
Brears H, Telford A, Sanyal A, et al. (2023) Liver
disease is a significant risk factor for cardiovas-
cular outcomes - A UK Biobank study. Journal of
hepatology 79: 1085-1095.

Brinton E (2010) Effects of ethanol intake on li-
poproteins and atherosclerosis. Curr Opin Lipi-
dol 21: 346-351.

Jeon SR, Carr R (2020) Alcohol effects on hepat-
ic lipid metabolism. Journal of lipid research, 61:
470-479.

Petagine L, Zariwala MG, Patel VB (2021) Alco-
holic liver disease: Current insights into cellular
mechanisms. World journal of biological chem-
istry 12: 87-103.

Jiaojiao HZ, Xin Z, Cao Q, He R, Hou T, et al.
(2024) Association between updated cardiovas-
cular health construct and risks of non-alcohol-
ic fatty liver disease. Nutrition, Metabolism and
Cardiovascular Diseases 34: 317-325.

Targher G, Day CP, Bonora E (2010) Risk of car-
diovascular disease in patients with nonalcoholic
fatty liver disease. New Engl J Med 363: 1341-
1350.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Dumitrascu DL, Neuman MG (2018) Non-alco-
holic fatty liver disease: an update on diagnosis.
Clujul medical 91: 147-150.

Macavei B, Baban A, Dumitrascu DL (2016)
Psychological factors associated with NAFLD/
NASH: a systematic review. Eur Rev Med Phar-
macol Sci 20: 5081-5097.

Manne V, Handa P, Kowdley KV (2018) Patho-
physiology of non-alcoholic fatty liver disease/
nonalcoholic steatohepatitis. Clin Liver Dis 22:
23-37.

Lee TB, Kueh MTW, Jain V, Razavi AC, Alebna P,
et al. (2023) Biomarkers of Hepatic Dysfunction
and Cardiovascular Risks. Current Cardiology Re-
ports 25: 1783-1795.

Newman JD, Anthopolos R, Ruggles KV, Corn-
well M, Reynolds HR, et al. (2023) Biomarkers
and cardiovascular events in patients with stable
coronary disease in the ISCHEMIA Trials. Ameri-
can heart journal 266: 61-73.

Upadhyay RK (2015) Emerging risk biomarkers
in cardiovascular diseases and disorders. Journal
of Lipids 971453.

Smid V (2022) Liver tests. Jaterni testy. Casopis
lekaru ceskych 161: 52-56.

Lee K, Jung ES, Yu E, Kang YK, Cho MY, et
al. (2020) A scoring system for the diagnosis of
non-alcoholic steatohepatitis from liver biopsy.
Journal of pathology and translational medicine
54:228-236.

De la Fuente R (2022) Nutrition and Chronic Liv-
er Disease. Clinical drug investigation, 42: 55-61.
Ghodeshwar GK, Dube A, Khobragade D (2023)
Impact of Lifestyle Modifications on Cardiovas-
cular Health: A Narrative Review. Cureus 15:
e42616.

Thiriet M (2019) Cardiovascular Disease: An In-
troduction. Vasculopathies: Behavioral, Chemical,
Environmental, and Genetic Factors 8: 1-90.

Roth GA, Mensah GA, Johnson CO, Addolora-
to G, Ammirati E, et al. (2020) Global Burden of
Cardiovascular Diseases and Risk Factors, 1990-
2019: Update From the GBD 2019 Study. Journal
of the American College of Cardiology 76: 2982-
3021.

Bedogni G, Bellentani S, Miglioli L, Masutti F,
Passalacqua M, et al. (2006) The Fatty Liver In-
dex: a simple and accurate predictor of hepatic
steatosis in the general population. BMC gastro

J.of Bio Adv Sci Research

Vol:1,1. Pg 25



Research Article Open Access

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Kweon YN, Ko HJ, Kim AS, Choi HI, Song JE,
et al. (2021) Prediction of cardiovascular risk us-
ing nonalcoholic fatty liver disease scoring sys-
tems MDPI.

Kotronen A, Peltonen M, Hakkarainen A, Sevas-
tianova K, Bergholm R, et al. (2009) Prediction
of non-alcoholic fatty liver disease and liver fat
using metabolic and genetic factors. Gastroenter-
ology 137: 865--872.

Kim Y, Han E, Lee JS, Lee HW, Kim BK, et al.
(2022) Cardiovascular risk is elevated in lean
subjects with nonalcoholic fatty liver disease.
Gut Liver 16: 290-299.

Salazar J, Bermudez V, Calvo M, Olivar LC,
Luzardo E, et al. (2017) Optimal cutoff for the
evaluation of insulin resistance through triglyc-
eride-glucose index: a cross-sectional study in a
Venezuelan population. F1000 Research 6: 1337.
Tao LC, Xu JN, Wang TT, Hua F, Li JJ (2022)
Triglyceride-glucose index as a marker in car-
diovascular diseases: landscape and limitations.
Cardiovascular diabetology 21: 68.

Wong VW, Adams LA, De Lédinghen V, Wong
GL, Sookoian S (2018) Noninvasive biomarkers
in NAFLD and NASH — current progress and
future promise. Nat Rev Gastroenterol Hepatol
15: 461-478.

Xiang H, Wu Z, Wang J, Wu T (2021) Research
progress, challenges and perspectives on PNP-
LA3 and its variants in Liver Diseases. J. Cancer
12: 5929-5937.

Swastini DA, Wiryanthini IAD, Ariastuti NLP,
Muliantara A (2019) Atherosclerosis Prediction
with High Sensitivity C-Reactive Protein (hs-
CRP) and Related Risk Factor in Patient with
Dyslipidemia. Open access Macedonian journal
of med 7: 3887-3890.

Osawa H, Nakamura N, Tsutaya C, Saitoh H,
Shimada, et al. (2024) Role of High-sensitivi-
ty C-reactive Protein in Future Cardiovascular
Events in. In vivo (Athens, Greece) 38: 1351-
1358.

Mertowska P, Mertowski S, Smarz-Widelska I,
Grywalska E (2022) Biological Role, Mecha-
nism of Action and the Importance of Interleu-
kins in Kidney Diseases. International journal of
molecular sciences 23: 647.

Kucsera D, Toth VE, Sayour NV, Kovacs T,
Gergely TG, et al. (2023) IL-1p neutralization

77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

prevents diastolic dysfunction development, but
lacks hepatoprotective effect in an aged mouse
model of NASH. Sci Rep 13: 356.

Shen Y, Ma X, Zhou J, Pan X, Hao Y, et al. (2013)
Additive relationship between serum fibroblast
growth factor 21 level and coronary artery disease.
Cardivasc Diadetol 12: 1-7.

Martin-Fernandez M, Arroyo V, Carnicero C,
Sigiienza R, Busta R, et al. (2022) Role of Oxi-
dative Stress and Lipid Peroxidation in the Patho-
physiology of NAFLD. Antioxidants (Basel, Swit-
zerland), 11: 2217.

Di Mauro S, Scamporrino A, Filippello A, Di Pino
A, Scicali R, et al. (2021) Clinical and Molecular
Biomarkers for Diagnosis and Staging of NAFLD.
International journal of molecular sciences 22:
11905.

Ouzan D, Mosnier A, Penaranda G, Daviaud I,
Joly H, et al. (2021) Prospective screening for sig-
nificant liver fibrosis by fibrosis-4 in primary care
patients without known liver disease. European
journal of gastroenterology 33: €986-e¢991.
Czaja-Zidtkowska MZ, Wasilewski J, Gasior M,
Glowacki J (2022) An update on the coronary
calcium score: a review for clinicians. Postepy w
kardiologii interwencyjnej = Advances in inter-
ventional cardiology 18: 201-205.

Rios RS, Zheng KI, Targher G, Byrne CD, Zheng
MH (2020) Non-invasive fibrosis assessment in
non-alcoholic fatty liver disease. Chinese medical
journal 133: 2743-2745.

De Matteis C, Cariello M, Graziano G, Battaglia
S, Suppressa P, et al. (2021) AST to Platelet Ratio
Index (APRI) is an easy-to-use predictor score for
cardiovascular risk in metabolic subjects. Scientif-
ic reports 11: 14834.

Bukhari T, Jafri L, Majid H, Ahmed S, Khan AHH,
et al. (2021) Diagnostic Accuracy of the Forns
Score for Liver Cirrhosis in Patients with Chronic
Viral Hepatitis. Cureus 13: e14477.

Izumi GT, Takeda A, Yamazawa H, Sasaki O, Kato
N, et al. (2020) Forns Index is a predictor of cardi-
opulmonary bypass time and outcomes in Fontan
conversion. Heart Vessels 35: 586-592.
Higuera-de-la-Tijera FCF, Cordova-Gallardo J,
Buganza-Torio E, Barranco-Fragoso B, Torre A, et
al. (2021) Hepamet Fibrosis Score in Nonalcohol-
ic Fatty Liver Disease Patients in Mexico: Lower
than Expected Positive Predictive Value. Digestive

J.of Bio Adv Sci Research

Vol:1,1. Pg 26



Research Article Open Access

diseases and sciences 66: 4501-4507.

87. Salgado Alvarez GA, Pinto Galvez SM, Garcia
Mora U, Cano Contreras AD, Duran Rosas C, et
al. (2022) Higher cardiovascular risk scores and
liver fibrosis risk estimated by biomarkers in pa-
tients with metabolic-dysfunction-associated fat-
ty liver disease. World journal of hepatology 14:
1633-1642.

88. Diaz-Navarrete P, Dantagnan P, Henriquez D,
Soto R, Correa-Galeote D, et al. (2024) Sele-
nized non-Saccharomyces yeasts and their po-
tential use in fish feed. Fish physiology and bi-
ochemistry.

89. De la Riva GE (2015) Sustainability in Higher
Education: an approach to reach significant learn-
ing and character skills. Chandos. P. D. Editor,
Sustainability in Higher Education. Cambridge,
U.K.: Chandos. Elseiver 5: 97-127.

90. Markowiak P, Slizewska K (2017) Effects of
Probiotics, Prebiotics, and Synbiotics on Human
Health. Nutrients 9: 1021.

91. Latif A, Shehzad A, Niazi S, Zahid A, Ashraf W,
et al. (2023) Probiotics: mechanism of action,
health benefits and their application in food in-
dustries. Frontiers in Microbiology 14: 1216674.

92. Torres-Osorno A, FJ Lopez, FJ, De la Riva GA
(2018) Isolation and Characterization of Wild
Yeast Strains Producing Beta Glucans; Probiot-
ic Systemic Effect in Mice under Conditions of
Environmental Stress. Ann Food Process Preserv
3: 1-14.

93. De la Riva GA, Torres Osorno AJ, Agliero-Chap-
in G, Saldafia Trujillo LA, Arellano Nufez A, et
al. (2020) Promising Probiotic Food Supplement
Based on Combination of Yeast Beta-Glucan,
Bioselenium and Lactoferrin for Animal Health.
Biomed J Sci Tech Res.

94. National Research Council (US) Subcommittee
on Laboratory Animal Nutrition (1995) Nutrient
Requirements of Laboratory Animals: Fourth
Revised Edition, 1995. National Academies
Press (US).

95. Dillon GP, Moran CA (2022) The user safety as-
sessment of a selenized yeast feed additive. Cu-
taneous and Ocular Toxicology 41: 264-270.

96. Tao Z, Yuan H, Liu M, Liu Q, Zhang S, et al.
(2023) Yeast Extract: Characteristics, Produc-
tion, Applications and Future Perspectives.
Journal of microbiology and biotechnology 33:

33: 151-166.

97. Cheng L, ShiJ, Peng H, Tong R, Hu Y, et al. (2023)
Probiotics and liver fibrosis: An evidence-based
review of the latest research. Journal of Functional
Foods 109: 105773.

98. Kato M, Miyaji K, Ohtani N, Ohta M (2012) Ef-
fects of prescription diet on dealing with stressful
situations and performance of anxiety-related be-
haviors in privately owned anxious dogs. Journal
of Veterinary Behavior 7: 21-26.

99. De Weerd NA, Vivian JP, Nguyen TK, Mangan
NE, Gould JA, et al. (2013) Structural basis of a
unique interferon-f signaling axis mediated via
the receptor IFNARI. Nature immunology 14:
901-907.

100. Rasquinha MT, Sur M, Lasrado N, Reddy J
(2021) IL-10 as a Th2 Cytokine: Differences Be-
tween Mice and Humans. Journal of Immunology
(Baltimore, Md.: 1950) 207: 2205-2215.

101.  Zhang C, Liu S, Yang M (2022) The Role of
Interferon Regulatory Factors in Non-Alcoholic
Fatty Liver Disease and Non-Alcoholic Steato-
hepatitis. Gastroenterology Insights 13: 148-161.

102. Adeola OL, Agudosi GM, Akueme NT, Oko-
bi OE, Akinyemi FB, et al. (2023) The Effective-
ness of Nutritional Strategies in the Treatment and
Management of Obesity: A Systematic Review.
Cureus 15: e45518.

103. Tanaka T, NarazakiM, Kishimoto T (2014)
[L-6 in inflammation, immunity, and disease. Cold
Spring Harbor perspectives in biology 6: a016295.

104. Tanaka T, Narazaki M, Kishimoto T (2018)
Interleukin (IL-6) Immunotherapy. Cold Spring
Harbor perspectives in biology 10: a028456.

105. Tait Wojno ED, Hunter CA, Stumhofer JS
(2019) The Immunobiology of the Interleukin-12
Family: Room for Discovery. Immunity 50: 851-
870.

106. Moslehi-Jenabian S, Pedersen LL, Jespersen
L (2010) Beneficial effects of probiotic and food
borne yeasts on human health. Nutrients 2: 449-
473.

107. Songisepp E, Kals J, Kullisaar T, Miandar R,
Hiitt P, et al. (2005) Evaluation of the functional
efficacy of an antioxidative probiotic in healthy
volunteers. Nutrition Journal 4: 22.

108. Kamiya T, Tang C, Kadoki M, Oshima K, Hat-
toriM, etal. (2018) B-Glucans in food modify colon-
ic microflora by inducing antimicrobial 763-773.

J.of Bio Adv Sci Research

Vol:1,1. Pg 27



Research Article Open Access

109. Tundis R, Tenuta MC, Loizzo MR, Bone-
si M, Finetti F, et al. (2021) Vaccinium species
(Ericaceae): From chemical composition to
bio-functional activities. Appl. Sci 11: 5655.

110. Martau GA, Bernadette-Emdke T, Odo-
cheanu R, Soporan DA, Bochis M, et al. (2023)
Vaccinium Species (Ericaceae): Phytochemistry
and Biological Properties of Medicinal Plants.
Molecules (Basel, Switzerland) 28: 1533.

111. The International Blueberry Organization
(IBO) (2022) Freshfruitportal.com. Obtenido de
Global State of the Blueberry Industry Report:
https://www.internationalblueberry.org/2022-re-
port.

112. Haoyang ZH, Ye H, Zhang J, Ren L (2022)
Recent advances in nuclear receptors-mediated
health benefits of blueberry. Phytomedicine 100:
154063.

113.  Shi M, Loftus H, McAinch AJ, Su XQ (2017)
Blueberry as a source of bioactive compounds
for the treatment of obesity, type 2 diabetes and
chronic inflammation. Journal of Functional
Foods 30: 16-29.

114. Tobar-Bolafios G, Casas-Forero N, Orella-
na-Palma P, Petzold GC (2021) Blueberry juice:
Bioactive compounds, health impact, and con-
centration technologies—A review. Journal of
Food Science 86: 5062-5077.

115. Gegotek A, Skrzydlewska E (2022) Antioxi-
dative and Anti-Inflammatory Activity of Ascor-
bic Acid.. Antioxidants 11: 1993.

116. Melo LFM, Aquino-Martins VGQ, Silva
APD, Oliveira Rocha HA, Scortecci KC (2023)
Biological and pharmacological aspects of tan-
nins and potential biotechnological applications.
Food Chemistry 414: 135645.

117. Chai Z, Herrera-Balandrano DD, Yu H, Beta
T, Zeng Q, et al. (2021) A Comparative Analysis
on the Anthocyanin Composition of 74 Blueber-
ry Cultivars from China. Journal of Food Com-
position and Analysis 102: 104051.

118. Pico J, Yan Y, Gerbrandt EM, Castellarin SD
(2022) Determination of free and bound pheno-
lics in northern highbush blueberries by a val-
idated HPLC/QTOF methodology. Journal of
Food Composition and Analysis 108: 104412.

119. KayCD, Pereira-Caro G, Ludwig IA, Clifford
MN, Crozier A (2017) Anthocyanins and Flava-
nones Are More Bioavailable than Previously

Perceived: A Review of Recent Evidence. Annual
Review of Food Science and Technology 8:
155-180.

120. Rostami A, Baluchnejadmojarad T, Roghani
M (2023) Hepatoprotective Effect of Myricetin
following Lipopolysaccharide/DGalactosamine:
Involvement of Autophagy and Sirtuin 1. Current
Mol Pharmacol 16: 1-15.

121. Imran M, Saeed F, Hussain G, Imran A, Me-
hmood Z, et al. (2021) Myricetin: A comprehen-
sive rereview on its biological potentials. Food
science & nutrition 9: 5854-5868.

122.  Weikum ER, Liu X, Ortlund EA (2018) The
nuclear receptor superfamily: A structural per-
spective. Protein science: a publication of the Pro-
tein Society 27: 1876-1892.

123.  De Bosscher K, Desmet SJ, Clarisse D, Esté-
banez-Perpifia E, Brunsveld L (2020) Nuclear re-
ceptor crosstalk — defining the mechanisms for
therapeutic innovation. Nat Rev Endocrinol 16:
363-377.

124.  Zhang C, Zhang B, Zhang X, Sun G, Sun
X (2020) Targeting Orphan Nuclear Receptors
NR4As for Energy Homeostasis and Diabetes.
Frontiers in pharmacology 11: 587457.

125. Avendano EE, Raman G (2021) Blueberry
Consumption and Exercise: Gap Analysis Using
Evidence Mapping. Journal of alternative and
complementary medicine 27: 3-11.

126. Hyun-Yong K, Hyun-Jun J, Subramanian M,
Ung Cheol S, Ji-Hyo L, et al. (2024) Novel in-
sights into regulators and functional modulators
of adipogenesis. Biomedicine & Pharmacotherapy
177: 117073.

127.  Zou H, Ye H, Zhang J, Ren L (2022) Recent
advances in nuclear receptors-mediated health
benefits of blueberry. Phytomedicine 100: 154063.

128.  Seyedali A, Berry MJ (2014) Nonsense-medi-
ated decay factors are involved in the regulation of
selenoprotein mRNA levels during selenium defi-
ciency. RNA 20: 1248-1256.

129. Lin HC, Yeh CW, Chen YF, Lee TT, Hsich
PY, et al. (2018) C-Terminal End-Directed Protein
Elimination by CRL2 Ubiquitin Ligases. Molecu-
lar Cell 70: 602-613.

130. Jin YW, Wang J, Pan X, Wang L, Fu Z (2013)
cis-Bifenthrin enantioselectively induces hepatic
oxidative stress in mice. Pesticide Biochemistry
and Physiology 107: 61-67.

J.of Bio Adv Sci Research

Vol:1,1. Pg 28



Research Article Open Access

131. Lala V, Zubair M, Minter DA (2023)
Liver Function Tests. In: StatPearls. Stat-
Pearls Publishing, Treasure Island (FL) Bok-
shelf ID: NBK482489. PMID: 29494096.

132.  Van der Windt DJ, Sud V, Zhang H, Tsung A,
HuangH (2018)TheEffectsofPhysical Exerciseon
Fatty Liver Disease. Gene expression 18: 89-101.

133. Danicla M, Catalina L, Ilie O, Paula M,
Daniel-Andrei I, et al. (2022) Effects of Exer-
cise Training on the Autonomic Nervous Sys-
tem with a Focus on Anti-Inflammatory and
Antioxidants Effects. Antioxidants 11: 350.

134. Chiriaco M, Masi S, Virdis A, Taddei S
(2022) Endothelial Function and Physical Exer-
cise: A Key to Cardiovascular Protection? En P.
A.-R. Palatini, Exercise, Sports and Hyperten-
sion. Updates in Hypertension and Cardiovas-
cular Protection. Heidelberg: Springer 43-54.

135. Tofas T, Draganidis D, Deli CK, Georgakouli
K, Fatouros IG, et al. (2019) Exercise-Induced
Regulation of Redox Status in Cardiovascular
Diseases: The Role of Exercise Training and De-
training. Antioxidants (Basel, Switzerland) 9: 13.

136. Martini D, Marino M, Venturi S, Tucci M,
Klimis-Zacas D, et al. (2023) Blueberries and
their bioactives in the modulation of oxidative
stress, inflammation and cardio/vascular func-
tion markers: a systematic review of human in-
tervention studies. J Nutr Biochem 111: 109154.

137.  Stull AJ, Cassidy A, Djousse L, John-
son SA, Krikorian R, et al. (2024) The state of
the science on the health benefits of blueber-
ries: a perspective. Front. Nutr 11: 1415737.

138. Guo JH, Han X, Tan H, Huang W, You
Y, et al. (2019) Blueberry Extract Improves
Obesity through Regulation of the Gut Mi-
crobiota and Bile Acids via Pathways Involv-
ing FXR and TGRS. iScience 19: 676-690.

139. Nystoriak MA, Bhatnagar A (2018) Car-
diovascular Effects and Benefits of Exercise.
Frontiers in cardiovascular medicine 5: 135.

140. Renke MB, Marcinkowska AB, Kujach S,
Winklewski PJ (2022) A Systematic Review of the
Impact of Physical Exercise-Induced Increased
Resting Cerebral Blood Flow on Cognitive Func-
tions. Frontiers in aging neuroscience 14: 803332.

141. He FL, Li J, Liu Z, Chuang CC, Yang W, et
al. (2016) Redox Mechanism of Reactive Oxygen
Species in Exercise. Frontiers in physiology 7:
486.

142.  Wang F, Wang X, Liu Y, Zhang Z (2021) Ef-
fects of Exercise-Induced ROS on the Pathophys-
iological Functions of Skeletal Muscle. Oxidative
medicine and cellular longevity 3846122.

143.  Thirupathi A, Wang M, Lin JK, Fekete G, Ist-
van B, et al. (2021) Effect of Different Exercise
Modalities on Oxidative Stress: A Systematic Re-
view. BioMed research international 1947928.

144. Xue Y, Peng Y, Zhang L, Ba Y, Jin G, et al.
(2024) Effect of different exercise modalities on
nonalcoholic fatty liver disease: a systematic re-
view and network meta-analysis. Scientific reports
14: 6212.

145. Kawamura TM, Muraoka I (2018) Exer-
cise-Induced Oxidative Stress and the Effects of
Antioxidant Intake from a Physiological View-
point. Antioxidants (Basel, Switzerland) 7: 119.

146. Sanchez Macarro M, Avila-Gandia V,
Pérez-Pifiero S, Canovas F, Garcia-Munoz AM, et
al. (2021) Antioxidant Effect of a Probiotic Prod-
uct on a Model of Oxidative Stress Induced by
High-Intensity and Duration Physical Exercise.
Antioxidants (Basel, Switzerland) 10: 323.

147. Zhang L, Zhang R, Li L (2023) Effects of Pro-
biotic Supplementation on Exercise and the Un-
derlying Mechanisms. Foods (Basel, Switzerland
12: 1787.

Copyright: ©2025 Gustavo Alberto De la Riva. This is an open-access article distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author
and source are credited.

J.of Bio Adv Sci Research

Vol:1,1. Pg 29



