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Abstract

It is extremely important for public health to identify strategies that can prevent development of atherosclerosis.
There are several modifiable metabolic risks that can induce onset of this disease, but the most investigated of these
risk is increased postprandial lipemia after a high fat meal because this factor can increase oxidative damage and
endothelial dysfunction. Physical exercise is indicated for prevention of development of these risk factors. The objective
of this study was to search the literature for published studies investigating the acute and subacute effects on oxidative
stress and endothelial function of physical exercise associated with postprandial lipemia and compare their results.
Articles published up to February 2015 in Portuguese, Spanish or English were included. After an extensive review,
it was concluded that the acute and subacute effects of physical could be capable of attenuating parameters of
cardiovascular risk after consumption of a high fat meal.
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Resumo

Estratégias que possam prevenir o aparecimento da aterosclerose sdo de extrema importancia para a satide publica.
Dentre os fatores de risco modificaveis para o desenvolvimento dessa doenga, o aumento da lipemia pds-prandial tem
sido investigado, pois pode induzir dano oxidativo e disfungéo endotelial. Nesse sentido, o exercicio fisico é indicado
na prevencao do desenvolvimento desses fatores de risco. Esta revisdo tem como objetivo realizar um levantamento
e comparar os estudos publicados na literatura acerca dos efeitos agudos e subagudos do exercicio fisico associado
a lipemia pds-prandial sobre o estresse oxidativo e a fungdo endotelial. A busca foi realizada nos idiomas portugués,
espanhol e inglés, compreendendo trabalhos publicados até fevereiro de 2015. Com base nos estudos selecionados,
conclui-se que os efeitos agudos e subagudos do exercicio fisico podem ser capazes de atenuar os parametros de risco
cardiovascular apds o consumo de refeicao hiperlipidica.
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INTRODUCTION

To an ever-increasing extent the world’s population
is adopting a sedentary lifestyle and consuming an
excessive calorie intake, with a negative impact on
health. The metabolic syndrome (MS) is defined as
a combination of interrelated risk factors, including
abdominal obesity, insulin resistance, dyslipidemia and
arterial hypertension.' Interactions between these risk
factors increase the likelihood of emergence and/or
acceleration of the progression of atherosclerotic
disease, resulting in a high cost burden on the public
purse.> In turn, atherosclerosis is characterized as
a complex pathological process that takes place at
the artery walls, triggering an inflammatory process
and with the potential to provoke a series of other
cardiovascular diseases (CVDs).?> According to the
World Health Organization, CVDs are ranked first
out of the ten greatest causes of death globally,
causing the deaths of seven million people in 2011.*
Strategies that can prevent the onset of atherosclerosis
are therefore extremely important for public health.

One of many different metabolic risk factors is
elevated cholesterol levels in the blood. This can be
explained by the fact that greater quantities of cholesterol
molecules originating from a high fat meal (HFM)
can accumulate in the vascular endothelium during
the postprandial period, triggering an atherosclerotic
process. It can therefore be stated that atherogenesis
is a result of elevated postprandial lipemia (PPL).}
The literature suggests that an HFM can even be
atherogenic in healthy young people. An HFM also
creates a lipid metabolism imbalance soon after it
is eaten, which may cause greater susceptibility to
oxidative damage and dysfunction of the vascular
endothelium at several levels.”®

Physical exercise has been identified as an important
intervention against cardiovascular risk factors as a
means of preventing onset of CVDs.*!? Indeed, exercise
can be effective both for removing postprandial
triglyceride (TG) concentrations and for reducing
duration of exposure to them in the circulation. It has
been speculated that this mechanism is linked to the
energy expenditure demanded by exercise, with the
result that TG are removed more rapidly, to replace
energy stocks. It is also known that lipoprotein lipase
(LLP) is a key enzyme for hydrolysis of TG and
so increases in LLP activity appear to be of great
importance.'*"?

Studies have demonstrated that aerobic exercise
performed the night before eating an HFM attenuates
the PPL curve.'*!® This residual post-exercise effect
is defined as subacute, in order to differentiate it from
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the acute effect that occurs during exercise and from
the chronic effects that results from a sequence of
exercise sessions. Additionally, some studies have
demonstrated that exercise may be able to attenuate
oxidative damage and also the inflammation and
coagulation curves, which are elevated after an
HFM.""?2 However, there is little information on
the intensity, volume and duration of the exercise
session that would be most effective for attenuating
the lipemic curve and concomitantly attenuating
oxidative stress and improving endothelial function.
The lack of studies on the subject leaves a large gap
in the literature relating to the true effects of different
types of physical exercise sessions on oxidative stress
and endothelial function, when associated with high
fat meals.

In view of the above, the objective of the present
study was to search the literature for studies that have
been published on the acute and subacute effects on
oxidative stress and endothelial function of physical
exercise associated with postprandial lipemia and
compare their results.

METHODS

This article is based on the results of a careful survey
of studies published to date identified by searching
the following databases: Medical Literature Analysis
and Retrieval System Online (MEDLINE) (accessed
via PubMed), Scopus, Web of Science and Cochrane
collaboration. The criteria for inclusion of studies
identified by the searches were: cross-sectional studies
that assessed the effects of postprandial lipemia in
combination with the acute/subacute effects of physical
exercise on oxidative stress and endothelial function
parameters. Studies were excluded if they did not report
the outcome at baseline or if data were incomplete.
The searches were limited to studies published up
to February 2015 in Portuguese, Spanish or English.

The following keywords in English were used to
search the databases: postprandial lipemia (“Lipidemia”
OR “Lipidemias” OR “Lipemia” OR “Lipemias” OR
“Postprandial Lipemia” OR “PostprandialLipaemia”);
physical exercise (“Exercise” [MeSH] OR “Exercises”
OR “Exercise, Physical” OR “Exercises, Physical”
OR “Physical Exercise” OR “PhysicalExercises” OR
“Exercise, Isometric” OR “Exercises, Isometric” OR
“IsometricExercises” OR “Isometric Exercise” OR
“Exercise, Aerobic” OR “AecrobicExercises” OR
“Exercises, Aerobic” OR “Aerobic Exercise”); oxidative
stress (“Oxidative stress” [MeSH]); and endothelial
function (“Endothelium, Vascular” [MeSH] OR “Vascular
Endothelium” OR “Endotheliums, Vascular” OR
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“Vascular Endotheliums” OR “CapillaryEndothelium”
OR “CapillaryEndotheliums” OR “Endothelium,
Capillary” OR “Endotheliums, Capillary” OR
“vascular function” OR “endothelialfunction” OR
“endothelialdysfunction” OR “endotheliumdysfunction”
OR “endotheliumfunction” OR “pulse wavevelocity”
OR “flow-mediateddilation” OR “Arterial stiffness”).

Two electronic searches were run on the databases
listed above with the keywords “Postprandial

lipemia” and “Physical exercise”. In the first search
the descriptor “Endothelial Function” was added and
226 articles were identified. Eight of these studies
were selected for the review. In the second search the
term “Oxidative Stress” was employed and 28 articles
were located, five of which were selected. Figure 1
contains an organogram illustrating the complete
manual electronic search process. The studies selected
as a result are listed in Table 1.

Table 1. List of studies analyzing markers of oxidative stress and endothelial function selected for review.

Study Population Exeruse* Postprandial lipemia Oxidative stress Endothelial function
protocol
JTG exercise vs. control
Middle-aged, lean TG AUC exercise microvascular function
men (10); Subacute on Obese subjects: = in both groups;
. s ; . o : = ;
Gillecal® i ddle-aged, Uf;dmf"ggﬁf" MG AUC NA ACh Response 25% T in
obese men (10) 2max TINS AUC exercise group
TNEFA AUC
ITGZh,3hand4h ANOX - 4h
TG3hand4hvs.2h
. . lsob2hand3h 4
in exercise group PWV 1h,2h,3h
Acute on l . 4$0D 3 h control vs.
» . . HDL3hand4hin . and 4 h
Mc Clean et al”®  Trained men (10) treadmill at 60% controls exercise LPWV 3 hand 4 hvs.2
of iR, - 1h THDL 3 h in exercise TLOOH2h,3hand 4h h in exercise grou ‘
JLOOH 3 h exercise vs. group
group control
=LDL
TPWV2hand4hin
Trained youn Acute on cycle = TG TLOOH 2 hand 4 h controls
Clegg et al®* men (8)y J ergometer at 60% =HDL vs. pre IPWV2hand4h
of HR _ -1h =LDL P exercise vs. 2 h for
controls
Subacute
resistance and JTG2h,3hand4h
aerobic exercise  exercise vs. control TDilation 6 h in
for 75 min up to TG AUC exercise vs. subacute (2.2%) and
. Trained young 450 Kcal control acute (2.8%) exercise
25
Silvestre et al: men (12) Acute resistance  TNEFA AUC exercise vs. NA groups
and aerobic control T BAD progressive in
exercise for 75 JINS AUC subacute exercise vs. controls
min up to 450 exercise vs. control
Kcal
. . TMDA African-
African-American . .
women (10) Acute on cycle MG African-American American vs. white
Bloomer et al.* . ergometer at 65% . TH,0, African- NA
White women vs. white 272

(10)

HR . -45min

American vs. white
=XO0

Tyldum et al.”

Middle-aged
men (8)

Subacute interval
exercise on
treadmill at
85%-90% HR
Subacute on
treadmill at
60%-70%

HR _ -47min
until same energy
expenditure

=TG
=HDL

JTAS2hand4hin
controls

TTAS 30 min, 2 h and
4 hin interval exercise
group

TTAS 30 min, 2 h and
4 h interval vs. control
and walking

TTAS 30 min, 2 h and 4
h walking vs. control

T BAD 30 min, 2 hand 4
h interval exercise group
vs. controls and walking
{FMD 2hand 4 hin
controls

TFMD 30 min, 2 hand 4
h in interval group
TFMD 30 min, 2 hand 4
h walking vs. control

*In all studies there was an additional protocol used as control in which subjects did not do any physical exercise, remaining at rest. Key: NA: not analyzed; HR

max”

maximum heart rate; VO, _: maximum oxygen uptake; Rec: recovery; BM: body mass; TG: triglycerides; INS: insulin; NEFA: nonesterified fatty acids; AUC: area

2max’

under the curve; ACh: acetylcholine; BAD: brachial artery diameter; FMD: flow-mediated dilation; HDL: high density lipoprotein; LDL: low density lipoprotein; VLDL:
very low density lipoprotein; NOx: nitrite/nitrate levels; SOD: superoxide dismutase; CAT: catalase; LOOH: lipid hydroperoxides; PWV: pulse wave velocity; TAS:
total antioxidant status; ROS: reactive oxygen species; LDL-Ox: oxidized LDL; MDA: malondialdehyde; XO: xanthine oxidase; H,0,: hydrolipid peroxides; TBARS:

thiobarbituric acid reactive substances; SR: shear rate; IL-6: interleukin 6; TNFo: tumor necrosis factor alpha; CRP: C-reactive protein.
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Table 1. Continued...
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Exerci
Study Population xercnse* Postprandial lipemia Oxidative stress Endothelial function
protocol
{TROLOX 4 h
Prediabetic Acute at 65% of T™,0, 1h-6h
27 - 272
Melcon women (16) HR .o — 45 min T1G 1h-6h ™0 1h-6h NA
TMDA 1h-6h
I;grz L‘ and 4hiin TROS (CD31'/CD14/
Jenkins et al.”! Trained young iuflzc;ti)?eter VTG 1hand 3 h exercise %E;f)()['xh4”; ]C: :(t)r:tl:ols NA
’ men (10) aZ70°/ \%O group vs. controls - NO (CD31*/CD147
? Y amax TG AUC exercise vs. ED3 )
control
Subacute on
treadmill at 7 -TG T Carbonyls 2 hand 5 h
km/h - 30min B INS in controls and walking
G ersl [OIOUE Sl LrGaucmenal TR NA
ergometer aty exercise group vs. interval exercise grou
8 controls . group
7.5% of the BM — vs. walking and control
30 s x 4 min Rec
LFMD 32% after

Subacute interval

TG 1h,2h, 4 h, 4h30

breakfast and 24% after

Adolescent boys exercise on and 6h30 lunch in controls
Sedgwick et al.?® > treadmill at 60% L TG AUC exercise NA
(13) VO, -4x60 roup vs. controls VFMD 6% after
- 2max group vs. breakfast and 10% after
min =NS . .
lunch in exercise group
Acute on cycle
ergometer at 70%
FC, .- 60min TMDA 2h and 4h
Acute interval THIO2 2h and 4h
exercise on cycle = GPx
Trained youn ergometer at JCAT2hand4h
Canaleetal® M 2‘)' & 100%W, _-60s TTG2hand4h lsoD2hand4h NA
X225 s Rec TTAS interval exercise
Acute interval 15 s vs. controls and 60
exercise on cycle min aerobic
ergometer 200%
W, -155x 116
s Rec
Subasute interval TTG 1h,3h,4h, 4h30 LEMD 3 h and 6h30
Active exercise on and 6h30 controls vs. exercise
. 30 ; o . .
Sedgwick et al. adolescents (14) treadmill at 70% TG AUC exercise NA 2 BAD 3 h and 6h30
VO, -6x10 group vs. controls
amax TSR 6h30
min =INS
T TG after meal, J PWV after exercise vs.
. Active young Acute resistance  controls vs. exercise before exercise
31
Augustine et al. men (10) training group NA T PWV after meal vs.
=HDL before meal in controls

*In all studies there was an additional protocol used as control in which subjects did not do any physical exercise, remaining at rest. Key: NA: not analyzed; HR

max’

maximum heart rate; VO, - maximum oxygen uptake; Rec: recovery; BM: body mass; TC: triglycerides; INS: insulin; NEFA: nonesterified fatty acids; AUC: area
under the curve; ACh: acetylcholine; BAD: brachial artery diameter; FMD: flow-mediated dilation; HDL: high density lipoprotein; LDL: low density lipoprotein; VLDL:
very low density lipoprotein; NOx: nitrite/nitrate levels; SOD: superoxide dismutase; CAT: catalase; LOOH: lipid hydroperoxides; PWV: pulse wave velocity; TAS:
total antioxidant status; ROS: reactive oxygen species; LDL-Ox: oxidized LDL; MDA: malondialdehyde; XO: xanthine oxidase; H,0,: hydrolipid peroxides; TBARS:
thiobarbituric acid reactive substances; SR: shear rate; IL-6: interleukin 6; TNFou: tumor necrosis factor alpha; CRP: C-reactive protein.

POSTPRANDIAL LIPEMIA

Since Zilversmit® proposed that atherogenesis is
a postprandial phenomenon, it has been known that
triglyceride-rich lipoproteins (TRLs) originating in
the diet can accumulate in the vascular endothelium,

triggering an atherosclerotic process and increasing
the likelihood of cardiovascular events.® Plasma
concentrations of lipids and TRLs are generally
measured with the subject in a postprandial state

because we eat meals regularly and continuously
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Electronic search

Postprandial lipemia,
physical exercise and
endothelial function

l

226 articles found

Postprandial lipemia,
physical exercise and
oxidative stress

l

28 articles found

— 38 excluded: review articles

6 excluded: review articles |

123 excluded: patients with
other clinical complications

10 excluded: patients with
other clinical complications

57 excluded: other
parameters evaluated

6 excluded: other
parameters evaluated

1 excluded: duplicate —

8 studies selected for review

Figure 1. Organogram illustrating manual electronic search.

and spend most of the time in a fed state.’? After a
meal that is rich in lipids, the TG supplied by the
diet are hydrolyzed by LLP in the intestine into free
fatty acids (FFA) and glycerol, which are absorbed
by enterocytes and transported to the endoplasmic
reticulum to be once more resynthesized into TG.
These TG are enveloped by apolipoprotein (apo) B-48
in a large chylomicron particle, which is secreted
into circulation via lymphocytes. Chylomicrons are
responsible for exogenous transport of the lipids from
the intestine. After lipolysis by LLP, they form TRL
remnant particles.’>%

The major classes of TRLs include: chylomicrons
derived from the intestine, which transport cholesterol;
very low density lipoproteins (VLDL), basically
synthesized in the liver to export TG to the tissues; low
density lipoproteins (LDL), capable of transporting
cholesterol from the liver to the cells of the various
other tissues; and high-density lipoproteins (HDL),
which basically arise in the liver and intestine.** Since
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5 studies selected for review

LDL is the major transporter of plasma cholesterol,
this lipoprotein appears to be the most strongly linked
to the atherosclerosis process.

After consumption of an HFM, there is an increase
in the quantity of circulating cholesterol particles,
primarily LDL.***3 When these particles of LDL suffer
oxidative modification caused by reactive oxygen
species (ROS), they migrate to the subendothelial
space and cause formation of foam cells in the tunica
intima.’® As part of the inflammatory response,
LDL (ox-LDL) causes activation of monocytes by
chemotaxis, which are transformed into macrophages
in the subendothelial space. Oxidized LDL has a
great affinity for the macrophage scavenger receptor.
As macrophages continue to phagocytose and process
the lipids, plaques composed primarily of lipids and
fibrous tissue begin to form atheromas. These can
obstruct the arterial lumen and reduce its elasticity,
affecting endothelial function.3*3



ENDOTHELIAL FUNCTION

The endothelium is an extremely important
vascular structure because of its position between the
blood circulation and the vascular smooth muscle.
The endothelium is also the source of a wide variety
of vasoactive agents that control vascular tone, growth
factors, platelet function and coagulation.**° These
vasoactive substances can be divided into two classes:
endothelium-derived relaxing factors (EDRF) and
endothelium-derived contracting factors (EDCF).
Among the EDRFs, nitric oxide (NO) performs an
important protective function against the atherosclerotic
process, maintaining the blood vessel in a constant
state of vasodilation.*!

Nitric oxide is produced from L-arginine by a
reaction that is catalyzed by the endothelium-derived
nitric oxide synthase isoform (eNOS), mediated by
Ca?"/calmodulin (CaM),*” and dependent on other
factors such as tetrahydrobiopterin (BH,). Vascular NO
production can be stimulated by a variety of agonist
receptors, and also by shear forces caused by blood
flow, insulin and acetylcholine (ACh). The first two
work via calcium-independent signaling that is in part

NORMAL PRODUCTION

Shear stress
Acetylcholine

7%
2
¥ &
eNOS é‘
——= L-arginine M:0 NO § ;\—

2

1 NO
VASODILATION
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mediated by phosphoinositide 3-kinase (PI-3 Kinase),
whereas ACh works via a calcium-dependent pathway’
(Figure 2).

Nitric oxide causes dilation in all types of blood
vessel by means of activation of the protein soluble
guanylate cyclase, which triggers conversion of
guanosine triphosphate (GTP) into cyclic guanosine
monophosphate (GMPc) in smooth muscle cells.
This causes relaxation of the vascular smooth muscle
and concomitant vasodilation, the principal marker
of endothelial function.** At the same time, changes
in endothelial function may be precursors of vascular
diseases such as atherosclerosis. The erm “endothelial
dysfunction” refers to both an imbalance between the
vasoactive agents that act to control vascular tone (EDRFs
and EDCFs) and to platelet aggregation, coagulation
and fibrinolysis, but vascular tone is the element that has
been most studied. These factors lead to a worsening
of dependent relaxation of the endothelium, caused,
among other aspects, by reduced bioavailability of
NO. Diseases such as arterial hypertension, diabetes
mellitus and hypercholesterolemia can damage the
endothelium, causing endothelial dysfunction thatin a

POSTPRANDIAL LIPEMIA

1 B-oxidation

@@&&u%.? s
S,

S
NN S,
N

f‘.

77
/7

S NOS A
=5 Sy /P!

——= L-arginine—— NO
N

| NO

Subendothelial space

Figure 2. Normal nitric oxide production (NO) inside the vascular endothelial cell and in the postprandial lipemic state. The NO is
produced from L-arginine in a reaction catalyzed by the endothelium-derived nitric oxide synthase isoform (eNOS) and is dependent
on other factors, such as tetrahydrobiopterin (BH,). Vascular NO production can be stimulated by shear forces caused by blood
flow, insulin and acetylcholine (ACh). Nitric oxide maintains the blood vessel in a constant state of vasodilation. When there is an
increase in postprandial lipemia, accumulated superoxide radicals (O,) produced by lipid oxidation (B-oxidation) interact with

NO, forming peroxynitrite (ONOQO"), and affecting vascular tone.
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large proportion of cases is related to atherosclerosis
and cardiovascular events.*

In view of this, diagnostic methods that are capable
of detecting changes in vascular configuration should
prove beneficial for identification of possible endothelial
dysfunctions.*

FREE RADICALS, OXIDATIVE STRESS AND
ANTIOXIDANT SYSTEM

Free radicals are atoms or molecules that have one
or more unpaired electrons in their valency layers,
giving them a strong tendency to oxidize other
molecules. Excessive production of these molecules is
associated with development of a variety of diseases:
cancer, atherosclerosis and cerebral vascular accident
(stroke), among others.*® Notwithstanding, it should
also be pointed out that physiological levels of free
radicals are important for important body functions
to function correctly.*’

The oxygen molecule (O,) is one of the best known
radicals found in our bodies, because in its stable form
it has two unpaired electrons in antibonding orbitals,
making it a potent agent of oxidation. Formation of O,
free radicals in our bodies is strongly associated with
oxidative processes that take place at the terminal part
of'the electron transport chain. As part of this process,
around 95%-99% of the O, consumed is reduced to
water through a tetravalent reaction catalyzed by the
oxidase cytochrome.*

The remaining 1%-5% of O, are reduced in a
univalent form to metabolites known as reactive
oxygen species (ROS).* The O, molecule has a
strong tendency to accept only one electron at a time
because of its electronic configuration, forming the
radical superoxide (O,"). If this then bonds with one
electron and two hydrogen ions, hydrogen peroxide
(H,0,) is formed. In turn, if H,O, receives one more
electron and one hydrogen ion, it forms the hydroxyl
radical (OH"), which is the most reactive of the
intermediate radicals.® Furthermore, ROS such as
0, canreact with NO to form peroxynitrite (ONOO"),
contributing to reduce the availability of this potent
EDREF. In turn, ONOO- is a powerful oxidative agent
that can also cause formation of an oxidant acid with
the characteristics of the hydroxyl radical.”!

When there is an imbalance between the oxidative
agents and the antioxidant system, the result is
oxidative stress, which is a condition characterized by
an imbalance in favor of a prooxidant state, resulting
in damage to membrane proteins and lipids, damage
to DNA structure and a cascade of many different
inflammatory signals.?

334 ] Vasc Bras. 2015 Oct.-Dec; 14(4):328-340

Reactions between radicals are generally chain
termination reactions, resulting in formation of
non-radical stable products. The most important
free radical chain reaction that occurs in biological
systems is oxidation of lipids, i.e. lipid peroxidation.*?

When a polyunsaturated lipid reacts with a ROS
or with nitrogen, lipid peroxidation is triggered.
This reaction can lead to changes in the configuration
of the cell membrane. One of these relatively stable
subproducts is malondialdehyde (MDA).’* As a result,
MDA is one of the most often used markers of lipid
peroxidation, in the thiobarbituric acid reactive substances
assay (TBARS). Oxidation of proteins and/or amino
acids by ROS is accompanied by an increase in the
levels of carbonyls and oxidized amino acids, which
are used as indicators in determination of protein
damage.*” Antioxidants are substances that reduce,
retard or prevent the harmful effects of radicals and
ROS. The antioxidant defense system is divided into
enzymatic and non-enzymatic components. Enzymatic
antioxidants include superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx).
Non-enzymatic antioxidants are primarily supplied
by the diet and include vitamins A, C and E, the thiols
and others. Measurement of total antioxidant capacity
(TAS) has been used with the aim of providing a
global analysis of the quantity of the many different
non-enzymatic antioxidant markers.*->4%

POSTPRANDIAL LIPEMIA, OXIDATIVE
STRESS AND ENDOTHELIAL FUNCTION

After a high fat meal is eaten, there is an increase
in the influx of AGL to muscle, adipose and hepatic
tissues, and also in endothelial cells. This increases
B-oxidation and, as a consequence, increases oxidative
processes that take place at the termination of the
electron transport chain. The greater part of the O, that
is consumed is reduced to water through a tetravalent
reaction catalyzed by the oxidase cytochrome, although
the increase in f-oxidation creates an overproduction
of electron donors, overloading the transport chain.
As aresult, there is an accumulation of electrons, and
the remaining O, is reduced univalently to metabolites
called ROS.#%¢

Morel et al.** suggested that ROS play an important
role in development of atherosclerosis by increasing
oxidation of LDL.” An LDL is an oily droplet that
contains a hydrophobic core of cholesterol esters and a
single layer of phospholipids and free cholesterol that
covers around 70% of its surface. The remaining 30%
of its surface is covered by a single large apolipoprotein
(apo) B-100 which stabilizes the particle in the aqueous



phase of the blood.*® Cellular absorption of LDL is
mediated by classical B/E receptors or by scavenger
receptors. The specific interactions between apoB-100
and cellular receptors are the primary focus of interest
because this recognition mechanism is intimately
involved in the emergence and progression of many
diseases, such as hypercholesterolemia, hyperlipidemia
and atherosclerosis.*

In the initial phase of LDL modification, the lipid
components react with oxidative agents, resulting
in a chain reaction that produces several types of
oxidative products of lipids. These products then
react directly with apoB, resulting in changes to the
amino acid chains and cleavage of peptide bonds.
Minimally modified LDL (MM- LDL) can contain
lipid oxidation products without protein modification
because it has a greater affinity with the LDL receptor
than with the scavenger receptor. Modification of
the apoB protein continues until it loses its affinity
for the LDL receptor, when it is recognized by
macrophage scavenger receptors.® In inflammatory
response, oxidized LDL (ox-LDL) leads to activation
of monocytes by chemotaxis, which are transformed
into macrophages in the subendothelial space. As the
macrophages begin to phagocytose the lipids, foam
cells derived from the macrophages are formed, which

Macrophages
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contain lipids that are primarily in the form of free
cholesterol. Formation of these cells can obstruct the
arterial lumen and reduce its elastic potential. After
rupture of the plaque, ox-LDLs are rapidly released
from the lesion into circulation, provoking a temporary
increase in the levels of 0x-LDL in circulation3¢7¢
(Figure 3).

Additionally, after consumption of an HFM, the
vascular endothelium can be damaged directly by the
oxidative stress generated by the reduced bioavailability
of NO (Figure 2). Accumulated superoxide radicals,
originating from the lipid oxidation, interact with
NO, forming peroxynitrite, further contributing to
reducing the levels of this EDRF and, consequently,
affecting vascular tone.*>!

EFFECTS OF PHYSICAL EXERCISE
ASSOCIATED WITH POSTPRANDIAL
LIPEMIA ON OXIDATIVE STRESS

It is known that excessive consumption of glucose
and AGL can overload the Krebs cycle, leading to
excessive O, production in the electron transport
chain and, consequently, causing an increase in the
damage related to oxidative stress.®! Postprandial
hypertriglyceridemia stimulates production of O, by

Foam cells

Figure 3. Process of atherosclerotic plaque formation. Low density lipoprotein undergoes gradual oxidation until formation of
minimally modified LDL (MM-LDL), which can contain products of lipid oxidation without protein modification. The LDL will
only become oxidized LDL (ox-LDL) when the apoB protein has been modified and it loses the affinity for its receptor, when it is
recognized by macrophage scavenger receptors. In inflammatory response, ox-LDL leads to activation of monocytes, which are
transformed into macrophages in the subendothelial space. As the macrophages begin to phagocytose the lipids, foam cells are
formed, derived from the macrophages, which contain lipids that are primarily in the form of free cholesterol.
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leukocytes, possibly through increased production
of inflammatory markers such as interleukin-6 and
interleukin-8.2%2 Indeed, increased ROS production
caused by catabolism of macronutrients is known
as postprandial oxidative stress.®® It is from this
perspective that the possible acute and subacute
effects of a physical exercise session in attenuating
postprandial oxidative stress have been investigated
(Figure 4).

In one study involving men who trained recreationally,
60 minutes’ walking at an intensity of 60% of maximum
heartrate (HR ) hours before an HFM did not prevent
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oxidative stress associated with hypertriglyceridemia,
when compared with control conditions.?* Additionally,
physical exercise did not prevent oxidative stress
associated with postprandial hypertriglyceridemia
in prediabetic women.?” In contrast, an investigation
following a very similar study protocol and using
the same population showed that physical exercise
did result in increased SOD activity 3 hours after
the HFM and in lower levels of lipoperoxidation,
at the same point in time, when compared with the
control conditions.* The authors linked this result to
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Figure 4. Possible benefits of exercise on postprandial oxidative stress. After eating a high fat meal, there is a rise in the levels of
triglyceride-rich lipoproteins (TRLs), which stimulate production of cytokines (IL-6 and IL-8) by leukocytes and increase Krebs cycle
and electron transport chain activity. In turn, polyunsaturated fatty acids supplied by the meal can react with reactive oxygen

species (ROS) and reactive nitrogen species produced previously, such as superoxide (O

,"), hydrogen peroxide (H,0,), hydroxyl

radical (OH") and peroxynitrite (ONOO"). These ROS oxidize LDL (to ox-LDL) which, in turn, is phagocytosed by macrophages,
triggering a long-term atherosclerotic process. Physical exercise can reduce the levels of TRLs and cytokines and can also prevent

lipoperoxidation damage.
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the higher rate of TG removal and the greater SOD
activity provoked by exercise.” ¢

Working from the assumption that physical exercise
sessions have the capacity to acutely stimulate
antioxidant defense,”* interventions have investigated
whether the effect is sustained after an HFM. It was
demonstrated that a single session of physical exercise
the previous day is capable of increasing TAS hours
after an HFM.?? Recently, a study compared the
effects of a traditional aerobic exercise session and
two sessions of high intensity interval exercise, hours
before an HFM. It was observed that neither of these
conditions was capable of altering serum/plasma
activity of antioxidant enzymes or of reducing lipid
and/or protein oxidation levels in well-trained men.”
Among other speculations, the authors attributed
these results to the absence of exercise-provoked
modifications to postprandial TG removal.?

Notwithstanding, a moderate session of aerobic
exercise the day before eating a high fat meal did
prevent an increase in ROS levels in cells related
to endothelial function.! However, the protective
effects of prior physical exercise on postprandial
ROS production in angiogenic cells appears to be
mitochondria-dependent.?! In consonance with this,
a session of high intensity exercise the day before a
high fat meal resulted in a reduction in TBARS and
carbonyl levels, compared with a traditional walking
exercise.” In contrast, a 45-minute session on a cycle
ergometer did not attenuate postprandial oxidative
stress in women.?

It should be pointed out that those studies that failed
to detect significant differences between exercise
and control protocols in terms of the parameters of
oxidative stress during the postprandial period also
failed to detect differences in PPL, demonstrating that
the exercise was not effective at reducing the lipemic
curve.?*?%?7 The variables representing oxidative
stress that were analyzed in these studies are markers
of lipid peroxidation, which are intimately related
with high plasma TG levels. As such, it appears that
in this case the effects of the markers of oxidative
stress respond in a secondary manner that is similar
to the behavior of PPL.%

In summary, the acute and subacute effects of
a session of physical exercise on parameters of
the oxidative stress associated with an HFM vary
according to the type, duration and intensity of the
exercise session and according to the time elapsed
before the HFM, the markers chosen for analysis, the
composition of the meal and the study population.

Renata Lopes Kriiger, Juliano Boufleur Farinha et al.

EFFECTS ON ENDOTHELIAL FUNCTION OF
PHYSICAL EXERCISE ASSOCIATED WITH
POSTPRANDIAL LIPEMIA

Eating an HFM can induce damage to endothelial
function because of the increased production of ROS
in the postprandial period.® The scientific literature
has demonstrated that a single session of physical
exercise is enough to attenuate the harmful effects
of an HFM on the vascular endothelium.? Over the
years, many studies have investigated the acute or
subacute efficacy of a session of aerobic exercise
or resistance training with relation to variables of
endothelial function.

In general, all of the studies detected a significant
difference between the control and physical exercise
protocols, irrespective of the type of physical exercise,
aerobic or resistance, or of the time of day at which
the session occurred. However, the methodologies
for assessment of endothelial function are still highly
varied, and there is no consensus in the literature
on the most appropriate for measuring vasodilation
derived from the endothelium. The most widely used
techniques include flow-mediated dilation (FMD)
and/or brachial artery dilation (BAD)?**%33%% and pulse
wave velocity (PWV),2243! and it is also possible to
assess Acetylcholine Response. '

After eating an HFM, the values of FMD and
PWYV tend to drop significantly from 2 h to 4 h
postprandially,?>?* and a reduction in endothelial
function can be detected up to 6h30% afterwards.
Both interval exercise at 85%-90% and continuous
exercise at 60% of maximum oxygen uptake (VO,, )
have been shown to be effective at attenuating these
figures, even when the session is conducted the
previous day, which indicates that physical exercise
has a prolonged and late effect as a cardioprotective
agent.!>222430 Resistance training exhibits the same
behavior in relation to attenuation of endothelial
dysfunction.?>!

Therefore, in contrast with the effects of physical
exercise on the parameters of oxidative stress associated
with eating an HFM, attenuation of endothelial
dysfunction appears to be more strongly linked to
performing physical exercise than to the type, duration
or intensity of exercise session, or other factors, such
as study population.

CONCLUSIONS

This review of the literature allows for the conclusion
that the acute and subacute effects of physical exercise
are capable of attenuating the parameters of risk of
CVD development after consumption of an HFM.
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Markers of cardiovascular risk and exercise

The markers of oxidative stress appear to vary according
to the type, duration and intensity of the exercise
session and the time elapsed before the HFM, the
markers chosen for analysis, the composition of the
meal and the study population. In contrast, attenuation
of endothelial dysfunction after a session of physical
exercise takes place irrespective of these variables.
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