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Minimizing Postprandial Oxidative
Stress in Type 2 Diabetes: The Role of
Exercise and Selected Nutrients

Richard J. Bloomer, Cameron G. McCarthy and Tyler M. Farney
Cardiorespiratory/Metabolic Laboratory, The University of Memphis, Memphis,
United States of America

1. Introduction

Approximately 25.8 million Americans (8.3% of the population) are currently living with
diagnosed (18.8 million) or undiagnosed (7.0 million) diabetes (World Health Organization,
2011), most of whom are type 2 in pathology. An additional 79 million Americans are
estimated to have pre-diabetes (World Health Organization, 2011). Unfortunately, the
overall prevalence of these conditions continues to rise, as indicated by the 1.9 million newly
diagnosed cases of diabetes in 2010 within people aged 20 years and older (World Health
Organization, 2011). A similar situation presents itself within other nations around the
world, with an estimated 220 million individuals currently living with diabetes (World
Health Organization, 2011).

The onset and progression of diabetic disorders, as well as the related complications, are
linked to impairments in glucose and lipid metabolism (O'Keefe & Bell, 2007), both of which
are strongly associated with increased production of reactive oxygen and nitrogen species
(RONS) (Ceriello & Motz, 2004; Fisher-Wellman & Bloomer, 2009b). Increased RONS
production coupled with impaired antioxidant defense (a common finding among patients
with diabetes) promotes oxidation of specific biomolecules (e.g., lipids, proteins, DNA),
which can lead to an exacerbation of diabetic complications (Giacco & Brownlee, 2010).
While variables such as blood glucose and blood triglycerides have traditionally been
measured in a fasted state, increasing evidence suggests that measurement of postprandial
glycemia, lipemia, as well as oxidative stress biomarkers, may provide more important
clinical information concerning an individual’s susceptibility to both type 2 diabetes
mellitus (T2DM) onset and disease progression—as well as related conditions (O'Keefe &
Bell, 2007; Pastromas et al., 2008).

For example, increased postprandial oxidative stress has been implicated in the
pathophysiology of diabetes (Wright et al., 2006) and cardiovascular disease (Ceriello, 2004),
which may be linked to the strong association between the postprandial rise in blood
glucose and triglycerides and the generation of RONS. Moreover, randomized controlled
trials indicate that reducing postprandial triglycerides appears to slow atherosclerotic
progression and may improve long-term cardiovascular prognosis (O'Keefe & Bell, 2007).
Therefore, methods to reduce the postprandial rise in glycemia and lipemia may help to
prevent oxidative stress related complications in T2DM patients.
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322 Role of the Adipocyte in Development of Type 2 Diabetes

Drugs to treat hyperglycemia (e.g., sulfonylureas) and hyperlipidemia (e.g., statins) have
been reported in some studies to promote favorable outcomes related to minimizing the
postprandial rise in blood glucose and triglycerides (Nakajima, 2010; O'Keefe et al., 2011).
However, non-pharmacological approaches also exist and have been discussed previously
(Davi et al., 2010; Tucker et al., 2008). In particular, both acute and chronic exercise, as well
as specific nutrient intake (e.g., certain macronutrients, antioxidants, glucose regulatory and
insulin mimetic agents, lipid lowering agents) or proscription (e.g., saturated fat and simple
sugar) may be considered in an attempt to minimize postprandial oxidative stress.

Specific to the above, exercise and selective nutrient intake may aid in attenuating
postprandial oxidative stress in three distinct ways. First, exercise stimulates an increase in
endogenous antioxidant enzyme activity and other protective mechanisms (e.g., heat shock
proteins (Geiger & Gupte, 2011)). Exogenous antioxidant intake in the form of whole foods
and nutritional supplements may provide additional protection against RONS production
following a meal (Neri et al,, 2005; Neri et al.,, 2010). Second, exercise improves blood
glucose clearance via enhanced glucose-4-transport protein (GLUT 4) translocation and
protein content (McGee & Hargreaves, 2006; Rockl et al., 2008), as well as enhanced insulin-
insulin receptor binding and post-receptor signaling (McGee & Hargreaves, 2006). Nutrients
acting to minimize the rise in blood glucose (e.g., fiber (Sierra et al., 2002)) or to enhance
glucose clearance (e.g., herbal extracts (Yin et al., 2008)) may also provide benefit. Third,
exercise improves blood triglyceride clearance via enhanced lipoprotein lipase activity (Seip
& Semenkovich, 1998) and a reduction in chylomicron-triglyceride half-life (J. C. Cohen et
al., 1989). Nutrients acting to minimize the rise in blood triglycerides or to enhance
triglyceride clearance may also prove beneficial (Cottin et al., 2011), as well as altering
nutrient intake to favor lower intake of saturated fat and simple sugar and higher intake of
“healthy” fats and dietary fiber (Bloomer, Kabir, Canale et al., 2010; Jenkins et al., 2007;
Marin et al., 2011).

In this chapter we provide an overview of the role of RONS in diabetic complications and
provide a rationale for the inclusion of both exercise and selected nutrients to combat
postprandial oxidative stress in those with T2DM. 1t is likely that these non-pharmacological
approaches may not only improve glycemic control in a rested and fasted state, but also in
response to feeding. If so, these methods should be strongly considered and implemented
into the clinical treatment plan of type 2 diabetics in an effort to not only considerably
improve the long-term prognosis of such individuals, but also to significantly reduce the
financial burden associated with the chronic treatment of this disease.

2. Diabetes overview

Diabetes is present in multiple forms, but most commonly diagnosed as type 2 in pathology
(World Health Organization, 2011). Diabetes is associated with multiple medical
complications ranging from increased risk of cardiovascular disease to amputations and
blindness. As the incident rate continues to rise, the economic burden associated with this
disease also continues to grow. For example, the combined direct and indirect cost
associated with diabetes has been estimated at $174 billion in 2007 within the United States
alone (World Health Organization, 2011), with estimated and projected future costs being
considerably higher. Related to the direct costs of $116 billion, after adjusting for population
age and sex differences, the average medical expenditures among individuals with
diagnosed diabetes were 2.3 times higher than what expenditures would have been in the
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absence of diabetes. Indeed, diabetes is not only associated with significant impairments in
both the quality and quantity of life in most patients, but poses a major burden to the
healthcare economy.

3. Oxidative stress description

Oxidative stress is a term used to describe a condition of imbalance that exists between
prooxidants and antioxidants, in such a way that prooxidant production overwhelms
antioxidant defenses (Bloomer, 2008). This may lead to the oxidation of lipids, proteins,
DNA, glutathione, and other molecules in ways that impair cellular function (Bloomer,
2008). Although excessive production of prooxidants (also referred to as reactive oxygen
and nitrogen species [RONS]) may be problematic, RONS generation occurs in part as a
consequence of normal cellular metabolism (Halliwell & Cross, 1994) and serves several
vital functions in vivo. For example, RONS play an important role in cell signaling (Haddad,
2002), cellular immunity (Fialkow et al., 2007), apoptosis (Lee & Wei, 2007), and redox
regulation of gene transcription (H. Liu et al., 2005). Hence, RONS are essential for normal
physiological function. It is important to note that under normal physiologic conditions, the
endogenous antioxidant defense system, in conjunction with exogenous antioxidants
consumed through whole food and nutritional supplements, serve to protect small and large
molecules from oxidative modification via RONS.

3.1 Association with disease

Increased biomarkers of oxidative stress have been noted in those living with disease (Dalle-
Donne et al., 2006), as well as in various tissues extracted upon autopsy. It is possible that
during repeated exposure to stressful conditions in which RONS production is increased,
and during which time adequate protection is not available, the antioxidant defense system
may be overwhelmed. The resultant oxidative stress may lead to progressive oxidation of
cellular constituents, eventually leading to functional decline of vital components (e.g.,
vascular endothelium) and disease (Dalle-Donne et al., 2006). However, while associations
between various oxidative stress biomarkers, impairments in cellular function, and frank
disease have been noted in many studies, direct cause and effect data are scarce (Maiese et al.,
2007). For example, in many cases the evidence consists only of observations of increased
levels of oxidative stress biomarkers (e.g., lipid, protein, and DNA oxidation) in persons
with a particular disease such as diabetes (Baynes & Thorpe, 1999) or cardiovascular disease
(Tsimikas, 2006). In other cases, subjects with certain diseases such as T2DM have
demonstrated improved markers of health following antioxidant therapy (Wu et al., 2007),
suggesting that RONS may have been a possible cause of disease or disease progression.
However, when considering the multi-factorial pathology of most disease states, it is likely
that systems aside from those associated with RONS are also involved. Additional study is
needed before conclusions can be made pertaining to the specific role of RONS in human
disease —and whether RONS are a major cause of disease or merely a consequence of the
disease process.

3.2 Formation of Reactive Oxygen and Nitrogen Species (RONS)

As discussed earlier, a state of “oxidative stress” is created when RONS production exceeds
antioxidant defense. Both non-radical and radical species are considered to be RONS, the
latter which are often referred to as “free radicals”, defined as any species capable of
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independent existence containing one or more unpaired electrons (Halliwell, 1991). The
majority of biological molecules are non-radicals and contain only paired electrons.
However, if a single electron is unpaired within an orbital, it is said to be “free”. Free
radicals are typically regarded as highly reactive (hence the term “reactive” oxygen and
nitrogen species), because they seek to accept electrons from other molecules. The donation
of electrons can then produce additional free radicals, leading to a chain reaction of radical
generation, which may continue until a chain terminating reaction occurs.

Although RONS are generated as a component of normal cellular metabolism, they can also
be produced through exposure to a wide variety of stimuli. These include, but are not
limited to exposure to environmental toxins (Matsuoka et al., 2010), cigarette smoke
(Edirisinghe & Rahman, 2010), ozone (Bocci et al., 2009; Yang & Omaye, 2009), intense
physical exercise (Bloomer, 2008; Fisher-Wellman & Bloomer, 2009a), and ingestion of
certain nutrients (Sies, Stahl, & Sevanian, 2005). Specifically, a state of oxidative stress may
be mediated through a disruption of the electron transport system leading to increased
formation of superoxide radicals, an increase in the activity of RONS generating enzymes
(e.g., xanthine oxidase), activation of cyclooxygenases, lipoxygenases, phagocytes, and
phospholipases, as well as through an acute or chronic decrease in antioxidant protection
(Jackson et al., 2007).

3.2.1 Exercise conditions

More than 300 original investigations have been performed in relation to exercise-induced
oxidative stress (Fisher-Wellman & Bloomer, 2009a). The results of this work are mixed,
with many studies documenting an acute oxidative stress, while others fail to demonstrate
such findings. The opposing results are likely due to discrepancies in the exercise protocols,
the training status and age of subjects, the biomarkers measured, and the timing of blood
collection relative to the exercise bout (Fisher-Wellman & Bloomer, 2009a). Regardless, there
are multiple potential sites for RONS formation in relation to an acute bout of exercise.
These include primary sources in which RONS are generated in direct response to a given
condition (e.g., formation of superoxide within the respiratory chain, prostanoid
metabolism, catecholamine autoxidation, heightened xanthine oxidase activity), as well as
secondary sources in which RONS production might occur in response to muscle damage
(e.g., neutrophil respiratory burst activity, disruption of iron containing proteins) (Bloomer,
2008). It is important to note that despite the potential for oxidative stress arising from acute
exercise, such a condition is generally short lived. That is, any post-exercise elevation in
oxidative stress biomarkers typically returns to baseline within minutes to hours following
the cessation of exercise. Moreover, this acute increase in RONS is necessary to allow for the
up-regulation in antioxidant defense —in accordance with the principle of hormesis (Radak
et al., 2008). For these reasons, concern over an acute increase in RONS as a consequence of
strenuous exercise should be minimal.

3.2.2 Feeding conditions

The generation of RONS and the ensuing oxidative stress following a meal is referred to as
postprandial oxidative stress. This appears directly linked with the rise in blood glucose
(Monnier et al., 2006) and triglycerides (Bae et al., 2001) following feeding. Individuals with
diabetes and pre-diabetes appear more susceptible to postprandial oxidative stress due to
the fact that they experience prolonged periods of hyperglycemia (Ceriello et al., 2002; Y.
Miyazaki et al., 2007; Schindhelm et al., 2007) and hypertriglyceridemia (Ceriello et al., 2002;
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Nappo et al., 2002) following meals, as compared to those with normal blood glucose
control. Elevations in both glucose and triglycerides are directly linked to superoxide
production (Bae et al., 2001; Nishikawa et al., 2000), a potent RONS which is known to react
with other molecules causing additional RONS generation (Brownlee, 2005). It is likely that
superoxide is generated within the mitochondria during the process of substrate oxidation
following the ingestion of energy dense meals—in particular those high in saturated fat
(Fisher-Wellman & Bloomer, 2009b). Therefore, methods of attenuating postprandial
glycemia and lipemia (e.g., ingestion of lower calorie meals, decreased intake of saturated
fat and simple sugar) may be associated with a decrease in RONS generation. Moreover,
because the blood glucose (Monnier et al., 2006) and triglyceride response (Bloomer, Ferebee
et al., 2009) to feeding is at least partly mediated by the fasting levels of these variables, a
decrease in fasting blood glucose or triglycerides should result in lower postprandial
oxidative stress. A lifestyle approach of modifying dietary intake might be considered a
“first line” defense to decrease both fasting and postprandial oxidative stress. It should be
noted that unlike exercise, for which the oxidative stress response is typically short lived,
the oxidative stress response following a high calorie, high fat meal may persist for several
hours (e.g., 4-6) following feeding (Bloomer, Cole et al., 2009; Bloomer, Fisher-Wellman et
al., 2009; Melton et al., 2009; Saxena et al., 2005), and the response is exacerbated in those
who are obese (Bloomer & Fisher-Wellman, 2009).

3.2.2.1 Meal composition and size

It is evident that the dietary practices of many individuals are not ideal, with consumption
of dietary fat and simple sugars meals being prevalent (Drewnowski, 2007; Livesey et al.,
2008). The sheer size of individual meals is often larger than what is needed based on energy
demands, which may exacerbate and prolong postprandial glycemia and lipemia
(Zilversmit, 1979) —allowing for greater RONS production. The severity of the oxidative
load imposed appears dependent on the magnitude and rate of glycemia and lipemia
experienced post-feeding (O'Keefe & Bell, 2007). Indeed, moderate to strong correlations
exist for both glucose (Monnier et al., 2006) and triglycerides (Bae et al., 2001; Bloomer,
Ferebee et al., 2009; Bloomer & Fisher-Wellman, 2010; Fisher-Wellman & Bloomer, 2010;
Saxena et al., 2005) and oxidative stress biomarkers post-feeding.

Studies have included a variety of meals to induce an oxidative stress, ranging from isolated
protein, carbohydrate, and fat, to mixed meals involving some combination of
macronutrients. However, in most postprandial oxidative stress studies, the meal of choice
is predominantly lipids. Such a meal reliably induces a state of oxidative stress, with a
corresponding increase in blood triglycerides. We have recently compared the oxidative
response to four different isocaloric meals (protein, carbohydrate, lipid, and mixed) and
found that the lipid meal resulted in the greatest increase in postprandial oxidative stress
(Fisher-Wellman & Bloomer, 2010). We have replicated these findings with regards to the
lipid meal compared to a carbohydrate meal (Bloomer, Kabir, Marshall et al., 2010), noting
that the oxidative stress response is dependent on meal size (i.e., increased calories = greater
oxidative stress). Taken together, these data indicate that both meal composition and size
impact postprandial oxidative stress.

3.3 Cellular dysfunction

The rise in circulating glucose and triglycerides, and the ensuing postprandial oxidative
stress, triggers a harmful biochemical cascade throughout the circulation, including
inflammation, endothelial dysfunction, hypercoaguability, and sympathetic hyperactivity,
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all of which may promote further RONS generation and oxidative damage (Fisher-Wellman
& Bloomer, 2009b). The specific mechanisms of RONS generation in the postprandial state
have yet to be elucidated due to the complexity of the cellular signaling cascade that exits in
vivo. However, it appears that RONS initiate pathways of gene transcription, inflammation,
and cellular adhesion, which induce further RONS generation and cellular damage (Fisher-
Wellman & Bloomer, 2009b). When an excess of substrate enters the mitochondria, an
accumulation of superoxide is generated from the electron transport chain (E. J. Anderson et
al., 2009; Brownlee, 2005; Koves et al., 2008).

Within the peripheral tissue, this oxidative disruption can activate several pro-inflammatory
transcription factors (nuclear factor kB [NF- kB] and tumor necrosis factor a [TNF-a]), which
may induce further RONS production and insulin resistance (Aljada et al., 2006; Sinha et al.,
2004). It is proposed that this form of RONS mediated insulin resistance is a means for
peripheral tissue to reduce the amount substrate after excessive nutrient intake (Ceriello &
Motz, 2004). In turn, substrate may accumulate within the circulation leading to
hyperglycemia and hyperlipidemia (Fisher-Wellman & Bloomer, 2009b).

Within the vasculature, the endothelium may produce RONS by similar mechanics as
peripheral tissue under conditions of hyperglycemia and hyperlipidemia (Ceriello & Motz,
2004). The increased RONS generation leads to the migration of phagocytic cells (leukocytes
and neutrophils) to the endothelium, which produce additional RONS via NADPH oxidase
(Mohanty et al., 2000; Mohanty et al., 2002; Van Oostrom et al., 2003). Moreover, this can
lead to the release of inflammatory cytokines (Aljada et al., 2006) and cellular adhesion
molecules (Ceriello et al., 2004; Rubin et al., 2008), which may be contributing factors to
atherosclerosis, myocardial infarction, and stroke (Aljada et al., 2006).

3.3.1 Methods of assessing RONS formation

Since radicals are highly reactive and short lived (e.g., 10> seconds for superoxide), they are
difficult to measure in biological systems. However, direct measurement techniques do
exist; the most common being electron spin resonance (ESR) spectroscopy involving spin
traps (Knight, 1999). Unfortunately, the equipment needed for such measurements is
sophisticated and costly and the procedures are labor intensive, making the analysis of large
numbers of samples difficult. More common is the use of indirect methods to measure
oxidized biomolecules such as lipids, proteins, and DNA —resulting from exposure to
RONS. By measuring these oxidative stress biomarkers, the degree of RONS generation and
antioxidant capacity can be inferred, although specific information related to the type and
extent of RONS remains unknown.

Due to the vast growth in this area of study, a variety of analysis procedures have been used
to measure oxidative stress biomarkers (Rimbach et al, 1999), ranging from
spectrophotometric assays to procedures using gas chromatography-mass spectroscopy
(GC-MS) and high performance liquid chromatography (HPLC) coupled with
electrochemical or chemiluminescence detection. Several commercially available assay kits
are now available, while some companies offer oxidative stress related reagents and assay
kits exclusively —while also providing analytical services for these procedures. Analyses can
be performed using several body fluids (e.g., blood, urine, saliva), as well as muscle and
organ tissue.

3.3.2 Common biomarkers of oxidative stress
Numerous biomarkers have been used in oxidative stress related research. Although a
complete discussion of these markers is beyond the scope of this chapter, the biomarkers
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indicated below appear most commonly used. It should be understood that due to the
growing interest in this line of work, new biomarkers and assay procedures emerge each
year.

With regards to lipids, the following assays are commonly used: isoprostanes, lipid
hyroperoxides, malondialdehyde (MDA), thiobarbituric acid reactive substances (TBARS),
oxidized low density lipoproteins (ox-LDL-C), conjugated dienes, and hexanoyl lysine. With
regards to proteins, the following assays are commonly used: protein carbonyls,
nitrotyrosine, individual oxidized amino acids, and advanced oxidation protein products.
With regards to DNA, the following assays are commonly wused: 8-hydroxy-2'-
deoxyguanosine (8-OHdG) and individual oxidized DNA strand breaks (comet assay).

In addition to the above, numerous individual antioxidants (e.g., ascorbate, tocopherols),
antioxidant enzymes (e.g., superoxide dismutase), and antioxidant capacity markers can be
measured. In relation to the latter, the following four assays are common: Trolox equivalent
antioxidant capacity (TEAC), Oxygen Radical Absorbance Capacity (ORAC), Ferric Reducing
Ability of Plasma (FRAP), and Total Radical-Trapping Antioxidant Parameter (TRAP).
Enzymes such as xanthine oxidase and peroxides such as hydrogen peroxide can also be
measured. Other biomarkers thought to be associated with oxidative stress (e.g.,
inflammatory markers, obesity markers) are often included in postprandial studies. Finally,
markers of endothelial function such as nitrate and nitrite (surrogate markers of nitric oxide)
and flow mediated dilation are often included in studies of postprandial oxidative stress—
due to the association between increased RONS production, decreased nitric oxide
bioavailability, and endothelial dysfunction.

4. Minimizing and protecting against postprandial RONS

In an attempt to decrease the potential harm of RONS following acute feedings, it appears
most prudent to attempt to simply avoid any significant elevation in RONS to begin with.
This may be best accomplished by decreasing the overall calorie load within any given meal
(Bloomer, Kabir, Marshall et al., 2010), while reducing the amount of saturated fat and
simple sugar and replacing such calories with “healthy” fat and dietary fiber (Jenkins et al.,
2007). In addition, the use of selected micronutrients may prove helpful. Finally, the
performance of regular exercise may act to minimize postprandial oxidative stress. Beyond
this prophylactic approach involving alterations in both nutrient intake and physical
activity, the plan becomes one of treatment (i.e., handling the increased production of RONS
due to the spike in blood glucose and blood triglycerides).

The remainder of this chapter focuses on the role of exercise and selected nutrient intake in
an attempt to attenuate postprandial oxidative stress. While some studies have focused
exclusively on diabetic patients, many others have not. However, because the potential
mechanisms of actions in relation to glucose and triglyceride uptake, as well as the up-
regulation in antioxidant defense may be similar for diabetic and non-diabetic individuals,
we have included studies specific to both populations. Where possible, distinctions are
made between studies.

5. Exercise and postprandial oxidative stress

Aerobic exercise has been shown to ameliorate postprandial oxidative stress and
hyperlipidemia, with consumption of a high fat meal (Clegg et al., 2007; McClean et al.,
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2007); however few studies have been conducted to address this issue. This effect may be
due to an acute improvement in both triglyceride and glucose clearance, as well as an
increase in antioxidant enzyme activity resulting from the exercise bout (McClean et al.,
2011). The following text outlines findings specific to these areas of investigation.

5.1 Acute exercise

5.1.1 Triglyceride metabolism

It is well documented that exercise improves multiple aspects of human health and reduces
both morbidity and mortality. Over the past few decades, a great amount of attention has
been given to exercise as a therapeutic tool to reduce circulating triglyceride levels, both at
rest and following meal consumption. Although, the exact mechanisms involved in
attenuation of postprandial lipemia with exercise are not fully understood (Katsanos, 2006),
exercise has been shown to decrease circulating triglyceride levels (Pronk, 1993), as well as
help to reduce the amount of triglyceride secretion by the liver (Borsheim et al., 1999; Gill et
al., 2001).

As highlighted earlier, reducing postprandial triglyceride levels is of particular importance,
as this rise in circulating lipids post-feeding may be associated to increased risk for
cardiovascular disease, possibly linked to the formation of RONS (Bae et al., 2001). It is well
documented that a positive correlation exists between postprandial triglyceride levels and
oxidative stress biomarkers (Bae et al., 2001; Bloomer, Ferebee et al., 2009; Bloomer & Fisher-
Wellman, 2010; Fisher-Wellman & Bloomer, 2010; Saxena et al., 2005). Therefore, if exercise
is successful at reducing postprandial triglycerides, it may also be associated with a decrease
in oxidative stress.

Exercise has been reported to increase the activity of lipoprotein lipase (LPL) (Seip &
Semenkovich, 1998), and thus improve triglyceride clearance. Lipoprotein lipase is
expressed on adipocytes and skeletal muscle cells, with a main function of removing
triglyceride from circulating lipoproteins. In the early postprandial period, adipose LPL
activity increases while muscle LPL activity decreases (Seip & Semenkovich, 1998), which is
most likely due to the rise in post-meal insulin. Exercise is believed to increase muscle LPL
activity via decreased circulating insulin levels and increased catecholamine levels (Seip &
Semenkovich, 1998). In support of this, acute exercise was investigated with participants
cycling for 60-90 min at 55-70% VOomax (Seip et al., 1997). The investigators reported a
significant increase in LPL activity at four and eight hours post-exercise, with a return to
baseline values at 20 hours post-exercise. This increase corresponded with a significant
decrease in triglycerides, an increase in norepinephrine and epinephrine, and a reduction in
circulating insulin. Other investigators have noted an increase in LPL activity at 24 hours
(Ferguson et al., 1998; Grandjean et al., 2000) and 48 hours (Grandjean et al., 2000) post-
exercise, while triglycerides have been noted to be lower at 24 hours (Cullinane et al., 1982;
Grandjean et al., 2000), 48 hours (Grandjean et al., 2000), and 66 hours (Ferguson et al., 1998)
following exercise.

In addition to an increase in LPL activity following exercise, a decreased secretion of very
low density lipoprotein (VLDL) may be another mechanism that results in lower circulating
levels of triglycerides (Borsheim et al., 1999; Gill et al.,, 2001). With regards to VLDL, it
appears that intensity plays a major role in decreasing secretion of VLDL. This is supported
by the work of Borsheim et al. (Borsheim et al., 1999) who noted a decrease in VLDL at 4.5
hours after cycling for 90 minutes at ~58% VOamax, while Magkos et al. (Magkos et al., 2008)
reported no significant changes for 6 hours post-exercise when treadmill walking was
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performed for 90 minutes at intensity of ~30% VOozmax. One investigation reported no change
in VLDL immediately and one hour following exhaustive cycling exercise performed at
115% VOomax (Lira et al., 2010). One potential limitation to this study was that the sampling
time course was only sustained for one hour post-exercise. This is considerably less than
prior work demonstrating an effect of exercise on VLDL lowering when measured 4.5 hours
post-exercise (Borsheim et al., 1999).

Resistance training has also been shown to have an effect on postprandial lipemia. Singhal
et al. (Singhal et al.,, 2009) investigated the role of intensity on postprandial lipemia by
performing 10 resistance exercises at either 50% of eight repetition maximum (RM) or at
100% of eight RM (the lower intensity group performed 16 repetitions and the higher
intensity group performed eight repetitions, and both groups performed three sets). A high
fat meal was administered 15.5 hours post-exercise and there was found to be no significant
difference between intensities. Both exercise bouts resulted in a similar reduction in
postprandial lipemia and increase in fat oxidation. Another investigation compared
resistance exercise with aerobic exercise by matching energy expenditure between exercise
type (Petitt et al., 2003). Resistance exercise was comprised of 10 exercises performed for
three sets of 10 repetitions, at the participants” 10 RM, while the aerobic exercise involved
walking for the same duration as resistance exercise, and at an intensity estimated to elicit
an identical energy expenditure. The results indicated that resistance exercise more
favorably impacted baseline triglyceride concentrations, as well as the total postprandial
triglyceride response, as compared to aerobic exercise and control.

5.1.2 Glucose metabolism

Given that the hallmark characteristic of diabetes is elevated blood glucose, consumption of
high caloric meals composed of processed carbohydrates should be cautioned, if not avoided
completely. The post-meal hyperglycemia has been shown to elicit a subsequent rise in RONS
(Fisher-Wellman & Bloomer, 2010; Mohanty et al., 2000; Monnier et al., 2006). While young,
healthy, non-diabetic individuals may not be negatively affected by high “simple”
carbohydrate meals (Bloomer, Kabir, Marshall et al., 2010), research has shown that obese and
metabolically diseased populations (e.g., obese, diabetic) consuming such feedings may be at
increased risk for postprandial oxidative stress (Bloomer & Fisher-Wellman, 2009).

Individuals with insulin resistance have noted improvements in glucose homeostasis
following both acute exercise and chronic exercise training, resulting in numerous metabolic
and hemodynamic changes that may contribute to improved glucose disposal. These
adaptive responses include enhanced insulin action on the skeletal muscle glucose transport
system, reduced hormonal stimulation of hepatic glucose production, improved blood flow
to skeletal muscle, and normalization of an abnormal blood lipid profile (Henriksen, 2002).
There are two main mechanisms responsible for enhanced glucose disposal following an
acute exercise bout. First, an observed stimulation of GLUT4 to the cell membrane is noted,
which allows for glucose uptake into the cytosol from the vasculature. Second, an increase
in insulin sensitivity within contracting skeletal muscle is noted, ultimately allowing for
GLUT4 translocation. Both of these effects are welcome following the ingestion of a high
carbohydrate meal in which blood glucose is elevated.

Under normal physiologic conditions, GLUT4 is translocated from the cytosol to the cell
surface through an insulin signaling mechanism. This is accomplished when insulin binds to
the insulin receptors of the cellular wall of the muscle, which in turn activates a cascade of
protein kinases that eventually translocate GLUT4 (Rockl et al., 2008). However, muscular
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contraction also induces this translocation independently of the initial insulin signaling,
possibly through calcium and/or AMP kinase (Henriksen, 2002). An immediate increase in
plasma GLUT4 transport protein content following moderate (Kristiansen et al., 1999) and
high (Green et al., 2008; Kristiansen et al., 1996) intensity aerobic exercise has been noted.
The increase in GLUT4 translocation in response to exercise may be necessary to allow for
adequate glycogen replenishment (Thompson et al., 2001).

In terms of improved insulin sensitivity in response to exercise, it has been reported that
insulin transduction through insulin receptor IRS-1/2 and PI3-kinase is enhanced post-
exercise (Peres et al.,, 2005). This increase in skeletal muscle insulin sensitivity has been
shown to last for up to 16 hours post-exercise (Chibalin et al., 2000; Ren et al., 1994). The
enhanced removal of excess glucose from within the vasculature may be in conjunction with
insulin independent increases of GLUT4 translocation, which in turn may relate to both
reduced RONS production and maintenance of endothelial function.

The majority of acute investigations related to increased glucose clearance have focused on
moderate intensity aerobic exercise, with multiple studies reporting favorable effects, as
reviewed elsewhere (Praet & van Loon, 2007). To our knowledge, only one investigation has
focused on the effect of high intensity sprint exercise on glucose metabolism. Brestoff et al.
(Brestoff et al., 2009) had subjects perform five 30 second sprints at 125% VO;peak With four
minutes rest between sprints or 45 minutes of continuous exercise at 75% VOzpeak. An oral
glucose tolerance test (OGTT) was administered 12-16 hours after exercise, and blood
samples were taken every 30 minutes for a two hour period following the OGTT. There was
no significant effect of the sprint exercise with regards to blood glucose lowering; however,
the endurance protocol significantly lowered the insulin response. One possible reason for
the lack of significance regarding the sprint exercise bout may be due to the bout being
performed 12-16 hours prior to the OGTT —a time that may have been too distant from
exercise to elicit an effect. Kraniou et al. (G. N. Kraniou et al., 2006) also reported no
significant differences in GLUT4 protein gene expression with higher intensity aerobic
exercise (27 minutes at 83% VOopea) compared to lower intensity aerobic exercise (60
minutes at 39% VOnzpeak). Despite no significant difference between trials, both intensities
resulted in a significant increase in GLUT4 protein and gene expression immediately and
three hours post-exercise. Collectively, improvements in GLUT4 translocation immediately
post-exercise (Kristiansen et al., 1997; Thorell et al., 1999), with significant increases in both
gene expression (G. N. Kraniou et al., 2006; Y. Kraniou et al., 2000) and insulin sensitivity
(Thong et al., 2003) lasting up to three hours post-exercise, may provide evidence for
exercise to be performed closer to the actual test meal.

In addition to aerobic and sprint exercise protocols, resistance exercise has also been used in
an attempt to improve postprandial glucose metabolism. One investigation had subjects
exercise 14 hours prior to consuming a carbohydrate-rich meal (Andersen & Hostmark,
2007). Resistance exercise consisted of seven exercises performed for three sets of 10
repetitions at an intensity of 50% 1RM. The authors reported that postprandial glucose
response was significantly reduced in the exercise group when compared to the control
group. Fluckey et al. (Fluckey et al., 1994) investigated the effects of resistance exercise on
glucose tolerance in non-diabetic subjects and in those with non-insulin dependent diabetes
mellitus (NIDDM) by performing three sets of 10 repetitions at 75% 1RM, 18 hours prior to
an OGTT. It was concluded that a single resistance exercise session significantly enhanced
insulin clearance, but not insulin secretion, in both control and NIDDM subjects.
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5.1.3 Antioxidant capacity

Although both a lowering of circulating triglycerides and blood glucose are thought to lead
to lower production of RONS, improved antioxidant capacity may also serve to minimize
the potential harm of increased RONS postprandially. Besides including more global
markers of total antioxidant status, such as TEAC and ORAC, performing assays for
individual antioxidant enzymes is another method to assess oxidative stress (e.g.,
superoxide dismutase [SOD], glutathione peroxidase [GPx], catalase [CAT], or glutathione
reductase [GR]), as these enzyme may be up-regulated by an acute bout of exercise or may
be acutely lowered owing to their combating nature against RONS.

Many investigations have been performed to confirm the post-exercise change in
antioxidant capacity. Although these investigations generally note a decrease in antioxidant
status post-exercise (Di Massimo et al., 2004; Tozzi-Ciancarelli et al., 2002), this is usually
transient, as defenses either return to, or exceed, their pre-exercise values shortly after
exercise cessation (Alessio et al., 2000; Fatouros et al., 2004; Michailidis et al., 2007; Quindry
et al., 2003; Steinberg et al., 2006; Vider et al., 2001, Watson et al., 2005). These findings
confirm the short-term activity of antioxidants in handling RONS, as well as propose a
hypothesis for the stimulatory effect of acute exercise on chronic antioxidant status.
However, despite the increase in antioxidant status noted in some studies, other authors
have reported no increase (Sen et al., 1994, H. K. Vincent et al., 2004), which may be
attributed to sampling times related to the acute session.

When focusing specifically on individual antioxidant enzymes, investigations have reported
increases in SOD (Buczynski et al., 1991; M. F. Chen et al., 1994; Elosua et al., 2003), GPx
(Buczynski et al., 1991; Elosua et al., 2003; Fatouros et al., 2004; Laaksonen et al., 1999), and
CAT (Buczynski et al., 1991; Michailidis et al., 2007; Vider et al., 2001) following exercise.
This increase in antioxidant enzyme activity may function to combat any increase in RONS
resulting from ingestion of dietary nutrients. Only a few studies have reported null findings
for SOD (Tozzi-Ciancarelli et al., 2002), GPx (Akova et al., 2001), and GR (Elosua et al., 2003).
Although not directly considered to be an antioxidant, heat shock proteins (HSPs) have been
shown to be important mediators of skeletal muscle insulin sensitivity, as well as aid in
protection against oxidative stress (Geiger & Gupte, 2011). With acute exercise, HSPs have
been shown to increase in response to body temperature variations, inflammation, and
RONS production (K. L. Hamilton et al., 2003; Nishizawa et al., 1999; Smolka et al., 2000).
Therefore, HSPs are sometimes considered as “complementary” to antioxidant function
(Finaud, Lac, & Filaire, 2006; Smolka et al., 2000), due to protecting cells and intracellular
proteins against RONS-induced damage (Fehrenbach & Northoff, 2001; K. L. Hamilton et
al., 2003; Nishizawa et al., 1999). It's important to note that within certain disease states,
especially those associated with insulin resistance and aging, HSPs are decreased. This
becomes an unfavorable situation considering that HSPs have been shown to decrease
oxidative stress, inhibit inflammatory pathways, and enhance metabolic characteristics in
skeletal muscle (Geiger & Gupte, 2011). Therefore, methods of increasing HSP production
should be considered, with exercise being one such method.

5.2 Chronic exercise

5.2.1 Triglyceride metabolism

As with acute exercise, chronic exercise training also results in beneficial changes in lipid
metabolism and increased LPL activity (Peltonen et al., 1981); at least within a sample of
non-diabetic subjects. However, when focusing on investigations using patients with T2DM,
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the results are mixed. Two investigations have reported that patients with T2DM
experienced a decrease in total cholesterol and low-density lipoprotein-cholesterol (LDL-C),
as well as elevations in high-density lipoprotein-cholesterol (HDL-C) with aerobic training
(consisting of mainly walking or running on a treadmill, cycling and calisthenics involving
the upper and lower limbs) (Kadoglou et al., 2007; Ronnemaa et al., 1988) or walking (Araiza
et al., 2006). However, other investigations with T2DM participants have noted no effect on
the blood lipid profile following a period of exercise training (Loimaala et al., 2009; Sigal et
al., 2007; Tudor-Locke et al., 2004).

Some investigations have aimed to increase physical activity in an effort to attenuate
triglyceride levels. Despite being successful in their objective to increase physical activity,
this increase was not associated with any significant reductions in triglycerides (Loimaala et
al., 2009; Sigal et al., 2007; Tudor-Locke et al., 2004). It is possible that exercise alone
(particularly if low volume), without a concomitant change in dietary intake and decrease in
weight loss, might not be adequate to significantly improve blood lipids in those with
T2DM. For example, Barnard et al. (Barnard et al., 1982) completed a 26 day intervention
involving exercise and dietary modification and noted that both total cholesterol and
triglycerides were reduced compared to baseline. However, these changes appeared
mediated by an average weight loss of 4.3 kg. Using a similar exercise and nutritional
intervention, Barnard and colleagues (Barnard et al., 1992) later noted a reduction in total
cholesterol, LDL-C, and the ratio of total cholesterol: HDL-C. However, like the earlier
investigation, these effects may have been more mediated by the weight loss than by the
exercise. These data highlight the potential role of combination treatment (i.e., exercise and
weight reduction — possibly involving dietary modification) to improve blood lipids in those
with T2DM.

5.2.2 Glucose metabolism

Aerobic exercise has been the primary mode prescribed for diabetes prevention and
management. It has been shown that only one week of aerobic training can improve whole-
body insulin sensitivity in individuals with T2DM (Winnick et al., 2008). Although only
persisting for a period of hours to days, moderate and vigorous aerobic training has been
shown to improve insulin sensitivity (Bajpeyi et al., 2009; Evans et al., 2005; Galbo et al.,
2007; Houmard et al., 2004). The responsiveness of skeletal muscles to insulin has been
shown to be enhanced with training due to the increases in expression and/or activity of
proteins involved in glucose metabolism and insulin signaling (Christ-Roberts et al., 2004;
Holten et al., 2004; O'Gorman et al., 2006; Y. Wang et al., 2009). Glycogen synthase activity
and GLUT4 protein expression has been shown to increase from moderate training (Christ-
Roberts et al., 2004). Another key aspect related to improved insulin action and glycemic
control is mediated through fat oxidation, and chronic training induces increased lipid
storage in muscle, as well as increased fat oxidation capacity (Duncan et al.,, 2003;
Goodpaster et al., 2003; Kelley & Kelley, 2007; Pruchnic et al., 2004).

In addition to aerobic training, blood glucose control and insulin action has also been shown
to be favorably impacted by resistance training (N. D. Cohen et al., 2008; Dunstan et al.,
2002; Ibanez et al., 2005; Ibanez et al., 2008; Ishii et al., 1998). One investigation consisted of
twice-weekly progressive resistance training for 16 weeks by older men with newly
diagnosed T2DM (Ibanez et al., 2005). The authors reported a 46% increase in insulin action,
7% reduction in fasting blood glucose, and a significant loss of visceral fat. Muscle mass
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increases from resistance training may also aid in blood glucose uptake due to the actual
increase in mass, and heavy resistance training may also help to reverse or prevent further
loss of skeletal muscle due to disuse and aging (Castaneda et al., 2002; Willey & Singh,
2003).

5.2.3 Antioxidant capacity

Participating in regular physical activity has been shown to be an effective means of
increasing antioxidant defense (Ji, 1999; Kojda & Hambrecht, 2005). Exercise, in particular of
aerobic nature (Elosua et al., 2003; Marzatico et al., 1997; May et al., 1996; H. Miyazaki et al.,
2001; Selamoglu et al., 2000), may lead to up-regulation in antioxidant enzymes that are
situated at the muscular, plasmatic, hepatic, and cardiac levels (Chevion et al., 2003; Venditti
& Di Meo, 1997). With regards to muscle, the effect may be strongest for tissue with high
oxidative power (e.g., type I fibers) (Hollander et al., 1999; Inal et al., 2001; Leeuwenburgh et
al., 1999). It should be noted that the absolute magnitude of change in antioxidant enzymes
may differ, with SOD and GPx noted to increase more than CAT (Hollander et al., 1999;
Leeuwenburgh et al., 1999; H. Miyazaki et al., 2001; Ohno et al., 1988; Powers et al., 1999).
There are less data pertaining to the impact of anaerobic exercise on antioxidant capacity.
However, it has been reported that anaerobically trained individuals have lower oxidative
stress and experience less muscular damage after exercise when compared with untrained
individuals (Ortenblad et al., 1997; Selamoglu et al., 2000). Moreover, anaerobic trained
participants have been reported to have higher antioxidant enzyme activity in blood and
working muscle (Hellsten et al., 1996, Marzatico et al., 1997; Ortenblad et al., 1997; K. R.
Vincent et al., 2002); however, exceptions to this finding exist (Selamoglu et al., 2000). Heat
shock proteins have also been shown to increase as a result to chronic anaerobic training
(Carmeli et al., 2010), suggesting that cellular protection is increased as an adaptation to this
form of exercise.

5.3 Summary of exercise

Although exercise may elicit a transient increase in RONS, it is clear from multiple studies
that both acute and chronic exercise may improve certain aspects of metabolic function—
including enhanced triglyceride and glucose clearance, as well as increased antioxidant
defense. Because elevated triglyceride and glucose (in particular in response to high fat
and/or high carbohydrate feeding) is associated with increased production of RONS, any
decrease in circulating triglyceride and glucose may be related to lower postprandial
oxidative stress. Few studies have directly measured postprandial oxidative stress in
association with acute or chronic exercise. Therefore results need to be inferred based on the
observed changes in triglyceride and glucose. Further work is needed to provide more
convincing evidence for such an effect.

6. Nutrients and postprandial oxidative stress

The multifaceted etiology of diabetes has given rise to a number of interventions in an
attempt to minimize disease progression. Regular exercise (Praet & van Loon, 2007; Tucker
et al., 2008), weight control (Mavian et al., 2010), pharmaceuticals (Nakajima, 2010; O'Keefe
et al., 2011), and selected nutrients (Badimon et al., 2010; Davi et al., 2010; Nahas & Moher,
2009) have been scientifically supported to aid in diabetes management. Considering that
inhabitants of the Western world spend up to 16 hours of the day in the postprandial state
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(de Koning & Rabelink, 2002), and that postprandial oxidative stress is hypothesized to be
the pathogenic mechanism underlying diabetes and cardiovascular disease (Ceriello &
Motz, 2004; Fisher-Wellman & Bloomer, 2009b), the use of selected nutrients as a therapeutic
tool to help control diabetes should be considered. Of course, the fundamentals of optimal
dietary intake inclusive of the consumption of a nutrient dense, moderate to low calorie diet,
ideally consumed over multiple balanced meals throughout the day (Bloomer, Kabir,
Marshall et al., 2010), and inclusive of fruits and vegetables (S. Liu et al., 2000), whole grains
(S. Liu et al., 1999), and relatively low amounts of saturated fats should be considered first.
However, beyond the foundational plan, there exist a number of nutraceuticals, functional
foods, and dietary strategies that have been shown to attenuate the postprandial rise in
triglycerides, glucose, and subsequent oxidative stress, as well as improve antioxidant
status. Therefore, intake of selected nutrients may be considered as a preventive measure, as
well as a treatment option, for individuals with impaired glucose tolerance (IGT).

The focus of this section is to highlight nutrients that have a potential influence on
ameliorating the rise in postprandial oxidative stress. As mentioned previously in this
chapter, postprandial oxidative stress appears contingent upon the magnitude and rate of
postprandial glycemia and triglyceridemia (O'Keefe & Bell, 2007). Individuals who are obese
or have metabolic or cardiovascular disease appear to be more susceptible to postprandial
oxidative stress, and they typically experience more robust and prolonged periods of
hyperglycemia (Y. Miyazaki et al., 2007; Schindhelm et al., 2007; Serin et al., 2007) and
hypertriglyceridemia (Ceriello et al., 2002; Nappo et al., 2002) post-feeding, as compared to
non-diseased individuals. Again, elevations in blood glucose and triglycerides are directly
associated with superoxide production (Bae et al., 2001); hence, a greater increase in either
blood glucose or triglyceride post-feeding may be associated with a greater increase in
postprandial oxidative stress. This has been reported previously in patients with T2DM
(Saxena et al., 2005), as well as in those with coronary artery disease (Graner et al., 2006).

The following sections are focused primarily on highlighting nutrients that enhance
triglyceride and glucose clearance, are associated with lower biomarkers of oxidative stress,
improve antioxidant status, and augment endothelial function. Specific attention is given to
literature focused on outcomes in the postprandial period, given that fasting is not the usual
physiological state of modern humans, especially in the Western world. It should be
understood that due to the vast and increasing study in this area of investigation, the
present chapter does not exhaust the literature pertaining to this line of work. However,
several well-studied nutrients are included for discussion. Moreover, while we provide brief
information pertaining to the potential mechanisms of actions for selected nutrients, a
complete discussion is beyond the scope of this chapter. We refer readers to the individual
manuscripts for more information on possible mechanisms of action.

6.1 Nutritional supplements

The use of nutrition supplements for purposes of aiding postprandial metabolism is
widespread. Although a variety of ingredients and finished products have been studied,
those with greatest interest appear to be antioxidants and insulin mimetic agents. The text
below illustrates the varying effects of several antioxidants, in diabetic and healthy
populations. Additional ingredients used primarily for purposes of altering glucose, and in
some cases lipid, metabolism, are also presented. The mixed findings across studies extend
to some longitudinal intervention studies (some of which may include the use of sub-
optimal dosing of nutrients (Sesso et al., 2008)), indicating that more research is needed to
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elucidate the optimal dosage and duration of supplementation, as well as the population
who might benefit most from supplementation.

6.1.1 Vitamin C

Vitamin C supplementation (800mg-day-) in T2DM patients with low plasma vitamin C for
four weeks was found not to be effective at improving endothelial dysfunction and insulin
sensitivity, despite increasing endogenous vitamin C levels (H. Chen et al., 2006). Similarly,
1.5g-day-! of vitamin C for three weeks did not improve fasting plasma concentrations of
oxidative stress biomarkers, blood glucose, lipid profile, or blood pressure, despite also
increasing endogenous concentrations of vitamin C (Darko et al., 2002). In contrast to these
null findings, 1g-day-! of vitamin C for three days completely abolished the postprandial
oxidative stress insult, and blunted the deterioration of endothelial function, to a high fat
meal in patients with T2DM (R. A. Anderson et al., 2006). Moreover, pharmacological
infusion with vitamin C has been found to acutely improve endothelial dysfunction in
patients with insulin-dependent DM (Timimi et al., 1998), NIDDM (Ting et al., 1996), and
healthy subjects (Beckman et al., 2001). Finally, intravenous infusion of vitamin C improved
endothelial function and insulin sensitivity in patients with coronary spastic angina
following an OGTT (Hirashima et al., 2000).

6.1.2 Vitamin E

Like vitamin C, vitamin E (a-tocopherol) supplementation has been similarly ambiguous
with regards to improving biomarkers of oxidative stress and cardiovascular risk factors. On
the one hand, vitamin E supplementation was associated with significant reduction in
biomarkers of oxidative stress in NIDDM patients supplemented with 600mg-day-! for two
weeks (Davi et al., 1999). Additionally, 98 Korean patients with T2DM treated with
continuous subcutaneous insulin infusion and 200mg-day-! vitamin E for two months had
significantly decreased red blood cell lipid peroxide concentrations (Park & Choi, 2002).
However, Winterbone and colleagues (Winterbone et al., 2007) found that 1200IU-day-! of
vitamin E for four weeks in T2DM patients resulted in a significant prooxidant effect
mediated through DNA damage to mononuclear cells after an OGTT, despite no changes in
fasting oxidative measures. The ability of vitamin E to act as a pro-oxidant and increase the
peroxidation of lipids has been established in vitro (Bowry et al, 1992; Santanam &
Parthasarathy, 1995); while the work of Winterbone et al. (Winterbone et al., 2007) suggests
the possibility that a high dose of vitamin E is also potentially damaging in vivo in patients
with T2DM.

6.1.3 a-lipoic acid

The antioxidant a-lipoic acid (ALA) has illustrated efficacy when prescribed to patients with
T2DM. Three weeks of treatment with ALA (600, 1200, or 1800 mg-day~) resulted in a
significant increase in insulin-stimulated glucose disposal compared to placebo (Jacob et al.,
1999). Three weeks of treatment with intravenous infusion of ALA (600mg-day-!) in subjects
with impaired fasting glucose (IFG) illustrated a significant increase in endothelium-
dependent arterial dilation and a significant decrease in plasma TBARS (Xiang et al., 2011).
Acutely, in patients with IGT, plasma glucose levels were similar between the ALA group
(300mg) and placebo group during an OGTT. However, at 1 and 2 hours, flow mediated
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dilation was significantly elevated in the ALA group compared to the placebo group, and
plasma glucose levels were negatively correlated with endothelial function. After
supplementation with ALA, the power of this association decreased. Similarly, flow
mediated dilation decreased in association with an increase in TBARS, and the strength of
this association also decreased after supplementation with ALA (Xiang et al., 2008).

6.1.4 Coenzyme Qo

Coenzyme Q1o (CoQo) is a critical intermediate of mitochondrial electron transport chain
activity that regulates cytoplasmic redox potential and can inhibit superoxide generation by
endothelial cells (Beyer, 1990; McCarty, 1999). Two separate human trials, one with
hyperglycemic T2DM patients and one with statin-treated T2DM patients, elicited
approximately parallel results. Specifically, twelve weeks of supplementation with 200mg of
CoQio or placebo resulted in significant increases in plasma CoQio, respectively, and
improved flow mediated dilation (S. J. Hamilton et al., 2009; Watts et al., 2002). However,
neither trial found an alteration in biomarkers of oxidative stress or antioxidant capacity,
lipid profiles, glycemic control, or blood pressure after supplementation.

6.1.5 Carnitine

Carnitine is an essential compound that assists in the transport of long-chain fatty acids into
the mitochondrial matrix for subsequent oxidation. Additionally, in vitro and in vivo
evidence supports the role of carnitine as an antioxidant (Calo et al., 2006). Endothelial
function, assessed by flow mediated dilation in the brachial artery was improved after a
high-fat meal consumed with 2g L-carnitine and preceded by three weeks of carnitine
supplementation in healthy, young men and women (Volek et al., 2008). There was no
significant postprandial differences in triglycerides, inflammatory markers, interleukin-6
(IL-6), TNF-a, or MDA between placebo and treatment. In pre-diabetics (fasting blood
glucose: 100-125 mg-dL1) 3g.day! acetyl L-carnitine arginate resulted in a significant
increase in fasting nitrate/nitrite, suggesting a possible impact on vascular function
(although not specifically determined). However, little other effects were noted for a variety
of oxidative stress biomarkers (Bloomer et al., 2009).

6.1.6 Lycopene

Lyopene is a highly unsaturated carotenoid found predominantly in tomato products
(Clinton, 1998). Four weeks of lycopene supplementation (tomato-derived Lyc-O-Mato) at
30mg-day-! in obese patients was not found to favorably influence markers of inflammation
and oxidation biomarkers, despite a significant increase in plasma cartenoids, and
specifically lyopene (Markovits et al., 2009). One week of lyopene supplementation
(80mg-day-!) was found again to increased endogenous capacity of plasma lipid-soluble
antioxidants (lycopene, p-carotene, and a-tocopherol); however, biomarkers of vascular
oxidative stress and inflammation were unaffected in the fasted state, as well as post
consumption of a high fat meal, in young, healthy subjects (Denniss et al., 2008). Finally,
both acute (24 hour) and long-term (seven day) tomato puree consumption had no effects on
endothelial dysfunction after consumption of a meal, despite a significant increase in plasma
lyopene levels in healthy postmenopausal women (Stangl et al., 2011).
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6.1.7 Catechins

Tea is made from the leaves of the evergreen Camellia sinensis. Tea is a rich source
polyphenolic compounds called catechins, especially epigallocatechin gallate (EGCG),
which are hypothesized to have multiple health-promoting effects (Higdon & Frei, 2003),
including a potential impact on T2DM (Thielecke & Boschmann, 2009). Chronic green tea
supplementation has been shown to significantly decrease lipid peroxidation and a trend to
lower LDL-C (non-significantly) when supplemented for eight weeks in obese subjects with
metabolic syndrome (Basu et al., 2010). On the other hand, three months of supplementation
with an extract of green and black tea was found to elicit non-significant differences in
glycosylated hemoglobin (HbA;;) between treatment groups in a placebo controlled
multiple-dose study in patients with T2DM (Mackenzie et al., 2007).

Tea catechins consumed acutely have been shown to decrease incremental area under the
curve (AUC) for triglycerides in a dose dependent manner in men with mild or borderline
hypertriglyceridemia. Moreover, tea catechin supplementation resulted in a significant
suppression of remnant-like particle cholesterol at an early postprandial stage, but this
failed to achieve statistical significance for overall incremental AUC (Unno et al., 2005). In
healthy subjects, 300mL of green tea was shown to have no glucose or insulin-lowering
effects (Josic et al., 2010).

6.1.8 Red wine (polyphenols)

Consumption of 300mL of red wine taken in conjunction with an acute high fat meal was
found to significantly preserve antioxidant defenses and reduce both LDL-C susceptibility
to oxidation and thrombotic activation, in T2DM patients (Ceriello et al., 2001). Also, a trend
was seen for decreased triglycerides across the 3 hour postprandial time period; however,
glucose and insulin appeared to be unaffected. In healthy subjects, 250mL of red wine in
conjunction with an acute high fat meal significantly reduced the oxidative insult (increased
antioxidant capacity and decreased oxidative stress biomarkers), without significantly
modifying lipid profile (Ventura et al, 2004). Finally, 300mg of grape seed
proanthocyanidins was given to healthy volunteers before the consumption of a test meal. It
was found that grape seed extract minimizes the postprandial oxidative stress by decreasing
oxidants and increasing antioxidant levels, tending to protect LDL-C from oxidative
modification (Natella et al., 2002).

In relation to the above, the consumption of red wine may be linked to the ‘French Paradox’
(Renaud & de Lorgeril, 1992): derived from an examination of World Health Organization
(WHO) epidemiological data, identifying that subjects in France, despite of diet highly
comprised of saturated fat, comparable cholesterol and similar risk factors, showed
considerably lower incidence of death from coronary heart disease compared with other
countries such as the USA. Further analysis suggests that alcohol consumption, in particular
red wine, might provide superior protection compared with other nutrients and beverages.
Although the specific mechanism behind the French paradox has not been identified, in vitro
data has proposed that the flavonoid components in red wine have strong antioxidant
properties (Demrow et al., 1995; Sun et al., 2009), possibly contributing to observed
cardiovascular benefits.

Some subsequent applied human research has supported these claims. For example,
moderate red wine consumption (118 mL-day-!) for 12 months, in subjects with T2DM who
had sustained their first non-fatal myocardial infarction, was associated with significant

www.intechopen.com



338 Role of the Adipocyte in Development of Type 2 Diabetes

improvements in oxidative stress, inflammatory response, and insulin sensitivity (Marfella
et al., 2006). However, triglycerides and other markers of glycemic control were unaffected.
Four weeks of grape seed extract (600mg-day-!) in obese T2DM patients was associated with
significantly improved markers of inflammation, glycemia, and the sole marker of oxidative
stress (Kar et al, 2009). However, no significant changes were shown in endothelial
function, insulin sensitivity, or total antioxidant status. Similarly, 360mL-day-! of red wine
showed no improvement in endothelial function after two weeks, in patients with T2DM
(Napoli et al., 2005). In contrast, insulin-mediated whole body glucose disposal improved
significantly. Finally, 400mL-day-! of red wine for two weeks significantly increased total
antioxidant status and significantly decreased MDA and reduced glutathione (GSH) of both
young and old subjects, assumed to be healthy (Micallef et al., 2007). No significant effects
were found for blood glucose or lipid parameters.

6.1.9 Combination antioxidant treatment

Combination treatments of antioxidants have been more efficacious in lowering oxidative
stress biomarkers, most likely through a synergetic mechanism and their ability to function
within different body compartments (e.g., aqueous for vitamin C vs. lipid for vitamin E). For
example, vitamin C can assist in maintaining vitamin E in the reduced and active state
(Packer et al., 1979). Neri et al. (Neri et al., 2005) investigated the effects of 15 days
antioxidant supplementation with 600mg-day! N-acetylcysteine (NAC), 300mg-day-
vitamin E, and 250mg-day-! vitamin C on postprandial oxidative stress in patients with
T2DM, IGT, and healthy volunteers. Antioxidant supplementation was associated with
significant improvements in redox balance in all three groups, along with a reduced
postprandial increase in biomarkers of oxidative stress, as well as plasma levels of von
Willebrand factor (vWEF), vascular cell adhesion molecule-1 (VCAM-1). Neri and colleagues
(Neri et al., 2010) conducted a follow up investigation with an antioxidant cocktail of similar
composition (600 mg-day-! of NAC, 50 mg-day-! of vitamin E, and 500 mg-day-! of vitamin
C) on postprandial oxidative stress. Again the trial was 15 days in duration with patients
with T2DM, patients with IGT, and healthy controls. It was found that antioxidant
supplementation lowered oxidative stress biomarkers in the control group and significantly
decreased it in the IGT group after feeding. It was also noted that antioxidant
supplementation was able to improve endothelial function, but only in healthy and IGT
subjects. It should be noted that antioxidant supplementation did not alter any of the lipid
variables in any of the groups. Finally, the acute intake of a combination vitamin C (2g) and
vitamin E (800IU) was found to prevent the transient decrease in flow mediated dilation in
healthy subjects following the OGTT, despite no significant effects being noted for
biomarkers of oxidative stress (Title et al., 2000).

6.1.10 Omega-3 fatty acids
Evidence exists for the cardio-protective effects of the fatty acids found in fish (Cottin et al.,

2011), which include the omega-3 fatty acids eicosapentanoic acid (EPA) and
docosahexanoic acid (DHA). Therefore, fish oil supplementation has considerable potential
for diabetic individuals. In a randomized, double-blinded, placebo controlled trial in treated,
hypertensive T2DM patients, 4g-day-! of purified EPA or DHA elicited a fall in urinary F2-
isoprostane excretion following six weeks of supplementation (Mori et al., 2003). Moreover,
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baseline urinary F2-isoprostanes were positively associated with indices of diabetic control
and the changes in urinary F2-isoprostanes were positively associated with changes in TNF-
a and HbA1.. In another study with T2DM patients with treated hypertension, 4g-day-! EPA,
DHA, or olive oil for six weeks decreased serum triglycerides by 19% and 15% in the EPA
and DHA groups respectively, but neither had significant effects on glycemic control
(Woodman et al., 2002). Purified omega-3 fatty acids at 2g-day! for 10 weeks decreased
fasting triglycerides relative to placebo, and ApoB-100, and MDA relative to baseline and
placebo (Shidfar et al., 2008). Again, omega-3 fatty acids had no effect on glycemic control.
Finally, 2g-day-! of N-3 polyunsaturated fatty acids for 12 weeks in offspring of patients
with T2DM, significantly improved flow mediated dilation that was accompanied by a
significant decrease in triglycerides and TNF-a (Rizza et al., 2009).

Acute combination treatment of omega-3 fatty acids (400mg EPA and 200mg DHA) and
isoflavones (150mg glycoside isoflavones) did not attenuate the postprandial rise in
triglycerides after a high fat meal in obese hypertriglyceridemic men (Hanwell et al., 2009).
Moreover, they did not induce any significant changes in oxidative stress biomarkers. On
the other hand, 1g of EPA and DHA consumed by healthy subjects was able to preserve
endothelial function following a high fat meal (Fahs et al., 2010).

6.1.11 Vitamin D

Investigations have shown that vitamin D helps to reduce the risk of bone fractures, falls,
autoimmune diseases, cardiovascular disease and cancer (S. Wang, 2009), and has also been
shown to be inversely associated with risk of T2DM (Pittas et al., 2006). Cholecalciferol
(vitamin Ds3) supplemented at 1332 IU.day?! for one month in women with T2DM was
shown to improve insulin secretion, with a tendency to decrease fasting plasma glucose
(Borissova et al.,, 2003). On the other hand, supplementation with 40,000 IU-week?! of
cholecalciferol for six months in T2DM subjects treated with metformin and bed-time
insulin had no significant effects on fasting glucose, insulin, C-peptide, fructosamine, and
HbA . levels (Jorde & Figenschau, 2009). Finally, supplementation with 500mg-day-! calcium
citrate and 700IU-day! cholecalciferol in apparently healthy, older subjects (= 65 years), for
three years, prevented increases in fasting plasma glucose and insulin resistance in the
subgroup of participants with impaired fasting glucose at baseline. There was no effect
among those with normal fasting glucose (Pittas et al., 2007).

6.1.12 Magnesium, Chromium, Vanadium

Certain elements have been proposed to have glucoregulatory effects, such as magnesium,
chromium, and vanadium. In T2DM patients with low serum magnesium levels,
50mL.day-1 MgCl, solution given for 16 weeks was shown to improve fasting measures of
insulin sensitivity, blood glucose, and HbA;. (Rodriguez-Moran & Guerrero-Romero,
2003). Supplementation with 600mg-day! magnesium pidolate for 12 weeks in mildly-
hypertensive patients was shown to have multiple benefits (Hadjistavri et al., 2010).
Specifically, supplementation was shown to lower fasting insulin, heighten fasting insulin
sensitivity, reduce postprandial measures of glucose and insulin AUC, ameliorate
postprandial measures of insulin sensitivity, and improve total cholesterol, LDL-C, HDL-
C, and triglycerides. Finally, chronic magnesium supplementation (2.5g-day-! MgCly) for
three months has been reported to result in improvements in fasting insulin sensitivity
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and the lipid profile in non-diabetic subjects with insulin resistance (Guerrero-Romero et
al., 2004).

Opposite to the beneficial effects of magnesium, chronic supplementation with chromium
picolinate has been relatively ineffective in improving metabolic features of patients with
IGT (Ali et al., 2011; Igbal et al., 2009), despite being commonly marketed as a hypoglycemic
agent, and with efficacious data obtained in animals (Abdourahman & Edwards, 2008) and
cell culture (Y. Q. Wang & Yao, 2009). It has been noted that the beneficial effects of
chromium supplementation might be related to the severity of insulin resistance, with
clinical response being more likely in individuals with more elevated fasting glucose and
HbA . (Cefalu et al., 2010).

Finally, vanadium has been used with mixed success in prior trials in an attempt to lower
blood glucose. The mechanism supporting vanadium supplementation is likely linked to its
ability to promote increased insulin-mediated glucose disposal. Like chromium, vanadium
efficacy appears to also depend on the degree of diabetic complications, with T2DM patients
(N. Cohen et al.,, 1995; Cusi et al., 2001; Goldfine et al., 2000; Halberstam et al., 1996)
reporting greater efficacy compared to non-diabetics (Halberstam et al., 1996; Jacques-
Camarena et al., 2008; Jentjens & Jeukendrup, 2002).

6.1.13 Inositol phosphoglycans

Inositol phosphoglycans are potentially important post-receptor mediators of insulin action
(Kelly et al., 1987; Larner et al., 1998). Pinitol (3-O-methyl-D-chiro-inositol) was identified in
putative insulin mediator fractions that had hypoglycemic activity, and appears to mimic
the effects of insulin by acting downstream in the insulin signaling pathway (Fonteles et al.,
1996). After pinitol treatment (20mg-kg1-day-!) in poorly controlled T2DM patients, fasting
glucose, postprandial glucose, and HbA;. were all significantly decreased. However, an
effect on lipid profiles or adipocytokine levels was not noted (Kim et al., 2007). Acutely,
pinitol supplemented at 1000mg 60 minutes before an OGTT was not shown to influence
any indices of whole-body glucose tolerance and insulin sensitivity, or the activation of the
skeletal insulin receptor in older, non-diabetic adults (Stull et al., 2009).

6.1.14 Cinnamon

Cinnamon is widely used as a spice, and research has suggested that it may have potential
effects in improving not only glucose metabolism, but also lipid metabolism and antioxidant
status. Kahn et al. (A. Khan et al., 2003) demonstrated that consumption of 1, 3, or 6g-day-!
of cinnamon for 40 days reduces serum glucose, triglycerides, LDL-C, and total cholesterol
in patients with T2DM. Moreover, lower serum glucose and lipid were maintained even
when the individuals were not consuming cinnamon for 20 days. In a randomized, placebo-
controlled double-blind clinical trial, intake of 2g-day! of cinnamon for 12 weeks
significantly reduces HbA;. and systolic and diastolic blood pressure among poorly
controlled T2DM patients compared to placebo (Akilen et al., 2010). Moreover, fasting blood
glucose was significantly decreased compared to baseline. In opposition to these findings,
Vanschoonbeek and colleagues (Vanschoonbeek et al., 2006) concluded that that cinnamon
supplementation for 6-7 weeks at 1.5g-day! does not improve fasting plasma glucose or
insulin concentrations, whole body oral glucose tolerance, or lipid profiles in
postmenopausal women with T2DM.
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The antioxidant benefit of cinnamon has also been elucidated, suggesting a potential in vivo
mechanism by which cinnamon acts. Subjects with impaired fasting glucose were assigned
either 500mg-day-! of an aqueous cinnamon extract or placebo for 12 weeks (Roussel et al.,
2009). The cinnamon extract was shown to increase FRAP and plasma thiol groups, while
decreasing MDA levels. In healthy humans, cinnamon supplementation at 3g-day-! for 14
days reduced the glucose and insulin response to an OGTT (Solomon & Blannin, 2009).
However, these effects were lost following cessation of cinnamon supplementation. Acutely,
cinnamon ingestion reduced plasma glucose AUC and improved insulin sensitivity in
inactive, healthy men (Solomon & Blannin, 2007).

6.1.15 Turmeric

Another spice proposed to have glucoregulatory effects is Curcuma longa (turmeric), due to
its active component, curcumin. Curcumin is believed to have antioxidant and anti-
inflammatory properties (Hsu & Cheng, 2007). A four week intervention study revealed no
changes in fasting glucose or lipid profiles when 2.8g-day-! turmeric was given to healthy
subjects (Tang et al., 2008). However, acute ingestion of 6g Curcuma longa in healthy subjects
had a significant effect on postprandial insulin levels, without influencing glucose
(Wickenberg et al., 2010).

6.1.16 Banaba and Berberine

Lagerstroemia speciosa L. (banaba) standardized to 1% corosolic acid (Glucosol™) at daily
dosages of 32 and 48mg-day-! for two weeks showed a significant reduction in blood glucose
in T2DM patients (Judy et al., 2003). Acutely, corosolic acid also attenuated the postprandial
rise in blood glucose post-OGTT, in a mixed sample of IGT, IFG, and healthy subjects
(Fukushima et al., 2006). Berberine is a natural plant alkaloid isolated from the Chinese herb,
Coptis chinensis (Huanglian). Chronically supplemented at 1g-day-! to dyslipidemic T2DM
patients for three months, berberine was associated with significantly improved levels of
fasting and postprandial blood glucose, HbA, triglycerides, total cholesterol, LDL-C, blood
pressure and IL-6, compared to placebo (Zhang et al., 2008). Moreover, markers of insulin
sensitivity were improved in the berberine group, albeit, non-significantly. A similar
investigation comprised of two components (study A and study B) also evaluated the
efficacy of berberine in T2DM patients for 3 months (1.5g-day-?) (Yin et al., 2008). Study A
found that berberine had similar hypoglycemic effects to the anti-diabetic drug metformin.
Significant decreases were noted in fasting and postprandial blood glucose, HbA1,, and
triglycerides were observed in the berberine group and in the metforin group (as expected).
Study B consisted of the combination therapy, berberine (1.5g-day-!) added to subjects’ usual
anti-diabetic medicine, again for 3 months. Significant reductions compared to baseline were
found in fasting and postprandial blood glucose, HbA, fasting insulin, insulin sensitivity,
and lipid profile, including triglycerides, total cholesterol, and LDL-C. A proprietary blend
of Phellodendron (which contains the active ingredient berberine) and Crape Myrtle
(banaba; Lagerstroemia speciosa L.) has been shown to lower the postprandial glucose
response to a modified OGTT, while resulting in a non-significant attenuation in insulin
response, in a small sample of healthy, exercise-trained men (Canale et al., In Review). It is
possible that a combination of nutrients may provide the most favorable effect on
postprandial glucose response.
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6.1.17 Fenugreek

Two months of supplementation with Trigonella foenum graecum (fenugreek) seeds in newly-
diagnosed T2DM patients significantly attenuated incremental AUC of blood glucose and
insulin, as well as demonstrating a trend to improve fasting and two hour postprandial
glucose (Gupta et al., 2001). The rise in triglycerides and cholesterol were also significantly
improved, along with insulin sensitivity and HDL-C after supplementation. Moreover, 12
weeks of supplementation with Fenugreek elicited significant decreases in fasting blood
glucose, postprandial blood glucose, and HBA1. (Lu et al., 2008). Acutely, Fenugreek added
to two slices of bread (5% fenugreek), and fed to a small sample of T2DM patients, was
shown to significantly reduce the AUC for insulin (Losso et al., 2009). Glucose AUC also
tended to be improved.

6.1.18 Stevia

Steviol glycosides (or stevioside), isolated from the plant Stevia rebaudiana Bertoni and taken
for three months (250mg-day-!) by patients with TIDM and T2DM, as well as by healthy
controls, was not shown to elicit any significant differences in markers of glycemic control
or blood pressure (Barriocanal et al., 2008). Acutely however, 1g of steviol glycosides
reduced postprandial blood glucose levels in T2DM patients and increased the insulinogenic
index (AUCinsulin/ AUCglucose) (Gregersen et al., 2004). The differences in dosages used in
each respective study may be the reason for these conflicting results.

6.1.19 Gymnema sylvestre

Early intervention trials with Gymmnema sylvestre (400mg-day!) were associated with
improved glycemic control in NIDDM patients (Baskaran et al., 1990) and insulin-dependent
DM patients (Shanmugasundaram et al., 1990). Moreover, there was a significant
improvement in terms of insulin response and lipid profiles, encompassing cholesterol,
triglycerides, and free fatty acids. A more recent investigation, illustrated that 1g-day-! for 60
days of Om Santal Adivasi® a novel high molecular weight Gymnema sylvestre extract,
induced significant increases in circulating insulin and C-peptide, which were associated
with significant reductions in fasting and postprandial blood glucose (Al-Romaiyan et al.,
2010).

6.1.20 Cissus quadrangularis

Cissus quadrangularis is a relatively novel ingredient in the clinical setting; however, the few
investigations that do exist exhibit a remarkable efficacy. In three clinical investigations (J. E.
Oben et al.,, 2006; J. E. Oben et al., 2007; J. E. Oben et al., 2008), cissus quadrangularis
supplemented to obese and overweight persons for 6-8 weeks has elicited significant net
reductions in weight, body fat, fasting blood glucose, total cholesterol, LDL-C, triglycerides,
C-reactive protein, biomarkers of oxidative stress, as well as a significant increase in HDL-C.
As all work was conducted by the same group of investigators, additional studies
performed by other research groups are needed to corroborate these findings.

6.1.21 Coccinia indica

Coccinia indica (Coccinia cordifolia) supplemented to T2DM patients for 90 days elicited a
significant reduction in fasting and postprandial blood glucose and HbA;.; however, there
was no significant change in serum lipids, except for LDL-C (Kuriyan et al., 2008). In an
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earlier study, Coccinia indica powder, from crushed, dried leaves, significantly improved
glycemic control following six weeks use in patients with poorly controlled or otherwise
untreated T2DM (A. K. Khan et al., 1980). Moreover, animal data suggests that Coccinia
indica has potentially beneficial antioxidant properties (Venkateswaran & Pari, 2003).

6.1.22 Nopal

The literature pertaining to Opuntia Streptacantha (Nopal or Prickly Pear Cactus) has been
available for several years, and demonstrates efficacy in a dose-dependent manner, when its
stems are broiled and provided to T2DM patients (Frati-Munari, Del Valle-Martinez et al.,
1989). However in a follow up study, Nopal extract in encapsulated form did not reduce
fasting glycemia in T2DM patients; however, the extract did diminish the increase of
postprandial glucose following an OGTT (Frati-Munari, de Leon et al., 1989). Chronically,
the efficacy of Nopal requires additional clarification (Frati Munari et al., 1992).

6.1.23 Ginseng

Ginseng has received considerable attention, dating back to ancient Chinese medicine (Y. Z.
Xiang et al., 2008). Chronically, Korean red ginseng (Panax ginseng) supplemented for 12
weeks (6g-day-!) in well controlled T2DM patients, significantly improved fasting insulin
and insulin sensitivity, as well as postprandial glucose and insulin following an OGTT
(Vuksan et al., 2008). However, supplementation did not significantly improve the primary
endpoint HbA.. In healthy subjects, Panax ginseng supplemented for 57 days (200mg-day-?),
in a randomized crossover design, had no effect on fasting or postprandial measures of
glucose regulation (Reay et al., 2009). Acutely, American ginseng (panax quinquefolius L.) has
been shown to be beneficial in reducing postprandial glucose in T2DM patients irrespective
of dose (3g, 6g, or 9g) (Vuksan, Stavro et al., 2000) or timing of consumption (40 minutes
before a test meal or immediately preceding) (Vuksan, Sievenpiper et al., 2000). On the other
hand, in healthy subjects, the postprandial response to supplementation was dependent on
the timing of administration (Vuksan, Sievenpiper et al., 2000; Vuksan et al., 2001); however,
like diabetic subjects, the dose did not influence the findings (1g, 2g, 3g) (Vuksan et al.,
2001).

6.1.24 Russian tarragon

Russian tarragon (Artemisia dracunculus L.) is a relatively novel ingredient and to date only
one reported investigation is available regarding its anti-diabetic effects in humans. An
aqueous extract of Russian tarragon provided to a sample of healthy, exercise-trained men,
did not significantly influence glucose or insulin response to an OGTT (Bloomer, Canale et
al., 2011). However, approximately two-thirds of subjects ingesting the Russian tarragon did
experience attenuation in both the glucose and insulin in response to the OGTT. It is
possible that more favorable effects would be noted in a sample of diabetic subjects, as has
been the case for animal (Zuberi, 2008) and cell culture (Z. Q. Wang et al., 2008) studies
using Russian Tarragon.

6.1.25 Bitter Mellon

Despite being a frequently used ingredient within insulin mimetic and hypoglycemic agents
sold as dietary supplements, Momordica charantia (bitter melon) has been shown to be
relatively ineffective in attenuating measures of glycemia chronically in T2DM patients
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(Dans et al., 2007) or acutely, following an OGTT (Kasbia, et al. 2009), in a sample of non-
diabetic overweight men. Nonetheless, animal studies support its potential at ameliorating
glycemic control, lipid profiles, and antioxidant status (Chaturvedi & George, 2010) and one
recent human study supports a modest hypoglycemic effect at 2000 mg-day-! for four weeks
in T2DM patients (Fuangchan et al., 2011).

6.1.26 Garlic

Treatment with garlic (Allium sativum) has also elicited beneficial anti-diabetic effects. A
garlic tablet taken at 600mg-day-! for 12 weeks was shown to significantly reduce total
cholesterol and LDL-C, and moderately raise HDL-C compared to placebo (Ashraf et al.,
2005). In a later trial, a time-released garlic tablet, Allicor (600mg-day-!), was investigated for
four weeks using a double-blinded placebo controlled study with T2DM patients (Sobenin
et al., 2008). Allicor was shown to significantly lower fasting blood glucose levels, serum
fructosamine, and triglyceride levels.

6.1.27 Vinegar

Vinegar has been successfully added to feedings to ameliorate the glycemic response. In
patients with T2DM, 20g of wine vinegar has been shown to reduce postprandial glucose
and insulin AUC when added to a high, but not to a low, glycemic index meal (Liatis et al.,
2010). In a four part investigation, the anti-glycemic properties of vinegar were investigated
(Johnston et al., 2010). Pertinent for the present discussion, trial 4 examined whether a
“vinegar pill” (i.e., the neutralized salt of acetic acid, sodium acetate) possessed anti-
glycemic effect in individuals with T2DM, when compared to 20g of traditional vinegar (1g
acetic acid), and placebo. Treatments were administered two minutes before a test meal and
the results indicated that only acetic acid was effective at attenuating postprandial blood
glucose. The other results from this overall investigation consisted of healthy subjects;
however, trial 1 found that 10g of vinegar (0.5 acetic acid) was better at reducing
postprandial blood glucose compared to 20g vinegar and 2g vinegar. Trial 2 indicated that
vinegar (20g) ingested at meal time elicited a greater attenuation of postprandial glucose
compared to five hours before the meal, albeit non-significantly. Finally, trial 3 indicated
that the anti-glycemic effect of vinegar is best realized when ingested with food composed
of complex carbohydrates and that vinegar may not attenuate postprandial glucose
following the consumption of foods sweetened with dextrose, as is the case for many
processed beverages and foods.

6.2 Macronutrients

6.2.1. Amino acids

The postprandial oxidative stress response to a macronutrient protein meal has been shown
to be relatively diminutive in comparison to an isoenergetically comprised carbohydrate,
lipid, and mixed composition meals (Fisher-Wellman & Bloomer, 2010). Moreover,
endothelial dysfunction has been shown to be neutralized when proteins are added to a
high fat meal (Westphal et al., 2006). Therefore, it is not surprising that amino acids, in
particular r-arginine (one of the precursors to nitric oxide), have been investigated as a
nutritional intervention for diabetes control. Amino acids (L-leucine; L-lysine; L-isoleucine; L-
valine; L-threonine; L-cysteine; L-histidine; L-phenylalanine; L-methionine; L-thyrosine; and -
tryptophan) supplemented to elderly T2DM patients for 60 weeks (8g-day-!) significantly
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decreased HbA;. fasting and postprandial blood glucose, fasting insulin, and insulin
resistance (Solerte et al., 2008). Intravenous infusion of L-arginine (0.52mg-kg1- min-) in a
mixed sample of NIDDM, obese, and healthy subjects restored the impaired insulin-
mediated vasodilation observed in obese and NIDDM patients (Wascher et al., 1997).
Moreover, insulin sensitivity was improved significantly in all three groups. In healthy
subjects, an oral dose of r-arginine as low as 2.5g and as high as 15g, supplemented
concomitantly with a high fat meal, has been shown to significantly improve endothelial
function (Borucki et al., 2009; Lin et al., 2008) and favorably impact biomarkers of oxidative
stress (Lin et al., 2008).

6.2.2 Nuts

The consumption of nuts could provide a benefit to those with T2DM given that nuts have
an excellent nutritional profile, are high in monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA), contain polyphenols, and are a fair source of vegetable
protein. However, results have been conflicting in diabetic and healthy populations with
regards to the impact of nut intake on measures of glycemic regulation. In two studies
(presented within one manuscript) Lovejoy et al. (Lovejoy et al., 2002) assessed the effect of
almond-enriched diets on insulin sensitivity and lipids in patients with T2DM or healthy
volunteers. Study one determined the effect of almonds on insulin sensitivity in healthy
volunteers who received 100g-day-! of almonds for four weeks. Results indicated that total
cholesterol and LDL-C decreased significantly; however, there was no effect on insulin
sensitivity. Study two was a randomized crossover design that compared 4 diets in T2DM
patients, each diet being four weeks in duration. The high-fat, high-almond diet had the
greatest decrease in total cholesterol; however, no diet impacted fasting glucose,
postprandial glucose (following an OGTT), or HbA.. Tapsell et al. (Tapsell et al., 2004)
found that a moderate-fat diet inclusive of walnuts for six months, significantly increased
the plasma HDL-C: total cholesterol ratio and HDL-C, and significantly decreased plasma
LDL-C in subjects with T2DM. Additionally, triglycerides showed a trend to be improved in
the intervention group. However, there were no significant differences between treatment
groups regarding total antioxidant capacity or HbA;. levels. In subjects with metabolic
syndrome, Davis et al. (Davis et al., 2007) noted non-significant effects in oxidative stress
biomarkers after an 8 week walnut or cashew diet, despite ORAC being significantly higher
compared to the control diet. Twelve weeks of mixed nut consumption (30g-day-) in 50
subjects also with metabolic syndrome was found to decrease DNA damage compared to
the control group (Lopez-Uriarte et al., 2010). The nut group also tended to have less
oxidative stress, as indicated by reductions, albeit non-significantly, in ox-LDL-C,
conjugated diene formation, and 8-isoprostanes in urine. Null findings were reported for
antioxidant capacity, endothelial function, and lipid profiles. Finally, in healthy subjects,
walnut consumption for six weeks did not significantly change the plasma antioxidant
capacity (McKay et al., 2010). Interestingly, plasma total cholesterol, LDL-C, and triglyceride
levels decreased significantly compared to baseline in the lower dose group (21g-day-).

In healthy volunteers, acute almond intake has been shown to reduce glucose AUC after
consuming 50g of white bread, in a dose dependent manner, as well as lowering total
cholesterol levels (Josse et al., 2007). Moreover, almonds were shown to decrease the
glycemic and insulinemic responses to white bread, and increase the serum protein thiol
concentration, indicating less oxidative protein damage. Acute consumption of pecans by
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healthy subjects has been shown to significantly decrease ox-LDL-C, and increase the
flavonoid EGCG (Hudthagosol et al., 2011). Additionally, the molar ratio of MDA:
triglyceride was significantly lower as compared to baseline following the pecan meals
(pooled data).

6.2.3 Fiber

Viscous fiber affects metabolism by its actions within the proximal digestive tube (Hunt et
al., 1993). In the colon, soluble fibers bind, absorb, or sequester bile acids, products of fat
digestion, fatty acids, and monglycerides during passage through the intestinal luman
(Hunt et al., 1993). Moreover, soluble fibers delay gastric emptying and increase unstirred
water in the small bowl producing satiety (Gray, 1995). These effects appear to make dietary
fiber a beneficial intervention for patients with T2DM. Three doses of 5g-day-! psyllium for
six weeks was shown to significantly reduce fasting plasma glucose, total cholesterol, LDL-
C, and triglycerides, as well as significantly increase HDL-C in patients with T2DM
(Rodriguez-Moran et al., 1998). Similarly, 14g-day-! of psyllium for six weeks significantly
decreased postprandial glucose absorption, fructosamine, total cholesterol, and LDL-C
cholesterol in T2DM patients (Sierra et al., 2002). Other markers of glycemic control also
tended to be lower, albeit non-significantly. Guar gum for 48 weeks at 15g-day! in subjects
with NIDDM has been shown to improve long-term glycemic control, postprandial glucose
tolerance, and LDL-C (Groop et al., 1993). Finally, dietary assignment to food products that
contained oat 3-glucan in hypertensive subjects showed a favorable effects on postprandial
glucose and insulin levels, as well as blood pressure, after 12 weeks of treatment. (Maki,
Galant et al., 2007). However, these beneficial effects were independent of differences in
oxidative stress biomarkers.

Acutely, high-viscosity hydroxypropylmethylcellulose (HV-HPMC) has been found to blunt
postprandial glucose and insulin in a dose-dependent manner in subjects at risk for the
development of T2DM (Maki et al, 2007; Maki et al., 2009). Moreover, triglyceride
incremental AUC during the postprandial period was significantly lower after the
consumption of 15g psyllium compared to 3g, and chylomicron levels were also influenced
in this dose-dependent manner in overweight and obese men (Khossousi et al., 2008).

6.3 Whole food dietary intervention

Although supplementation with isolated ingredients provides unique insight into the
beneficial effects of selected nutrients on human health, dietary interventions in which
whole food intake is significantly altered in an attempt to improve health may have even
more impact. One dietary approach that has received considerable attention is the
Mediterranean diet—a plan rich in the intake of olive oil.

Acutely, extra virgin olive oil has been shown decrease postprandial inflammatory markers
and up-regulate antioxidant capacity (Bogani et al., 2007). As a consequence of proposed
benefit of olive oil, coupled with the supporting evidence for the consumption of red wine,
the Mediterranean diet has been met with a good degree of success. For example, in
overweight men followed for 24 months, the Mediterranean diet, with or without caloric
restriction, resulted in improved fasting measures of glucose, insulin, oxidative stress, total
cholesterol, blood pressure, and adiponectin (Esposito et al., 2010). In elderly subjects,
consumption of the Mediterranean diet for four weeks was shown to induce a reduction in
endothelial dysfunction and improve the regenerative capacity of the endothelium (Marin et
al., 2011). Specifically it was found that the Mediterranean diet led to lower total
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microparticle, activated endothelial microparticle, and apoptotic endothelial microparticle
concentrations, and a higher number of endothelial progenitor cells compared to the other
diets. Moreover, the Mediterranean diet was associated with lower oxidative stress and
elevated [3-carotene concentrations. Finally, in an elderly population, the Mediterranean diet
alone for four weeks was found to improve postprandial oxidative stress with a higher
increase in capillary flow and nitric oxide levels, lower lipid peroxidation products, and a
lower postprandial decrease in HDL-C compared to a diet rich in saturated fat (Yubero-
Serrano et al., 2010). Moreover, CoQio supplemented to the Mediterranean diet further
improved postprandial levels of oxidative stress and elicited a superior increase in capillary
flow and nitric oxide levels, with respect to the other diets.

We have recently demonstrated the beneficial metabolic and cardiovascular effects of a
dietary restriction model known as the Daniel Fast. The Daniel Fast involves a 21 day ad
libitum food intake period, devoid of animal products and preservatives, and inclusive of
fruits, vegetables, whole grains, legumes, nuts, and seeds. In our first study, the Daniel Fast
elicited a significant lowering of total cholesterol, LDL-C, HDL-C, SBP, and DBP. Moreover,
insulin, HOMA-IR, and C-reactive protein all showed a trend for improvement (Bloomer,
Kabir, Canale et al., 2010). Improvements were also noted in several measures of oxidative
stress and antioxidant capacity (Bloomer, Kabir, Trepanowski et al., 2011). In a follow-up
study involving this model, both resting and postprandial biomarkers were favorably
impacted (unpublished findings), suggesting that this form of eating (e.g., stringent vegan
diet) may be associated with multiple favorable effects on metabolic and cardiovascular
health. Longer term studies are needed to determine the potential impact of the acute
changes on health and disease over time.

Other dietary interventions exist that have been investigated and proposed to have
beneficial effects on metabolic and cardiovascular risk factors. The Portfolio Diet developed
by Jenkins et al. (Jenkins et al., 2007) consists of using combinations of cholesterol-lowering
foods within one diet, rather than single foods, to achieve more favorable effects on serum
cholesterol. The dietary portfolio currently contains four main elements with proven
cholesterol lowering efficacy, some of which have been highlighted in the preceding text.
These include soy, viscous fibers, plant sterols, and nuts. In a similar manner as the Daniel
Fast, the Portfolio Diet encourages the consumption of foods that are traditionally found in a
vegetarian/vegan plan, which may prove beneficial for controlling and preventing T2DM
(Tonstad et al., 2009). Readers are referred to the following papers for more information on
such diets (Jenkins et al., 2003; Key et al., 2006).

Finally, although emphasis in this section is on specific nutrients and types of dietary
approaches to improve metabolic health, it should be noted that a reduction in dietary
energy and modification of portion sizes should be considered. Indeed, the literature
pertaining to caloric restriction is lengthy, with multiple known benefits with a reduction in
normal dietary energy intake (Civitarese et al., 2007; Redman et al., 2009).

6.4 Summary of nutrients

As illustrated above, results for improvement in selected markers of cardiovascular and
metabolic health through dietary manipulation in individuals with T2DM have been mixed.
Some potential reasons for conflicting findings across studies include the degree of diabetic
complication, the timing and dosage of dietary supplement or food, the duration of
treatment, and the fact that some individuals are noted “responders” and others are “non-
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Exercise What to Include What to Consider
Aerobic e Walking, Jogging, Cycling, e Interval training - light running
Stepping, Swimming, etc. (50-60% of VOamax) combined with
¢ (Most or all days of week; 30-60 short, fast bursts of running (1-2
minutes; 50-80% of VOzmax) days per week; 20-40min)
e Sports and physical activities (e.g.,
soccer, basketball)
Anaerobic e Resistance exercise: free weights ¢ Maximal-intensity repetition
and/or machines training (1 day per week; 80-100%
e (2-3 days per week; 30-45 1RM —focus on development of
minutes; 50-80% 1RM) muscular strength)
Whole Food What to Include What to Consider What to Avoid
Intake
Whole grains, fruits, Red wine (in Saturated fat,
vegetables, beans, moderation), tea processed
nuts, seeds, low fator  (green or black) carbohydrate,
fat free dairy, lean packaged foods, sugar-
poultry, fish, olive oil, rich carbonated
vinegar beverages
Nutritional What to Consider (Suggested What Requires More Research*
Supplements Dosage)

e Amino acids (8.0g-day?)
e L-arginine (2.5-15g-day!)

e Antioxidants
e a-Lipoic acid (0.3-1.8g-day!)
e Vitamin C (1.0-2.0g-day!)
e Vitamin E (0.6-0.9g-day)

e Banaba/corosolic acid
(Lagerstroemia speciosa L.) (0.1-
0.5g-day)

e Berberine (1.0-1.5g-day-!)

e Cinnamon (0.5-6.0g-day")

e Fenugreek (Trigonella foenum
graecum) (8.0-10.0g-day?)

¢ Fish oil (omega-3 fatty acids;
EPA, DHA) (1.0-4.0g-day)

¢ Ginseng (Panax ginseng or Panax
quinquefolius L.) (1.0-6.0g-day)

e Garlic extracts (0.6g-day)

e Magnesium (0.6-2.5g-day)

e Multi-vitamins (=1.0g-day)

e Tea catechins (0.6-1.0g-day)

e Vitamin D (=700IU-day?)

Coenzyme Qo

e Lycopene

e  Bitter melon (Momordica
charantia)

Carnitine

Chromium

Cissus quadrangularis

Coccinia indica

Gymnema sylvestre

Inositol phosphoglycans (pinitol)

Nopal or Prickly Pear Cactus

(Opuntia Streptacantha)

Russian tarragon (Artemisia

dracunculus L.)

e Selenium

Steviol glycosides (Stevia
rebaudiana Bertoni)
Turmeric (Curcuma longa)
Vanadium

*Current concerns exist regarding efficacy —especially in diabetic populations, paucity of data, dosage,

or safety.

Table 1. Lifestyle approach to improving metabolic health at rest and in response to feeding
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responders” to treatment (in the same manner as certain individuals respond better to
certain drugs than do others). Additional, well-controlled investigations are needed to
clarify which nutrients and which dietary models may be most conducive to improving the
metabolic profile at rest and in response to feeding—in particular as related to oxidative
stress.

7. Conclusions and practical application

As there currently exists no cure for diabetes, lifestyle factors should be strongly considered
as the first line treatment for this disease—as these activities may improve fasting and
postprandial lipid and glucose metabolism, as well as antioxidant capacity. Collectively
these effects may help to minimize postprandial oxidative stress. The rationale for regular
and structured exercise (Praet & van Loon, 2007; Tucker et al., 2008), coupled with the intake
of a nutrient dense, macronutrient balanced, and portion controlled eating plan (Bloomer,
Kabir, Canale et al., 2010; Bloomer, Kabir, Trepanowski et al., 2011; Jenkins et al., 2007),
complete with use of selected nutrients to aid in both glucose and triglyceride processing
(Badimon et al., 2010; Davi et al., 2010; Nahas & Moher, 2009), appears well supported.
Suggestions are provided in Table 1. Adherence to these guidelines, or those which are
similar, may be associated with improved metabolic control in both the fasting and fed state.
This may be met with a reduction in RONS production and ensuing oxidative stress, which
may be correlated to improved health and quality of life (Frisard & Ravussin, 2006), and a
reduction in disease progression over time (Ceriello & Motz, 2004).

8. References

Abdourahman, A., & Edwards, J. G. (2008). Chromium supplementation improves glucose
tolerance in diabetic goto-kakizaki rats. IUBMB Life, 60(8), 541-548.

Akilen, R., Tsiami, A., Devendra, D., & Robinson, N. (2010). Glycated haemoglobin and
blood pressure-lowering effect of cinnamon in multi-ethnic type 2 diabetic patients
in the UK: A randomized, placebo-controlled, double-blind clinical trial. Diabetic
Medicine : A Journal of the British Diabetic Association, 27(10), 1159-1167.

Akova, B., Surmen-Gur, E., Gur, H., Dirican, M., Sarandol, E., & Kucukoglu, S. (2001).
Exercise-induced oxidative stress and muscle performance in healthy women: Role
of vitamin E supplementation and endogenous oestradiol. European Journal of
Applied Physiology, 84(1-2), 141-147.

Alessio, H. M., Hagerman, A. E., Fulkerson, B. K., Ambrose, J., Rice, R. E., & Wiley, R. L.
(2000). Generation of reactive oxygen species after exhaustive aerobic and isometric
exercise. Medicine and Science in Sports and Exercise, 32(9), 1576-1581.

Ali, A., Ma, Y., Reynolds, J., Wise, ]J. P., Inzucchi, S. E., & Katz, D. L. (2011). Chromium
effects on glucose tolerance and insulin sensitivity in persons at risk for diabetes
mellitus. Endocrine Practice : Official Journal of the American College of Endocrinology
and the American Association of Clinical Endocrinologists, 17(1), 16-25.

Aljada, A., Friedman, J.,, Ghanim, H., Mohanty, P., Hofmeyer, D., Chaudhuri, A., et al.
(2006). Glucose ingestion induces an increase in intranuclear nuclear factor kappaB,
a fall in cellular inhibitor kappaB, and an increase in tumor necrosis factor alpha
messenger RNA by mononuclear cells in healthy human subjects. Metabolism:
Clinical and Experimental, 55(9), 1177-1185.

www.intechopen.com



350 Role of the Adipocyte in Development of Type 2 Diabetes

Al-Romaiyan, A., Liu, B., Asare-Anane, H., Maity, C. R., Chatterjee, S. K., Koley, N., et al.
(2010). A novel gymnema sylvestre extract stimulates insulin secretion from human
islets in vivo and in vitro. Phytotherapy Research : PTR, 24(9), 1370-1376.

Andersen, E., & Hostmark, A. T. (2007). Effect of a single bout of resistance exercise on
postprandial glucose and insulin response the next day in healthy, strength-trained
men. Journal of Strength and Conditioning Research / National Strength & Conditioning
Association, 21(2), 487-491.

Anderson, E. J., Lustig, M. E., Boyle, K. E., Woodlief, T. L., Kane, D. A., Lin, C. T,, et al.
(2009). Mitochondrial H202 emission and cellular redox state link excess fat intake
to insulin resistance in both rodents and humans. The Journal of Clinical Investigation,

Anderson, R. A., Evans, L. M., Ellis, G. R., Khan, N., Morris, K., Jackson, S. K., et al. (2006).
Prolonged deterioration of endothelial dysfunction in response to postprandial
lipaemia is attenuated by vitamin C in type 2 diabetes. Diabetic Medicine : A Journal
of the British Diabetic Association, 23(3), 258-264.

Araiza, P., Hewes, H., Gashetewa, C., Vella, C. A., & Burge, M. R. (2006). Efficacy of a
pedometer-based physical activity program on parameters of diabetes control in
type 2 diabetes mellitus. Metabolism: Clinical and Experimental, 55(10), 1382-1387.

Ashraf, R., Aamir, K., Shaikh, A. R., & Ahmed, T. (2005). Effects of garlic on dyslipidemia in
patients with type 2 diabetes mellitus. Journal of Ayub Medical College, Abbottabad :
JAMC, 17(3), 60-64.

Badimon, L., Vilahur, G., & Padro, T. (2010). Nutraceuticals and atherosclerosis: Human
trials. Cardiovascular Therapeutics, 28(4), 202-215.

Bae, J. H., Bassenge, E., Kim, K. B, Kim, Y. N., Kim, K. S, Lee, H. J., et al. (2001).
Postprandial hypertriglyceridemia impairs endothelial function by enhanced
oxidant stress. Atherosclerosis, 155(2), 517-523.

Bajpeyi, S., Tanner, C. J.,, Slentz, C. A., Duscha, B. D., McCartney, J. S., Hickner, R. C,, et al.
(2009). Effect of exercise intensity and volume on persistence of insulin sensitivity
during training cessation. Journal of Applied Physiology (Bethesda, Md.: 1985), 106(4),
1079-1085.

Barnard, R. J., Lattimore, L., Holly, R. G., Cherny, S., & Pritikin, N. (1982). Response of non-
insulin-dependent diabetic patients to an intensive program of diet and exercise.
Diabetes Care, 5(4), 370-374.

Barnard, R. J., Ugianskis, E. J., & Martin, D. A. (1992). The effects of an intensive diet and
exercise program on patients with non-insulin-dependent diabetes mellitus and
hypertension. Journal of Cardiopulmonary Rehabilitation and Prevention, 12(3), 194-201.

Barriocanal, L. A., Palacios, M., Benitez, G., Benitez, S., Jimenez, J. T., Jimenez, N., et al.
(2008). Apparent lack of pharmacological effect of steviol glycosides used as
sweeteners in humans. A pilot study of repeated exposures in some normotensive
and hypotensive individuals and in type 1 and type 2 diabetics. Regulatory
Toxicology and Pharmacology : RTP, 51(1), 37-41.

Baskaran, K., Kizar Ahamath, B., Radha Shanmugasundaram, K., & Shanmugasundaram, E.
R. (1990). Antidiabetic effect of a leaf extract from gymnema sylvestre in non-
insulin-dependent diabetes mellitus patients. Journal of Ethnopharmacology, 30(3),
295-300.

Basu, A., Sanchez, K., Leyva, M. J.,, Wu, M., Betts, N. M., Aston, C. E,, et al. (2010). Green tea
supplementation affects body weight, lipids, and lipid peroxidation in obese

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 351

subjects with metabolic syndrome. Journal of the American College of Nutrition, 29(1),
31-40.

Baynes, J. W., & Thorpe, S. R. (1999). Role of oxidative stress in diabetic complications: A
new perspective on an old paradigm. Diabetes, 48(1), 1-9.

Beckman, J. A., Goldfine, A. B., Gordon, M. B., & Creager, M. A. (2001). Ascorbate restores
endothelium-dependent vasodilation impaired by acute hyperglycemia in humans.
Circulation, 103(12), 1618-1623.

Beyer, R. E. (1990). The participation of coenzyme Q in free radical production and
antioxidation. Free Radical Biology & Medicine, 8(6), 545-565.

Bloomer, R. J. (2008). Effect of exercise on oxidative stress biomarkers. Advances in Clinical
Chemistry, 46, 1-50.

Bloomer, R. J., Canale, R. E., & Pischel, I. (2011). Effect of an aqueous russian tarragon extract
on glucose tolerance in response to an oral dextrose load in non-diabetic men.
Nutrition and Dietary Supplements, 3, 43-49.

Bloomer, R. J., Cole, B., & Fisher-Wellman, K. H. (2009). Racial differences in postprandial
oxidative stress with and without acute exercise. International Journal of Sport
Nutrition and Exercise Metabolism, 19(5), 457-472.

Bloomer, R. J., Ferebee, D. E., Fisher-Wellman, K. H., Quindry, J. C., & Schilling, B. K. (2009).
Postprandial oxidative stress: Influence of sex and exercise training status. Medicine
and Science in Sports and Exercise, 41(12), 2111-2119.

Bloomer, R. J., & Fisher-Wellman, K. H. (2009). Systemic oxidative stress is increased to a
greater degree in young, obese women following consumption of a high fat meal.
Oxid Med Cell Longev., 2, 19-25.

Bloomer, R. J.,, & Fisher-Wellman, K. H. (2010). Lower postprandial oxidative stress in
women compared with men. Gender Medicine, 7(4), 340-349.

Bloomer, R. J., Fisher-Wellman, K. H., & Tucker, P. S. (2009). Effect of oral acetyl L-carnitine
arginate on resting and postprandial blood biomarkers in pre-diabetics. Nutrition &
Metabolism, 6, 25.

Bloomer, R. ., Kabir, M. M., Canale, R. E., Trepanowski, J. F., Marshall, K. E., Farney, T. M.,
et al. (2010). Effect of a 21 day daniel fast on metabolic and cardiovascular disease
risk factors in men and women. Lipids in Health and Disease, 9, 94.

Bloomer, R. J.,, Kabir, M. M., Marshall, K. E., Canale, R. E., & Farney, T. M. (2010).
Postprandial oxidative stress in response to dextrose and lipid meals of differing
size. Lipids in Health and Disease, 9(1), 79.

Bloomer, R. J., Kabir, M. M., Trepanowski, J. F., Canale, R. E., & Farney, T. M. (2011). A 21
day daniel fast improves selected biomarkers of antioxidant status and oxidative
stress in men and women. Nutrition & Metabolism, 8, 17.

Bocci, V., Borrelli, E., Travagli, V., & Zanardi, I. (2009). The ozone paradox: Ozone is a strong
oxidant as well as a medical drug. Medicinal Research Reviews, 29(4), 646-682.

Bogani, P., Galli, C., Villa, M., & Visioli, F. (2007). Postprandial anti-inflammatory and
antioxidant effects of extra virgin olive oil. Atherosclerosis, 190(1), 181-186.

Borissova, A. M., Tankova, T., Kirilov, G., Dakovska, L., & Kovacheva, R. (2003). The effect
of vitamin D3 on insulin secretion and peripheral insulin sensitivity in type 2
diabetic patients. International Journal of Clinical Practice, 57(4), 258-261.

Borsheim, E., Knardahl, S., & Hostmark, A. T. (1999). Short-term effects of exercise on
plasma very low density lipoproteins (VLDL) and fatty acids. Medicine and Science
in Sports and Exercise, 31(4), 522-530.

www.intechopen.com



352 Role of the Adipocyte in Development of Type 2 Diabetes

Borucki, K., Aronica, S., Starke, 1., Luley, C., & Westphal, S. (2009). Addition of 2.5 g L-
arginine in a fatty meal prevents the lipemia-induced endothelial dysfunction in
healthy volunteers. Atherosclerosis, 205(1), 251-254.

Bowry, V. W,, Ingold, K. U., & Stocker, R. (1992). Vitamin E in human low-density
lipoprotein. when and how this antioxidant becomes a pro-oxidant. The Biochemical
Journal, 288 ( Pt 2)(Pt 2), 341-344.

Brestoff, J. R., Clippinger, B., Spinella, T., von Duvillard, S. P., Nindl, B. C., & Arciero, P. J.
(2009). An acute bout of endurance exercise but not sprint interval exercise
enhances insulin sensitivity. Applied Physiology, Nutrition, and Metabolism =
Physiologie Appliquee, Nutrition Et Metabolisme, 34(1), 25-32.

Brownlee, M. (2005). The pathobiology of diabetic complications: A unifying mechanism.
Diabetes, 54(6), 1615-1625.

Buczynski, A., Kedziora, J., Tkaczewski, W., & Wachowicz, B. (1991). Effect of submaximal
physical exercise on antioxidative protection of human blood platelets. International
Journal of Sports Medicine, 12(1), 52-54.

Calo, L. A., Pagnin, E., Davis, P. A., Semplicini, A., Nicolai, R., Calvani, M., et al. (2006).
Antioxidant effect of L-carnitine and its short chain esters: Relevance for the
protection from oxidative stress related cardiovascular damage. International Journal
of Cardiology, 107(1), 54-60.

Canale, R. E., Farney, T. M., McCarthy, C. G., & Bloomer, R. ]J. (In Review). A proprietary
blend of phellodendron and crape myrtle improves glucose tolerance in response to
an oral dextrose load in exercise-trained non-diabetic men. Journal of Nutrition and
Metabolic Insights

Carmeli, E., Beiker, R., Maor, M., & Kodesh, E. (2010). Increased iNOS, MMP-2, and HSP-72
in skeletal muscle following high-intensity exercise training. Journal of Basic and
Clinical Physiology and Pharmacology, 21(2), 127-146.

Castaneda, C., Layne, J. E., Munoz-Orians, L., Gordon, P. L., Walsmith, J., Foldvari, M., et al.
(2002). A randomized controlled trial of resistance exercise training to improve
glycemic control in older adults with type 2 diabetes. Diabetes Care, 25(12), 2335-
2341.

Cefalu, W. T., Rood, ]., Pinsonat, P., Qin, J.,, Sereda, O., Levitan, L., et al. (2010).
Characterization of the metabolic and physiologic response to chromium
supplementation in subjects with type 2 diabetes mellitus. Metabolism: Clinical and
Experimental, 59(5), 755-762.

Ceriello, A. (2004). Impaired glucose tolerance and cardiovascular disease: The possible role
of post-prandial hyperglycemia. American Heart Journal, 147(5), 803-807.

Ceriello, A., Bortolotti, N., Motz, E., Lizzio, S., Catone, B., Assaloni, R., et al. (2001). Red wine
protects diabetic patients from meal-induced oxidative stress and thrombosis
activation: A pleasant approach to the prevention of cardiovascular disease in
diabetes. European Journal of Clinical Investigation, 31(4), 322-328.

Ceriello, A., & Motz, E. (2004). Is oxidative stress the pathogenic mechanism underlying
insulin resistance, diabetes, and cardiovascular disease? the common soil
hypothesis revisited. Arteriosclerosis, Thrombosis, and Vascular Biology, 24(5), 816-823.

Ceriello, A., Quagliaro, L., Piconi, L., Assaloni, R., Da Ros, R., Maier, A., et al. (2004). Effect
of postprandial hypertriglyceridemia and hyperglycemia on circulating adhesion
molecules and oxidative stress generation and the possible role of simvastatin
treatment. Diabetes, 53(3), 701-710.

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 353

Ceriello, A., Taboga, C., Tonutti, L., Quagliaro, L., Piconi, L., Bais, B., et al. (2002). Evidence
for an independent and cumulative effect of postprandial hypertriglyceridemia and
hyperglycemia on endothelial dysfunction and oxidative stress generation: Effects
of short- and long-term simvastatin treatment. Circulation, 106(10), 1211-1218.

Chaturvedi, P., & George, S. (2010). Momordica charantia maintains normal glucose levels
and lipid profiles and prevents oxidative stress in diabetic rats subjected to chronic
sucrose load. Journal of Medicinal Food, 13(3), 520-527.

Chen, H., Karne, R. J., Hall, G., Campia, U., Panza, J. A., Cannon, R. O.,3rd, et al. (2006).
High-dose oral vitamin C partially replenishes vitamin C levels in patients with
type 2 diabetes and low vitamin C levels but does not improve endothelial
dysfunction or insulin resistance. American Journal of Physiology.Heart and Circulatory
Physiology, 290(1), H137-45.

Chen, M. F,, Hsu, H. C, & Lee, Y. T. (1994). Effects of acute exercise on the changes of lipid
profiles and peroxides, prostanoids, and platelet activation in hypercholesterolemic
patients before and after treatment. Prostaglandins, 48(3), 157-174.

Chevion, S., Moran, D. S., Heled, Y., Shani, Y., Regev, G., Abbou, B, et al. (2003). Plasma
antioxidant status and cell injury after severe physical exercise. Proceedings of the
National Academy of Sciences of the United States of America, 100(9), 5119-5123.

Chibalin, A. V., Yu, M., Ryder, J. W., Song, X. M., Galuska, D., Krook, A., et al. (2000).
Exercise-induced changes in expression and activity of proteins involved in insulin
signal transduction in skeletal muscle: Differential effects on insulin-receptor
substrates 1 and 2. Proceedings of the National Academy of Sciences of the United States
of America, 97(1), 38-43.

Christ-Roberts, C. Y., Pratipanawatr, T., Pratipanawatr, W., Berria, R., Belfort, R., Kashyap,
S., et al. (2004). Exercise training increases glycogen synthase activity and GLUT4
expression but not insulin signaling in overweight nondiabetic and type 2 diabetic
subjects. Metabolism: Clinical and Experimental, 53(9), 1233-1242.

Civitarese, A. E., Carling, S., Heilbronn, L. K., Hulver, M. H., Ukropcova, B., Deutsch, W. A,
et al. (2007). Calorie restriction increases muscle mitochondrial biogenesis in
healthy humans. PLoS Medicine, 4(3), e76.

Clegg, M., McClean, C., Davison, W. G., Murphy, H. M., Trinick, T., Duly, E., et al. (2007).
Exercise and postprandial lipaemia: Effects on peripheral vascular function,
oxidative stress and gastrointestinal transit. Lipids in Health and Disease, 6, 30.

Clinton, S. K. (1998). Lycopene: Chemistry, biology, and implications for human health and
disease. Nutrition Reviews, 56(2 Pt 1), 35-51.

Cohen, J. C., Noakes, T. D., & Benade, A. J. (1989). Postprandial lipemia and chylomicron
clearance in athletes and in sedentary men. The American Journal of Clinical
Nutrition, 49(3), 443-447.

Cohen, N., Halberstam, M., Shlimovich, P., Chang, C. J., Shamoon, H., & Rossetti, L. (1995).
Oral vanadyl sulfate improves hepatic and peripheral insulin sensitivity in patients
with non-insulin-dependent diabetes mellitus. The Journal of Clinical Investigation,
95(6), 2501-25009.

Cohen, N. D., Dunstan, D. W., Robinson, C., Vulikh, E., Zimmet, P. Z., & Shaw, J. E. (2008).
Improved endothelial function following a 14-month resistance exercise training
program in adults with type 2 diabetes. Diabetes Research and Clinical Practice, 79(3),
405-411.

www.intechopen.com



354 Role of the Adipocyte in Development of Type 2 Diabetes

Cottin, S. C., Sanders, T. A., & Hall, W. L. (2011). The differential effects of EPA and DHA on
cardiovascular risk factors. The Proceedings of the Nutrition Society, , 1-17.

Cullinane, E., Siconolfi, S., Saritelli, A., & Thompson, P. D. (1982). Acute decrease in serum
triglycerides with exercise: Is there a threshold for an exercise effect? Metabolism:
Clinical and Experimental, 31(8), 844-847.

Cusi, K., Cukier, S., DeFronzo, R. A., Torres, M., Puchulu, F. M., & Redondo, ]J. C. (2001).
Vanadyl sulfate improves hepatic and muscle insulin sensitivity in type 2 diabetes.
The Journal of Clinical Endocrinology and Metabolism, 86(3), 1410-1417.

Dalle-Donne, I., Rossi, R., Colombo, R., Giustarini, D., & Milzani, A. (2006). Biomarkers of
oxidative damage in human disease. Clinical Chemistry, 52(4), 601-623.

Dans, A. M., Villarruz, M. V., Jimeno, C. A., Javelosa, M. A., Chua, J., Bautista, R., et al.
(2007). The effect of momordica charantia capsule preparation on glycemic control
in type 2 diabetes mellitus needs further studies. Journal of Clinical Epidemiology,
60(6), 554-559.

Darko, D., Dornhorst, A., Kelly, F. ], Ritter, J. M., & Chowienczyk, P. J. (2002). Lack of effect
of oral vitamin C on blood pressure, oxidative stress and endothelial function in
type II diabetes. Clinical Science (London, England : 1979), 103(4), 339-344.

Davi, G., Ciabattoni, G., Consoli, A., Mezzetti, A., Falco, A., Santarone, S., et al. (1999). In
vivo formation of 8-iso-prostaglandin f2alpha and platelet activation in diabetes
mellitus: Effects of improved metabolic control and vitamin E supplementation.
Circulation, 99(2), 224-229.

Davi, G., Santilli, F., & Patrono, C. (2010). Nutraceuticals in diabetes and metabolic
syndrome. Cardiovascular Therapeutics, 28(4), 216-226.

Davis, L., Stonehouse, W., Loots du, T., Mukuddem-Petersen, J., van der Westhuizen, F. H.,
Hanekom, S. M., et al. (2007). The effects of high walnut and cashew nut diets on
the antioxidant status of subjects with metabolic syndrome. European Journal of
Nutrition, 46(3), 155-164.

de Koning, E. J., & Rabelink, T. J. (2002). Endothelial function in the post-prandial state.
Atherosclerosis. Supplements, 3(1), 11-16.

Demrow, H. S, Slane, P. R., & Folts, J. D. (1995). Administration of wine and grape juice
inhibits in vivo platelet activity and thrombosis in stenosed canine coronary
arteries. Circulation, 91(4), 1182-1188.

Denniss, S. G., Haffner, T. D., Kroetsch, J. T., Davidson, S. R., Rush, J. W., & Hughson, R. L.
(2008). Effect of short-term lycopene supplementation and postprandial
dyslipidemia on plasma antioxidants and biomarkers of endothelial health in
young, healthy individuals. Vascular Health and Risk Management, 4(1), 213-222.

Di Massimo, C., Scarpelli, P., & Tozzi-Ciancarelli, M. G. (2004). Possible involvement of
oxidative stress in exercise-mediated platelet activation. Clinical Hemorheology and
Microcirculation, 30(3-4), 313-316.

Drewnowski, A. (2007). The real contribution of added sugars and fats to obesity.
Epidemiologic Reviews, 29, 160-171.

Duncan, G. E,, Perri, M. G., Theriaque, D. W., Hutson, A. D., Eckel, R. H., & Stacpoole, P. W.
(2003). Exercise training, without weight loss, increases insulin sensitivity and
postheparin plasma lipase activity in previously sedentary adults. Diabetes Care,
26(3), 557-562.

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 355

Dunstan, D. W., Daly, R. M., Owen, N., Jolley, D., De Courten, M., Shaw, ]J., et al. (2002).
High-intensity resistance training improves glycemic control in older patients with
type 2 diabetes. Diabetes Care, 25(10), 1729-1736.

Edirisinghe, I., & Rahman, I. (2010). Cigarette smoke-mediated oxidative stress, shear stress,
and endothelial dysfunction: Role of VEGFR2. Annals of the New York Academy of
Sciences, 1203, 66-72.

Elosua, R., Molina, L., Fito, M., Arquer, A., Sanchez-Quesada, J. L., Covas, M. L, et al. (2003).
Response of oxidative stress biomarkers to a 16-week aerobic physical activity
program, and to acute physical activity, in healthy young men and women.
Atherosclerosis, 167(2), 327-334.

Esposito, K., Di Palo, C., Maiorino, M. L., Petrizzo, M., Bellastella, G., Siniscalchi, I., et al.
(2010). Long-term effect of mediterranean-style diet and calorie restriction on
biomarkers of longevity and oxidative stress in overweight men. Cardiology Research
and Practice, 2011, 293916.

Evans, E. M., Racette, S. B., Peterson, L. R., Villareal, D. T., Greiwe, J. S., & Holloszy, J. O.
(2005). Aerobic power and insulin action improve in response to endurance
exercise training in healthy 77-87 yr olds. Journal of Applied Physiology (Bethesda, Md.:
1985), 98(1), 40-45.

Fahs, C. A, Yan, H., Ranadive, S., Rossow, L. M., Agiovlasitis, S., Wilund, K. R, et al. (2010).
The effect of acute fish-oil supplementation on endothelial function and arterial
stiffness following a high-fat meal. Applied Physiology, Nutrition, and Metabolism =
Physiologie Appliquee, Nutrition Et Metabolisme, 35(3), 294-302.

Fatouros, I. G., Jamurtas, A. Z., Villiotou, V., Pouliopoulou, S., Fotinakis, P., Taxildaris, K., et
al. (2004). Oxidative stress responses in older men during endurance training and
detraining. Medicine and Science in Sports and Exercise, 36(12), 2065-2072.

Fehrenbach, E., & Northoff, H. (2001). Free radicals, exercise, apoptosis, and heat shock
proteins. Exercise Immunology Review, 7, 66-89.

Ferguson, M. A., Alderson, N. L., Trost, S. G., Essig, D. A., Burke, J. R., & Durstine, J. L.
(1998). Effects of four different single exercise sessions on lipids, lipoproteins, and
lipoprotein lipase. Journal of Applied Physiology (Bethesda, Md.: 1985), 85(3), 1169-
1174.

Fialkow, L., Wang, Y., & Downey, G. P. (2007). Reactive oxygen and nitrogen species as
signaling molecules regulating neutrophil function. Free Radical Biology & Medicine,
42(2), 153-164.

Finaud, J., Lac, G., & Filaire, E. (2006). Oxidative stress : Relationship with exercise and
training. Sports Medicine (Auckland, N.Z.), 36(4), 327-358.

Fisher-Wellman, K. H., & Bloomer, R. J. (2009a). Acute exercise and oxidative stress: A 30
year history. Dynamic Medicine : DM, §, 1.

Fisher-Wellman, K. H., & Bloomer, R. J. (2009b). Macronutrient specific postprandial
oxidative stress: Relevance to the development of insulin resistance. Current
Diabetes Reviews, 5(4), 228-238.

Fisher-Wellman, K. H., & Bloomer, R. J. (2010). Exacerbated postprandial oxidative stress
induced by the acute intake of a lipid meal compared to isoenergetically
administered carbohydrate, protein, and mixed meals in young, healthy men.
Journal of the American College of Nutrition, 29(4), 373-381.

Fluckey, J. D., Hickey, M. S., Brambrink, J. K., Hart, K. K., Alexander, K., & Craig, B. W.
(1994). Effects of resistance exercise on glucose tolerance in normal and glucose-

www.intechopen.com



356 Role of the Adipocyte in Development of Type 2 Diabetes

intolerant subjects. Journal of Applied Physiology (Bethesda, Md.: 1985), 77(3), 1087-
1092.

Fonteles, M. C., Huang, L. C., & Larner, J. (1996). Infusion of pH 2.0 D-chiro-inositol glycan
insulin putative mediator normalizes plasma glucose in streptozotocin diabetic rats
at a dose equivalent to insulin without inducing hypoglycaemia. Diabetologia, 39(6),
731-734.

Frati Munari, A. C., Vera Lastra, O., & Ariza Andraca, C. R. (1992). Evaluation of nopal
capsules in diabetes mellitus]. [Evaluacion de capsulas de nopal en diabetes
mellitus] Gaceta Medica De Mexico, 128(4), 431-436.

Frati-Munari, A. C., de Leon, C., Ariza-Andraca, R., Banales-Ham, M. B., Lopez-Ledesma,
R., & Lozoya, X. (1989). Effect of a dehydrated extract of nopal (opuntia ficus indica
mill.) on blood glucose]. [Influencia de un extracto deshidratado de nopal (Opuntia
ficus-indica mill.) en la glucemia] Archivos De Investigacion Medica, 20(3), 211-216.

Frati-Munari, A. C., Del Valle-Martinez, L. M., Ariza-Andraca, C. R., Islas-Andrade, S., &
Chavez-Negrete, A. (1989). Hypoglycemic action of different doses of nopal
(opuntia streptacantha lemaire) in patients with type II diabetes mellitus]. [Accion
hipoglucemiante de diferentes dosis de nopal (Opuntia streptacantha Lemaire) en
pacientes con diabetes mellitus tipo II] Archivos De Investigacion Medica, 20(2), 197-
201.

Frisard, M., & Ravussin, E. (2006). Energy metabolism and oxidative stress: Impact on the
metabolic syndrome and the aging process. Endocrine, 29(1), 27-32.

Fuangchan, A., Sonthisombat, P., Seubnukarn, T. Chanouan, R., Chotchaisuwat, P.,
Sirigulsatien, V., et al. (2011). Hypoglycemic effect of bitter melon compared with
metformin in newly diagnosed type 2 diabetes patients. Journal of
Ethnopharmacology, 134(2), 422-428.

Fukushima, M., Matsuyama, F., Ueda, N., Egawa, K., Takemoto, J., Kajimoto, Y., et al. (2006).
Effect of corosolic acid on postchallenge plasma glucose levels. Diabetes Research and
Clinical Practice, 73(2), 174-177.

Galbo, H., Tobin, L., & van Loon, L. J. (2007). Responses to acute exercise in type 2 diabetes,
with an emphasis on metabolism and interaction with oral hypoglycemic agents
and food intake. Applied Physiology, Nutrition, and Metabolism = Physiologie
Appliquee, Nutrition Et Metabolisme, 32(3), 567-575.

Geiger, P. C., & Gupte, A. A. (2011). Heat shock proteins are important mediators of skeletal
muscle insulin sensitivity. Exercise and Sport Sciences Reviews, 39(1), 34-42.

Giacco, F., & Brownlee, M. (2010). Oxidative stress and diabetic complications. Circulation
Research, 107(9), 1058-1070.

Gill, J. M., Frayn, K. N., Wootton, S. A., Miller, G. J., & Hardman, A. E. (2001). Effects of
prior moderate exercise on exogenous and endogenous lipid metabolism and
plasma factor VII activity. Clinical Science (London, England : 1979), 100(5), 517-527.

Goldfine, A. B., Patti, M. E., Zuberi, L., Goldstein, B. J., LeBlanc, R., Landaker, E. J., et al.
(2000). Metabolic effects of vanadyl sulfate in humans with non-insulin-dependent
diabetes mellitus: In vivo and in vitro studies. Metabolism: Clinical and Experimental,
49(3), 400-410.

Goodpaster, B. H., Katsiaras, A., & Kelley, D. E. (2003). Enhanced fat oxidation through
physical activity is associated with improvements in insulin sensitivity in obesity.
Diabetes, 52(9), 2191-2197.

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 357

Grandjean, P. W., Crouse, S. F., & Rohack, J. J. (2000). Influence of cholesterol status on
blood lipid and lipoprotein enzyme responses to aerobic exercise. Journal of Applied
Physiology (Bethesda, Md.: 1985), 89(2), 472-480.

Graner, M., Kahri, J., Nakano, T., Sarna, S. J., Nieminen, M. S., Syvanne, M., et al. (2006).
Impact of postprandial lipaemia on low-density lipoprotein (LDL) size and
oxidized LDL in patients with coronary artery disease. European Journal of Clinical
Investigation, 36(11), 764-770.

Gray, D. S. (1995). The clinical uses of dietary fiber. American Family Physician, 51(2), 419-426.

Green, H. J., Duhamel, T. A., Holloway, G. P., Moule, J. W., Ranney, D. W., Tupling, A. R., et
al. (2008). Rapid upregulation of GLUT-4 and MCT-4 expression during 16 h of
heavy intermittent cycle exercise. American Journal of Physiology.Regulatory,
Integrative and Comparative Physiology, 294(2), R594-600.

Gregersen, S., Jeppesen, P. B., Holst, J. ., & Hermansen, K. (2004). Antihyperglycemic effects
of stevioside in type 2 diabetic subjects. Metabolism: Clinical and Experimental, 53(1),
73-76.

Groop, P. H., Aro, A., Stenman, S., & Groop, L. (1993). Long-term effects of guar gum in
subjects with non-insulin-dependent diabetes mellitus. The American Journal of
Clinical Nutrition, 58(4), 513-518.

Guerrero-Romero, F., Tamez-Perez, H. E., Gonzalez-Gonzalez, G., Salinas-Martinez, A. M.,
Montes-Villarreal, J., Trevino-Ortiz, J. H., et al. (2004). Oral magnesium
supplementation improves insulin sensitivity in non-diabetic subjects with insulin
resistance. A double-blind placebo-controlled randomized trial. Diabetes &
Metabolism, 30(3), 253-258.

Gupta, A., Gupta, R., & Lal, B. (2001). Effect of trigonella foenum-graecum (fenugreek) seeds
on glycaemic control and insulin resistance in type 2 diabetes mellitus: A double
blind placebo controlled study. The Journal of the Association of Physicians of India, 49,
1057-1061.

Haddad, J. J. (2002). Antioxidant and prooxidant mechanisms in the regulation of redox(y)-
sensitive transcription factors. Cellular Signalling, 14(11), 879-897.

Hadjistavri, L. S., Sarafidis, P. A., Georgianos, P. I, Tziolas, I. M., Aroditis, C. P., Hitoglou-
Makedou, A., et al. (2010). Beneficial effects of oral magnesium supplementation on
insulin sensitivity and serum lipid profile. Medical Science Monitor : International
Medical Journal of Experimental and Clinical Research, 16(6), CR307-312.

Halberstam, M., Cohen, N., Shlimovich, P., Rossetti, L., & Shamoon, H. (1996). Oral vanadyl
sulfate improves insulin sensitivity in NIDDM but not in obese nondiabetic
subjects. Diabetes, 45(5), 659-666.

Halliwell, B. (1991). Reactive oxygen species in living systems: Source, biochemistry, and
role in human disease. The American Journal of Medicine, 91(3C), 14S5-22S.

Halliwell, B., & Cross, C. E. (1994). Oxygen-derived species: Their relation to human disease
and environmental stress. Environmental Health Perspectives, 102 Suppl 10, 5-12.

Hamilton, K. L., Staib, J. L., Phillips, T., Hess, A., Lennon, S. L., & Powers, S. K. (2003).
Exercise, antioxidants, and HSP72: Protection against myocardial
ischemia/reperfusion. Free Radical Biology & Medicine, 34(7), 800-809.

Hamilton, S. J., Chew, G. T., & Watts, G. F. (2009). Coenzyme Q10 improves endothelial
dysfunction in statin-treated type 2 diabetic patients. Diabetes Care, 32(5), 810-812.

Hanwell, H. E., Kay, C. D., Lampe, J]. W., Holub, B. J., & Duncan, A. M. (2009). Acute fish oil
and soy isoflavone supplementation increase postprandial serum (n-3)

www.intechopen.com



358 Role of the Adipocyte in Development of Type 2 Diabetes

polyunsaturated fatty acids and isoflavones but do not affect triacylglycerols or
biomarkers of oxidative stress in overweight and obese hypertriglyceridemic men.
The Journal of Nutrition, 139(6), 1128-1134.

Hellsten, Y., Apple, F. S., & Sjodin, B. (1996). Effect of sprint cycle training on activities of
antioxidant enzymes in human skeletal muscle. Journal of Applied Physiology
(Bethesda, Md.: 1985), 81(4), 1484-1487.

Henriksen, E. J. (2002). Invited review: Effects of acute exercise and exercise training on
insulin resistance. Journal of Applied Physiology (Bethesda, Md.: 1985), 93(2), 788-796.

Higdon, J. V., & Frei, B. (2003). Tea catechins and polyphenols: Health effects, metabolism,
and antioxidant functions. Critical Reviews in Food Science and Nutrition, 43(1), 89-
143.

Hirashima, O., Kawano, H., Motoyama, T., Hirai, N., Ohgushi, M., Kugiyama, K., et al.
(2000). Improvement of endothelial function and insulin sensitivity with vitamin C
in patients with coronary spastic angina: Possible role of reactive oxygen species.
Journal of the American College of Cardiology, 35(7), 1860-1866.

Hollander, J., Fiebig, R., Gore, M., Bejma, ]J., Ookawara, T., Ohno, H., et al. (1999).
Superoxide dismutase gene expression in skeletal muscle: Fiber-specific adaptation
to endurance training. The American Journal of Physiology, 277(3 Pt 2), R856-62.

Holten, M. K., Zacho, M., Gaster, M., Juel, C., Wojtaszewski, ]. F., & Dela, F. (2004). Strength
training increases insulin-mediated glucose uptake, GLUT4 content, and insulin
signaling in skeletal muscle in patients with type 2 diabetes. Diabetes, 53(2), 294-305.

Houmard, J. A., Tanner, C. ], Slentz, C. A., Duscha, B. D., McCartney, J. S., & Kraus, W. E.
(2004). Effect of the volume and intensity of exercise training on insulin sensitivity.
Journal of Applied Physiology (Bethesda, Md.: 1985), 96(1), 101-106.

Hsu, C. H., & Cheng, A. L. (2007). Clinical studies with curcumin. Advances in Experimental
Medicine and Biology, 595, 471-480.

Hudthagosol, C., Haddad, E. H., McCarthy, K., Wang, P., Oda, K., & Sabate, J. (2011). Pecans
acutely increase plasma postprandial antioxidant capacity and catechins and
decrease LDL oxidation in humans. The Journal of Nutrition, 141(1), 56-62.

Hunt, R, Fedorak, R., Frohlich, J., McLennan, C., & Pavilanis, A. (1993). Therapeutic role of
dietary fibre. Canadian Family Physician Medecin De Famille Canadien, 39, 897-900,
903-10.

Ibanez, ]., Gorostiaga, E. M., Alonso, A. M., Forga, L., Arguelles, I., Larrion, J. L., et al. (2008).
Lower muscle strength gains in older men with type 2 diabetes after resistance
training. Journal of Diabetes and its Complications, 22(2), 112-118.

Ibanez, J., Izquierdo, M., Arguelles, 1., Forga, L., Larrion, J. L., Garcia-Unciti, M., et al. (2005).
Twice-weekly progressive resistance training decreases abdominal fat and
improves insulin sensitivity in older men with type 2 diabetes. Diabetes Care, 28(3),
662-667.

Inal, M., Akyuz, F., Turgut, A., & Getsfrid, W. M. (2001). Effect of aerobic and anaerobic
metabolism on free radical generation swimmers. Medicine and Science in Sports and
Exercise, 33(4), 564-567.

Igbal, N., Cardillo, S., Volger, S., Bloedon, L. T., Anderson, R. A., Boston, R., et al. (2009).
Chromium picolinate does not improve key features of metabolic syndrome in
obese nondiabetic adults. Metabolic Syndrome and Related Disorders, 7(2), 143-150.

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 359

Ishii, T., Yamakita, T., Sato, T., Tanaka, S., & Fujii, S. (1998). Resistance training improves
insulin sensitivity in NIDDM subjects without altering maximal oxygen uptake.
Diabetes Care, 21(8), 1353-1355.

Jackson, M. J., Pye, D., & Palomero, ]. (2007). The production of reactive oxygen and
nitrogen species by skeletal muscle. Journal of Applied Physiology (Bethesda, Md.:
1985), 102(4), 1664-1670.

Jacob, S., Ruus, P., Hermann, R., Tritschler, H. J., Maerker, E., Renn, W., et al. (1999). Oral
administration of RAC-alpha-lipoic acid modulates insulin sensitivity in patients
with type-2 diabetes mellitus: A placebo-controlled pilot trial. Free Radical Biology &
Medicine, 27(3-4), 309-314.

Jacques-Camarena, O., Gonzalez-Ortiz, M., Martinez-Abundis, E., Lopez-Madrueno, J. F., &
Medina-Santillan, R. (2008). Effect of vanadium on insulin sensitivity in patients
with impaired glucose tolerance. Annals of Nutrition & Metabolism, 53(3-4), 195-198.

Jenkins, D. J., Josse, A. R., Wong, ]. M., Nguyen, T. H., & Kendall, C. W. (2007). The portfolio
diet for cardiovascular risk reduction. Current Atherosclerosis Reports, 9(6), 501-507.

Jenkins, D. J., Kendall, C. W., Marchie, A., Jenkins, A. L., Augustin, L. S., Ludwig, D. S, et al.
(2003). Type 2 diabetes and the vegetarian diet. The American Journal of Clinical
Nutrition, 78(3 Suppl), 6105-616S.

Jentjens, R. L., & Jeukendrup, A. E. (2002). Effect of acute and short-term administration of
vanadyl sulphate on insulin sensitivity in healthy active humans. International
Journal of Sport Nutrition and Exercise Metabolism, 12(4), 470-479.

Ji, L. L. (1999). Antioxidants and oxidative stress in exercise. Proceedings of the Society for
Experimental Biology and Medicine.Society for Experimental Biology and Medicine (New
York, N.Y.), 222(3), 283-292.

Johnston, C. S., Steplewska, I, Long, C. A., Harris, L. N., & Ryals, R. H. (2010). Examination
of the antiglycemic properties of vinegar in healthy adults. Annals of Nutrition &
Metabolism, 56(1), 74-79.

Jorde, R., & Figenschau, Y. (2009). Supplementation with cholecalciferol does not improve
glycaemic control in diabetic subjects with normal serum 25-hydroxyvitamin D
levels. European Journal of Nutrition, 48(6), 349-354.

Josic, J., Olsson, A. T., Wickeberg, J., Lindstedt, S., & Hlebowicz, J. (2010). Does green tea
affect postprandial glucose, insulin and satiety in healthy subjects: A randomized
controlled trial. Nutrition Journal, 9, 63.

Josse, A. R., Kendall, C. W., Augustin, L. S,, Ellis, P. R., & Jenkins, D. J. (2007). Almonds and
postprandial glycemia--a dose-response study. Metabolism: Clinical —and
Experimental, 56(3), 400-404.

Judy, W. V., Hari, S. P., Stogsdill, W. W, Judy, J. S., Naguib, Y. M., & Passwater, R. (2003).
Antidiabetic activity of a standardized extract (glucosol) from lagerstroemia
speciosa leaves in type II diabetics. A dose-dependence study. Journal of
Ethnopharmacology, 87(1), 115-117.

Kadoglou, N. P., Iliadis, F., Angelopoulou, N., Perrea, D., Ampatzidis, G., Liapis, C. D., et al.
(2007). The anti-inflammatory effects of exercise training in patients with type 2
diabetes mellitus. European Journal of Cardiovascular Prevention and Rehabilitation :
Official Journal of the European Society of Cardiology, Working Groups on Epidemiology &
Prevention and Cardiac Rehabilitation and Exercise Physiology, 14(6), 837-843.

Kar, P., Laight, D., Rooprai, H. K., Shaw, K. M., & Cummings, M. (2009). Effects of grape
seed extract in type 2 diabetic subjects at high cardiovascular risk: A double blind

www.intechopen.com



360 Role of the Adipocyte in Development of Type 2 Diabetes

randomized placebo controlled trial examining metabolic markers, vascular tone,
inflammation, oxidative stress and insulin sensitivity. Diabetic Medicine : A Journal of
the British Diabetic Association, 26(5), 526-531.

Kasbia, G. S., Arnason, J. T., & Imbeault, P. (2009). No effect of acute, single dose oral
administration of momordica charantia linn., on glycemia, energy expenditure and
appetite: A pilot study in non-diabetic overweight men. Journal of
Ethnopharmacology, 126(1), 127-133.

Katsanos, C. S. (2006). Prescribing aerobic exercise for the regulation of postprandial lipid
metabolism : Current research and recommendations. Sports Medicine (Auckland,
N.Z.), 36(7), 547-560.

Kelley, G. A., & Kelley, K. S. (2007). Effects of aerobic exercise on lipids and lipoproteins in
adults with type 2 diabetes: A meta-analysis of randomized-controlled trials. Public
Health, 121(9), 643-655.

Kelly, K. L., Mato, ]J. M., Merida, L., & Jarett, L. (1987). Glucose transport and antilipolysis are
differentially regulated by the polar head group of an insulin-sensitive
glycophospholipid. Proceedings of the National Academy of Sciences of the United States
of America, 84(18), 6404-6407.

Key, T. ]J., Appleby, P. N., & Rosell, M. S. (2006). Health effects of vegetarian and vegan
diets. The Proceedings of the Nutrition Society, 65(1), 35-41.

Khan, A., Safdar, M., Ali Khan, M. M., Khattak, K. N., & Anderson, R. A. (2003). Cinnamon
improves glucose and lipids of people with type 2 diabetes. Diabetes Care, 26(12),
3215-3218.

Khan, A. K., AKhtar, S., & Mahtab, H. (1980). Treatment of diabetes mellitus with coccinia
indica. British Medical Journal, 280(6220), 1044.

Khossousi, A., Binns, C. W., Dhaliwal, S. S., & Pal, S. (2008). The acute effects of psyllium on
postprandial lipaemia and thermogenesis in overweight and obese men. The British
Journal of Nutrition, 99(5), 1068-1075.

Kim, M. J,, Yoo, K. H., Kim, J. H,, Seo, Y. T., Ha, B. W., Kho, J. H,, et al. (2007). Effect of
pinitol on glucose metabolism and adipocytokines in uncontrolled type 2 diabetes.
Diabetes Research and Clinical Practice, 77 Suppl 1, S247-51.

Knight, J. A. (1999). Free radicals, antioxidants, aging, and disease. Washington: American
Association for Clinical Chemistry Press.

Kojda, G., & Hambrecht, R. (2005). Molecular mechanisms of vascular adaptations to
exercise. physical activity as an effective antioxidant therapy? Cardiovascular
Research, 67(2), 187-197.

Koves, T. R., Ussher, J. R., Noland, R. C., Slentz, D., Mosedale, M., Ilkayeva, O., et al. (2008).
Mitochondrial overload and incomplete fatty acid oxidation contribute to skeletal
muscle insulin resistance. Cell Metabolism, 7(1), 45-56.

Kraniou, G. N., Cameron-Smith, D., & Hargreaves, M. (2006). Acute exercise and GLUT4
expression in human skeletal muscle: Influence of exercise intensity. Journal of
Applied Physiology (Bethesda, Md.: 1985), 101(3), 934-937.

Kraniou, Y., Cameron-Smith, D., Misso, M., Collier, G., & Hargreaves, M. (2000). Effects of
exercise on GLUT-4 and glycogenin gene expression in human skeletal muscle.
Journal of Applied Physiology (Bethesda, Md.: 1985), 88(2), 794-796.

Kristiansen, S., Hargreaves, M., & Richter, E. A. (1996). Exercise-induced increase in glucose
transport, GLUT-4, and VAMP-2 in plasma membrane from human muscle. The
American Journal of Physiology, 270(1 Pt 1), E197-201.

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 361

Kristiansen, S., Hargreaves, M., & Richter, E. A. (1997). Progressive increase in glucose
transport and GLUT-4 in human sarcolemmal vesicles during moderate exercise.
The American Journal of Physiology, 272(3 Pt 1), E385-9.

Kuriyan, R., Rajendran, R., Bantwal, G., & Kurpad, A. V. (2008). Effect of supplementation of
coccinia cordifolia extract on newly detected diabetic patients. Diabetes Care, 31(2),
216-220.

Laaksonen, D. E., Atalay, M., Niskanen, L., Uusitupa, M., Hanninen, O., & Sen, C. K. (1999).
Blood glutathione homeostasis as a determinant of resting and exercise-induced
oxidative stress in young men. Redox Report : Communications in Free Radical
Research, 4(1-2), 53-59.

Larner, J.,, Allan, G., Kessler, C.,, Reamer, P., Gunn, R, & Huang, L. C. (1998).
Phosphoinositol glycan derived mediators and insulin resistance. prospects for
diagnosis and therapy. Journal of Basic and Clinical Physiology and Pharmacology, 9(2-
4),127-137.

Lee, H. C, & Wei, Y. H. (2007). Oxidative stress, mitochondrial DNA mutation, and
apoptosis in aging. Experimental Biology and Medicine (Maywood, N.].), 232(5), 592-
606.

Leeuwenburgh, C., Hansen, P. A, Holloszy, J. O., & Heinecke, J. W. (1999). Hydroxyl radical
generation during exercise increases mitochondrial protein oxidation and levels of
urinary dityrosine. Free Radical Biology & Medicine, 27(1-2), 186-192.

Liatis, S., Grammatikou, S., Poulia, K. A., Perrea, D., Makrilakis, K., Diakoumopoulou, E., et
al. (2010). Vinegar reduces postprandial hyperglycaemia in patients with type II
diabetes when added to a high, but not to a low, glycaemic index meal. European
Journal of Clinical Nutrition, 64(7), 727-732.

Lin, C. C., Tsai, W. C,, Chen, J. Y., Li, Y. H., Lin, L. J., & Chen, ]J. H. (2008). Supplements of L-
arginine attenuate the effects of high-fat meal on endothelial function and oxidative
stress. International Journal of Cardiology, 127(3), 337-341.

Lira, F. S., Zanchi, N. E., Lima-Silva, A. E., Pires, F. O., Bertuzzi, R. C., Caperuto, E. C,, et al.
(2010). Is acute supramaximal exercise capable of modulating lipoprotein profile in
healthy men? European Journal of Clinical Investigation, 40(8), 759-765.

Liu, H., Colavitti, R., Rovira, I. I, & Finkel, T. (2005). Redox-dependent transcriptional
regulation. Circulation Research, 97(10), 967-974.

Liu, S., Manson, J. E., Lee, I. M., Cole, S. R., Hennekens, C. H., Willett, W. C,, et al. (2000).
Fruit and vegetable intake and risk of cardiovascular disease: The women's health
study. The American Journal of Clinical Nutrition, 72(4), 922-928.

Liu, S., Stampfer, M. J., Hu, F. B., Giovannucci, E., Rimm, E., Manson, J. E., et al. (1999).
Whole-grain consumption and risk of coronary heart disease: Results from the
nurses' health study. The American Journal of Clinical Nutrition, 70(3), 412-419.

Livesey, G., Taylor, R., Hulshof, T., & Howlett, J. (2008). Glycemic response and health--a
systematic review and meta-analysis: Relations between dietary glycemic
properties and health outcomes. The American Journal of Clinical Nutrition, 87(1),
2585-268S.

Loimaala, A., Groundstroem, K., Rinne, M., Nenonen, A., Huhtala, H., Parkkari, J., et al.
(2009). Effect of long-term endurance and strength training on metabolic control
and arterial elasticity in patients with type 2 diabetes mellitus. The American Journal
of Cardiology, 103(7), 972-977.

www.intechopen.com



362 Role of the Adipocyte in Development of Type 2 Diabetes

Lopez-Uriarte, P., Nogues, R., Saez, G., Bullo, M., Romeu, M., Masana, L., et al. (2010). Effect
of nut consumption on oxidative stress and the endothelial function in metabolic
syndrome. Clinical Nutrition (Edinburgh, Scotland), 29(3), 373-380.

Losso, J. N., Holliday, D. L., Finley, J. W., Martin, R. ]J., Rood, J. C, Yu, Y., et al. (2009).
Fenugreek bread: A treatment for diabetes mellitus. Journal of Medicinal Food, 12(5),
1046-1049.

Lovejoy, J. C., Most, M. M., Lefevre, M., Greenway, F. L., & Rood, J. C. (2002). Effect of diets
enriched in almonds on insulin action and serum lipids in adults with normal
glucose tolerance or type 2 diabetes. The American Journal of Clinical Nutrition, 76(5),
1000-1006.

Lu, F. R, Shen, L., Qin, Y., Gao, L., Li, H., & Dai, Y. (2008). Clinical observation on trigonella
foenum-graecum L. total saponins in combination with sulfonylureas in the
treatment of type 2 diabetes mellitus. Chinese Journal of Integrative Medicine, 14(1),
56-60.

Mackenzie, T., Leary, L., & Brooks, W. B. (2007). The effect of an extract of green and black
tea on glucose control in adults with type 2 diabetes mellitus: Double-blind
randomized study. Metabolism: Clinical and Experimental, 56(10), 1340-1344.

Magkos, F., Tsekouras, Y. E., Prentzas, K. L., Basioukas, K. N., Matsama, S. G., Yanni, A. E.,
et al. (2008). Acute exercise-induced changes in basal VLDL-triglyceride kinetics
leading to hypotriglyceridemia manifest more readily after resistance than
endurance exercise. Journal of Applied Physiology (Bethesda, Md.: 1985), 105(4), 1228-
1236.

Maiese, K., Morhan, S. D., & Chong, Z. Z. (2007). Oxidative stress biology and cell injury
during type 1 and type 2 diabetes mellitus. Current Neurovascular Research, 4(1), 63-
71.

Maki, K. C., Carson, M. L., Miller, M. P., Turowski, M., Bell, M., Wilder, D. M., et al. (2007).
High-viscosity hydroxypropylmethylcellulose blunts postprandial glucose and
insulin responses. Diabetes Care, 30(5), 1039-1043.

Maki, K. C., Galant, R., Samuel, P., Tesser, J., Witchger, M. S., Ribaya-Mercado, J. D., et al.
(2007). Effects of consuming foods containing oat beta-glucan on blood pressure,
carbohydrate metabolism and biomarkers of oxidative stress in men and women
with elevated blood pressure. European Journal of Clinical Nutrition, 61(6), 786-795.

Maki, K. C., Reeves, M. S., Carson, M. L., Miller, M. P., Turowski, M., Rains, T. M., et al.
(2009). Dose-response characteristics of high-viscosity
hydroxypropylmethylcellulose in subjects at risk for the development of type 2
diabetes mellitus. Diabetes Technology & Therapeutics, 11(2), 119-125.

Marfella, R., Cacciapuoti, F., Siniscalchi, M., Sasso, F. C., Marchese, F., Cinone, F., et al.
(2006). Effect of moderate red wine intake on cardiac prognosis after recent acute
myocardial infarction of subjects with type 2 diabetes mellitus. Diabetic Medicine : A
Journal of the British Diabetic Association, 23(9), 974-981.

Marin, C., Ramirez, R., Delgado-Lista, J., Yubero-Serrano, E. M., Perez-Martinez, P.,
Carracedo, J., et al. (2011). Mediterranean diet reduces endothelial damage and
improves the regenerative capacity of endothelium. The American Journal of Clinical
Nutrition, 93(2), 267-274.

Markovits, N., Ben Amotz, A., & Levy, Y. (2009). The effect of tomato-derived lycopene on
low carotenoids and enhanced systemic inflammation and oxidation in severe
obesity. The Israel Medical Association Journal : IMA], 11(10), 598-601.

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 363

Marzatico, F., Pansarasa, O., Bertorelli, L., Somenzini, L., & Della Valle, G. (1997). Blood free
radical antioxidant enzymes and lipid peroxides following long-distance and
lactacidemic performances in highly trained aerobic and sprint athletes. The Journal
of Sports Medicine and Physical Fitness, 37(4), 235-239.

Matsuoka, T., Takaki, A., Ohtaki, H., & Shioda, S. (2010). Early changes to oxidative stress
levels following exposure to formaldehyde in ICR mice. The Journal of Toxicological
Sciences, 35(5), 721-730.

Mavian, A. A., Miller, S., & Henry, R. R. (2010). Managing type 2 diabetes: Balancing HbA1lc
and body weight. Postgraduate Medicine, 122(3), 106-117.

May, J. M., Qu, Z. C., Whitesell, R. R., & Cobb, C. E. (1996). Ascorbate recycling in human
erythrocytes: Role of GSH in reducing dehydroascorbate. Free Radical Biology &
Medicine, 20(4), 543-551.

McCarty, M. F. (1999). Coenzyme Q versus hypertension: Does CoQ decrease endothelial
superoxide generation? Medical Hypotheses, 53(4), 300-304.

McClean, C. M., Clegg, M., Shafat, A., Murphy, M. H., Trinick, T., Duly, E., et al. (2011). The
impact of acute moderate intensity exercise on arterial regional stiffness, lipid
peroxidation, and antioxidant status in healthy males. Research in Sports Medicine
(Print), 19(1), 1-13.

McClean, C. M., Mc Laughlin, J., Burke, G., Murphy, M. H., Trinick, T., Duly, E., et al. (2007).
The effect of acute aerobic exercise on pulse wave velocity and oxidative stress
following postprandial hypertriglyceridemia in healthy men. European Journal of
Applied Physiology, 100(2), 225-234.

McGee, S. L., & Hargreaves, M. (2006). Exercise and skeletal muscle glucose transporter 4
expression: Molecular mechanisms. Clinical and Experimental Pharmacology &
Physiology, 33(4), 395-399.

McKay, D. L., Chen, C. Y., Yeum, K. J., Matthan, N. R., Lichtenstein, A. H., & Blumberg, ]J. B.
(2010). Chronic and acute effects of walnuts on antioxidant capacity and nutritional
status in humans: A randomized, cross-over pilot study. Nutrition Journal, 9, 21.

Melton, C. E., Tucker, P. S., Fisher-Wellman, K. H., Schilling, B. K., & Bloomer, R. J. (2009).
Acute exercise does not attenuate postprandial oxidative stress in prediabetic
women. Phys Sportsmed., 36

Micallef, M., Lexis, L., & Lewandowski, P. (2007). Red wine consumption increases
antioxidant status and decreases oxidative stress in the circulation of both young
and old humans. Nutrition Journal, 6, 27.

Michailidis, Y., Jamurtas, A. Z., Nikolaidis, M. G., Fatouros, I. G., Koutedakis, Y.,
Papassotiriou, I., et al. (2007). Sampling time is crucial for measurement of aerobic
exercise-induced oxidative stress. Medicine and Science in Sports and Exercise, 39(7),
1107-1113.

Miyazaki, H., Oh-ishi, S., Ookawara, T., Kizaki, T., Toshinai, K., Ha, S., et al. (2001).
Strenuous endurance training in humans reduces oxidative stress following
exhausting exercise. European Journal of Applied Physiology, 8§4(1-2), 1-6.

Miyazaki, Y., Kawano, H., Yoshida, T., Miyamoto, S., Hokamaki, J., Nagayoshi, Y., et al.
(2007). Pancreatic B-cell function is altered by oxidative stress induced by acute
hyperglycaemia. Diabetic Medicine : A Journal of the British Diabetic Association, 24(2),
154-160.

Mohanty, P., Ghanim, H., Hamouda, W., Aljada, A., Garg, R., & Dandona, P. (2002). Both
lipid and protein intakes stimulate increased generation of reactive oxygen species

www.intechopen.com



364 Role of the Adipocyte in Development of Type 2 Diabetes

by polymorphonuclear leukocytes and mononuclear cells. The American Journal of
Clinical Nutrition, 75(4), 767-772.

Mohanty, P., Hamouda, W., Garg, R., Aljada, A., Ghanim, H., & Dandona, P. (2000). Glucose
challenge stimulates reactive oxygen species (ROS) generation by leucocytes. The
Journal of Clinical Endocrinology and Metabolism, 85(8), 2970-2973.

Monnier, L., Mas, E., Ginet, C., Michel, F., Villon, L., Cristol, J. P., et al. (2006). Activation of
oxidative stress by acute glucose fluctuations compared with sustained chronic
hyperglycemia in patients with type 2 diabetes. JAMA : The Journal of the American
Medical Association, 295(14), 1681-1687.

Mori, T. A., Woodman, R. J., Burke, V., Puddey, I. B., Croft, K. D., & Beilin, L. J. (2003). Effect
of eicosapentaenoic acid and docosahexaenoic acid on oxidative stress and
inflammatory markers in treated-hypertensive type 2 diabetic subjects. Free Radical
Biology & Medicine, 35(7), 772-781.

Nabhas, R., & Moher, M. (2009). Complementary and alternative medicine for the treatment
of type 2 diabetes. Canadian Family Physician Medecin De Famille Canadien, 55(6), 591-
596.

Nakajima, K. (2010). Pharmacotherapy of mixed dyslipidemia in the metabolic syndrome.
Current Clinical Pharmacology, 5(2), 133-139.

Napoli, R., Cozzolino, D., Guardasole, V., Angelini, V., Zarra, E., Matarazzo, M., et al. (2005).
Red wine consumption improves insulin resistance but not endothelial function in
type 2 diabetic patients. Metabolism: Clinical and Experimental, 54(3), 306-313.

Nappo, F., Esposito, K., Cioffi, M., Giugliano, G., Molinari, A. M., Paolisso, G., et al. (2002).
Postprandial endothelial activation in healthy subjects and in type 2 diabetic
patients: Role of fat and carbohydrate meals. Journal of the American College of
Cardiology, 39(7), 1145-1150.

Natella, F., Belelli, F., Gentili, V. Ursini, F., & Scaccini, C. (2002). Grape seed
proanthocyanidins prevent plasma postprandial oxidative stress in humans. Journal
of Agricultural and Food Chemistry, 50(26), 7720-7725.

Neri, S., Calvagno, S., Mauceri, B., Misseri, M., Tsami, A., Vecchio, C., et al. (2010). Effects of
antioxidants on postprandial oxidative stress and endothelial dysfunction in
subjects with impaired glucose tolerance and type 2 diabetes. European Journal of
Nutrition, 49(7), 409-416.

Neri, S., Signorelli, S. S., Torrisi, B., Pulvirenti, D., Mauceri, B., Abate, G., et al. (2005). Effects
of antioxidant supplementation on postprandial oxidative stress and endothelial
dysfunction: A single-blind, 15-day clinical trial in patients with untreated type 2
diabetes, subjects with impaired glucose tolerance, and healthy controls. Clinical
Therapeutics, 27(11), 1764-1773.

Nishikawa, T., Edelstein, D., Du, X. L., Yamagishi, S., Matsumura, T., Kaneda, Y., et al.
(2000). Normalizing mitochondrial superoxide production blocks three pathways of
hyperglycaemic damage. Nature, 404(6779), 787-790.

Nishizawa, J., Nakai, A., Matsuda, K., Komeda, M., Ban, T., & Nagata, K. (1999). Reactive
oxygen species play an important role in the activation of heat shock factor 1 in
ischemic-reperfused heart. Circulation, 99(7), 934-941.

Oben, J. E., Kuate, D., Agbor, G.,, Momo, C., & Talla, X. (2006). The use of a cissus
quadrangularis formulation in the management of weight loss and metabolic
syndrome. Lipids in Health and Disease, 5, 24.

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 365

Oben, J. E., Enyegue, D. M., Fomekong, G. L., Soukontoua, Y. B., & Agbor, G. A. (2007). The
effect of cissus quadrangularis (CQR-300) and a cissus formulation (CORE) on
obesity and obesity-induced oxidative stress. Lipids in Health and Disease, 6, 4.

Oben, J. E., Ngondi, J. L., Momo, C. N., Agbor, G. A., & Sobgui, C. S. (2008). The use of a
cissus quadrangularis/Irvingia gabonensis combination in the management of
weight loss: A double-blind placebo-controlled study. Lipids in Health and Disease, 7,
12.

O'Gorman, D. J., Karlsson, H. K., McQuaid, S., Yousif, O., Rahman, Y., Gasparro, D., et al.
(2006). Exercise training increases insulin-stimulated glucose disposal and GLUT4
(SLC2A4) protein content in patients with type 2 diabetes. Diabetologia, 49(12), 2983-
2992.

Ohno, H., Yahata, T., Sato, Y., Yamamura, K., & Taniguchi, N. (1988). Physical training and
fasting erythrocyte activities of free radical scavenging enzyme systems in
sedentary men. European Journal of Applied Physiology and Occupational Physiology,
57(2), 173-176.

O'Keefe, J. H., Abuannadi, M., Lavie, C. J., & Bell, D. S. (2011). Strategies for optimizing
glycemic control and cardiovascular prognosis in patients with type 2 diabetes
mellitus. Mayo Clinic Proceedings.Mayo Clinic, 86(2), 128-138.

O'Keefe, J. H., & Bell, D. S. (2007). Postprandial hyperglycemia/hyperlipidemia
(postprandial dysmetabolism) is a cardiovascular risk factor. The American Journal of
Cardiology, 100(5), 899-904.

Ortenblad, N., Madsen, K., & Djurhuus, M. S. (1997). Antioxidant status and lipid
peroxidation after short-term maximal exercise in trained and untrained humans.
The American Journal of Physiology, 272(4 Pt 2), R1258-63.

Packer, J. E., Slater, T. F.,, & Willson, R. L. (1979). Direct observation of a free radical
interaction between vitamin E and vitamin C. Nature, 278(5706), 737-738.

Park, S., & Choi, S. B. (2002). Effects of alpha-tocopherol supplementation and continuous
subcutaneous insulin infusion on oxidative stress in korean patients with type 2
diabetes. The American Journal of Clinical Nutrition, 75(4), 728-733.

Pastromas, S., Terzi, A. B., Tousoulis, D., & Koulouris, S. (2008). Postprandial lipemia: An
under-recognized atherogenic factor in patients with diabetes mellitus. International
Journal of Cardiology, 126(1), 3-12.

Peltonen, P., Marniemi, J., Hietanen, E., Vuori, 1., & Ehnholm, C. (1981). Changes in serum
lipids, lipoproteins, and heparin releasable lipolytic enzymes during moderate
physical training in man: A longitudinal study. Metabolism: Clinical and
Experimental, 30(5), 518-526.

Peres, S. B., de Moraes, S. M., Costa, C. E., Brito, L. C., Takada, J., Andreotti, S., et al. (2005).
Endurance exercise training increases insulin responsiveness in isolated adipocytes
through IRS/PI3-kinase/ Akt pathway. Journal of Applied Physiology (Bethesda, Md.:
1985), 98(3), 1037-1043.

Petitt, D. S., Arngrimsson, S. A., & Cureton, K. J. (2003). Effect of resistance exercise on
postprandial lipemia. Journal of Applied Physiology (Bethesda, Md.: 1985), 94(2), 694-
700.

Pittas, A. G., Dawson-Hughes, B., Li, T., Van Dam, R. M., Willett, W. C., Manson, J. E., et al.
(2006). Vitamin D and calcium intake in relation to type 2 diabetes in women.
Diabetes Care, 29(3), 650-656.

www.intechopen.com



366 Role of the Adipocyte in Development of Type 2 Diabetes

Pittas, A. G., Harris, S. S., Stark, P. C., & Dawson-Hughes, B. (2007). The effects of calcium
and vitamin D supplementation on blood glucose and markers of inflammation in
nondiabetic adults. Diabetes Care, 30(4), 980-986.

Powers, S. K, Ji, L. L., & Leeuwenburgh, C. (1999). Exercise training-induced alterations in
skeletal muscle antioxidant capacity: A brief review. Medicine and Science in Sports
and Exercise, 31(7), 987-997.

Praet, S. F., & van Loon, L. J. (2007). Optimizing the therapeutic benefits of exercise in type 2
diabetes. Journal of Applied Physiology (Bethesda, Md.: 1985), 103(4), 1113-1120.

Pronk, N. P. (1993). Short term effects of exercise on plasma lipids and lipoproteins in
humans. Sports Medicine (Auckland, N.Z.), 16(6), 431-448.

Pruchnic, R., Katsiaras, A., He, J., Kelley, D. E., Winters, C., & Goodpaster, B. H. (2004).
Exercise training increases intramyocellular lipid and oxidative capacity in older
adults. American Journal of Physiology.Endocrinology and Metabolism, 287(5), E857-62.

Quindry, J. C.,, Stone, W. L., King, J., & Broeder, C. E. (2003). The effects of acute exercise on
neutrophils and plasma oxidative stress. Medicine and Science in Sports and Exercise,
35(7), 1139-1145.

Radak, Z., Chung, H. Y., Koltai, E., Taylor, A. W., & Goto, S. (2008). Exercise, oxidative stress
and hormesis. Ageing Research Reviews, 7(1), 34-42.

Reay, J. L., Scholey, A. B., Milne, A., Fenwick, J., & Kennedy, D. O. (2009). Panax ginseng has
no effect on indices of glucose regulation following acute or chronic ingestion in
healthy volunteers. The British Journal of Nutrition, 101(11), 1673-1678.

Redman, L. M., Heilbronn, L. K., Martin, C. K., de Jonge, L., Williamson, D. A., Delany, J. P.,
et al. (2009). Metabolic and behavioral compensations in response to caloric
restriction: Implications for the maintenance of weight loss. PloS One, 4(2), e4377.

Ren, J. M., Semenkovich, C. F., Gulve, E. A., Gao, J., & Holloszy, J. O. (1994). Exercise
induces rapid increases in GLUT4 expression, glucose transport capacity, and
insulin-stimulated glycogen storage in muscle. The Journal of Biological Chemistry,
269(20), 14396-14401.

Renaud, S., & de Lorgeril, M. (1992). Wine, alcohol, platelets, and the french paradox for
coronary heart disease. Lancet, 339(8808), 1523-1526.

Rimbach, G., Hohler, D., Fischer, A., Roy, S., Virgili, F., Pallauf, J., et al. (1999). Methods to
assess free radicals and oxidative stress in biological systems. Archiv Fur
Tierernahrung, 52(3), 203-222.

Rizza, S., Tesauro, M., Cardillo, C., Galli, A., Iantorno, M., Gigli, F., et al. (2009). Fish oil
supplementation improves endothelial function in normoglycemic offspring of
patients with type 2 diabetes. Atherosclerosis, 206(2), 569-574.

Rockl, K. S., Witczak, C. A., & Goodyear, L. J. (2008). Signaling mechanisms in skeletal
muscle: Acute responses and chronic adaptations to exercise. IUBMB Life, 60(3),
145-153.

Rodriguez-Moran, M., & Guerrero-Romero, F. (2003). Oral magnesium supplementation
improves insulin sensitivity and metabolic control in type 2 diabetic subjects: A
randomized double-blind controlled trial. Diabetes Care, 26(4), 1147-1152.

Rodriguez-Moran, M., Guerrero-Romero, F., & Lazcano-Burciaga, G. (1998). Lipid- and
glucose-lowering efficacy of plantago psyllium in type II diabetes. Journal of
Diabetes and its Complications, 12(5), 273-278.

Ronnemaa, T., Marniemi, J., Puukka, P., & Kuusi, T. (1988). Effects of long-term physical
exercise on serum lipids, lipoproteins and lipid metabolizing enzymes in type 2

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 367

(non-insulin-dependent) diabetic patients. Diabetes Research (Edinburgh, Scotland),
7(2), 79-84.

Roussel, A. M., Hininger, 1., Benaraba, R., Ziegenfuss, T. N., & Anderson, R. A. (2009).
Antioxidant effects of a cinnamon extract in people with impaired fasting glucose
that are overweight or obese. Journal of the American College of Nutrition, 28(1), 16-21.

Rubin, D., Claas, S., Pfeuffer, M., Nothnagel, M., Foelsch, U. R., & Schrezenmeir, J. (2008). s-
ICAM-1 and s-VCAM-1 in healthy men are strongly associated with traits of the
metabolic syndrome, becoming evident in the postprandial response to a lipid-rich
meal. Lipids in Health and Disease, 7, 32.

Santanam, N., & Parthasarathy, S. (1995). Paradoxical actions of antioxidants in the
oxidation of low density lipoprotein by peroxidases. The Journal of Clinical
Investigation, 95(6), 2594-2600.

Saxena, R., Madhu, S. V., Shukla, R., Prabhu, K. M., & Gambhir, J. K. (2005). Postprandial
hypertriglyceridemia and oxidative stress in patients of type 2 diabetes mellitus
with macrovascular complications. Clinica Chimica Acta; International Journal of
Clinical Chemistry, 359(1-2), 101-108.

Schindhelm, R. K., Alssema, M., Scheffer, P. G., Diamant, M., Dekker, ]J. M., Barto, R., et al.
(2007). Fasting and postprandial glycoxidative and lipoxidative stress are increased
in women with type 2 diabetes. Diabetes Care, 30(7), 1789-1794.

Seip, R. L., Mair, K., Cole, T. G., & Semenkovich, C. F. (1997). Induction of human skeletal
muscle lipoprotein lipase gene expression by short-term exercise is transient. The
American Journal of Physiology, 272(2 Pt 1), E255-61.

Seip, R. L., & Semenkovich, C. F. (1998). Skeletal muscle lipoprotein lipase: Molecular
regulation and physiological effects in relation to exercise. Exercise and Sport
Sciences Reviews, 26, 191-218.

Selamoglu, S., Turgay, F., Kayatekin, B. M., Gonenc, S., & Yslegen, C. (2000). Aerobic and
anaerobic training effects on the antioxidant enzymes of the blood. Acta Physiologica
Hungarica, 87(3), 267-273.

Sen, C. K., Rankinen, T., Vaisanen, S., & Rauramaa, R. (1994). Oxidative stress after human
exercise: Effect of N-acetylcysteine supplementation. Journal of Applied Physiology
(Bethesda, Md.: 1985), 76(6), 2570-2577.

Serin, O., Konukoglu, D., Firtina, S., & Mavis, O. (2007). Serum oxidized low density
lipoprotein, paraoxonase 1 and lipid peroxidation levels during oral glucose
tolerance test. Hormone and Metabolic Research = Hormon- Und Stoffwechselforschung =
Hormones Et Metabolisme, 39(3), 207-211.

Sesso, H. D., Buring, J. E., Christen, W. G., Kurth, T., Belanger, C., MacFadyen, J., et al.
(2008). Vitamins E and C in the prevention of cardiovascular disease in men: The
physicians' health study II randomized controlled trial. JAMA : The Journal of the
American Medical Association, 300(18), 2123-2133.

Shanmugasundaram, E. R., Rajeswari, G., Baskaran, K., Rajesh Kumar, B. R., Radha
Shanmugasundaram, K., & Kizar Ahmath, B. (1990). Use of gymnema sylvestre leaf
extract in the control of blood glucose in insulin-dependent diabetes mellitus.
Journal of Ethnopharmacology, 30(3), 281-294.

Shidfar, F., Keshavarz, A., Hosseyni, S., Ameri, A., & Yarahmadi, S. (2008). Effects of omega-
3 fatty acid supplements on serum lipids, apolipoproteins and malondialdehyde in
type 2 diabetes patients. Eastern Mediterranean Health Journal = La Revue De Sante De

www.intechopen.com



368 Role of the Adipocyte in Development of Type 2 Diabetes

La Mediterranee Orientale = Al-Majallah Al-Sihhiyah Li-Sharq Al-Mutawassit, 14(2),
305-313.

Sierra, M., Garcia, J. J., Fernandez, N., Diez, M. J., & Calle, A. P. (2002). Therapeutic effects of
psyllium in type 2 diabetic patients. European Journal of Clinical Nutrition, 56(9), 830-
842.

Sies, H., Stahl, W., & Sevanian, A. (2005). Nutritional, dietary and postprandial oxidative
stress. The Journal of Nutrition, 135(5), 969-972.

Sigal, R. J., Kenny, G. P., Boule, N. G., Wells, G. A., Prud'homme, D., Fortier, M., et al. (2007).
Effects of aerobic training, resistance training, or both on glycemic control in type 2
diabetes: A randomized trial. Annals of Internal Medicine, 147(6), 357-369.

Singhal, A., Trilk, J. L., Jenkins, N. T., Bigelman, K. A., & Cureton, K. J. (2009). Effect of
intensity of resistance exercise on postprandial lipemia. Journal of Applied Physiology
(Bethesda, Md.: 1985), 106(3), 823-829.

Sinha, S., Perdomo, G., Brown, N. F., & O'Doherty, R. M. (2004). Fatty acid-induced insulin
resistance in L6 myotubes is prevented by inhibition of activation and nuclear
localization of nuclear factor kappa B. The Journal of Biological Chemistry, 279(40),
41294-41301.

Smolka, M. B., Zoppi, C. C., Alves, A. A,, Silveira, L. R., Marangoni, S., Pereira-Da-Silva, L.,
et al. (2000). HSP72 as a complementary protection against oxidative stress induced
by exercise in the soleus muscle of rats. American Journal of Physiology.Regulatory,
Integrative and Comparative Physiology, 279(5), R1539-45.

Sobenin, I. A., Nedosugova, L. V., Filatova, L. V., Balabolkin, M. 1., Gorchakova, T. V., &
Orekhov, A. N. (2008). Metabolic effects of time-released garlic powder tablets in
type 2 diabetes mellitus: The results of double-blinded placebo-controlled study.
Acta Diabetologica, 45(1), 1-6.

Solerte, S. B., Fioravanti, M., Locatelli, E., Bonacasa, R., Zamboni, M., Basso, C., et al. (2008).
Improvement of blood glucose control and insulin sensitivity during a long-term
(60 weeks) randomized study with amino acid dietary supplements in elderly
subjects with type 2 diabetes mellitus. The American Journal of Cardiology, 101(11A),
82E-88E.

Solomon, T. P., & Blannin, A. K. (2007). Effects of short-term cinnamon ingestion on in vivo
glucose tolerance. Diabetes, Obesity & Metabolism, 9(6), 895-901.

Solomon, T. P., & Blannin, A. K. (2009). Changes in glucose tolerance and insulin sensitivity
following 2 weeks of daily cinnamon ingestion in healthy humans. European Journal
of Applied Physiology, 105(6), 969-976.

Stangl, V., Kuhn, C., Hentschel, S., Jochmann, N., Jacob, C., Bohm, V., et al. (2011). Lack of
effects of tomato products on endothelial function in human subjects: Results of a
randomised, placebo-controlled cross-over study. The British Journal of Nutrition,
105(2), 263-267.

Steinberg, J. G., Delliaux, S., & Jammes, Y. (2006). Reliability of different blood indices to
explore the oxidative stress in response to maximal cycling and static exercises.
Clinical Physiology and Functional Imaging, 26(2), 106-112.

Stull, A. J., Wood, K. V., Thyfault, J. P., & Campbell, W. W. (2009). Effects of acute pinitol
supplementation on plasma pinitol concentration, whole body glucose tolerance,
and activation of the skeletal muscle insulin receptor in older humans. Hormone and
Metabolic Research = Hormon- Und Stoffwechselforschung = Hormones Et Metabolisme,
41(5), 381-386.

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 369

Sun, B., Spranger, 1., Yang, J., Leandro, C., Guo, L., Canario, S., et al. (2009). Red wine
phenolic complexes and their in vitro antioxidant activity. Journal of Agricultural and
Food Chemistry, 57(18), 8623-8627.

Tang, M., Larson-Meyer, D. E., & Liebman, M. (2008). Effect of cinnamon and turmeric on
urinary oxalate excretion, plasma lipids, and plasma glucose in healthy subjects.
The American Journal of Clinical Nutrition, 87(5), 1262-1267.

Tapsell, L. C., Gillen, L. J., Patch, C. S., Batterham, M., Owen, A., Bare, M., et al. (2004).
Including walnuts in a low-fat/ modified-fat diet improves HDL cholesterol-to-total
cholesterol ratios in patients with type 2 diabetes. Diabetes Care, 27(12), 2777-2783.

Thielecke, F., & Boschmann, M. (2009). The potential role of green tea catechins in the
prevention of the metabolic syndrome - a review. Phytochemistry, 70(1), 11-24.

Thompson, P. D., Crouse, S. F., Goodpaster, B., Kelley, D., Moyna, N., & Pescatello, L. (2001).
The acute versus the chronic response to exercise. Medicine and Science in Sports and
Exercise, 33(6 Suppl), S438-45; discussion 5452-3.

Thong, F. S., Derave, W., Urso, B., Kiens, B., & Richter, E. A. (2003). Prior exercise increases
basal and insulin-induced p38 mitogen-activated protein kinase phosphorylation in
human skeletal muscle. Journal of Applied Physiology (Bethesda, Md.: 1985), 94(6),
2337-2341.

Thorell, A., Hirshman, M. F., Nygren, J., Jorfeldt, L., Wojtaszewski, ]J. F., Dufresne, S. D., et
al. (1999). Exercise and insulin cause GLUT-4 translocation in human skeletal
muscle. The American Journal of Physiology, 277(4 Pt 1), E733-41.

Timimi, F. K., Ting, H. H., Haley, E. A., Roddy, M. A., Ganz, P., & Creager, M. A. (1998).
Vitamin C improves endothelium-dependent vasodilation in patients with insulin-
dependent diabetes mellitus. Journal of the American College of Cardiology, 31(3), 552-
557.

Ting, H. H., Timimi, F. K., Boles, K. S., Creager, S. J., Ganz, P., & Creager, M. A. (1996).
Vitamin C improves endothelium-dependent vasodilation in patients with non-
insulin-dependent diabetes mellitus. The Journal of Clinical Investigation, 97(1), 22-28.

Title, L. M., Cummings, P. M., Giddens, K., & Nassar, B. A. (2000). Oral glucose loading
acutely attenuates endothelium-dependent vasodilation in healthy adults without
diabetes: An effect prevented by vitamins C and E. Journal of the American College of
Cardiology, 36(7), 2185-2191.

Tonstad, S., Butler, T., Yan, R., & Fraser, G. E. (2009). Type of vegetarian diet, body weight,
and prevalence of type 2 diabetes. Diabetes Care, 32(5), 791-796.

Tozzi-Ciancarelli, M. G., Penco, M., & Di Massimo, C. (2002). Influence of acute exercise on
human platelet responsiveness: Possible involvement of exercise-induced oxidative
stress. European Journal of Applied Physiology, 86(3), 266-272.

Tsimikas, S. (2006). Oxidative biomarkers in the diagnosis and prognosis of cardiovascular
disease. The American Journal of Cardiology, 98(11A), 9P-17P.

Tucker, P. S., Fisher-Wellman, K. H., & Bloomer, R. J. (2008). Can exercise minimize
postprandial oxidative stress in patients with type 2 diabetes? Current Diabetes
Reviews, 4(4), 309-319.

Tudor-Locke, C., Bell, R. C., Myers, A. M., Harris, S. B., Ecclestone, N. A., Lauzon, N., et al.
(2004). Controlled outcome evaluation of the first step program: A daily physical
activity intervention for individuals with type II diabetes. International Journal of
Obesity and Related Metabolic Disorders : Journal of the International Association for the
Study of Obesity, 28(1), 113-119.

www.intechopen.com



370 Role of the Adipocyte in Development of Type 2 Diabetes

Unno, T., Tago, M., Suzuki, Y., Nozawa, A., Sagesaka, Y. M., Kakuda, T., et al. (2005). Effect
of tea catechins on postprandial plasma lipid responses in human subjects. The
British Journal of Nutrition, 93(4), 543-547.

Van Oostrom, A. J., Sijmonsma, T. P., Rabelink, T. J.,, Van Asbeck, B. S., & Cabezas, M. C.
(2003). Postprandial leukocyte increase in healthy subjects. Metabolism: Clinical and
Experimental, 52(2), 199-202.

Vanschoonbeek, K., Thomassen, B. J., Senden, ]J. M., Wodzig, W. K., & van Loon, L. ]. (2006).
Cinnamon supplementation does not improve glycemic control in postmenopausal
type 2 diabetes patients. The Journal of Nutrition, 136(4), 977-980.

Venditti, P., & Di Meo, S. (1997). Effect of training on antioxidant capacity, tissue damage,
and endurance of adult male rats. International Journal of Sports Medicine, 18(7), 497-
502.

Venkateswaran, S., & Pari, L. (2003). Effect of coccinia indica leaves on antioxidant status in
streptozotocin-induced diabetic rats. Journal of Ethnopharmacology, 84(2-3), 163-168.

Ventura, P., Bini, A., Panini, R.,, Marri, L., Tomasi, A., & Salvioli, G. (2004). Red wine
consumption prevents vascular oxidative stress induced by a high-fat meal in
healthy  volunteers. International  Journal  for  Vitamin  and  Nutrition
Research.Internationale Zeitschrift Fur Vitamin- Und Ernahrungsforschung.Journal
International De Vitaminologie Et De Nutrition, 74(2), 137-143.

Vider, J., Lehtmaa, J., Kullisaar, T., Vihalemm, T., Zilmer, K., Kairane, C., et al. (2001). Acute
immune response in respect to exercise-induced oxidative stress. Pathophysiology :
The Official Journal of the International Society for Pathophysiology /ISP, 7(4), 263-270.

Vincent, H. K., Morgan, J]. W., & Vincent, K. R. (2004). Obesity exacerbates oxidative stress
levels after acute exercise. Medicine and Science in Sports and Exercise, 36(5), 772-779.

Vincent, K. R., Vincent, H. K., Braith, R. W., Lennon, S. L., & Lowenthal, D. T. (2002).
Resistance exercise training attenuates exercise-induced lipid peroxidation in the
elderly. European Journal of Applied Physiology, 87(4-5), 416-423.

Volek, J. S., Judelson, D. A,, Silvestre, R., Yamamoto, L. M., Spiering, B. A., Hatfield, D. L., et
al. (2008). Effects of carnitine supplementation on flow-mediated dilation and
vascular inflammatory responses to a high-fat meal in healthy young adults. The
American Journal of Cardiology, 102(10), 1413-1417.

Vuksan, V., Sievenpiper, J. L., Koo, V. Y., Francis, T., Beljan-Zdravkovic, U., Xu, Z., et al.
(2000). American ginseng (panax quinquefolius L) reduces postprandial glycemia
in nondiabetic subjects and subjects with type 2 diabetes mellitus. Archives of
Internal Medicine, 160(7), 1009-1013.

Vuksan, V., Sievenpiper, J. L., Wong, J., Xu, Z., Beljan-Zdravkovic, U., Arnason, ]. T, et al.
(2001). American ginseng (panax quinquefolius L.) attenuates postprandial
glycemia in a time-dependent but not dose-dependent manner in healthy
individuals. The American Journal of Clinical Nutrition, 73(4), 753-758.

Vuksan, V., Stavro, M. P., Sievenpiper, ]. L., Beljan-Zdravkovic, U., Leiter, L. A,, Josse, R. G.,
et al. (2000). Similar postprandial glycemic reductions with escalation of dose and
administration time of american ginseng in type 2 diabetes. Diabetes Care, 23(9),
1221-1226.

Vuksan, V., Sung, M. K., Sievenpiper, J. L., Stavro, P. M., Jenkins, A. L., Di Buono, M., et al.
(2008). Korean red ginseng (panax ginseng) improves glucose and insulin
regulation in well-controlled, type 2 diabetes: Results of a randomized, double-

www.intechopen.com



Minimizing Postprandial Oxidative Stress in
Type 2 Diabetes: The Role of Exercise and Selected Nutrients 371

blind, placebo-controlled study of efficacy and safety. Nutrition, Metabolism, and
Cardiovascular Diseases : NMCD, 18(1), 46-56.

Wang, S. (2009). Epidemiology of vitamin D in health and disease. Nutrition Research
Reviews, 22(2), 188-203.

Wang, Y., Simar, D., & Fiatarone Singh, M. A. (2009). Adaptations to exercise training within
skeletal muscle in adults with type 2 diabetes or impaired glucose tolerance: A
systematic review. Diabetes/metabolism Research and Reviews, 25(1), 13-40.

Wang, Y. Q., & Yao, M. H. (2009). Effects of chromium picolinate on glucose uptake in
insulin-resistant 3T3-L1 adipocytes involve activation of p38 MAPK. The Journal of
Nutritional Biochemistry, 20(12), 982-991.

Wang, Z. Q., Ribnicky, D., Zhang, X. H., Raskin, I, Yu, Y., & Cefalu, W. T. (2008). Bioactives
of artemisia dracunculus L enhance cellular insulin signaling in primary human
skeletal muscle culture. Metabolism: Clinical and Experimental, 57(7 Suppl 1), S58-64.

Wascher, T. C., Graier, W. E., Dittrich, P., Hussain, M. A., Bahadori, B., Wallner, S., et al.
(1997). Effects of low-dose L-arginine on insulin-mediated vasodilatation and
insulin sensitivity. European Journal of Clinical Investigation, 27(8), 690-695.

Watson, T. A., Callister, R., Taylor, R. D., Sibbritt, D. W., MacDonald-Wicks, L. K., & Garg,
M. L. (2005). Antioxidant restriction and oxidative stress in short-duration
exhaustive exercise. Medicine and Science in Sports and Exercise, 37(1), 63-71.

Watts, G. F., Playford, D. A., Croft, K. D.,, Ward, N. C., Mori, T. A., & Burke, V. (2002).
Coenzyme Q(10) improves endothelial dysfunction of the brachial artery in type II
diabetes mellitus. Diabetologia, 45(3), 420-426.

Westphal, S., Taneva, E., Kastner, S., Martens-Lobenhoffer, J., Bode-Boger, S., Kropf, S., et al.
(2006). Endothelial dysfunction induced by postprandial lipemia is neutralized by
addition of proteins to the fatty meal. Atherosclerosis, 185(2), 313-319.

Wickenberg, J., Ingemansson, S. L., & Hlebowicz, J. (2010). Effects of curcuma longa
(turmeric) on postprandial plasma glucose and insulin in healthy subjects. Nutrition
Journal, 9, 43.

Willey, K. A., & Singh, M. A. (2003). Battling insulin resistance in elderly obese people with
type 2 diabetes: Bring on the heavy weights. Diabetes Care, 26(5), 1580-1588.
Winnick, J. J., Sherman, W. M., Habash, D. L., Stout, M. B,, Failla, M. L., Belury, M. A,, et al.

(2008). Short-term aerobic exercise training in obese humans with type 2 diabetes
mellitus improves whole-body insulin sensitivity through gains in peripheral, not
hepatic insulin sensitivity. The Journal of Clinical Endocrinology and Metabolism, 93(3),

771-778.

Winterbone, M. S., Sampson, M. ]., Saha, S., Hughes, J. C., & Hughes, D. A. (2007). Pro-
oxidant effect of alpha-tocopherol in patients with type 2 diabetes after an oral
glucose tolerance test--a randomised controlled trial. Cardiovascular Diabetology, 6, 8.

Woodman, R. J., Mori, T. A., Burke, V., Puddey, 1. B.,, Watts, G. F., & Beilin, L. J. (2002).
Effects of purified eicosapentaenoic and docosahexaenoic acids on glycemic
control, blood pressure, and serum lipids in type 2 diabetic patients with treated
hypertension. The American Journal of Clinical Nutrition, 76(5), 1007-1015.

World Health Organization. (2011). Diabetes fact sheet number 312

Wright, E.,Jr, Scism-Bacon, J. L., & Glass, L. C. (2006). Oxidative stress in type 2 diabetes: The
role of fasting and postprandial glycaemia. International Journal of Clinical Practice,
60(3), 308-314.

www.intechopen.com



372 Role of the Adipocyte in Development of Type 2 Diabetes

Wu, J. H,, Ward, N. C,, Indrawan, A. P., Almeida, C. A., Hodgson, J. M., Proudfoot, J]. M., et
al. (2007). Effects of alpha-tocopherol and mixed tocopherol supplementation on
markers of oxidative stress and inflammation in type 2 diabetes. Clinical Chemistry,
53(3), 511-5109.

Xiang, G. D., Pu, J., Yue, L., Hou, J., & Sun, H. (2011). Alpha-lipoic acid can improve
endothelial dysfunction in subjects with impaired fasting glucose. Metabolism:
Clinical and Experimental,

Xiang, G. D., Sun, H. L., Zhao, L. S., Hou, J., Yue, L., & Xu, L. (2008). The antioxidant alpha-
lipoic acid improves endothelial dysfunction induced by acute hyperglycaemia
during OGTT in impaired glucose tolerance. Clinical Endocrinology, 68(5), 716-723.

Xiang, Y. Z., Shang, H. C., Gao, X. M., & Zhang, B. L. (2008). A comparison of the ancient use
of ginseng in traditional chinese medicine with modern pharmacological
experiments and clinical trials. Phytotherapy Research : PTR, 22(7), 851-858.

Yang, W., & Omaye, S. T. (2009). Air pollutants, oxidative stress and human health. Mutation
Research, 674(1-2), 45-54.

Yin, J., Xing, H., & Ye, J. (2008). Efficacy of berberine in patients with type 2 diabetes
mellitus. Metabolism: Clinical and Experimental, 57(5), 712-717.

Yubero-Serrano, E. M., Delgado-Casado, N., Delgado-Lista, J., Perez-Martinez, P., Tasset-
Cuevas, L., Santos-Gonzalez, M., et al. (2010). Postprandial antioxidant effect of the
mediterranean diet supplemented with coenzyme Q(10) in elderly men and
women. Age (Dordrecht, Netherlands),

Zhang, Y., Li, X,, Zou, D., Liu, W,, Yang, J., Zhu, N,, et al. (2008). Treatment of type 2
diabetes and dyslipidemia with the natural plant alkaloid berberine. The Journal of
Clinical Endocrinology and Metabolism, 93(7), 2559-2565.

Zilversmit, D. B. (1979). Atherogenesis: A postprandial phenomenon. Circulation, 60(3), 473-
485.

Zuberi, A. R. (2008). Strategies for assessment of botanical action on metabolic syndrome in
the mouse and evidence for a genotype-specific effect of russian tarragon in the
regulation of insulin sensitivity. Metabolism: Clinical and Experimental, 57(7 Suppl 1),
S10-5.

www.intechopen.com



Role of the Adipocyte in Development of Type 2 Diabetes

RS P8 A B TrE Edited by Dr. Colleen Croniger

DEVELOPMENT OF TYPE 2
DIABETES
Echted By Coibeen Croniger
ISBN 978-953-307-598-3
\ Hard cover, 372 pages

Publisher InTech
Published online 22, September, 2011
Published in print edition September, 2011

Adipocytes are important in the body for maintaining proper energy balance by storing excess energy as
triglycerides. However, efforts of the last decade have identified several molecules that are secreted from
adipocytes, such as leptin, which are involved in signaling between tissues and organs. These adipokines are
important in overall regulation of energy metabolism and can regulate body composition as well as glucose
homeostasis. Excess lipid storage in tissues other than adipose can result in development of diabetes and
nonalcoholic fatty liver disease (NAFLD). In this book we review the role of adipocytes in development of
insulin resistance, type 2 diabetes and NAFLD. Because type 2 diabetes has been suggested to be a disease
of inflammation we included several chapters on the mechanism of inflammation modulating organ injury.
Finally, we conclude with a review on exercise and nutrient regulation for the treatment of type 2 diabetes and
its co-morbidities.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Richard J. Bloomer, Cameron G. McCarthy and Tyler M. Farney (2011). Minimizing Postprandial Oxidative
Stress in Type 2 Diabetes: The Role of Exercise and Selected Nutrients, Role of the Adipocyte in Development
of Type 2 Diabetes, Dr. Colleen Croniger (Ed.), ISBN: 978-953-307-598-3, InTech, Available from:
http://www.intechopen.com/books/role-of-the-adipocyte-in-development-of-type-2-diabetes/minimizing-
postprandial-oxidative-stress-in-type-2-diabetes-the-role-of-exercise-and-selected-nutrie

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




