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Abstract:

Cardiovascular disease (CVD) encompasses a wide array of health problems including atherosclerosis
which results in 50% of all cardiac deaths. Currently the American Heart Association developed the
Step I guidelines for reducing the risk of CVD limits total fat to <30% of total energy, saturated fat to
<10% of total energy, and cholesterol to < 300 mg/day. Reducing dietary fat generally decreases
plasma cholesterol however carbohydrate (CHO) content typically rises accompanied by increasing
plasma triacylglycerol (TC). Elevated TG may possibly be a risk factor for CVD, referred to as
“CHO-induced hypertriacylglycerolemia” (HPTG). The disease process of atherogenesis has been
hypothesized by Zilversmit as a postprandial phenomenon based on the formation of chylomicron
remnants, low-density lipoproteins (LDL), and the uptake of these cholesterol and TG rich molecules
by arterial cells. Oxidation of LDL and phagocytic immune system cells have been implicated in the
mechanism involving fatty streaks and occlusion of the arterial lumen. The isoflavones diadzein and
genistein in soy-protein have been associated with oxidative resistance of LDL due to their antioxidant
activity. The purpose of this study was to determine if the oxidative resistance of postprandial LDL is
enhanced with the consumption of a meal containing 39.0 g of soy protein (80 mg aglycone
isoflavones) vs 39.9 g milk protein (0 mg aglycone isoflavones) in combination with a high
carbohydrate meal. Fifteen healthy male subjects participated in a double-blind, crossover feeding
study in the Nutrition Research Lab (NRL) at Montana State University. Subject’s height, weight, and
baseline blood draw were completed before consuming the challenge meal consisting of 2 high
carbohydrate muffins and a soy or milk protein shake (899 calories, 22% fat, 58.6% CHO, 19.4%).
Blood samples were collected by venipuncture postprandially at hours 2, 4, and 6.

Isolated LDL was subjected to ex vivo copper-induced oxidation. Initial absorbance, lag time, and
propagation rate were calculated for each time point. Results indicated no significant difference
(p>0.05) between the protein treatments or their interaction on LDL oxidation parameters. Additional
research is needed to ascertain the function of soy in prevention of CVD, specifically in the
postprandial state.
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ABSTRACT

Cardiovascular disease (CVD) encompasses a wide array of health problems including -
atherosclerosis which results in 50% of all cardiac deaths. Currently the American Heart
Association developed the Step I guidelines for reducing the risk of CVD limits total fat
to <30% of total energy, saturated fat to <10% of total energy, and cholesterol to < 300
mg/day. Reducing dietary fat generally decreases plasma cholesterol however
carbohydrate (CHO) content typically rises accompanied by increasing plasma
triacylglycerol (TG). Elevated TG may possibly be a risk factor for CVD, referred to as
“CHO-induced hypertriacylglycerolemia” (HPTG). The disease process of atherogenesis
has been hypothesized by Zilversmit as a postprandial phenomenon based on the
formation of chylomicron remnants, low-density lipoproteins (LDL), and the uptake of
these cholesterol and TG rich molecules by arterial cells. Oxidation of LDL and
phagocytic immune system cells have been implicated in the mechanism involving fatty
streaks and occlusion of the arterial lumen. The isoflavones diadzein and genistein in soy-
protein have been associated with oxidative resistance of LDL due to their antioxidant
activity. The purpose of this study was to determine if the oxidative resistance of
postprandial LDL is enhanced with the consumption of a meal containing 39.0 g of soy
protein (80 mg aglycone isoflavones) vs 39.9 g milk protein (0 mg aglycone isoflavones)
in combination with a high carbohydrate meal. Fifteen healthy male subjects participated
in a double-blind, crossover feeding study in the Nutrition Research Lab (NRL) at
Montana State University. Subject’s height, weight, and baseline blood draw were
completed before consuming the challenge meal consisting of 2 high carbohydrate
muffins and a soy or milk protein shake (899 calories, 22% fat, 58.6% CHO, 19.4%).
Blood samples were collected by venipuncture postprandially at hours 2, 4, and 6.
Isolated LDL was subjected to ex vivo copper-induced oxidation. Initial absorbance, lag
time, and propagation rate were calculated for each time point. Results indicated no
significant difference (p>0.05) between the protein treatments or their interaction on LDL
oxidation parameters. Additional research is needed to ascertain the function of soy in
prevention of CVD, specifically in the postprandial state.




CHAPTER 1

INTRODUCTION

Cardiovascular disease (CVD) is currently the leading cause of death (1)
encompassing a wide array of health i)roblems including atherosclerosis, hypertension,
stroke, and hyperlipidemia (2). Atherosclerosis is a degenerative disease of the vascular
endothelium that is associated with vessel damage and irﬁbeded blood flow (3). It is theA
most deadly CVD resulting in 50% of all cardiac deaths (2). Due to the morbidity and
mortality rates, CVD has become a major health problem (2). More than 58 million
Americans have at least one form of CVD, with associated costs exceeding $274 billion
yearly (2), therefore, research is directed towards lowering associated risk factors that
could potentially lead to the formation of CVD. Epidemiological studies have repeatedly
shown high degrees of correlation between the intake of dietary fats and cholesterol with
the prevalence of CVD (4).

Health promotion efforts now emphasize they importance of reducing risk factors such
as high dietary fat and cholesterol intake. Currently the American Heart Association’s
Step I guidelines for reducing the risk of CVD limits total fat to <30% of total energy,
saturated fat to <10% of total energy, and cholesterol to <300 mg/day. As individuals
reduce their dietary fat, dietary carbohydrate (CHO) content typically rises to replace lost
calories. The desired reduction in total cholesterol is frequently reached, but is typically
accompanied by an elevation in triacylglycerol (TG) level (5). For the purpose of

research, a high CHO diet has been termed “low-fat, high-carbohydrate™ if <30% of the




total energy is derived from fat and >55% of energy is derived from CHO (5). Concern
now stems from a possible incfease in CVD occurrence when TG levels are elevated as a |
result of lowered dietary fat and increased dietary CHO, a phenomenon referred to as
CHO-induced hypertriacylglycerolemia (HPTG) (5). If this phenomenon shares a
physiological foundation with endogenous HPTG, commonly observed in high-fat diets,

a similar atherogenic risk may ensue following high CHO diets.

Triglyceride-rich lipoproteiﬁs are derived through processes involving the intestine
(chylomicrons) and the liver (very low-density lipoproteins [VLDL]). TheseTG -rich
lipoproteins have been determined to come from four distinct sources; de novo
lipogenesis, lipolysis, chylomicron remnant formation, and TG droplets stored in the liver
(6). The chylomicron and VLDL are metabolized in t.he blood stream by the action of
lipoprotein lipase on the surface of endothelial cells in the muscle and. adipose tissue (7,
8). Multiple interactions lead to the hydrolysis of TG-rich molecules and to the formation
of low-density lipoproteins (LDL) (7, 8). Low-density lipoprotein becomes the major
cholesterol carrying lipoprotein and resides much longer in the blood than do
chylomicron or VLDL remnants (days for LDL vs. minutes to hours for VLDL) (7). This
increased exposure time in the blood allows free radicals a greater chance to manipulate
the native LDL into an oxidized form (3). The associated risk of CVD has been related to
the persistence in the circulation of the remnant particles that carry the dietary TG in the
plasma (7, 9).

Atherogenesis begins with phagocytic immune system cells, priﬁarily monocytes and

T lymphocytes, responding to endothelial cell injury caused by high levels of oxidized




LDL (3). The oxidized LDL penetrates the endothelium into the artgrial intima causing
adherence of monocytes and platelets (3). The perpetuation of atherogenesis occurs by
two routes. First, monocytes, a;:tivated by the presence of oxidized LDL, release
chemoattractants which draw additional monocytes to the endothelium (3). Phagocytosis
of oxidized LDL leads to the transformation of monocytes to macrophages, inhibiting
motility and trapping the macrophages in the endothelial space (3). At this point, the
lipid-engorged macrophages become foam cells. A second, proposéd mechanism is
through the release of growth factors stimulating the proliferation of smooth muscle cells
in the arterial media. Oxidized LDL rapidly accumulates Within the smooth muscle cells
leading to the accumulation of foam cells, which contributes to fatty streaks and

occlusion of the arterial lumen compromiéing blood flow (3).

Zilversmit (4) hypothesized that atherosclerosis was a postprandial phenomenon based
- on the formation of chylomicron remnants, LDL, and the uptake of these cholesterol and
TG rich molecules by arterial cells after a meal (4, 10). Fasting blood cholesferol ' !
concentrations are used clinically to determine if an individual is at elevated risk for the

development of CVD, however most individuals exist in a postprandial state 16-18 hours

per day (6). Disease risk may be better predicted by a postprandial test than a fasting test

due to the amount of time an individual spends in a postprandial state (6). The

measurement of blood TG has also been shown to be elevated in the postprandial state in

patients with documented CVD (11). A high CHO diet increases postprandial TG, which

can further contribute to increased atherogenic risk (6).




The cholesterol lowering effects of soy protein as compared to animal protein on
lowering CVD risk has been recognized in animal studies for more than 80 years (12). In
1995, Anderson et al. (12) conducted a meta-analysis to determine the effect of soy
protein intake on serum lipids. Beneficial effects were associated with the substitution of
soy protein for animal protein foods in diets already low in saturated fat (<10% of total
energy) and dietary cholesterol (<200 mg/d) (13). Significant reductions in serum
concentrations of total cholesterol (23.2 mg/dL),. LDL cholesterol (21.7 mg/dL), and TG
(13.3 mg/dL) without significantly influencing high-density lipoprotein (HDL) » ;
cholesterol (2.4 mg/dL increase) were observed (12, 14). These lipid lowering effects
have generally not been seen in humans féd isoﬂavones separated from the soy protein
(13), suggesting there may be additional factors within the intact soy protein that
contributes to the hypocholesterolemic effects.

Isoflavones are one of the three main categories of phytoestrogens (15), a plant
derived estrogen analog (16). Soy prodﬁcts are rich in isoflavones, daidzin and genistjn,
that possess antioxidant activity. These isoflavones are both hydrolyzed from thé B-
glycoside form to the highly bioavailable aglycone form, diadzein and genistein, by
bacterial glycosidases in the large intestine (15). Several studies suggest that soy
isoflavone consumption may protect LDL cholesterol from oxidative damage due to its
antioxidant properties (12, 16, 17, 18).

Although there have been advances in research regarding the consumption of soy
products for beneficial effects related to CVD, much is still unknown. Whether

isoflavones are effective in reducing atherogenesis needs to be studied further.




E
Understanding the mechanism behind LDL oxidation and the beneficial components of
soy products, researchers can begin to examine how soy can protect against a variety of
diets. For example, soy may offer protection against HPTG observed after ingesting a

high CHO diet. This will enable researchers to gain further knowledge of the possible

anti-atherosclerotic effects of soy.

Purpose

The purpose of this study was to determine if the oxidative resistance of postprandial
LDL was enhanced with the consumption of a shake containing 39.0 g soy protein (85
mg aglycone isoflavones) vs. 39.9 g milk protein (0 mg aglycone isoflavones) in

combination with a high carbohydrate meal.

Hypothesis

Postprandial oxidative stress, as measured by coppér-induced LDL oxidation
following the consumption of a high carbohydrate meal, will be reduced following the
39.0g of soy (85mg aglycone isoflavones) as compared to the same meal with 39.9g of

milk protein (Omg aglycone isoflavone) due to the isoflavone content of the soy protein.




CHAPTER 2

REVIEW OF LITERATURE

The randomized clinical trial has the potential to provide a compelling rationale for
accepting or rejecting a treatment. One drawback of clinical trials of diet in CVD is their
high cost and impracticality for testing many nutrients and foods. Also, clinical trials may
not last long enough to detect such effects that take more than a few years to make them
seen. An alternative to using CVD as an outcome in a dietary trial is to select sﬁr;ogate
end points that are in the causal path between a food or nutriént and CVD. Plasma
lipoproteins such as total and LDL cholesterol are an impértant surrogate end point
because of their strong link to the pathogenesis of atherosclerosis and their strong
predictive association with CVD which has been supported strongly By a cénsistent body
of evidence from clinical trials and epidemiological studies (19). National health |
organizations advocate dietary changes that decrease intake of saturated and trans-
unsaturated fat and cholesterol to prevent CVD. The rationale is to reduce LDL
concentration; however, diets affect not only LDL but also HDL and TG, which are also

independent lipid risk factors.

Postprandial Metabolism

In 1910, the presence of cholesterol in lesions of diseased arteries was described by
Windaus (4). Since that time, epidemiological studies have repeatedly confirmed a high

degree of correlation between the intake of cholesterol and other llipids with the




occurrence of CVD (4). Over 20 years ago, Zilversmit hypothesized that atherosclerosis
was a postprandial phenomenon (10). This hypbthesis was based on the formation of
éhylomicron remnants, LDL, and the normal process of lipid absorption by arterial cells
after a meal (4, 10).

Many studies of lipoprotein metabolism have been carried out in the fasted state,
because this was thought to be more reproducible. However, most individuals exist in the
postprandial state 16-18 hours per day and subside in a fasted state for approximately 6
hours per day, typically during sleep (6). Therefore, the assessment of disease risk could
be improved by a postprandial test of lipoproteins, rather than a fasted test. Indeed,
‘studies have shown blood TG levels are elevated in the postprandial state in patients with
documented CVD (11).

The metabolism of chylomicrons and VLDL molecules are similar in many respects.
Absorption, synthesis, gnd secretion by the enterocyte and transpoftation of dietary lipids
are functions of the intestine dependent on chylomicron formation. The chylomicron
transports dietary fatty acids in the form of TG through the lymph to the liver. In addition
to apolipoprotein (apo) B-48, the chylomicron acquires apo E and apo C from HDL in
circulation (20). Once in the blood, chylomicrons interact with lipoprotein lipase on the
surface of mainly muscle and adipose endothelial cells, catalyzing the hydrolysis of TG
molecules into monoglycerides and fatty acids (21). The hydrolytic products are then
transported across the endothelium where they are oxidized by the muscles of reesterified
for storage in the adipose tissue. Some of the free fatty acids from the chylomicron

escape the uptake and become bound to albumin and are transported to the liver for




reesterification or inclusion into native VLDL. The apo C of the ch};lomicron is then
transferred back to the HDL as cholesterol esters are gained (21).

The remaining chylomicron particle is termed a “chylomicron remnant”. The remnant
interacts with the hepatic lipase to hydrolyze any remaining TG and expose the apo E,
which is essential for recognition and clearance of the chylomicron remnant by the liver
(10). Postprandial uptake of chylomicron remnants and TG stimu’lates. the hepatocytes to
produce native VLDL.

Once the apoB-100 containing VLDL particle is in circulation, apo E and C are
transferred to the VLDL particle from HDL. Lipoprotein lipase hydrolyzes large VLDL-
TG similar to chylomicrons, but smaller VLDL are hydrolyzed more slowly beca.use of
limited interaction with lipoprotein lipase due to their size and the increased
concentration of lipoproteins postﬁrandially. The large VLDL remnants are then taken up
rapidly by the liver’s LDL receptors and degraded, while the small VLDL interact with
hepatic lipase, eventually losing their apo E and C protein, the majority of their TG, and
ultimately become LDL particles. The apo E receptor is essential for binding with the
liver and ultimate clearance of the particles from circulation. The number of LDL
paﬁicles in the blood significantly surpasses that of their precursors due to the lack of apo
E receptor-binding domain. They are eventually taken up by the liver via interactions
with a receptor-binding domain on the apo B-100 with the LDL receptor (7).

The rapid increase in chylomicrons and VLDL-TG in the postprandial phase saturates
the liver’s capacity by increasing competition for the common removal mechanism (apo

E receptor) by the hepatocytes, leading to a longer duration that the TG-rich lipoprotein




remnants remain in circulation (4, 10). This increased circulation time enhances the
possibility that the lipoprotein particles may become oxidized and enter into the
endothelial space (10, 22). This progression further increases the risk for atherosclerosis

and CVD.

P23

Oxidative Hypothesis of Atherosclerosis

In the 1970’s, two groups’ of researchers simultaneously proposed the oxidative
modification hypothesis of atherogenesis. Chisolm et al. (23) witnessed that the injury of
endothelial cells in vitro was dependent on oxidatively modified LDL, while Steinberg et
al. (23), determined thét foam cell formation could not be induced by native LDL. Both
Chisolm and Steinberg later demonstrated that modification of LDL was'possible in vivo
and that the modified LDL \;vas recognized by savenger receptors on macrophages due
to oxidative modification. Oxidized LDL causes endothelial injury initiating an immune.
system responsé drawing phagocytic monocytes and T lymphocytes to the arterial site
(3). Macrophages rapidly up-take éxidized LDL due to the abundance of binding sites for
LDL modified by oxidation (7, 24). These engorged macrophages become trapped in the
endothelial spaces and become lipid-laden foam cells (25). As the foam cells increase in
size, their lipid contents form fatty streaks in the intima of the arterial wall, enlarging and
occluding the arterial lumen and impeding blood flow (3). In more recent years oxidative-
stress has become the term used to define the imbalance between free-radical producing
pro-oxidants (e.g. copper, iron) and antioxidant defenses (e.g. soy isoflavones, vitamin E)

{
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that contributes to LDL oxidation and the pathogenesis of vascular complications, such as

athrosclerosis.

The field of research regarding the oxidation of LDL has rapidly developed over
the last 20 years beginning with only a few published articles, manifesting into hundreds.
The widely accepted process of oxidative stress leading to the pathogenesis of
atherosclerosis involves a cascade of cellular events in the endothelium of the arterial
wall contributing to plaque formation (26, 27). The formation of atherosclerotic lesions in
the aﬁerial intima is believed to be caused by a number of factors including, endothelial
injury brought about by hyperlipidemia or toxic agents (23). The reactions causing
oxidation of LDL vary; the pi‘esence of metal ions in vitro (e.g. copper and iron),
superoxide radicals and heme-containing compounds i;a vivo, have all been suspected of
modifying LDL (3).

The initial stage of LDL oxidation involves the. free radical peroxidation of
predominately polyunsaturated fatty acids (PUFA) and to a lesser extent
monounsaturated fatty acids (MUFA) in LDL, due to the double bonds possessed by
these fatty acids (29). The process occurs such that hydrogen is removed by a free radical
and a molecular rearrangement occurs, forming a conjugated diene (29). Oxygeq is then
taken up and a peroxy radical is formed initiating the removal of hydrogen from another
fatty acid. It is important to remember that these processes are occurring simultaneously
and are at different phases in vivo. In a controlled environment in vitro, this phase is

known as the propagation stage of the oxidation prbcess and represents a chain reaction
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leading to the formation of lipid hydroperoxides (30). Likewise, the d;ecomposition stage
refers to the conversion of lipid hydroperoxides into reactive aldehydes and ketones and
is the final phase of LDL oxidation in vitro (30).

A study conducted by Lechleitner et al. (31), examined the hypothesis that modified
LDL but not native LDL are capable of leading to foam cell formation in the course of
postprandial lipemia. Maérophages were incubated with fasted and postprandial native
LDL from 17 healthy volunteers. After the LDL was isolated, postpfandial LDL was
found to be more susceptible to in vitro oxidation than fasting LDL. A significantly
higher cellular cholesterol ester accumulation (postprandial: 477 + 286%; fasted: 212 +
173% respectively; p<0.003) was induced by postprandial LDL than fasting LDL (31).
The increase in cellular cholesterol ester synthesis is evidence that oxidized postprandial
LDL but not native LDL leads to foam cell formation in macrophages.

Regnstrom et al. (32) investigated the relationship betWeen the ability of LDL to resist
oxidation in vitro and the severity of CVD. Low-density lipoprotein was isolated from 35
young male survivors of myocardial infarction. The LDL was subjected to coppes
induced oxidation and the lag time was measured. Oxidative modification of LDL
cholesterol correlated independently with the severity level of CM  (r =- 0.45, p<0.02).
The lag time was also related to the TG content of the LDL fraction (r = -0.55; p<.002).
The finding that the susceptibility of LDL to oxidation is positively associated with the '
severity of atherosclerosis indicates that lipid oxidation promotes premature CVD and

that individuals with LDL rich in TG are at particularly high risk. This experiment is
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beneficial in directing further research toward the cause of elevated TG levels and
possible mechanisms to increase oxidatiye resistance of LDL.

The expanded research surrounding the oxidative modification hypothesis of
atherogenesis proposed over 20 years ago has provided a strong body of evidence to
suggest that oxidized LDL has an important pathblogical role in the development of
atherosclerosis. Further research must now be conducted to determine if oxidative
resistance of LDL can aid in the prevention of CVD. One potential mechanism may be
antioxidants, such as soy isoflavones, which may lend protection to LDL, thus increasing

resistance and reducing the risk of atherosclerosis.

Benefits of Soy in CVD

In 1999, the Food and Drug Administration authorized the use of a health claim for
soy protein based on data reviewed from 38 clinical studies in a meta-analysis, conducted
by Anderson et al. (13). The study concluded that 25 g of soy protein included in a diet
low in total fat (<30% of total daily calories), saturated fat (<10% of total daily calories),
and cholesterol (<200 mg of total daily calories) may reduce the risk of CVD by
significantly lowering blood cholesterol levels (33). The claim indicated that four daily
soy servings of6.25 g/serving can reduce levels of LDL by as much as 10% (33). The
scientific community generally agrees that a 1% drop in total cholesterol can equal a 2%
drop in heart disease risk (33). Dietary interventions that can lower cholesterol are

important tools in the fight against CVD.
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Ihe combined LDL-lowering and antioxidant effects of soy protein and their
isoflavones may contributdo the lower rates of CVD among the Asian population, who
consume 30 to 50 times (34) more soy protein in their diet as compared to the intakes of
Americans (14). Whole soy foods are a good source of fiber, B vitamins, calcium, and
omega-3 essential fatty acids, as well as offering a complete protein profile and soy
isoflavones. Soy contains many other potentially active components, including saponins,
plant sterols, and PUFAs, all of which may contribute to plasma cholesterol reduction
(16). The amino acid content in soy protein is different from animal and most other
vegetable proteins, and appears to alter the synthesis and metabolism of cholesterol in the
liver (33).

The isoflavones in soy are phytoestrogens, a plant derived estrogen analog (16).
Isoflavones in soy have several features in common with p-estradiol including an
aromatic ring with a hydroxyl group substitution and a second hydroxyl group in the
same plane, which enable isoflavones to bind to estrogen receptors (35) (see Figure 1).
The isoflavones in soy may have effects that are similar to those of estradiol, which
increases LDL receptor expression and decreases hepatic lipase activity, thus having a

favorable effect on plasma LDL concentrations (36).

PrECRTIRARIOL DAJDZEIN GENISTEIN
Figure I. Structural Comparison of Estrogen to Isofalvones (35).
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Isolates of soy protein (ISP) are commonly used products in soy research and are
béneﬁcial because of the control they provide. The content of isoflavones and the ratio of
individual isoflavones can be manipulated enébling researchers to prepare isocaloric
meals thatcan be produced and easily compafed to placebos (37). These benefits are also
due to the negligible content of CHO, fiber, and fat in ISP.

The major isoflavones, daidzein and genistein, exist in four chemical forms: aglycone,
glycoside, acetylglucoside and malonylglucoside. After ingestion of the isoflavones,
aaidzin and genistin are hydrolyzed from the B-glycoside form to the bioavailable
aglycone form, daidzein and genistein, by bacterial glycosidases in the large intestine (15,
38, 39). The metabolism of daidzein in v.ivo yields an isoflavone, equol. The isoflavone
equol, is a more potent antioxidant in vitro than either daidzein or genistein and has
shown the greatest antioxidant activity (15). Some individuals however, may differ in
their ability to metabolize this isoflavone. Only 30% of the population are capable of
complete metabolism of daidzin to equol (40, 41), therefore 70% of individuals may not
reap the antioxidant health benefit associated with the consumption of soy (42). |

The scientific research investigating the effects of soy on CVD have examined the
results of ISP, purified isoflavones, and whole soy foods on plasma lipids, all of which
provide differing results (37). Simons et al. (42) conducted a randomized 16 week cross-
over study with 20 postmenopausal women to evaluate the effects of a diet containing
purified soy isoflavones as compared to a placebo. The soy isoflavone extract was
provided daily in a tablet containing 80 mg of isoflavones. An isocaloric fat-restricted

diet (30% energy from fat, <10% energy from saturated fat, cholesterol intake <300
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mg/day) was consumed for 21 days prior to treatment. Fasted blood sample analysis
showed no significant differences in plasma lipid or lipoprotein levels for total, LDL, and
HDL cholesterol although isoflavone levels were significantly higher during treatment.
The link between consumption of purified soy isoflavone and cholesterol-lowering
effects was not observed. These results strongly suggest there is an interaction between
the soy isoflavones or an additional component such as soy protein which must also be
present for the cholesterol-lowing effects.

In contrast to the previous study, Crouse et al. (34) investigated the use of ISP in
reducing total and LDL cholesterol in 156 moderately hypercholesterolemic (LDL
cholesterol levels of 140-200 mg/dL) men and women. They compared 25 g/d of casein
protein to 25 g/d of ISP containing 3, 27, 37, and 62 mg of isoflavones. The ISP
containing 62 mg of isoflavones revealed the greatest reduction in plasma concentration
of total and LDL cholesterol of 4% (243 + 26 mg/dL. vs. follow-up: 233 + 20 mg/dL;
p=0.04) and 6% (baseline: 166 + 25 mg/dL vs. follow-up: 156 = 17 mg/dL; p=0.01) | o
respectively. For further analysis, subjects were divided into high and low LDL
cholesterol groups based on their baseline values. The high LDL cholesterol group who
received isolated soy protein containing 62 mg of isoflavones had a reduced total
cholesterol of 9% (baseline: 261 + 23 mg/ciL vs. follow-up: 237 £+ 21 mg/dL; p<0.001)
and LDL cholesterol of 10% (baseline: 185 + 21 mg/dL vs. follow-up: 163 & 18 mg/dL;
p=0.001). The 37 mg of isoflavones also lowered both the total (baseline: 260 + 16
mg/dL vs. follow-up: 240 & 25 mg/dL; p=0.007) and LDL (baseline: 182 + 16 mg/dL vs.

follow-up: 165 + 22 mg/dL; p=0.02) cholesterol by 8% in the high LDL cholesterol
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group. The plasma concentration of TG and HDL cholesterol was not adversely
influenced for all isoflavone levels. This study exemplifies the potent interaction
isoflavones possessin conjunction with the isolated soy protein to reduce total and LDL
cholesterol, with the greatest effect on subjects with above average LDL levels and

greater amounts of isoflavone provided.

Soy and Oxidation

The hypocholesterolemic effects of soy have been studied for years, more receﬁﬂy,
the antioxidant potential of soy and its isoflavones has been examined. Products
containing soy may protect against atherosclerosis not only by incréasing antioxidants to
plasma and lipoproteins, but also minimizing the postprandial increase in lipid
hydroperoxides. It has been purposed thatthe Cu”* metal ion acts as pro-oxidants and
bind to the apo B on LDL, triggering lipid peroxidation (43). Therefore, it is. conceivable
that soy isoflavones could act as an antioxidant defense and become bound to apo B or in
some way cause a steric hindrance blocking the Cu®* from binding to the apo B site, thus
inhibiting lipid peroxidation (43).

Preliminary works have studied vitamin E, soy protein isoflavones, plant phenols
using green tea, and f-carotene in vitro and revealed the administration of antioxidants,
significantly reduces LDL oxidation in humans (14). The antioxidant effect of genistein
against LDL oxidation in vifro was investigated by Kerry et al. (44). The LDL.was
isolated from a single healthy volunteer, incubated with 0, 25, 50, or 100 umol/L of

genistein, and subjected to both copper-mediated and radical-mediated LDL oxidation.
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Genistein inhibited LDL oxidation in a concentration-dependent manner by increasing
the lag time (controllz 54.1 % 5.1 min vs. 5 pmol/l genistein: 107.1 + 1.8 min; p<0.001)
and decreased the propagation rate (control: 14.4 % 1.9 nmol/mg/min vs. 5 pmol/1: 7.4 +
1.1 nmol/mg/min; p<0.001). Approximately 3-4% of genistein present in the plasma was
incorporated into LDL. This study demonstrates that isoflavones can inhibit LDL
oxidation in vitro.

Tikkanen et al. (18) examined the effect of soy as a possible strategy for preventing
oxidation through incorporation of isoflavones into LDL particles. Six healthy young
subjects consumed one soy bar containing 12 mg of genistein and 7 mg of daidzein and
7.1 gof pfotein 3 times daily for 2 weeks. Fasting blood was drawn at baseline, at the end
of the treatment period, and 12 days after discontinuation of soy. The proportion of
genistein and daidzein in purified LDL was less than 1% of total plasma content of theée
substances, yet a significant mean prolongation of the lag phase by more than 20 minutes
(baseline:147 £+ 9 min vs. day 14: 173 = 19 min, p<0.02) was observed after 2 weeks of
soy treatment (18).

In support of Tikkanen, Meng et al. (43) also reportedvthat dietary intake of soybean
isoflavones resulted in increased oxidative resistance of isolated LDL i vitro. Following
reports that human estrogen could be incorporated into lipoproteins in vitro, they
hypothesized that isoflavones could become esterified by a similar mechanism and lead
to oxidative resistance. Diadzein and genistein were esterified into several different
isoflavones fatty acid esters to increase their lipid solubility. The incorporation of these

isoflavones into LDL and the ability to protect isoflavone-containing LDL from coppe-
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mediated oxidation was analyzed. Relatively small amount (0.33 molecules of isoflavone
per LDL particle, or less) of the unesterified isoflavones were incorporated into LDL
particles. The esterified esters of daidzein and genistein were incorporated more
effectively (2.19 molecules of isoflavone per LDL particle) and prolonged the lag times
by 46% (p<0.05) and 202% (p<0..01), respectively. Both of these studies illustrate the
antioxidant capabilities of soy isoflavones and their ability to aid in the protection of LDL
from oxidation.

Jenkins et al. (16) assessed the effects of soy isoflavones on LDL oxidation using 31
hyperlipidemic subjects in a 2 month randomized crossover study. All subjects had an -
elevated serum LDL cholesterol of >158 mg/dL and a triglyceride level <154 mg/dL at
recruitment. Subjects consumed a test meal providing 33 g/d of soy protein (86 mg
isoflavones/ 2000 kcal/d) and a lacto-ovovegetarian control diet with. low-fat milk
products; A fasted blood sample at baseline shox;ved no significant differences in
pretreatfnent values for blood lipids between the test and control diets. However, fasted
blood samples obtained following week 2 and 4 of treatment showed lower mean test
values for oxidized LDL assessed by conjugated dienes formation (test: 56 + 3 pmol/L
vs. control: 63 + 3, p<0.001). The ratio of conjugated dienes to LDL cholesterol was also
reduced (15.0 £ 1.0 test vs. 15.7 + 0.9 control, p=0.032) between the two dietary
treatments. These findings demonstrate soy isoflavone consumption may protect LDL
cholesterol from oxidative damage in vitro and reduce the concentration of oxidized LDL
cholesterol as expressed by conjugated diene formation (16). This study also

demonstrated the consumption of high isoflavones foods appears to be associated with
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reduced levels of circulating oxidized LDL. The effect of dietary antioxidants in reducing
the risk of atherosclerosis has potential value in CVD risk reduction, possibly without
adverse side effects.

Further research by Jenkins et al. (17) assessed the effects of a soy-based breakfast
cereal on serum lipids and oxiaized LDL in a randomized crossover design with two
three-week ad libitum diets. Twenty-five hyperlipidemic subjects with elevated serum
LDL cholesterol concentrétions of >74 mg/dL and triglyceride levels <72 mg/dL were
placed on a NCEP Step 2 diet (<30% energy aé total fat, <7% saturated fat, and <200
mg/d dietary cholesterol) 1 month prior to the study to control the subject’s background
diet. Following the run-in period, subjects consumed 36 g/d soy protein (168 mg/100 g
isoflavones) daily for 3-weeks. Low—deﬁsity lipoprotein was reduced compared with the
control both as total dienes in LDL and as the ratio of conjugated dienes to cholesterol in
the LDL fraction by 9.2 + 4.3%, p=0.042 and 8.7 + 4.2%, p=0.050. This study further
demonstrates that daily consumption of soy can reduce the concentration of oxidized
LDL cholesterol. These results may be attributed to the increased isoflavone intake in
conjunction with soy protein (17).

In addition to the work conducted by Tikkanen and Jenkins, Weisman et al. (38) also
examined the effects of soy protein on irn vivo biomarkers of lipid peroxidation and
oxidative resistance. Twenty-four healthy subjects participated in a randomized crossover
design and consumed a high isoflavone (HI) burger (21.2 mg daidzein, 34.8 mg
genistein) and a low isoflavone (LI) burger (0.9 mg daidzein, 1.0 mg genistein) once a

day for 17 days along with an ad libitum dietseparated by a 25 day washout period.
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Fasted blood samples revealed the HI soy dietsignificantly lowered F 2-isoprotstane, a
biomarker of in vivo lipid peroxidation by 19.5% (HI: 326 + 32 ng/L, LI: 405 * 50 ng/L;
p=0.03). The lag time of LDL oxidation was also extended by 9% (HI: 48 + 2.4 min, LI:
44 + 1.9 min; p=0.02), suggesting the consumption of soy isoflavones protect against
lipid peroxidation in vivo as well at in vitro as seen in the Tikkanen (18) study.

Although the mechanism related to the ability of soy isoflavones to decrease
oxidation is not completely understood it is understood that concentration is positively
correlated with effect (16, 17, 18). The mechanism has been hypothesized to be the result
of synergy between the soy protein and the natural isoflavones (34). Patel et al. (45) have
proposed a scheme by which genistein inhibits lipid peroxidation (see Figure 2) and is
regenerated by ascorbate, similar to vitamin E. Hypothesis such as this demonstrate a
need for further studies to attain a greater understanding of how soy isoflavones increase

the oxidative resistance of LDL.

ROOH

nistein  ascorbate ictain'  ROO* o
Geniste Genistein +"Termination

Figure 2. Antioxidant Effects of Isoflavones (45).
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High Carbohydrate Diet

Recommendations to reduce fat intake in the diet is based upon well established
evidence that variations in dietary saturated fat content represent the most powerful way
of influencing LDL cholesterol concentration (46, 11). As fat intake is reduced in the
diet, individuals tend to replace the missing calories with dietary CHO. The concentration
of dietary CHb consumed can range greatly, but the high CHO diet, for the purpose of
research, has been termed “low-fat, high-carbohydrate” if <30% of the total energy is
derived from fat and >55% of energy is derived from CHO (5).

Given the importance of LDL cholesterol concentration as a risk factor for CVD,
more specifically atherosclerosis, it seems appropriate to limit fat intake. Research has
shown the desired reduction in plasma LDL cholesterol and total cholesterol is typically
reached with a low-fat, high CHO diet (47, 48). Ironically, these benefits are
accompanied by unfavorable effects as well. A rise in plasma TG concentrations above
200 mg/dL (5) is one unfavorable effect and has been termed HPTG. Decreasing fat
without increasing CHO such as, replacing dietary fat with protein does not appear to
elevate serum TG levels (49). This suggests that it is the addition of CHO, not the
removal of fat that is associated With HPTG in persons consuming high CHO diets.
Another unfavorable effect is.a decrease in HDL cholesterol, proportionately more than
the decrease in LDL (19, 21, 50). These unfavorable affects have both been shown to be
independent risk factors for the development of and mortality from CVD (19, 47).

Ginsberg et al. (51) conducted The Delta Study, an important clinical trial that

determined the effects of reducing dietary saturated fatty acids (SFA) in specific
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subgroups of the populaﬁon. The subjects consisted of 103 healthy, normolipidemic
individuals (55% women and 45% men) who ranged in age ‘from 22 to 67 years. Twenty
percent of the men and 30% of the women were black, and of the total women, 32% were
postmenopausal. Each subject was randomized to one of six diet sequences, participating
in all three diets, in the.double-blind crossover design. The three diets consisted of the

- average American diet (AAD: 34% fat, 48% CHO, 15% protein), the NCEP Step 1 diet
(Step 1: 29% fat, 55% CHO, 15% protein), and the low-SFA diet (low-SFA: 25% fat,
59% CHO, 15% protein). The diet period lasted 8 weeks and fasted blood samples were
obtained once each week during weeks 5, 6, 7, and 8 to ensure that there was adequate
time to achieve steady-state levels of lipids, lipoproteins, and thrombogenic factors. The
results showed a decrease in total cholesterol of ~5% from the AAD diet to the Step 1
diet and a ~4% decrease from the Step 1 to the low-SFA diet (AAD: 202.1 + 2.8 mg/dL,
Step 1: 191 &£ 2.7 mg/dL, low-SFA: 183.4 +2.7 mg/dL; p<0.01). The LDL cholesterol
also decreased ~7% from the AAD to the Step 1 diet and decreased an additional 4% on
the low-SFA diet (AAD: 131.4 £ 2.7 mg/dL, Step 1: 122.2 + 2.6 mg/dL, low-SFA: 116.9
+ 2.6 mg/dL; p<0.01). The TG concentrations increased ~9% between fhe AAD and Step
1, but did not change significantly from the Step 1 to the Low-Sat diet (AAD: 85.1 +3.4
mg/dL, Step 1: 92.4 + 3.7 mg/dL, low-SFA: 93.0 + 3.7 mg/dL; p=0.054). These results
substantiate the findings that repiacing as little as 5% of energy from saturated fat with
CHO can lead to a significant increase in TG levels. This study also demonstrated the
total and LDL cholesterol lowering‘ effects of the Step 1 and low-SFA diets, and the

increase in TG levels can be observed in healthy subgroups of the population, where
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pervious works generally investigated the response of middle-aged white males in
varying degrees of health.

The debate surrounding the use of high CHO diets has raised concerns regarding the
atherogenicity of TG-rich lipoproteins due to the high correlation with the presence of
postprandial TG-rich chylomicron and VLDL remnants (46). Understanding the
mechanism as to how high CHO diets elevate plasma TG concentrations may aid in
designing dietary guidelines that will promote the maintenance of good health. Current
research is trying to determine whether CHO-induced HPTG results from an
overproduction of TG, a decrease in clearance of TG containing lipoprotein from the
blood, or a combination of the two.

Theories regarding an overproduction mechanism have been proposed by several
researchers. Reaven et al. (52), hypothesized that insulin resistance of adipose tissue
could result in failure to decrease lipolysis when insulin is elevated. Insulin concentration
could lead to a reduction iﬁ fatty acid oxidation by suppressing hormone sensitive lipase
and by increasing the activity of lipoprotein lipase thereby decreasing the rate of fatty
acid entry in the mitochondria (47, 48). Fatty acids in the livef may then be driven
towards esterification, therefore new TG is formed and exported into the plasma as
VLDL-TG (48).

Although it has yet to be fully accepted whether two weeks of dietary modifications
are sufficient to achieve a new steady physiologic state in emyﬁe concentrations and
activities, substrate oxidation, and plasma TG concentrations, studies such as

Mittendorfer and Sidossis (47), examined an acute feeding trials lasting 14 days. The
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study examined the effect of a HC diet on rate of VLDL-TG secretion usingin vivo
labeled VLDL-TG tracers. Six healthy volunteers consumed both an isoenergetic HC
(10% fat, 75% CHO, 15% protein) and HF (55% fat, 30% CHO, 15% protein) for 14
days on two separate occasions. Analysis of the isotope infusion followed a 15 hour fast
after the last meal was consumed. Total TG (HF: 144 + 18, HC: 134 £ 14 mg/dL) and
VLDL-TG concentrations were higher (p<0.01) after the HC diet. The rate of VLDL-TG |
éppearance was significantly higher (p<0.04) after the HC diet (0.76 + 0.12 pmol/kg/min)
than the HF diet (0.45 £ 0.15 umol/kg/min), but there was no difference in VLDL-TG
clearance between the 2 diets. This research confirmed the rise in fasting plasma TG
concentrations is accompanied by an increase in VLDL-TG levels following a HC diet
and was able to demonstrate it was the result of increased VLDL-TG secretion in
conjunction without an increase in the clearance level.

The over production of VLDL-TG by CHO induced HPTG can occur through two
methods. High plasma TG concentrations may be caused by an increase in carrying
capacity of TG by each VLDL particle, while the number of particles remains the same.
Mancini et al. (53) found the average ratio of VLDL-TG to protein increased 230% when
subjects consumed a diet containing 20% fat and 80% CHO. The alternative is an
increase in the number of VLDL particles produced, while the carrying capacity of TG
remains constant (5). Abbott et al. (54) and Stacpoole et al. (55) discovered there is a
large variability among subjects with respect to changes in VLDL particle number. The

magnitude of change is related to many factors including the amount and type of CHO,
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duration of feeding, route of administration, lipoprotein phenc;type and the degree of
glﬁcose tolerance an individual possesses.

Abbott et al. (54) investigéted a potential mechanism behind the reduction in LDL
when SFA is replaced by CHO and to determine whether solid food, isocaloric, HC diets
cause an inprease in either plasma VLDL concentrations or hepatic VLDL production.
Fourteen Pima Indians (7 nondiabetic (ND)and 7 NIDDM) were provided a HF Aiet
(42% fat, 43% CHO, 15% protein) for 5 weeks and a iow—fat, HC diet (21% fat, 65%
CHO, 15% protein) for 5 -7 weeks, allowing for TG levels to stabilize. Metabolic
changes were similar in ND and NIDDM. AnaI}'Isis of fasted plasma samples showed a
decrease in LDL on the HC diet (131 = 8 mg/dL vs. 110 i 7 mg/dL, p<0.0001) for all
subjects. Both fasting and 24-hour TG concentrations remained unchanged as well as the
mean production rates for VLDL, apo B and VLDL-TG. However, the mean VLDL apo
B pool increased (303 = 20 mg/dL vs. 371 + 3‘8 mg/dL, p = 0.01), illustrating the
conversion pathway transporting VLDL apo B to intermediate—density lipoproteins (IDL)
apo B decreased (10.7 + 1.1 mg/kg ffim per day vs. 8.4 + 0.9 mg/kg ffim per day,
p<0.001). This explains the decrease in LDL apo B (70 £ 5 mg/dL vs. 61 + 5 mg/dL,
p<0.001) when subjects were consuming the HC diet. This experiment demonstrates the
impact a high CHO diet can have on the conversion process in the lipoprotein pathway.
The decrease in LDL and increase in VLDL suggests that the mechanism for converting
VLDL to IDL and LDL was impaired by the high CHO diet.

Another hypothesis exists stating it is not only the synthesis of new TG that leads to

HPTG, but the VLDL-TG clearance is decreased (6). Three clearance mechanisms have
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been proposed. Reaven et al. (52) suggests lipoprotin lipase, the primary enzyme
responsible for the removal of fatty acids from TG-rich lipoprotein particles as they
circulate throughout the plasma, either becomes saturated or is dbwn—regulated in amount
or activity after a high CHO diet (6). The second mechanism involves the receptor
mediated uptake of the TG-rich lipoproteins by the liver (h The combined contribution

of these mechanisms is still unknown. It is speculated that the dowa regulation of
lipoprotein lipase could increase chylomicron TG postprandially, and down-regulation of
hepatic receptors could lead to reduqed VLDL-TG clearance, thus leading to a build up of
TG-rich lipoproteins in circulation (6).

Mancini et al. (53) tested the hypothesis that the resistance of adipose and muscle
tissue to insulin leads to a block in the peripheral utilization resulting in decreased
clearance of TG. The half life of TG before HC feeding averaged 6.6 mg/dl/min, but after
5 days of HC feeding the half life increased significantly (p<0.01) to 14 mg/dl/min,
which showed the peripheral uptake of TG, was decreased by HC diets in normal subjects
(27). Research now needs to determine the c;ause behind the decreased clearance and the
impact HC diets have on insulin resistance.

To determine how rapidly the effects of both HF and HC diets have on parameters of
isulin re;istance, HPTG, and gastrointestinal adaptations, Robertson et al. (48) recruited
12 healthy men who consumed both a HF meal (62% of energy from fat and 31% of
energy from CHO) and a HC meal (16% of energy from fat and 75% of energy from
CHO) in a crossover study. Fasting blood samples 12 hours after fhe evening meal were

followed by either an oral fat tolerance test (OFTT) or an oral glucose tolerance test
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(OGTT). Fasting plasma TG concentrations after consuming the meals were significantly
higher (p<0.0001) in the HC diet (19.82 = 1.80 mg/dL) compared to the HF diet (1622 +
1.80'mg/dL). The increase in TG levels rose within 20-30 minutes and remained elevated
12 hours after the HC meal (48). This study illustrates the effects of a HC meal, which
had the strongest effect on subsequent TG metabolism. The HC diet had a rapid response
and persisted for a long period of time. Additional studies have agreed with these
findings and have also concluded that there can be great variability among subjects and
diets (5).

The physical form of the diet (liquid or solid), and the presence of fiber in the diet are
also factors that influence the time it takes for a ﬁC diet to induce HPTG (5). Purified
diets, regardless of CHO type, induce HPTG more readily than whole food diets (5).
Hypotriacylglycerolemic effects of whole food are influenced by fiber contént and.‘are an
important factor in moderating CHO-induced HPTG because a high fiber diet shows a
decreased TG response (5).

| Clinical trials have provided a consistent body of evidence that advocate dietary
changes that decrease the intake of saturated fat and cholesterol to prevent CVD. These
modifications to the diet have produced the desirable decreases in LDL, possibly
diminishing the opportunity for oxidation leading to atherosclerosis. Research has now
begun to examine the resulting effects of an increase in CHO in the diet the relationship
to HPTG and CVD. The information gained from this type of research can aid diabetic
~ patients and individuals who have a predisposition for HPTG and are at a high risk of

develobing CVD. Through the understanding of these dietry influencés on lipoproteins,
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researchers can begin to cultivate alternative methods of decreasing the risk of
atherosclerosis through the use of antioxidants, such as soy isoflavones. It is evident that
the need for additional research exists and would be valuable to the 58 million American

suffering with at least one form of CVD.




29

CHAPTER 3

METHODS

Subjects

Fifteen healthy males between the ages of 18 and 44 years of age were recruited
through the use of flyers posted on the MSU campus, the Bozeman Chronicle, and word
of mouth. Power calculations (o = 0.50; § = 0.80) from a project completed spring 2002
in the NRL investigating the effects of soy protein on postprandial oxidatiize stress
indicated that future studies should use no less than 15 subjects for similar acute studies
(56). Each subject gave written, informed consent and was not monetarily compensated.
Male individuals were specifically selected for this study due to the increased risk of
CVD in males and to control for influences of the menstrual cycle. Subjects were
excluded based on the following criteria: 1) alknown chronic disease or metabolic
disorder (e.g. diabetes mellitus, abnormal hepatic or renal function); 2) use of
prescription medications (e.g. insulin) or have been on antibiotic therai)y within the last 3
months (57); 3) regular use (>3 times per week) of a vitamin or mineral supplement in the
previous 3 months; 4) regular use of vitamin or herbal supplements (>3 times/week) with
antioxidant capacity; 5) regular consumption of soy products (> 2 servings of 6.25
g/day); 6) a strict vegetaian status (58 ); 7) a known food allergy to dairy, soy, grains, or
nuts; 8) obesity (BMI >30 kg/mz); 9) regular consumption of alcohol (>2 drinks/day; 1
drink = 12 oz beer, 6 0z wine, or 1.5 oz distilled alcohol); and 10) any smoking or

tobacco use within 3 years (59).
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Screening

Individuals who were interested in participating in this study were asked to sign a
Human Subjects Consent Form (see Appendix A), which was previously approved by the
Montana State University Human Subjects Committee, and to complete a medical history
questionnaire (see Appendix B), which was reviewed by the principal investigator for
assessment of their eligibility. Individuals who ﬁmet the inclusion criteria (male, 1845
years of age) and the exclusion criteria for this study were asked to participate.

As an additional component of the screening, each subject was asked to come to the
Nutrition Research Lab (NRL) after a 10 hour fast (no food or beverage with the

~exception of water) and provide a blood sample for the purpose of obtaining a lipid
profile. The blood samples were obtained by venipuncture and collected in two6 ml
Vacuette vacutainer tubes containing ethylenediaminetetraacetic acid (EDTA) (Greiner
Bio-one, Monroe, NC). From this sample, fasted total chole\sterol, HDL, LDL, and TG
levels were reviewed. If lany'lipid profiles fell outside the norms (total cholesterol >200
mg/dl, HDL < 35 mg/dl, LDL > 100 mg/dl‘, and triglycerides > 200 mg/dl), the individual
was excluded from participating in the study (60). Those individuals who passed the

initial blood draw by meeting all criteria were asked to participate in the study.

Experimental Desien

Subjects who passed the initial screening were required to report to the NRL to
participate in the double blind crossover study. The subjects were required to bring their

weighed food records (see Appendix C) for the preceding three days as well as a
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completed physical activity log (see Appendix D) for the day prior to testing. The
subject’s height and weight were recorded at this time and they were required to remain
in Herrick Hall, the building in which NRL is located, for the duration of the six-hour
study. A television and videos were provided for entertainment and a computer and

telephone were available for the subjects to use during this time.

0630 0700 0900 1100 1300 hours

Z L / Z Z

\ \ X

Blood Draw Blood Draw Blood Draw
(hour 2) (hour 4) (hour 6)

Baseline Blood Draw
\ (hour 0) & Challenge Meal

Subjects Arrive at NRL

Height & Weight Taken
Diet & Physical Activity Records Collected

Figure 3. Timeline of each treatment day. After the baseline blood draw was completed,
the clock was started. Either a soy protein or a milk protein (control) shake was served
and blood draws were obtained every 2 hours thereafter.

At 0700 hours, the baseline blood draw was collected and subjects were randomly
assigned a challenge meal, which included either a soy protein or a milk protein (control)

and two high carbohydrate muffins. The subjects then consumed the challenge meal and

blood draws followed at hours 2, 4, and 6 (see Figure 3).
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Challenge Meal

The challehge meal provided to each suB'ject af 0700 consisted of two- high-
carbohydrate muffins, formulated and produced in the Food Science Laboratory at
Montana State University (see Appendix E), and either a treatment shake made with soy
protein powder or a placebo shake made with milk protein powder. The protein powder
was provided by the Solae Company (see Appendix F) and arrived blinded in 44 g
servings packets. Two packets (88 g) of the protein powder was mixed into shake form
using 100 g of banana, 18 oz of water, and 3-4 ice cubes to aid palatability. The treatment
shake contained 39.0 g soy protein and 85 mg of aglycone isoflavones, while the placebo
shake containing 39.9 g of milk protein and 0 mg of aglycone isoflavones.

The nutrient composition of the challenge meal was 19.4% protein, 58.6% |
carbohydrate, and 22% fat ('see.F- igure 4). The percentage of fat was further broken down
into a 4:1:1 ratio of saturated fat (13.1 g), monounsaturated fat (3.2 é), and
polyunsaturated fat (3.2 g). The nutrient composition of the meal was calculated using
Nutritiorﬁst Pro (First DataBank, San Bruno, CA) (see Table 1). Subjects were '
encouraged to consume water éd lib during the course of the treatment‘ydays. The meal
was designed to approximate 1/3 of the recomménded daily intake for this population of
male individuals. Subjects were able to resume their normal eating habits after the final

blood draw at approximately 1300 hours.
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Challenge Meal Composition

Figure 4. Challenge Meal Nutrient Composition

Table I. Challenge Meal Nutrient Composition

357.1¢ 188.0%
899 kcal 412 kcal
44 .4g 41.0g
134.3% 59.4%
22.49 2.0%
13.1g 0.2%
3.2-3.35% *15-.Ig
3.2-3.8% .05-.69
38.3% 5.0mg
3.5¢ 2.4%

Blood Sampling

169.1%
487.4 kcal
3.4%
74.9%
20.4%
12.9%
3.2%

3.1%
33.3%

l.1g

Blood samples were collected by a phlebotomist through venipuncture. Samples were

collected in two 6 ml vacutainers tubes containing EDTA at baseline, hours 2, 4 and 6,

for a total of 48 ml of blood per subject. Blood samples were immediately centrifuged

using a 21000 Marathon centrifuge (Fisher Scientific, Pittsburgh, PA) for 15 minutes at
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3000 rpm (5529 G) and 16°C to recover the plasma. Pl‘asma supernatant was aspirated
off and aliquots were placed into a labeled plastic microcentrifuge tube. Each
microcentrifuge tube was labeled with the date, sampling time point and initials of the
subject. The plasma was then stored in a Reveo Ultima II freezer (Legaci Refrigeration

Systems, Ashville, NC) at -80°C until analysis.
Diet Records

Subjects were issued a Cuisinart SA-110A dietary scale &Cuisinart, East Windsor, NJ)
to aid in accurate diet records. Subjects were also given expliéit instructioné (see
Appendix C) on how to weigh all food and beverages consumed as well as how to
properly record this information. Each subjects weighed diet records were analyzed with
the Nutritionist Pro (First Data Bank, San Bruno, CA) software package to assess their
dietary habits for the three daysy ;;rior to the study. Subjects were required to comply with s
the following dietary components for this study: 1) no vitamins or mineral supplements
on a regular basis; 2) no herbal supplements containing antioxidants; 3) no regular
consumption of alcohol; and 4) no regular consump‘;ion of soy or products containing

SOY.

Physical Activity Logs

To estimate energy expenditure for the 24 hour period prior to each blood draw,

subjects were asked to complete a Bouchard physical activity record (see Appendix D).
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The collected physical activity records determined if the subjects refrained from
strenuous physical activity during the twenty-four hour period prior to the blood draw.
The log consists of 24 hours broken out into 15 minute increments. A list of activity
codes, which coincide with a specific physical activity level and range on a scale of one
to nine was provided for the subject’s selection. The procedure for recording data; was

explained to each subject.

LDL Oxidation

The LDL was isolated by sequential density-gradient ultracentrifugation in an Optima
TLX Ultracentrifuge (Beckman Instruments, Palo Alto, CA). A plasma ;':lliquot of 500 pl
was pippetted igto é 1 ml polyallomer Beckman centrifuge tube with 500 wl 0f 0.9%
sodium chloride solution. The tubes were centrifuged f;)r 2.5 hours at 100,000 rpm
(184,313 G) and 16°C. The centrifuge tubes were then sliced at the 0.5 ml mark using a
Beckman CentriTube Slicer (Beckman Instruments, Palo Alto, CA). The top layer of
VLDL was discarded allowing for extraction of the bottom layer of LDL and HDL. The
LDL and HDL were then transferfed to new centrifuge tubes containing 5 00 pl of 0.16%
sodium chloride solution and spun again for 2.5. hoﬁs at 100,000 rpm (184,313 G) and
16°C. After complete centriﬁlgétion, the tubes were sliced again in the same manner as
before and the top layer of LDL was saved in microcentrifuge tubes for analysis.

The LDL samples were individually desalted using columns containing Bio-Gel P6
desalting gel, preconditioned with 20 ml phosphate-buffered saline (PBS). After

preconditioning, 350 pl of the LDL sample was pippetted into each column and followed
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with 2650ul of PBS. The first 3 ml of efﬂuent.were collected and discarded (approximate
void volume of the column). To elute the desalted LDL, 525 pl of PBS was added to each
column and the LDL was collected for protein concentration analysis.

A bicinchoninic acid (BCA) protein assay kit (#23225, Pierce, Rockford, IL) was used
to determine the protein concentration of the LDL sample. Twenty-five microliters of
eight known standards and each sample of isolated, desalted LDL were added to
individual wells on .a 96-well microplate in duplicate (269620, Nalge Nunc International.
Rochester, NY). The standard of bovine serum albumin (BSA) provided a working range
of 25-2000 pg/ml. A working reagent totaling 200 pl was then added to each well. The
microplate was then placed in a 6115 Rotator-Incubator (Eberbach, Ann Arbor, MI) and
shaken for 30 seconds then covered and incubated at 37°C for 30 minutes.

After incubation, the microplate was allowed to cool to room temperature for 5
minutes before being placed in a pQuant Universal Microplate Spectrophotometer (Bio-
Tek Instruments, Winooski, VT). Total protein present in the sample was quantified
through colormetric detection. Absorbance was measured at 562 nanometers (nm) and a
standard curve was determined using the KCjuhior (Bio-tech Instruments, Winooski, VT)
software package (sée Figure 5). Based on the absorbance, the sample protein
concentrations corrected for the wells containing a PBS blank. The results from this
protein assay provided the correct dilution required, of the isolated desalted LDL samples
with PBS, to achieve a final concentration of 0.10 mg protein/ml for each sample.

A 100 ul sample of LDL (isolated, desalted and adjusted for protein concentration),

and the blank (PBS) were added in duplicate to a 96-well microplate (#3635, Costar,
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Corning Incorporated, Corning, NY). To replicate LDL oxidation in vivo, 10 pul of 500
nm cupric chorine solution was added to each well as a pro-oxidant to oxidize ex vivo.
The absort;ance at 234 nm and 37°C was read 'év.ery“ 10 minutes for 8 consecutive hours,
by a pQuant Universal Microplate Spectrophotometer.

Excel (Microsoft Corporation, Redmond, WA) was used to create separate graphs in
which ;che absorbance at each time point was.plotted against each well of the microplate.
The lag time, for each sample was determined by the intersection of a best-fit line
constructed tangent to the lag phase and a best-fit line constructed tangent to the
~ propagation phase (see Figure 5). Thé lag time, expresséd in minutes, represents the
period of time in which the LDL is protected against oxidation by the isoflavones present
1n the protein treatment. The p'ropagation rate follows the lag time and is observed as an
increasing slope and illustrgtes the formation of conjugated dienes from the hydrolysis of
lipid ﬁeroxides. The mean of the lag times, propagation rate, and initial absorbance (the
measure of each subject’s oxidation level prior to the treatment) for duplicate sample
wells was used for the statistical analysis.

The rotor size limited the analysis to one subject pef day, which included one sample
from each time point for both treatments. A control plasma sample was also run along
with each subject’s plasma throughout all analysis days. Samples with a coefficient of
variance (CV) over 10% were rerun and the average interéssay and intraassay was 3%

and 2% respectively.
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Raw Data & Best-fit Line

Lag Time

a ** H# #ax o

Propagation Rate

Time (min)

Figure 5. Standard Curve of LDL Oxidation Based on Absorbance

Statistical Analysis

All lag time data was normalized by subtracting the baseline lag time from the lag
time of the other three time points (hour 2, 4, and 6). A positive number reflects an
increase in lag time from baseline at that specific time point and treatment. A negative
number reflects a shortened lag time with respect to the time point and treatment as well.
These results were input into Excel (Microsoft Corporation, Redmond, WA) and used to
graph each subject’s individual lag times. These graphs were used to determine any
visual patterns.

A two-way analysis of variance (ANOVA) with repeated measures was used to assess
treatment differences for LDL oxidation parameters (lag time, propagation rate, and
initial absorbance) for all time points (hours 0, 2, 4, and 6) using Minitab (Minitab Inc.,

State College, PA). The purpose of the ANOVA is to determine whether there are any
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significant mean differences between the treatmenté (soy and milk) and the time points.
In addition to evaluating the main effect of each independent Variaﬁle individually, the
two-way ANOVA allows for evaluation of other mean differences that may result from a
unique combination of the two variables referred to as an interaction. The a-level for the
statistical analysis was set at 0.05, indicating the probabﬂity is less than 5% that the
obtained mean difference between treatments is simply due to chance or sampling error.

A repeated measures design was selected because this study utilizes the same set of
subjects for each of the two treatment days (soy and milk). A principal advantage to the
repeated measures d‘eéign is that it provides adequate precision for comparing treatments
because sources of variability between subjects are excluded from the experimental error.
Only variation within subjects enters the experimental error (61).

A dependent t-test was used to assess differences betweeﬁ two treatment means. The
independent variable (protein), was tested in duplicate for each of the 15 subjects. In this
case, the t-test was used to determine if a change occurred in thé subject’s characteristics;

mean weight, BMI, energy expenditure, or energy intake between the two treatment days.
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RESULTS

The characteristics of individual subjects and averaged descriptive statistics for all

subjects are presented in Table 2 and 3, respectively.

Table 2. Individual Subject Characteristics

14

15

Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk
Soy
Milk

49

30

23

22

29

33

24

44

27

25

22

22

18

26

22

170.2

177.8

176.6

174.3

183.9

187.4

174.0

169.2

174.6

181.6

181.8

175.7

182.9

183.2

190.1

77.4
77.3
67.5
57.7
63.4
64.1
68.6
67.7
92.3
92.7
82.7
828
67.2
64.7
70.0
71.4
76.9
76.8
67.3
67J
75.0
74.1
727
73.2
67.3
69.1
83.0
820
101.5
100.2

information did not change between study days

26.7
26.7
21.4
18.3
20.3
20.6
226
22.3
27.3
27.4
235
236
22.2
21.4
245
24.9
25.2
25.2
20.4
20.4
22.7
22.4
215
23.7
20.1
20.7
217
214
28.1
21.7

38.3
37.8
48.7
55.5
46.6
415
4,0
475
40.0
42.1
45.4
468
41.9
37.9
36.3
38.2
39.9
51.0
44.1
371
43.3
46.6
316
37.2
354
36.0
462
50.8
45.1
43.6

2968
2925
3289
3201
2957
2660
2814
3214
3688
3900
3753
3874
2816
2454
2538
2727
3067
3913
2968
2498
3248
3452
2804
2724
2380
2486
3832
4169
4575
4370

16.2
215
35.1
424
35.8
52.5
213
414
19.7
379
35.4
315
47.5
40.7
414
310
454
39.8
415
42.1
30.1
27.3
315
24.3
35.0
25.3
40.9
38.1
27.2
17.9

1253.6
1658.2
2367.9
2445.5
2268.7
3367.8
1734.4
2804.3
1819.9
3046.9
2930.3
2771.8
3193.0
2634.8
31754
2212.0
3491.4
3055.7
3062.6
2833.0
2256.1
2023.2
2798.4
1779.1
2353.7
1745.9
3393.1
3125.9
2758.8
1796.7



Table 3. Mean Subject Characteristics

Age (yrs)
Height (cm)

Weight (kg)1
Weight (kg)2

BMI (kg/m2)1

BMI (kg/m2)2
Energy Expenditure
(kcal/kg)l

Energy Expenditure
(kcal/kg)2

Total Energy Expenditure
(kcal)1

Total Energy Expenditure
(kcal)2

Intake (kcal/kg)1l
Intake (kcal/kg)?2
Intake (kcal)l
Intake (kcal)2

1soy protein , 2milk protein

28
178.9

75.5
74.7
216
213

421

43.3

3180

3238
34.9
34.0
2591
2487

41

18
169.2

614
57.7
20.1
18.3

35.4

36.0

2380

2454
16.2
17.9
1254
1658

49
190.1

101.5
100.2
28.1
27.7

48.7

515

4575

4370
47.5
52.5
3491
3368

8.6
6.1

10.6
11.2
25
2.8

4.0

6.1

572.4

664.4
9.6
9.5

655.0

576.3

A t-test analysis of subject’s characteristics revealed no significant differences (p>0.05)

in weight, BMI, energy expenditure or energy intake between study treatment days as

seen in Table 4.
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Table 4. Comparison of Soy vs. Milk Protein Study Days

Weight 111 14 0.29

BMI 1.04 14 0.32

Energy Expenditure (kcal/kg) -1.01 14 0.33

Total Energy Expenditure (kcal) -0.67 14 0.52

Energy Intake (kcal/kg) 0.76 14 0.12

Energy Intake (kcal) 0.60 14 0.34
[THU IAC A ceemeememeenes S — L A p— [ Y — 411> _ 3 Al____ 1 z1n . o\

1mean + SD, significance at p<0.05

Three data points were greater than two standard deviations away from the mean and
defined as outliers (61). The standard deviation is used to describe the spread of a group
of scores and is the average amount that the scores differ from the mean. These three data
points (T4 and T6 for subject 8 with soy consumption; T4 for subject 14 with milk
consumption) were treated as missing data and were excluded from the statistical analysis

in order to prevent misinterpretation ofthe results. The cause of these outliers could not
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be determined but may be do to such effects as subject’s physiological response or
experimental error.

Results of the 2-way ANOV A with repeated measures on both factors (protein
treatment, time points) for initial absorbance, lag time, and propagation rate are shown in
Table 5. No significant difference was observed (p>0.05) between the main effects
(protein treatment and time points) or in any interaction between the two (protein * time)
on LDL oxidation parameters (initial absorbance, lag time, and propagation rate) (see
Appendix H). Table 5 illustrates the small variation between subject’s responses in
regards to the LDL oxidation. For example, the shortest mean lag time was 65.35 £5.15

minutes, while longest lag time was 69.82 + 5.53 minutes.

2 4

Time Points (hours)

Figure 6. Normalized Lag Time for Protein Treatments
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A visual comparison of the normalized lag time for both protein treatments related to
the specific time points demonstrates the soy protein treatment did not have a significant
positive effect on lag time (see Figure 6). A decrease of 5.18 minutes is observed in the
mean values from baseline to T4 with soy consumption, which rises to 4.29 minutes at T6
but still remains below baseline levels. A slightly increased lag time (1.21 minutes),
occurs at T4 r‘eturning‘ to near baseline levels by T6 with the milk treatment.

Graphing each individual’s normalized response to the soy and milk treatment (see
Figures 7-21) generated three distinct patterns. Pattern A represents two individuals
(13.3% of subjects) who consistently reéponded more positively to the soy protein
treatment as compared to the milk (see Figure 7 and Figure 14) over all time points.
Pattern B represents ten individuals (66.7%) who responded'more positively to the milk
protein treatrﬁent as compared to the soy (see Figmes 8-13 '@d Figures 17-20) over all
time points. Pattern C (éee Figures 15, 16, and 21) represents three individuals (20%)
whose response reversed during the course of treatment. For example, subject 9 had a
positive response to soy protein from baseline through hour 2, but ended with a positive
response to milk protein from hour 4 through hour 6. Although the statistical analysis of
the lag time data was not significant (p>0.05), this visual analysis provides an excellent
illustration of how individuals’ physiological response can differ when provided the éame

treatment.
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Time Points (hours)
-e-Milk

Figure 7. Individual Lag Times (normalized) for Subject |

Time Points (hours)
Milk

Figure 8. Individual Lag Times (normalized) for Subject 2
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Change in Lag Time from B2 s
(min)

Time Points (hours)
-e-Soy + Milk

Change in Lag Time from Baseline
(min)

Time Points (hours)
Soy + Milk
Figure 10. Individual Lag Times (normalized) for Subject 4
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0"&

Time Points (hours)
Milk

Figure 11. Individual Lag Times (normalized) for Subject 5

Time Points (hour)
Soy Milk
Figure 12. Individual Lag Times (normalized) for Subject 6



48

Time Points (hours)
Milk

Figure 13. Individual Lag Times (normalized) for Subject 7

Time Points (hours)

Figure 14. Individual Lag Times (normalized) for Subject 8
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Time Point (hours)
»- Milk
Figure 15. Individual Lag Times (normalized) for Subject 9

Time Points (hours)
Soy Milk
Figure 16. Individual Lag Times (normalized) for Subject 10
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Time Points (hours)
Milk
Figure 17. Individual Lag Times (normalized) for Subject 11

Time Points (hours)
-e-Soy Milk
Figure 18. Individual Lag Times (normalized) for Subject 12
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Time Points (hours)
-*-Soy + Milk

Figure 19. Individual Lag Times (normalized) for Subject 13

Time Points (hours)

Figure 20. Individual Lag Times (normalized) for Subject 14
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Time Points (hours)
--Soy  -"-Milk
Figure 21. Individual Lag Times (normalized) for Subject 15
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CHAPTER 5

DISCUSSION

The purpose of this study was to establish the acute effects of a high carbohydrate
meal (899 kcal, ,’.22% fat, 59% carbohydrate, 19% protein) ;including either a soy protein
(85 mg aglycone isoflavones) or milk protein (0 mg aglycone isoflavones) shake on the
oxidative resistance of 15 healthy men. We examined the initial absorbance, lég‘ time, and
propagation rate of these effects by copper induced LDL oxidation. Initial absorbance
was measured to determine the baseline level of oxidation for each subject. This data was
calculated by subtracting the first absorbance reading for all f(;ur time points from that of
a blank well containing PBS. The lag time, expressed in minutes, represents the period of
time in which the LDL is protected against oxidation by the isoflavones present in the
protein treatment. A longer lag time can therefore be equated with more protection and is
seen as a more favorable result. Following the lag' phase in the graphical representation of
LDL oxidation is the propagation rate (see Figure 5). This is observed as an increasing
slope and illustrates the formation of conjugated dienes from the hydrolysis of lipid
peroxides. A steep slope results from a rapid conversion to conjugated dienes and is less
favorable than a gradual slope alternative.

No signifiant difference s in the interaction between the soy protein and milk protein
treatments for initial absorbance, lag time, and propagation ratewere measured . There are

several possible explanations why a statistical significance was not observed between the
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interaction of the sdy or milk protein treatment and the high carbohydrate meal. This
could include 1) tﬁe use of heaithy young male (normocholesterolemic) instead of
individuals in a high risk group or hyperchblesterolemic individuals; 2) the length of the
study (aéute vs. long-term); 3) individual variability (subject’s background diét,
antioxidant status, metabolism); 4) effects of equol producers; and 5) the need for

additional lipid assessment.

Healthy vs. High Risk Individuals

The use of normocholesterolémic subjects in this experiment may have contributed ‘td
the inability to observe statistically significant ﬁnd'ingé. Reseafchers who have observed
beneficial effects have used subjects with moderate to severe hypercholesterolemia (258
to >335 mg/dL) (62). In order to determine if isoflavones can protect individuals from -
LDL oxidation, using a population of individuals who are at high risk for CVD, may
increase the chance of observing statistically significant results. Growing evidence has
indicated that oxidative stress is involved in the pathogenesis of CVD in patients with .
type 2 diabetes mellitus and the role of hyperlipidemia in this' group is still debated (49,
63). |

Ceriello Aet‘ al. (49) has demonstrated there is a higher susceptibility of LDL to
oxidation and oxidative stress postprandially in type 1 and type 2 diabetic patients. This
randomized crossover design included 10, type 2 diabetics. The subjects were provided 2
standard meals designed to produce different levels of postprandial hyperglycemia (400

ml Ensure Plus: 64% CHO, 16% fat, 20% protein and 500 ml Glucerna: 49% CHO, 29%
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fat, 22% protein). Blood samples were taken at baseline, 60, and 120 minutes after the
meal and plasma levels of glucose, insulin, choleéterol, TG nonesterified fatty acid
(NEFS), malondialdehyde (MDA), and the total radical-trapping antioxidant parameter
(TRAP) were measured. LDL susceptibility to oxidation in tell*ms of the length of the lag
time (p<0.01) and propagation rate (p<0.01) were significantly higher for both meals
after 2 hours. The LDL was also found to be more susceptible to oxidation (p<0.05) with
the high CHO meal which also produced a higher degree of hyperglycemia. This data
reveals that meal related oxidative stress may be a pathogenic factor of atherosclerosis in
diabetic patients (49). Therefore, susceptibility of LDL to oxidation and related studies of
antioxidants may be more easily observed in diabetic patients due to the postprandial
amplification of atherogenesis.

A study by Chiu et al. (64) is an excellent example of the increase in lipid peroxides
and oxidative susceptibility of plasma lipoproteins in patients with CVD compared to
healthy individuals. The subjects included 92 healthy controls (mean total cholesterol:
184 £ 35 mg/dL, TG: 112 + 68 mg/dL) and 48 CVD patients (mean total cholesterol: 195
+ 34 mg/dL, TG: 151 + 68 mg/dL). Following an overnight fast, levels of lipid peroxides
were estimated as thiobarbituric acid-reactive substances (TBARS) and were found to be
significantly greater in the plasma and VLDL of the CVD patients (plasma: 285 + 41
nmol MDA/dL; p<0.01 and VLDL: 213 + 0.43 nmol MDA/dL protein; p<0.05) than in
the controls (plasma: 231 + 38 nmol MDA/dL; p<0.01and VLDL: 174 + 0.40 nmol
MDA/dL; p<0.05). The oxidative susceptibility was evaluated with in vitro copper-

mediated oxidation. The VLDL and LDL of CVD patients were oxidized at 1-2.5 uM
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Cu*, significantly lower than the control subjects at 5-10 pM Cu®". The results of this
study demonstrate that plasma VLDL and LDL of patients with CVD are more
susceptible to in vitro oxidative modification than those of healthy individuals. The
predisposition of CVD patients for oxidation at relatively lower oxidative stress than
healthy individuals is an important factor influencing related research. Resear;:hers
examining the effects of antioxidants, such as soy protein and isoflavones, should take
advantage of these findings which may allow significant results to be observed using high
risk subjects as compared to healthy individuals.

In studies performed by Jenkins et al. (13, 16, 17) hyperlipidemic subjects possessing ‘ ,
an elevated serum LDL cholesterol of >158 mg/dL and a TG level <154 mg/dL at
recruitment were continually used to evaluate the effects of soy isoflavones on lipid
levels and oxidation. The effect of soy-based breaiifast cereal consumption on serum
lipids and oxidized LDL was assessed in 25 hyperlipidemic subjects (17). The test diet
provided 36 g of soy protein/d and 168 mg of isoﬂavones/d for 6 weeks. Total conjugated
dienes were significantly reduced on the test diet compared to the control (9.2% + 4.3%,
p=0.42), and the ratio of conjugated dienes to cholesterol in the LDL fraction was also
decreased (8.7% = 4.2%, p=0.05). This study using hyperlipidemic individuals is another
example of a high risk population which enabled researchers to observe beneficial effects
in the reduction of oxidative stress with the corisumption of soy isoflavones.

It is apparent that high risk subjects, such as those with diabetes mellitus (type 1 and
type 2), patients with known CVD, and hyperlipidemic individuals demonstrate an

increased susceptibility to oxidative modification of LDL. The subjects with
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hyperlipidemia also responded favorable to soy treatment. Due to these findings it is
reasonable to hypothesize that these individuals may also respond favorably to soy

isoflavone consumption as a means to increase the oxidative resistance of LDL.

Length of the Study

The randomized clinical trial has the potential to provide a compelling rationale for
accepting or rejecting a treatment, however one drawback of clinical trials of diet in CVD
is their high cost which can lead to a shorter term study that may not last long enough to
detect possible significant effects. Terms used to describe the length of studies such as
acute and long term are used loosely because they do not define a specific length of time.
For the purpose of this study, acute was defined as less than one. day and long term,
greater than one day. As the literature illustrates, the duration of time needed for a study
to provide compelling evidence ‘Varies widely. Many studies provide treatment over
several months while other studies obtain significant findings with studies lasting days to
weeks.

As an example, Parks et al. (65) recruited 25 patients for a 3 month atherosclerosis
treatment program to examine the effects of a diet containing 10% fat and 75%
carbohydrate on the oxidative susceptibility of LDL. After treatment, a significant 24%
increase (baseline: 120 & 7 min vs. 3 mo: 149 + 7 min, p=M03) in the mean lag time and
a reduction of 29% (baseline: 6.6 =+ 0.3 nmol/min/pug LDL vs. 3 mo: 4.7 + 0.3

nmol/min/pg LDL, p<0.0002) in the propagation rate was observed. A study of this
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length supports the rationale that longer periods éf treatment may be 'required to observe
significant effects.

When the study length cannot be months, several days can provide significant results
as well. Weisman et al. (38) fed 24 subjects a high and low soy protein meal, in a
randomized crossover design, once a day for 17 days separated by a 25 day washout
period'. In vivo biomarkers of lipid peroxidation and. oxidative resistance were examined
and a decrease in lipid peroxidation and an increase in lag time was observed (19.5%,
p=0.028 vs. 9%, p=0.017, respectively). Tikkanen et al. (18) was also able to observe an
increase in the mean lag phases of LDL oxidation by 20 minutes (p<0.02) after feeding
six healthy volunteer 3 soy bars containing 57 mg aglycone isoflavones total, daily for 2
weeks.

Lengthening the treatment period to months, as in Park et al. (65), may not be
essential. However, these studies suggest a longer termed feeding study such as weeks,
may be necessary to observe significant results when examining the effects of oxidative
resistance in conjunction with a soy based diet. Continued studies using these assessment
parameters should extend the length of study at least over several days to increase the

confidence of the resulis.

Variability within Subijects

The individual variability between the subjects in this study was evident through three
distinct patterns (A, B, and C). Individuals exhibiting pattern A (13.3%) consistently

responded more positively over all time points to the soy protein treatment as compared
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to the milk. The majority of subjects (;6_6.‘7%) respionded more positively at all time points
to the milk protein treatment as compared to the soy as represented in pattern B. Pattern
C included 20% of the subjects who initially responded positively to soy protein, but
concluded the study with a positive response to milk protein. Several factors including
plasma lipoprotein concentrations, hydration status, and the subject’s background diet
could be attributed to the variability between subjects.

Since plaéma lipoprétein (specifically TG) concentration varies 10-20% from day to
day (5), it is important to attempt to control factors that can affect the status of
lipoproteins when conducting research studies. However, not all factors effecting
lipoprotein concentrations can be controlled. For example, the rate of TG output from the
intestine and secretion from the liver are factors that can not be controlled for. Additional
factors include the activity of LPL, hepatic lipase, and the rate of uptake of lipoproteins
containing TG by receptors. These mechanisms should be taken into consideration as
possible influences causing inherent vaéiability, as observed through the patterns A, B,
and C, between subjects.

Cohn et al. (66) monitored plasma lipoprotein changes for 12 hours in 22 subjects
- after a HF meal (1g fat/kg body weight). The magnitude of postprandial triglyceridemia
varied considerably between subjects. Plasma TG was measured hourly and results
showed 5 subjects had 1 TG peak, 11 subjects had 2 TG peaks, and 6 had 3 TG peaks.
These multiple poétprandial TG peaks were hidden when the mean data was presented.
Concluding evidence showed a significant rise in mean plasma TG concentration within 1

hour (100 mg/dL at baseline to 130 mg/dL at hour 1; p<0.001) which peaked 4 hours
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after the meal (240 mg/dL; p<0.001) and remained elevated for 9 hours (150 mg/dL;
p<0.01). It was beyond the scope of the study to determine which of the factors
mentioned above may be responsible for variation between individuals. However, this
study illustrates that variations in the postprandial lipoprotein metabolism of individuals
exists. Pre-screening subjects as mono or multiple postprandial TG peak producers could
provide researchers with more accurate results when examining postprandial LDL
oxidation data. |

In addition to pre-screening, there were two additional factors in our study that could
dramatically affect plasma lipoprotein and were uncontrolled. These are the effects of a
subject’s background diet and hydration status (6). Variation in the subject’s background
diet could produce pre-existing differences in antioxidant levels and plasma peroxides
which have the potential to influence LDL oxidizability (56). Control diets used for
several days prior to the study may be required to ensure that dietary aﬁtioxidants, pro-
oxidants, and macronutrient proportions are equally consumed by all subjects.

The control diet could therefore aid in the effects of the challenge meal. It is important
to remember, Zilversmit hypothesized that atherosclerosis was a postprandial
phenomenon due in part to an increase in TG following a meal (4). The inability of the
HC meal to produce adequate oxidative stress may be influenced by a subject’s chronic
consumption of CHO or the type of CHO consumed. The lack of a heightened
postprandial lipemia may not allow for an environment necessary to assess the effects of
soy on the oxidative resistance of postprandial LDL. The time it takes for a HC diet to

induce HPTG to develop depends on several factors including the type of CHO (5).
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Simple CﬂO produces a more immediate metabolic response which may be more
favorable when observing an acute study as compared to complex CHO consisting of a
greater amount of fiber thus producing a slower metabolic fesponse. The rate of delivery
of dietary CHO into the circulation is a function of not only CH@®pe and background
diet but processes including intestinal digestion, absorption, the synthesis of chylomicron
particles in the enterocyte and their export into the lacteals, and the rate of lymphatic flow
(56).

Controlling the proportion of macronutrients prior to a study can be beneficial.
Robertson et al. (48) fed 12 healthy men isoenergetic evening meals of both a HF
isoenergetic (62% of energy from fat & 31% of energy from CHO) and a HC (16% of
energy from fat and 76% of energy from CHO) on 4 separate occasions. The following
morning (12 hours postprandially) an oral fat tolerance test (OFTT) consisting of 40 g of
fat or an oral glucose tolerance test (OGTT) consisting of 100 g of glucose was provided
randomly between the study meéls. The results illustrated the ratio of fat to CHO in the
evening meal produced significant effects on plasma TG. Fasting plasma concentration of
TG were significantly elevated (HF-to-low CHO: 34.7+6.9 mg/dL, HC-to-low fat: 42+3.9
mg/dL) 12 hours after each evening meal. This study clearly demonstrated the
composition of the evening meal (fat or CHO) persists at least overnight and suggests that
knowledge of ;eéent dietary history or control of the diet prior to a study is essential to
the effective design and results of metabolic studies such as ours. Since plasma

lipoprotein can be elevated after a single meal fed the night before blood is drawn,




62

controlling a research subject’s background diet before blood sampling is essential to
control for these confounding (extraneous) variables (6).

A study by Simons et al. (37) evaluated the effects (;f purified soy isoflavones to
investigate the effect on plasma lipids and lipoproteins in a double-blind placebo-
controlled, randomized crossover study. Twenty subjects with a plasma cholesterol <309
mg/dL and TG <116 mg/dL were provided with a prescribed diet containing 30% energy
from fat, <10% energy from saturated fat, and cholesterol intake <300 mg/day for 21
days prior to treatment. Immediately following, subjects were randomly assigned to
receive 2 tablets per day for an 8 week phase (;f either the treatment (containing 40 mg of
isoflavones per tablet) or a matching placebo. A washout period of 8 Weeks was followed
by the second 8 week phase. Fasting baseline blood samples were compared to fasting
samples taken after each phase. There were no significant effects between the isoflavone
treatment and the placebo although isoflavones levels were significantly higher during |
the intake of the treatment tablets. However, total, LDL, and HDL cholesterol levels were
on average 6% to 8% lower after the prescribed diet than at the time of recruitment. This
is a prime example of how the prestudy diet can influence the results of a study as well
illustrating that purified soy isoflavones do not result in the same benefits as complete
soy products. Administering this type of a control diet could alleviate many of the
questions regarding a subject’s background diet but considerable caution should be taken
to administer a diet that does not influence the results of the study by inhibiting the

subject’s average intakes.




63

Effects of Equol Producers

Although most rgsearch has centered on the aglycone form of genistein and dadzein,
metabolites such as equol, may contribute significantly to the biological effects of the
isoflavone molecules (35). A study conducted by Sathyamoorthy and Wang (40) to
differentiate the effects of dietary phytoestrogens daidzein and equol demonstrated that
equol was 100-fold more potent than daidzein in stimulating an oestrogenic response.

Hwang et al. (38) assessed the copper-induced oxidation of LDL in response to
isoflavones added in vitro. The activity of the three major phytoestrogens; genistein,
daidzein, and equol, in terms of LDL oxidation susceptibility was measured. Fasted
plasma samples from adult male volunteers showed genistein and daidzein levels ranged
from 0.55-0.68 uM/L after consumption of a soy bevérage for 2 weeks. These results
provide evidence of phytoestrogens inhibitory effect by prolonging oxidation .Of LDL
(p<0.05). This was determined by measurement of in vitro lag time. These researchers
also noted that equol, a daidzein metabolite formed in vivo by gut flora was the most
potent antioxidant examined. |

The metabolism of daidzein to equol differs between individuals. The conversion of
daidzein to equol by intestinal microbes occurs only in 30% of the population (40, 41)
(see Figure 22). These individuals have been referred to as “responders” or “excreters”
and the level of equol in their plasma or urine is 150-900 times higher than individuals

termed “non-responders” or “non-excreters” (40, 67). It is not clear what the

physiological impact of this might be, however “responders” may be expected to have a




64

longer lag time and decreased propagation rate due to the additional antioxidant
protection they receive. The length oftime needed to completely convert daidzin to equol
in unknown at this time, but may require a longer period of time than our study allowed

for. Therefore, the actual effect equol producers may have had on this study is possibly

irrelevant.
Formononetin
Gut Flora
(Glycone) (Aglycone) Gut (Metabolite)
Daidzin Daidzein Flora Equol

Figure 22. Metabolism of Isoflavones in the Gut Lumen.

This is an interesting hypothesis that could be examined further by placing subjects in
either a responder group or non-responder group based on the level of equol found in
their plasma or urine. Isoflavones were first quantified in human urine by gas
chromatography and mass spectrometry and UV detection can now be done with plasma,
urine, and fecal analysis (41). Current advances in methods for detection and
quantification of isoflavones use a radioimmunoassay for formononetirin plama and
urine (68). This method allows a 10-100 fold increase in sensitivity allowing for the
analysis of the enormous variation in urine between individuals. Using this method, a

crossover study using a predetermined amount of soy isoflavones and a control could
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determine if lag time is increased and propagation rate is decreased in responders as
compared to non-responders.

Second, gut transit time .may alter isoflavone bioavailability in interacétion with
isoflavone degradation (41). The longer the isoflavones are in the gut, the more
opportunity for isoflavone degrading organiéins to act, and the less isoflavones available
for absorption. Hence, the regular consumption of high fiber foods may inﬁucnce an
acute study such as ours. .

Another factor is gastrointestinal flora, which exerts a profound influence on
bioavailability of equol. Individuals who recently used antibiotics were excluded from
this study due to the negative impact antibiotics have on infcestinal integrity. Antibiotics
kill both Beneﬁcial and pathogenic bacterial populations in the GI tract, altering the
balance of intestinal microflora which changes the ability of the gut to breakdown and
absorb nutrients (2). Chronic disease and metabolic disorder were also exclusion criteria
for this study due to influences on the digestion and absorption processes as well.
Although these factors were controlled for, the extensive gastrointestinal process and the
state of an individual’s intestinal flora naturallyvary between subjects (67 ). The overall
composition of the diet prior to experimental testing, may need to be taken into
consideration in clinical studies investigating the potential efficacy of isoflavones, and

the extent of intestinal bacterial metabolism to determine the bioavailability of dietary

isoflavones and influence the potential for physioldgic effects.
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Adequate Lipid Assessment

Lipc;proteins are an important surrogate endpoint and alternative to using CVD as an
outcome in a.(.iietary trial because they are in the causal path between a food or nutrient
and CVD (19). Lipoproteins have a stron'g link to the pathogenesis of atherosclerosis and
predictive association with CVD (19). Studies have shown that cholesterol of exogenous
and endogenoqs origins are equally atherogenic. When studying the.phenomenon of CHO ‘
induced lipemia, observing LDL cholesterol may not be adequate. This postprandial
phenomenon caused by chylomicrons and eventually leading to oxidized LDL choleéterol
should measure all lipid parameters including TC, VLDL, HDL, and TG levels in order
to more fully understand the mechanism and results of feeding a high CHO diet (46, 69,
70). |

The level of plasma TG is an important determinant of the evolution' of postprandial
plasmé lipids. Plasma TG concentrations have been shown to be an independent risk
factor for coronary disease, whether measured in the fasting or postprandial state (19).
Elevated plasma TG measured at late time points after a high CHO meal can reveal a
state of CHO intolerance linked to an elevated risk of CVD (57). Plasma TG
concentrations should therefore be measured in our type of acute study to examine the
level of meal induced lipemia. This would be possible to measure in our type of écutez
sfudy since results show that TG concentrations generally begin to rise s‘i‘gni,ﬁcan.ﬂy with
in one hour after a meal, peak ét 4 hours, and remain significantly elevated for 9 hours

after a meal (60). Males are moré¢ appropriate subjects for this type of analysis because
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research has shown males tend to have greater postprandial triglyceridemia than females
(60). These results also demonstrate that older subjects have a greater postprandial
triglyceridemia than younger subjects (60). The increase in TG caused by CHO
overfeeding leads to increased VLDL secretion, which is not always apparent at the level
of plasma TG (20). Therefore, it would be beneficial to measure these lipoproteins (e.g.
TC, VLDL, HDL and TG) also in order to examine more completely the metabolic
process leading to lipemia. In addition ‘to increasing the measurement of lipoproteins, the
method of oxidation of LDL needs to be examined.

Our copper-induced oxidation of LDL cholesterol may not have been an appropriate
marker of oxidative stress for this type of study dﬁe to the setting in which it is executed.
In vivo antioxidants, such as soy isoflavones are suspended in the water-soluble
environmen‘; of the plasma. This environment may offer a higher level of protection to
surrounding the LDL against oxidation. Our method of oxidation essentially depleted the
aqueous environment which may have altéred the ability of the isoflavones in
contributing to the oxidative resistance of LDL. It would be beneficial for future studies
to examine alternative methods of oxidation in comparison to the one used in this study.

The examination of lipid peroxidation products, specifically isoprostanes ié another
method of assessment that could also. prove used. Isoprostane measurement represents
the in vivo rate of lipid peroxiation and is a specific indicator of oxidative stress.
Isoprostanes are formed at the site of free radical attack in the cell membrane. They are
eventually cleaved and are released and circulatéd in the plasma, eventually being

excreted in the urine (71). This allows researchers to determine either plasmaor urine
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isoprostane level. Accumulating research has supported this analysis as both reliable and
non-invasive indices for examining lipid peroxidation iz vivo (71). This method is
expensive and requires an involved practice consisting of a 24 hour urine collection.

The analysis of plasma malondialdehyde (MDA) is another widely used index of
lipid peroxidation and is measured by a technique known as TBARS. Malondialdehyde is
a byproduct of lipid peroxidation that reacts with thiobarbituric acid. The product
produces a fluorescence which can be read at 532 nm. This test is relaﬁvely quick and
inexpensive (3, 49).

The most widely used method for measuring total antioxidant capacity of plasma or
serum is the total radical-trapping antioxidant parameter (TRAP) assay. It has been |
defined as a global measure of the antioxidant capacity of plasma, taking into account all
known and unknown antioxidant activity present in plasma, as well_as their synergy (49).
In fact, the overall antioxidant capacity of plasma is determined not only by the absolute
concentration of the various antioxidant compounds but also by their interactions. In this
method the production of peroxyl radicals obtained by thermal decompositic;n 0f2,2’-
~ Axobis(2-amidinopropane) dihydrochloride c(ABAP), leads to a linear decrease in R~
phycoerythrin (R-PE) fluorescence emission over 1 hour. When plasma is added to the
reaction mixture, a period of complete protection of R-PE is observed. The lehgth of this
lag time is considered to be directly related to total plasma antioxidant capacity. To
quantify TRAP, the lag time produced by the plasma is compared with the lag time

produced by a known standard, Trolox. The major drawback of the TRAP assay is using
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an electrode to determining the endpoint oxidation, which may not be capable.of
maintaining accuracy of the period of time required (49, 56).

The growing iﬁpoﬂmce of understanding the role of CHO intaké on
hyperlipidemia should lead to future experiments that focus on direct measures of
lipolysis and hepatic fatty acid reesterification during CHO feeding. It is important to
remember that each method of analysis has limitations, making no oﬁe method
appropriate for all experiments. It is therefore reasonable to suggest the use of more than
one method of evaluation of oxidation. The method, extent, and conditions in which
LDL is oxidized, can also vary between laboratories and results in differing composition

-of LDL (33). Therefore, future studies in which LDL oxidation is utilized, should include

a variety of methods and assessment tools in the procedures.
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CHAPTER 6

SUMMARY

Cardiovascular di'sease' is currently the leading cause of death in the U.S. and reducing
the risk of CVD throhgh dietafy and other lifestyle practices had become a driving force
behind current healthcare professionals. The major contributor to CVD is atherosclerosis,
which was first determined to be a postprandial phenomenon by Zilversmit et al. (2). This
important finding is essential to our understanding because today’s society continuously
consumes foods throughout the day, contributing to the existence of a postprandial state.
Zilversmit also retained the perspective that lipids accumulated as the result not only of
abnormally high concentrations of LDL in the plasma, but also as a consequence of the
natural process of lipid absorption and transport. This process has the potential to be
pathogenic in individuals who consume a diet rich in carbohydrates, therefore dietary
practices are of significance in regard to research and prevention of the atherosclerotic
process.

The ability of soy protein to reduce total cholesterol, LDL cholesterol, and TG
concentrations was documented in 1995 when Anderson et al. (12) conducted a meta-
analysis of 38 human studies to illustrate the -combinatibn of serum lipid lowing effects of
soy protein as compared with animal protein. Further research by Jenkins et al. (13, 16,

17) has been able to demonstrate a reduction in LDL oxidation with soy consumption.
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On October 26, 1999, the FDA authorized the use health claims supporting the role of
soy protein in reducing the risk of CVD. This claim is based on scientific studies that
show 25 grams of soy protein daily in the diet is needed for a significant cholesterol
lowering effect: It also states that foods containing soy protein be included in a diet low
in saturated fat and cholesterol in order to reduce the risk of CVD by decreasing blood
cholesterol levels (33). |

The purpose of this experiment was to deteﬁnine if there was a significant difference
in copper-induced oxidative resistance of postprandial LDL between 39 g soy protein (86
mg isoflavones) and 39.9 g milk‘protein (0 mg isoflzones) served in conjunction with a
high CHO meal. A significant difference was not observed (p>0\.05) between the protein
treatment (soy vs. milk), the time points (baseline and hours 2, 4, 6), or any interaction
between these two factors on the measurements of LDL oxidation, including initial
absorbance, lag time, and propagation rate.

Postprandial lipemia and the atherogenic process are complex metabolic processes .
affected by an unknown number of factors and interactions. Incredible variation also
exists between individuals, confounding the examination of a single dietary component,
such as soy isoflavones. Therefore, the inability of this study to produce any significant
results could possibly be due to any one, a combination of, but not limited to the factors
discussed earlier. These included: 1) the use of healthy young males
(normocholesterolemic) instead of individuals in a high risk group or
hypercholesterolemic individuals; 2) the length of the study (acute vs. long-term); 3)

individual variability (subject’s background diet, antioxidant status, metabolism); 4)
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effects of equof producers; and 5) the need of additional lipid assessment. Althoﬁgh,
significant findings were not found, this study could provide useful information and a
basis for future studies in which tﬁe postprandial effects following the use of soy and
milk protein or the use of a high CHO meal are examined.

Studies such as ours which relate specific foods to specific disease states may provide
the most useful information for nutrition policy decisions. However, it is impoﬁant to
remember that it is the whole food that humans ingest daily as part of the diet.
Researchers must be able to incorporate these findings into the daily diet of the public in

order to impact the deadly progression of CVD.
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SUBJECT CONSENT FORM
FOR .
PARTICIPATION IN HUMAN RESEARCH
MONTANA STATE UNIVERSITY

PROJECT TITLE: Effects of soy isoflavone consumptio.n following a high-fat or high-
carbohydrate meal on the oxidative resistance of lc')w-density ]ipoprotein in healthy, young men.-

PRINCIPLE INVEST IGATOR Chrlslma ‘Gayer Campbell, PhD, RD
Assistant Professor, Nutrition
Department of Health and Human Development.
Herrick Hall, Room 20, Montana State Umversﬂy
Bozeman, MT. 59717 3540
406-994-5002, ccampbe]@montana edu

PURPOSE AND RATIONALE OF,THE STUDY:

A considerable amount of research has been done to investigate the potential benefits of soy on
cardiovascular disease (CVD). The research has shown that most people would benefit from the
1ncorporat10n of soy into their diets. Interventions lastmg 1-2 months have been able to
demonstrate a relationship between soy consumption and a reduction in the modification to the
low-density lipoprotein (LDL), also known as the “bad cholesterol” that may promote the
development of CVD. "Past research has’ mainly focused .on measuring the “bad-cholesterol”
during the fasted stafe, yet evidence suggests that LDL is'more susceptible to modification .
following the consumption of food. The. relat1onsh1p between meal composition and measures of -~
- "LDL modification’ followmg food: consumptlon may prov1de useful 1n51ght 1nto the preventlon of s
" CVD. : , -

The purpose of this study'is to detemnne if the effects of a meal contammg soy p1 otem and sy’ s o '

natural antioxidants, 1soﬂavone versusmilk protem (no 1soﬂavones) can minimize measures of

LDL modification when the soy meal is consumed along with a high-fat; or high- carbohydrate e
(CHO) meal; both of Wthh have been shown to increase the conccntratlon of cuculatmg udes in"s
" the blood : : S

You are being asked to participate because you are a healthy, non-vegetarian, 20-40 year 0ld
individual living in the communities surrounding Montana State University who has shown
interest in our study by responding to our recruiting flyer. You have been identified as a possible
participant based on several criteria including: no regular use of a vitamin or mineral supplement
in the last 3 months, no regular consumption of soy protein (> 2 servings of 6.25 g/day),no
known existence of metabolic disorders (thyroid disease, diabetes, liver or renal dlsease) non-
use of oral prescnptlon medications (including antibiotics), non-obese (BMI<30kg/m ), no -
cigarette smoking within the last 3 years, absence of certain food allergies (soy, milk, peanuts), -
no strict vegetarian status and no regular alcohol consumption (regu]a.r >2 drinks/d formen; 1 -
drink = 12 oz beer, 6 oz wine or 1.5 oz distilled alcohol)



mailto:ccampbel@montana.edu
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STUDY' OUTLINE

If you agree to partrcrpate you will be asked. to complete the followmg

You will be requ1red to-come into. the Nutnhon Research Lab (NRL) at Herrrck Hall on. the
campus of Montana State Uriiversity on three separate occasions. Dunng the 19 visit, we will,

draw a fasted blood sample fora prellmmary screening to determme your, levels of total
cholesterol hlgh densrty hpoprotem and trrglycendes If your levels are’ within normal llmltS

you will be el1g1ble to participaté in the study On the other two’ occasions; you will be asked to
report to-the NRL i m a fasted ‘state-(no food or beverage except water for 10 hours) and to have P
refrained from any ‘moderate - to strenuous physical activity or alcohol consumptron for at least 24

hours prior to the study date. You will be required to bring completed 3: day Wwei ghed (requires .
that subjects weigh all food and beverage) diet records for the days: just prior to the study date. ‘A’
dietetics student that has been trained o giving dietary analysis 1nstruct10ns will give you .-
detailed instructions on how fo properly complete the forms and tips-on accurately welghmg

food. You will be provided with a dretary scale, at 1o cost to you, for use- durmg the study to..

facilitate the process. You may perceive this to be a tedious process however 1t 1s the most L
~ accurate means of collectmg d1etary intake mformatlon : R T

On.each of the of the feedmg study days you wrll enter the NRL at 0630 h and stay until’ 1300 h
| After the measurement of body werght and he1ght an. 1nd1v1dual ‘trained.in drawmg blood from
‘the forearm will. take a blodd sample .Following, the collection of the fasted. blood you w1ll be _:
given’ 20 minutes to consume the test meal.  The meal (shake @nd mufﬁn) will provrde
.approxrrnately 850 calones whrch 1§ equrvalent to one third of yout daily’ calones You will:
randomly be ass1gned to one of two groups; Group A, ‘the high-fat meal-or B the ‘high- CHO
meal. Within- your group, you will randomly be assigned.to receive meal 1-or2 first.. On. your
subsequent vxsrt to the NRL; you will receive'the. meal you have not yet had.;The study isa ,‘ =7
doubleblind. crossover ‘which means that neither you nor the research team knows wh1ch meal-;"
contains the: soy or the m11k protem Ut111zmg th1s research desrgn helps to rmmmlze the placebo__ o
effect : = : : : e kS

Durmg the study perlod you will remaln in Hernck Hall a televrs1on and v1deos will'be avallable ". v
for you to.watch. Blood will be. collected from Your, fotearm at 2, 4 aiid 6 hours followmg the e
i consumptron of the test medl fora total of 72 mL of blood. . You w1ll not be allowed to eat OF. 3 N
drink anythlng except water: for the SiX. hours followmg the fest rneal S '




Group A
Test Meal 1

High fat muffin

Protein shake
40 g soy protein (80 mg 1soﬂavones)
1 banana
12-16 oz water

20% protein, 40% fat 40% CHO

Test Meal 2
High fat muffin
Protein shake
40 g milk proteln (0 mg 1soﬂavones)
1 banana
12-16 oz water
20% protein, 40% fat, 40% CHO

 RISKS:
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Group B
Test Meal 1

High CHO muffin

Protein shake )
40.g soy protemn (80 mg 1soﬂavones) :
-1 banana - )
-12-16 oz water . '

20% protem 20% fat 60% CHO

Test Meal 2 .
High CHO muffin

" Protein shake ; )

_ 40 g milk protein (O mg 1soﬂavones), -l

1 banana. i

. - 12-16 oz water - ‘
20% proteln 20% fat, 60% CHO

Approx1mate1y 1 tablespoon of blood will be removed by puttmg a needle n your vein on. 4

occasions. ‘This is the standard medical method used to obtain blood for'tests.. There 15

momentary pain at the time the needle is inserted into the vein, but other dlscomfoﬁ should be-7
. minimal.-In about 10% of the cases there is a smal] amount of bleedmg ander the skm Wthh RS

BENEFiTS-

FUNDING:

This is currently not a funded project. - ‘

w1ll produce a bru1se ThlS risk. of mfectlon 1s less than 1 1n 1 OOO
Subj ects may experlence gastromtestmal dlstress as a result of protem shake consumptlon
N Soy protem does not pose any unusual nsks of allergemc responses Soy protem isless -

“allergenic than cow’s milk. There are, of course; ceftain people: who may be allergic to soy.
Allergy to soy is reported-as approx1mately 0.5 percent incidence in the adult population.

All partlclpants w1ll be prov1ded w1th a summary and explanauon of their results from the study -
including’ the 11p1d pane] proﬁle and dletary mtake analysxs &
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CONFIDENTIALITY:

The data obtained from the study will be regarded as.privileged and confidential. Your privacy -
will be maintained. in any future analysis and/or presentation of the data with the use of coded .
identification for each participant’s data. All data will be stored in a Jocked file cabinet with
access only by the principal investigator. Additionally, any data entered 1nto the computer wr]l
be available w1th restricted password only.

FREEDOM OF CONSENT

Par’umpatron in this.study is completely voluntary. You: may w1thdraw consent 1n person w1th
the principal investigator, Dr. Christina Campbell, at any time,-.Inthe event of any physrcal
injury occurring in connectlon with the study, Montana State Unrver51ty wrll not’provide any
special compensation or any medical treatment. We will advise and-assist the participantin - -
receiving medrcal treatment. Additionally, Montana State Umver51ty will not be held
responsible for i 1nJury or accrdents that may occurwhen travehng to and from campus. -

Please feel free to ask any questions or express your concerns regardmg thls study. The
investigator will attempt to answer all of your questlons Contact Dr Chnstma Campbell at 994—
5002.

Please address any: questrons relatrn gto the rights of human Sl]b_] ects to Mark Qumn Charr
Human SubJects Commrttee 994 5721 S AL

AUTHORIZATION:‘--

If over 18 years of age , ‘ : . - co
Ihave read the above and understand the drscomforts mconvemences and nsk of thrs study I
Sl - (your name) agree to part1c1pate in the prOJect 1 ‘
understand that 1 may later refuse to participate, and that I't may wrthdraw from the study at any
time. I have recerved acopy | of thrs consent form for r my own’ record B

Signed:

Witness: ,. :

Investigator:

Date:
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MEDICAL HISTORY QUESTIONNAIRE
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‘Medical History -Qu“es,tiomraire,‘ |

Please answer the followmg questions honestly and to. the best of your knowledge All
'1nformat10n provided here is completely conﬁdentral Please ask for clanﬁcatron if
needed. oo

Subject Name:

(Las) Fs) )

Phone Number we can reach you at:

B Address . . _
SexM B Ay _omo - Dasofbink
| Weigm{ff__j_;rb's o Megnt oo g 0
. Stateofbmh | |
Do you smoke crgarettes‘? " Yes : No
- Are you an ex-smoker? - Yes -"No'.

If so, how long ago did you. qu1t'7

Race (cxrcle)_: '
T Amencan Indian or Alaska Natwe .
2. African’ Amencan
N P Caucasmn ,
T 4 As1an B
CSE Hrspamc o
6 Other (spec1fy)

A Marrtal Status (crrcle one)

I. -sirigle. -

20 mamed

3. d1vorced/separated
4 w1dowed

Med1cal Hlstory (crrcle any, and give age at d1agn051s) RS

'Dlabetes :

Thyr01d Dlsease
ClIThOSlS
H_epatltls

Gall Stones

o v .e‘-"s»' N

Kidney Stones
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7. Nepl]ritis .

8. Cancer ’(specify)

9. High Blood Pressure -

10. Angina

11. Allergies (specify)

12. Goiter

13. Cardlovascular Dlsease

14. Depression’ requmng rnedrcatlon
. ‘ _ ,15.'Insomn1a requrnng medlcatron '
bmg History: Y c '
1. Do you currently take any medrca‘uons ona regular bas1s‘7 _

If yes, please spemfy

2. Have you take medication regularly in the past?

If yes, please specify -

How long ago was medlcatron taken regularly‘7
3. Do you currently take vitamin supplements ona regular ba51s‘7

If yes, please spec1fy'7

Have you m the past?;

If so, how long ago? .

4. Do you currently take herbal supplements 011 a regular bams? .: :

Ifyes please spec1fy'7

Have you in tlie past?

If 50, how long ago? -

Diet History:
a. Are you currently on a diet to lose we1ght'7 Yes .' No

i If yes please explam

b. Are you a vegetarian? Yes . No.
c. Ifyes, circle one of the following:-
i. Lacto-ovo {(consume milk, milk products and eggs)

ii. Ovo (consume eggs but no milk or milk produets)
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iii. Lacto (consume milk and milk products but no eggs).
iv. Vegan (consume no animal products) '
d. Please spec1fy any food allergies (soy, mﬂk peanut etc)
e. How wauny alcoholic drinks (12 oz beer 6 oz wine or 1 5 0z dlsu].‘led A
| alcohol) do you typlcally consume (c:rcle one)?
i. 0-1 drmks/day . :
12 drinksfday . .
i 2 drinks/day, s e
' If yes,how many days/week do you consume > 2 dnnks "ay’? 3
w2 No:

< ':""-‘,lf:'-'DOYOuconsume SOy on aregwarbaSIS? o "-'_Yves_"- '

g Ifyes, how often?

. h Whmh soy products doyou typmaily cat (please clrole)? How often

(servmgs/ day, week, month year)‘7

i Tofu (1/2 cup=1 serving)
i Soy milk (1oup=1 servfng)

iii. Soy. nuts (1/4 cup=1 servmg)

iv:. Soy protein powder concentrate (1/4 oup = 1 servmg)

. V.. .Soy bar (i.e. Luna Bars Gemsoy Bars)

L

" Soybeans (1/2 cup = lservmg)

' - vii.” "Soy burgers (e Garden Burger Boca Burger)

: 'ir_iii.:'-;;Tempeh (1/2 cup = 1 servmg)

S :..IJartz'._o:; &(ées from -t.{ze;O(‘Jd‘ﬁ‘ojﬁmd;"(;xﬁr‘{é-",_A e

" Video Refital suggestions for days spent at the Nirtrition: Kesearch Lab;_

4 .Please hst dates (preferably weekend days) that would be best for you to spend 12 hours
.at the Nutntxon Research Lab e '

Please hst any. weekend for which you would be unable to spend 12 hom's at the :
: Nutntlon Research Lab:’ ' '
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DIET RECORD INSTRUCTIONS AND FORM
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Dlrectlons for
3-Day Welghed Dtet Records

Please weigh and record all foods and beverages consumed for the three days
prior to reporting to the Nutrition Research Lab-for a feeding study day (i.e. If you
will be reporting to the Lab on a Sunday;,. please record for Thursday, F rlday and
ASaturday) SRR : .

3 .Keep your food record current. LlSt foods 1mmed1ately after they are welghed

x 'Do not wait until the end of the day to record entrles

S8 Record amounts in elther grams’ or ounces (wt) F

_ Please pr1nt all entries.

> Be as speclﬁc as p0551ble when descrtbmg the food or beverage :
-, ‘o include the method of preparation used (boiled, baked, brorled frled
' grilled, steamed, raw, etc); example chzcken breast skznless ‘broiled. .
o include a well detailed descnptlon of the food item (fresh canned, packed .
' in heavy or light syrup, packed in water or cil; skmless boneless, cut of -

meat, brand narme); examples: peaches in heavy syrup, tuna in ozl brozled-

. T-bone steak, microwave heated canned corn :
-o include label with the nutrltlonal 1nformat10n for any unusual 1tems or 1f
unsure how to record B SRR :

- Include the name of réstaurant 1f eatmg out

N Report only the portlon of the food that was actually eaten example T bone ’;_
g ,_Steak grzlled - ]OOg (do not’ znclude the wezgkt of z‘he bone) :

o Remember to record condlments (ketchup, soy sauce mustard ranch dressmg, Lo o

. etc).as well'as any fats used in cookmg (orls butter margarme etc) it 1s
acceptable to measure these (Tbsp, tsp, etc) ) - -

'And ﬁnally, try not to alter your normal d1et dur1ng the perlod that you keep th1s e
-,record T oo :

: Please bring the scale and diet records. to the Nutntron Research Lab w1th you on
your scheduled blood draw day THANK YOU' ol
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3-Day Weighed Food Recofd' Form -

Name

Subject ]D#
Date Recorded:, - .

DayMTWThFSaSu .
Typical Day ? .

Description of Food Item Eaten & Cooking Method 3.~ -
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APPENDIX D

PHYSICAL ACTIVITY LOG
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Bouchard Three-Day Physical
Activity Record

Activity component(s) assessed:
Leisure and occupational
Time frame of recall:
Three d (2 weekdays and | weekend day)
Original mode of administration:
Self-administered with instruction provided by interviewer
Primary source of information:
Dr. Claude Bouchard
Laval University
Physical Activity Sci. Lab.
P.E.P.S.
Ste-Foy, PQ G1K7P4
Canada
Primary reference:
Bouchard. C.. A. Tremblay. C. LeBlanc. G. Lurtie. R. Savard. and G. T heriault. A method to assess energy expenditure in children and adults.
Am. J. Clin. Muir. 37:461-467. 1983.

RELIABILITY AND VALIDITY STUDIES

TABLE 4 Reliability studies of the Bouchard Three-Day Physical AcIMty Record

Summary
Rciercncc Meihodi Sample Results
Bouchard el al. (I)  Relationships between first test and 61 adults and children ol French ~ Children ~ 0.91'
6- to 10-d retest (mtraclass descent between the ages of Adults  0.97*
correlations) 10 and 50 yr Total 0.96'

. P<o0.05.

TARLE 5. validauon studies ol the Bouchard Three-Day Physical Activily Record.
Summary Results

Relerence Methods Sample
Boucnard el al. (1) Relabonshios with a submaximai cycle 150 adults with a mean age (-SD) of 42 - 4 PWC 0.31'
test |PWC| and % body lal (BF) yr and 150 cntldren with a mean age ol 15 BF -0.13'
finteiciass cortelahonsl ©o3yr
« P<o0.05.

PWC m ohysical wonting capacity.
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Activity Codés for the Bouchard Three Day Physical Activity Record

) . Approxim ate energy |
Category Example of atlivity .for éach category expendilyre
of aclivity . . (kcal/kg/15 min)

1 Lying down: - sleeping 0.26

' - resting in bed
2 Seated: - Tistening 1n class
- eating
- writing by hand or typing 0.38
- reading
- listening to the radio or TV.
- taking a bath.
3 Standing; light activity:
- washing oneself
- shaving
- combing hair 0.57
~ dusting
- cogking
4 Getling dressed
Taking a shower 0.70
Drlvmg a car
' Taking a walk (strolling)
5 Light wranual work;
- housework (washing - carpentry
windows, sweeping etc.) ~ masongy
- tailor ~ driving, a.farm
- baker fracipr -
- prnter - cleaning frees 0.83
- brewer - working inthe
- eobbler . chenijcal of
~ mechanic electric/industties
- electrician - feeding animals
- ‘painter on a farm
- lab-work + doing the ‘bed
Riding a moped
Moderately quick walking
(going to school, shopping)
6 Light sport or leisure aciivities:
- light- canoeing - .archiery
- volleyball - ninepins
< tdble tennis = Croquét, 3.20:
~- baseball (except-the pitcher) - sailing
- golf = cyeling (leisure)
- tOwing ) .
7 1 Moderate ‘manual work:
- machine: opetating, (building industry)
- repairing a fence
1 - loading bags or boxes
- plam'mon work 1.40
- forest work (macliinc sawing and log handling)
- ming work
I shovehng snow
§ Moderate sport Or leisure aclivities: )
1 ~ bageball (pitchier) .- horscbfack Tiding
- badmmton -~ Alping skiing
- canoeing - CTOSS-COUN{Ty
- cycling (race bike) skiing- (!ezsure) 1.0
- dancmg - swmlmmg
- tennis - gymnastics
- jogging (slow mnmng) - brisk walkmg

8§21
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MEDICINE AND SGIENCE IN SPORTS, AND EXERCISE

Example-of activity for-each cafegory -

Approxlmme, -energy

- felhng a-trde with ag ax
~sawing; with ahand—saw
- workmg “With a pitchfork: (on a farm)
- cuing; treg branches

Interise, sport ot Jeisure-activities:

- [unning in a race: < jeethodkey
- boxing X ~ baskeiball,
- miguntainzclimbing - football-

~ squash = tAciiietball

Category Fexpendifires
of acnvxty (kcal/kg/ls mm)
-9 Intense;manual work:

1.95

- CrO8-Sotintry skiing
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BOUCHARD THREE DAY PHYSICAL ACTIVITY RECORD
Day 1 Date: _ f /

day  monih ‘year

Minute .
\ 8:15 | 1630 | 31-45 | 46-60
“Hour ™\ ) .

Last name:; 10

First name: 1

3

4

5

K3

7

Ini each box, writé the number which £

corfesponds to the activity which you g
have carried out during this 15 minute 10
period. Please consult the activity card | 11
‘that f()lulpws‘:to‘ establish the ‘proper ' 12,

coding. If an activify is éarded out oyer | 13

a long period (e.g: sléeping) you ein 14

draw a continuous line in the rectangular [ 15

boxes which follow until such a time ‘ 16

when'there is a changg jni activity. 17

‘T6 undesstand this better, we suggést thde, [ 18

you take a look at (he example that 19
follows. | 20
21
22

73
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APPENDIX E

DIET ANALYSIS OF CHALLENGE MEAL
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# Client Diet Record Nutrient Analysis

First: . 3 . . L.
Middle: i . Identification Number:  Muffin and Shake -
Last: Muffin and Shake : Date of Birth: . - .
Companv: ’ Heiaht: ’ Weiaht:
Total Days: 1 Total Foods: 3
Avg. Daily Kcals: 899.386 Diet Name:  New Diet Record
Percentage of Kcals ’ ’ '
Protein . 19.4%
Carbohydrate " 568.6%:
Fat, total . . 22.0%
Alcohol | o 0.0%
Exchanges L
Fat
Fruit
Nutrient. . L e ) " Value Unit : Goal = i. %
Weight B 357,109 g
Kilocalories L . 899.386 kcal
Protein . N . - 44425 g
Carbohydrate ) T T 134311 g
Fat, Total R .o -~ ..,22.386 g
Aicohol - ’ 0.000 g
Cholesterol , A 38.270° mg
Saturated Fat S o7 13093 g
Monounsaturated Fat * ] s 3202 g
Polyunsaturated Fat - . ) ... 3200 .g
MFA 18:1, Oleic o . . S 2.649 g-.
PFA 18:2, Linoleic _ oo T '2.828"9g.
PFA 18:3, Linolenic- ) oo . 70120 g
PFA20:5,EPA © " . . T - T .. 0000 g -
PFA 22:6, DHA e CC..- 0002 g
Sodium - |’ . ’ SR .mg.
‘Potassium ‘mg
Vitamin A (RE) RE ‘
Vitamin A (IU) * - - - w .
" Beta-Carotene - pg
Alpha-Carotené".." - ) Hg
Lutein (+ Zeaxanthin); '~ ~ . Mg .
"Beta-Cryptoxanthin o g
Lycopene JUg
Vitamin C . mg
Calcium -0 71542249, mg
lron - - S . 5:918. mg
Vitariin D (ug) o0 0448 ug-
Vitamin D (IU) L - - 205954 IU.
Vitamin E (mg). oo T 71989 mg
Vitamin E (1U) - T T . 2964 U
- Alpha-Tocopherol ST e s L 4522 mg
Thiamin N . ’ . 70,059 mg -
Riboflavin . . o ... 77 .1.087 ‘mg
Niacin - : .. .0 0758"'mg
Pyridoxine (Vitamin B6) . [E - 0.601."mg .,
Folate ‘ ©.,113.066, pg"
Cobalamin (Vitamin B12)’ - .1.804 pg -
Biotin MR oL T .6.581 ‘pg
Pantothenic Acid.” * . | 10396 ‘mg’
Vitamin K- ' : R .. 7240 "pg |
Phosphorus "o ) 1070.737 mg

lodine . . LT 10,000 pg
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%) Client Diet Record Nutrient Analysis -

First: . '
Middle: ‘ . " Identification Number:  Muffin and Shake
Last: Muffin and Shake ' Date-of Birth: - Lo s
Combanv: . . " Heigaht: . i - Weiaht:
Nutrient -~ ' - - Value Unit -+ - :Goal %
-Magnesium -, ‘ ) ’ 161.886" :mg-: -
" Zing . . ) 0.285:-mg’ .
-Copper ., . - < © .0.204°fmg.c ¢
Mangahese © .o ... 0298.mg .o
Selenitm ™ .-+ . IR 6774 cug .-
. Fluoride® .-~ " ¢ ’ ‘ . 44101 g - - 7
" Chromium o 0.003 mg.
Molybdenum . . 0.000. pg.- - -
Dietary Fiber, Total . . 3517 g.
. Sdluble Fiber : . 0500 g .
Insoluble Fiber . 1202 g
Crude Fiber 0.633 g,
Sugar, Total 74976 g -
Glucose ’ 6.032 g.
" Galactose . 0.000 ‘g
Fructose 4.032 g
Sucrose . . 30690 g
Lactose 0.000- g-
Maltose - . ) 0.016 g
Sugar Alcohol - ' T
Other Carbohydrate . .
Tryptophan | 48.600
Threonine . , 170.760
" Isoleucine : T 199224~
Leucine : 324.023
Lysine. . o ) . 253.152
Methionine - ' . 109.707
Cystine - . ' . ©. 7 91.074 m
‘Phénylalanine - ' : 206.668 - ng.
‘Tyrosine ~ * . . . ’ 141.170.; ng-
_Valne -0 .o . -234.358 - 17
-Arginine - e ST 211404

Histidine . - -=.. " "' . . 149,080 ‘m
Alan@ﬁe ' ot . o 207..896.‘1
. Aspartic Acid', . ©. 418376

~. Glutamié Acid .+ ' .. 510726

CGlyeine:T T L .140.059
Proline- o . o . 160.674
Serine - : L o .254.387
‘Moisture ' . . 142.810 i
Ash . . : ) . 2.301 g
Caffeine . . 0.000




102

&4 Bobbi's High,:Carbohydra.te Muffin' '

‘Nutrient Analysis Yield: 16 (2.00 serving(s))
Source; Custom No. Ingredients: 23 -

Nutrient Goal Template: DAILY VALUES/RDI - ADULTICHILD
Percentage of Kcals . .

Protein - 2.7%
Carbohydrate 60.3% .
Fat, total” ’ 37 0%
Alcohol - 0.0%:!

. Eichanges,

_Nutrient -+ S o o Value -

L Weight. - ° T oo Tt 169109
Kilocalories R . 487.386",
Protein . . o ... 3395
Carbohydrate L. e . 1 74.881
-Fat, Total--, . ‘ R . 20.406 .
Alcohol ™ - ©...7 7 - 0000
Cholesterol - . T 133.270
Saturated Fat . . Lo . 12.908 -
Monounsaturated Fat’ C ; 37161
Polyunsaturated Fat o R 3.411
MFA 18:1, Oleic ~ =~ . . - - 2,622
PFA 182, Linoleic- " - '~ . . - 2772
" PFA 18:3, Linolenic . . ) ..0.087
PFA20:5, EPAY “+ . . .. 0.000.
PFA 22:6, DHA - L .. 0002
Sodium R Kk 289.927
_ Potassium- S .- 183557

Vitamin A-{RE) . = s .. -. 87.369 |

Vitamin A (10). o T 3750

" Beta-Carotene’ - . . e -15.023:

Alpha-Carotene oo T L 400
Lutein'(+.Zeaxanthin) . . * ! o . 7,200
Beta-Cryptoxanthin B R 0.000,,

-Lycopene . B T .. o 1,0.000; .
" . SO 0.979".

- Vitamin C
"-Calcium
“lron - R
Vitarhin D (tg) ’
" Vitamin D (IU)" -
. Vitamin E'(mg).
. Vitamin E (19} ;
* -Alpha-Tocapherol;
Thiamin~ - -
Riboflavin " .
Niacin = ">+, .. .
Pyridoxine (Vitarhin B6
Folate . : -
Cobalamin (Vitamin B12) " o 0.104
Biotin < .. T L. . T T
- Pantotheni¢ Acid- ;. .. T P © 0.136 -

O Tt 0.023

VitaminK. s 1 “ 8740
_ Phosphorus o ' " 50737 °
lodine -, om0 L +0.000"-

Magnesium' o ) 12.886

Zinc R C R 0.125"

Unit

g. o
keal.

9

Category: Basic Food

Goal' < -

2000.000 -
:50.000 "
300.000- .

- 65.000

- 300.000

20.000

2460.000 -
+ 1 3500.000

5000.000.

" 60.000°
©+*.1000.000"

--18.000

- .710000.

'400.000

* 20.000-
30.000° -

1500 -

1.700
20000

2:000. .

400.000

- 6000 .
300.000

10.000
_80.000-

"1000.000_

150.000

.. 400.000 -

15.000

C12.9% -
5%

- ‘8'%:

T2%

V4%

e 1%
1%,
1 %.l.' 3
9%

9 %.:“ -

1% °
" 8%
1%
1%
A%-
2% .

1% -
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£4 Bobbi's High Carbohydrate-Muffiri -

Nutrient Analysis Yield: 16 (2.00 serving(s)) -.- : Category: Basic Food
. Source: Custom No. Ingredients: 23 e .o
Nutrient - Valde - Unit - - %
Copper.. . - . .. Lo ©0:400. mg 5%, "
Mangarese =~ . Tt ,.0146 mg - - 7%
" Selepium - - . . '8BT4 g . 8 %
. Fluoride . 21418 Tqget. - :
*."Chromium . . © 00003 mg. ot 3%
Molybdepum . ) o 0.000: 'ug +:° - 0%
Dietary Fiber, Total o Sz gL 4%
Soluble Fiber ~ ~ . . o ., 00007g " Do
Insoluble Fiber C . 10000 g
Crude Fiber | | Lo 0166 g, -
Sugar, Total: R 27.362°.9" .
Glucose - ' .+ ' 71.830~9g .
‘Galactose . - " o000 g -
Fructose - - .. 1330 g
Sucrose, . 24490°:g. -
Lactose - . 0.000 g
" Maltose™ . .. . 0016 "g* -
“Sugar. Aléohol, - Lo

Othér Carbohydrate
Tryptophan
Threonine -

{Isoleucine
Leucine  ° :
Lysine *°

. -Methionine , .
- Cystineg

- .Phenyialanine

" Tyrosing . .
Valine *.
“Arginine- ;-
-Histidine™ . .
Alanine’. "
Aspartic Acid

- ‘Glutamic Acid

"Glyeine,

- Proline -
Serine :
Moisture
Ash
Caffeine-
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b Soy and Placebo Beverage 461 &858 - :

Nutrient Analysis Yield: 1 (1.00 item(s)) : Category: Basic Food - : -
Source; Custom - . T -

Nutrient Goal Template: DAILY VALUES/RDI - ADULT/CHILD
Percentage of Kcals

Protein 50.4%

Carbohydrate 45.4%

Fat, total ~ . 4.3%

Alcohol 0.0%

Exchanges n

Nutrient; e - Value Unit ~ . Goal’

Weight . -0 T - 44000 g O L
Kilocalories. o ' " 160.000 keal '2000.000, 8% -
Protéin = - ‘ - 20.000 g : 50.000 _- . 40%.
Carbohydrate .~ : C © 18.000 g . 300.000 - . - ;
Fat, Total - . 0750 -g 65.000

Alcohol- ‘ ' ‘ BT

Cholesterol | ' 2500 mg 300.000. .

Saturated Fat | X ' 20.000 -
Monounsaturated Fat ‘ . -

Polyunsaturated Fat
MFA 18:1, Oleic

PFA 18:2, Linoleic -
PFA 18:3, Linolenic
PFA 20:5, EPA .
'PFA22:6, DHA - R ) oL
Sodium. S 155,000 mg . 2400000 -
Potassium , . © <7 - & . : . 305000 mg- _* /3500.000
Vitamin ARE)™"" . e T T e
Vitamin A (U) SLUUT T LT U500:000- U

Beta-Carotene oo e T T
Alpha-Carotene: * -+ .

Lutein (+ Zeaxanthin):

‘Beta-Cryptoxanthin -

Lycopene

Vitamin C L P oo S

Calcium ) ct. e T T700.000 - mg

ron . . . - ot :2.160 . mg

. Vitamin D (ug) oo ol

* Vitamin D {IU) ' R A - 100.000 U

Vitamin E (mg) ’ . o

Vitamin E (IU)"

Alpha-Tocopherol

Thiamin . . N . . .

Riboflavin o . "0.425 mg 700, 7 .

Niacin . . . _20.'000'--

Pyridoxine (Vitamin.B6) . .. 2000 . - e
Folate . . Ce . 45000, pg- 4000007 1 M%
. Cobalamin (Vitamin B12)."  ~ . 0.900 " g .+ 8.000° .- 5%
cBiotn C ... T o .. - .o e 7300000 st T
" Pantothenic Acid - - T S [ Ko [o[o R SN
Vitamin K - S S I - 1 X 's's B
Phosphorus | . o 500.000° mg o 1000.000 -

lodine : o A -« :150.000:. ¢

Magnesium - o - . 60.000 mg 400000 .
Zinc . : i < 15.000° . .
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~ © Soy and Placebo Beverage 461 & 858

Nutrient Analysis
Source: Custom

Nutrient

Copper

Manganese

. Selenium-

. Fluoride

- Ghromium
Molybdenum. .
Dietary Fiber, Total
Soluble Fiber
Insoluble Fiber
‘Crude Fiber . -
Sugar, Total-
Glucose

+ Galactose
Fruictose

.Sucrose

‘Lactose
Maltose--.
Sugar Alcohol

. Other-Carbohydrate -,

Tryptophan:
Threonine
- Isoleucine
Leucine~
Lysine .- .
Methionine '
" Cystine” ©
_Phenylalariine
Tyrosine
“Valing -

_ Arginine -
Histiding
. Alanine’ -< :
" 1 Aspartic Acid, -
“Glutamic Acid -
Giycine® T
Proline
" Serine

Moisture ..

Ash -7 .
Caffeine’

Yield: 1 (1.00 item(s))

K

Value

6.000 .

Unit

Category: Basic Food

Goal % -

2.000
2.000

%, ~70.000
0.120 -

75:000

25.000
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APPENDIX F

THE SOLAE COMPANY INFORMATION




.Dear Dr. Campbell:

; lngredlentS' '

" Ingredients: Isolated soy protein, fructoss, sucross, mattodextrin. potass:um cltrate, anlﬂcnal

. nboflavxn vnamln A palmuate fOllC acld vxtamm D:B and v1tam|n B12

. The.U. S Food and Drug Admmlstrat:on ] Fiegulatlons (21 CFF! 101 100 (d)(z)) requnrethat :
" "copy of this agreement bé. kept on file for twa (2) yoars beyond the final shiprment ar delivery.of -
* _the above-referonced products. This document should be avallable for Inspectlon upon request
" by any ofﬁcer oF employee of the FDA. ' R '

- AGREED TO AND, ACCEPTED BY

o Ilpoprotam in healthy, young men'.

_.T'TLE & g[’u%w H"gt Luud
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P.O,Box883d ; -
St. Louis, MO 63188 . xy
Phone:g14-982-1268 “ _ iihelSolae Company
Fax 314-982-3960 : —

Email: brownjl @sclae.cotr

Dr. Christina Gampbell
Montana Stais University
20 Herrick Hall

Bozeman MT 59717

' Apri! 1. 2003 "

The undersigned acknowledges that the Powdered Nutritional beverages, manufactured by Solae
L.L.C, shipped 1o you wnh the destgnatxons Sample 858 and 461 contain the followmg '_ ce

Sample 858- The Soy Vamlla Nutrmonal Beverage Powder (formuated to dellvaf 209 soy pwteln whh
2.0 mg isoflavones® /g of soy proteln) <"aglycone welght

flavor and guar gum. Vitamins & Minerals: Calcium-phosphate, magnes;um phosphate

_ riboflavin, vitamin A palmitate, follc acid, vitamin D3 and wtamnn Bi2.
- Sample 461 -—The Placobo Vamlla Nutrmonal Beverage Powder

Ingredients: Milk proteln isolate, frictose, sucrose, maltodexirin, pota.sstum citrate, arufmal
flavor and guar gum. Vitamins & Minerals: Caicium phosphate, magriesium. phosphate

A representatlve of So!ae study number 506 ttlod: “The postprand’ual effect of soy moﬂavone S
consumption following a high-fat or hlgh~carbohydrat9 meal on ox:datwe resmtance of low-dens:ty

m&ﬁ\u«@iw
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P.0. BOX 88940 _
iThelSolaelCompany il I Rr R oy

AF1.2 CIVA'70CA 44
Lot#G265-0°

Corposition -~ . . . 7 Microbiology . <. il
Protein (%) - . -~ - 443 . ... . [AerobicPlateCoum (i) - J . <10
Calcium (mg/100g)- - . |[- 1680 -]~ . " ‘ “[Coliforncount MPNig) .  [.. - <3
RS L ees |- D EcoiMPNg 0 ol @
Fat, acdhydralysis (%), || 235 | .. .. Momdg@ o . o | . <0
Moswre (&), . || . 237. | - - .. ‘[calmonela(3lsp) .. .- | . Negative
Phosphorus (mg/100g)° || . 1290 - . _' : E’?’.S‘(’g)' _ L o< |,
- |Potassium (mg/100g).""|| . 1450 - T T T =
" {Sedium (mg/100g) I 418 :

Isofiavone Analysis

‘All'For.-mS'. 7 llmgfg product thglg F-|” AglycpﬁQ'Cbmponems-;j - |l mg/g product | mgig |
-l C asis Cprotein [ f sihette 0w .. -asis . || protein |- -
Genistein-containing compounds ||~ "0.87 ]I 1:96-] - [Genistein ="+, . . b aase il
.|Daidzein-containing compounds . 0.65 . 1.47° | |Daidzejn i ot 086 |
.{Glycitein-containing compounds - i|-- 0,14 - . |7 031 |, [Glycitein  : - w0 [ 2049
TOTAL ISOFLAVONES . . 186 || 274. || [Tolal Agiycone-Components || 220 |-

Tha informstion conwined herein i3, to the best of our knowlodge, corvect, The data oullined
and the sarcments mede ara intended oaly 25 2 sonrce of information. Also, we may suggest
- chnicol zolutions for incorporating this ingrediemt imo-products, however, it 55 tho. user's *
* Tospomsibility to jcomply with epproprint, govermen dards and requil ' “No'
warantics, cxpresscd-of implicd, zre'mads, On the basia of 1his informarion, itis'mpgested, -
", that you cvaluate the product as a laborstory sgale’ prior 10 Usc i.4 finishod product The ' -
-ir_\{hu:mldnn conmined hercin shall ok be consmuod a5’ panmission for violasion of patont-
‘nivhm, . - . ' " . P : a -"‘ .~




’ ' P.0. BOX 88940
fihelSolaelCompany; ST. LOUIS, MO 63188

Summary of product data for Study 508 (CampbellUMontana State Univ)

Study Gtie: The postprandial effact of 5oy isofiavons consumption following & high-fat or
h@m@hmmlmommwshmdwmwllwmmhedﬂay.mm
’ Progusts: ' Sampls 858 — SostnilaNuhfbanlBemgePwder(fomuhtedhddeﬂgsoypmtenmﬂ\zumgsoﬂavm aglyoomwslghilgofsoypmen)
C Samp}e 461 = Milk Plaoebo Vanita Nutritiohal Bevecage Powder
“-|Product . ' Samplﬁ . Lottt | P(oun Proteln lsuﬂavona (agk:) lsoﬂ;avonu (aﬁk:)
. . . . -|g/44 g serv| plday mgf44 g serv mglday
AF{.2CJ VA 70CA 44 858 G265-0. 195 39.0 427 Y
AFTMP CIVA70CA44 | 461 ; G26§-O 19.9 - 399 |- -

601

: The informalion wnlumed hmm it, "o the 'best of otr kmv,!edge, w-n'ed e dm ouﬂmad md tbc" T
stalements mado are {niended only &% o source of informafion.  Also, we mny tugp;esl (echnical solutions for
nwmomung ibis mgmdlem mlo prodnets, hawewr, i u the uwl s tesponsibility' (o camply with eppropriate
goverament standands end No d orinplicd, .s5e madz. On the basit of this
nromulloq, IL is sugsu:led lhnl >\:1| evalu:.h. !Ile pcodud on ] Inbofawry u:a]: Pﬂl)l Wus in 5 l'lmshod

summary for Gampbell G265-0 & G266-0.45
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APPENDIX G

LDL OXIDATION PROCEDURE




Notes:

fluids).
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LDL Oxidation Procedure

Gloves should be worn throughout the procedure (when in contact with bodily

All solutions are prepared fresh daily unless otherwise stated.

I. Plasma Preparation

1.

2.

3.

Collect blood samples in 6ml Vacuette Blood Collecting Tubes (1-2) with EDTA

(purple top) by venipuncture

Place tubes into rotor, being sure that they are balanced, and check to ensure that

the nut on top is tight and that the rotor is secure. ‘
Close the lid on the Marathon 21000R centrifuge and set parameters at 2500 rpm, ,
16°C for 10minutes and start. :
Aspirate off plasma with Pasteur pipet and place into pcentrifuge tubes, about 1

ml in each tube (2-3 tubes)

Place in -80°C Revco freezer for storage (be sure to record in log where samples

are place, box & shelf) or continue on with isolation immediately

I1. 3 days before:

Turn on incubator to achieve constant 37°C — KEEP TRACK OF TEMPS!

IV. Night before:

1. Set samples out (10 max) in freezer.for the time points and samples you will

be working with tomorrow

2. Make NaCl, (2 solutions) and PBS spin these to mix and set at room temp —
this only needs to be done once per week (Takes ~20-30 minutes to prepare
samples) :

PREPARE 0.9% NACL SOLUTION (WEIGH 900MG NACL AND 100MG EDTA IN A PIECE OF
WEIGHING PAPER, TRANSFER TO A 125ML ERLENMEYER FLASK WITH THE AID OF
100ML OF DEIONIZED (DI) WATER, ADD A SMALL STIR BAR, STIR ON A MAGNETIC
STIR PLATE TO DISSOLVE); NEED % TO 1 ML PER SAMPLE

a. Prepare the 16.7% NaCl solution (weigh 16.7g NaCl and 100mg
EDTA on a piece of weighing paper, transfer to a 125ml erlenmeyer
flask with the aid of 100ml of DI water, add a small stir bar, stir on a
magnetic stir plate to dissolve, this solution may take a long time to
dissolve); need Y% to 1 ml per sample [soln good for 1 week]. Will
take about an hour to dissolve

b. Prepare PBS buffer (St. Lukes procedure): 22.8mg (.228 g) Sodium
Phosphate Monobasic + 115mg (1.15 g) Sodium Phosphate Dibasic +
935mg (9.35 g) Sodium Chloride + 90ml DI water in a 100 ml
volumetric flask, add stir bar and stir on magnetic stir plate to dissolve,
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pH 7.4 (adjust with NaOH or HCI if necessary), add DI water to
volume (*100 ml of PBS is required for each 1-2 samples) [soln
good for 1 week]. Use 1000 ml beaker and MULTIPLY ALL BY 10
TOMAKE 1 L.

V. Day of:
1. Remove samples from -80°C freezer (if necessary) and allow to defrost. To

defrost the samples takes about 15-20 minutes (Note: it helps to defrost
samples quicker if you hold them in your hand!!)

Turn on centrifuge in comp lab

Label first set of Beckman tubes for VLDL and LDL isolation step
Spin to mix PBS and NaCl, mixtures — if needed

Turn on plate shaker , plate reader, and computer

SRR

VL Isolation (ref. Lipoprotein Separations Using TL-100 Tabletop Ultracentrifuge, H.K.
Naito) Takes approximately 6 hours

TO BECKMAN CENTRIFUGE TUBES (POLYALLOMER, 7/16 X 1 3/8 IN; REORDER # 347287)
ADD 500ML OF THE 0.9% NACL SOLUTION AND 500ML OF PLASMA (EDTA); REPEAT
THIS STEP INTO A SECOND CENTRIFUGE TUBE FOR EACH SAMPLE (TO DO IN
DUPLICATE)

1. Centrifuge (Door-Enter/Display-Start if on correct program) at 100,000 rpm for
2.5 hours at 16°C in the Beckman Optima TLX Ultracentrifuge with a Beckman
TLA 120.2 Rotor (S.N. 94U635; 120K RPM) [Door (to open),Enter/Display,
Start (if on correct program)]

2. When step 2 has been completed, remove centrifuge tubes (view with a black

background, the top layer should be cloudy/white) and slice with the Beckman

Centritube Slicer at approximately the 500 pl mark (determine this by pipetting

500ul on 0.9% NaCl into an empty centrifuge tube and using that tube to set up

the slicer), discard the top layer (VLDL layer) in a biohazards box and transfer the
bottom layer (LDL and HDL layer) to a new centrifuge tube with a Pasteur pipet

(mix the viscous bottom by carefully drawing it up into the pipet and expelling it,

repeat 3-4 times), pipet in 500 pL of the 16.7% NaCl solution. Wash slicer with

water.
Centrifuge again as in step 2 of Isolation

Label microcentrifuge tubes for Isolated LDL, Desalted LDL, and Adjusted LDL.

Wash centrifuge slicer with KimWipe and water

When last centrifuge has approximately 20 mintues take the caps off of Econo-

Pac columns

7. When step 4 has been completed (view centrifuge tube with a white background,
it should have a yellow/gold top layer), slice centrifuge tube and remove top
500ul (LDL layer), make a composite of the 2 centrifuge tube’s top layers for
each sample and place in a microcentrifuge tube and cover, discard the bottom

A
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layer in a biohazards box; The LDL has now been isolated. Wash centrifugel
slicer with water and KimWipe
8. MIX the isolated LDL thoroughly!

While samples are spinning (either during spin 1 or 2):

1. Prepare Working Reagent (WR) for the protein assay: using the Pierce BCA
Protein Assay Kit (23225) mix 50 parts of BCA reagent A with 1 part of BCA
reagent B keeping in mind that 200pl is required per well used (solution can
be stored for 1 day at room temperature)

a. Ex: 8 tubes of standard + blank (both in duplicate) = 18
10 ml reagent A= 10000 pl =200 pl reagent B (Seal with parafilm)
50
2. Prepare standard solutions with bovine serum albumin (BSA) (in hands box)
standard provided according to Pierce table 1 by pipeting into separate
microcentrifuge tubes and mixing :

Label Concentration (ug/ml) Volume BSA Volume PBS (ul)
Stock 2000 300ul stock 0

A 1500 300ul stock 100

B 1000 100ul stock 100

C 750 . 175ul A 175

D 500 100ul B 100

E 250 ' 100ul D 100

F 125 100W E 100

G 50 100ul F 400

* Remember to mix THOURGHLY!!!
* Empty glass contents into pcent tube (this is the stock)

VII. Desalting (ref.Econo-Pac 10DG Columns Manual #732-2010; Palomaki et al,
Journal of Lipid Research v39, 1998, 1430-7)

—

Add <3ml of isolated LDL to the column (350-450ul), allow to enter column
Add PBS to achieve a total volume of 3ml (3000 pl):
3ml — volume of isolated LDL = volume of PBS to be added to the column
*Ex: 3000 —450 = 2550 pl of PBS to be added to the column

3. Use a 10m! graduated cylinder to measure the first 3ml of effluent and discard

(solution should stop flowing at about this point)
4. Add[1.5 X volume of isolated LDL] to elute the higher molecular weight
components, collect in test tube and cover, MIX
Ex: 1.5x 450 =675 pl PBS

STORE COLUMN IN PBS, REPLACE CAP AND TIP, PUT SAMPLES IN FRIG

N

5. Turn on plate reader and allow to warm up (~30 minutes)
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IX. Protein Concentration (ref. Pierce BCA Protein Assay Kit 23225, microwell plate

protocol)

1.

Pipet 25ul of each of the standard solutions from step 1 (stock-G), sample
solutions(isolated and desalted LDL) and blank solutions (PBS) into separate

- wells of a 96 well Nunc mlcrowell plate; Prepare in duplicate (2 wells for

W

9]

&

10.

11.

12.

13.

each!) Ex:-
1
A PBS
B «
C Stock

D (13

E A

F «

G B

H«
Add 200pl of WR (from step 8b of Isolation)to each well
Shake plate for 30 seconds on a plate shaker '
Cover plate with a plate sealer (Seal Plate NonSterile 100-THER-PLT, Excel
scientific 760-249-6371)
Incubate for 30 minutes at 37°C in plate shaker/incubator
Prepare Cupric Chloride Dihydrate solution (weigh 85.2mg [.0852 g] on
weighing paper and transfer into a 100ml volumetric flask with the aid of DI
water, bring solution to 100ml volume with DI water and shake to dissolve
(stock solution), dilute 1 ml of this stock solution plus 9 ml DI water and mix
(this is the Cupric Chloride Dlhydrate solution for the LDL oxidation, part V)
.PREPARE DAILY
Allow plate to cool to room temperature
KC Junior: START — PROGRAM —~KC JR - OK
Read absorbance at 562 nm on KC Junior plate reader (p. 6-10 of User’s
Guide)
Open existing protocol for protein assay by going to Protocol, then Open
Protocol, then selecting BCAprotein ‘
Once in the BCAprotein (ST-protein )protocol, open the Modify Protocol, go
to Read Method and check to make sure that the primary wavelength is
correct and that the plate geometry encompasses the wells that you need to
read (if not go to Read and change the first and last locations or click to have
it read the full plate)
In the Modify Protocol screen, go to template and enter in your Well ID’s; the
concentrations of the standard solutions can also be entered at this time (or
after the read)
Click OK to exit the Modify Protocol Screen
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14. Click Read Plate to initiate reading (you can enter a results ID at this time or
at a later time), the dialog will prompt you to place the plate on the reader and
press OK

15. When the read is complete, results are automatically displayed

16. Want a R* = .99 or .98

17. Print Std. Curve and Results

18. To save results, select Results/Save Results (enter the results ID at this time if
it was not done earlier), click OK to save results

X. LDL oxidation (ref. Esterbauer et al, St.Lukes protocol)

1. Using the results of the protein assay, dilute (with PBS) the samples of isolated
and desalted LDL to achieve a concentration of 0.10 mg protein/ml (or 100
ug/ml) from column report:

Calculation .of Dilution (using 200ul of the isolated, desalted sample):

ul PBS = sample concentration in pg/ml x 200ul sample - 200 pl sample
100 pg/ml

o Change the # of pl sample in both places, if 200 pl is not the desired
amount
o - Change final concentration if 100 pg/ml is not desired
o Use the sample concentration from the protein assay
o Note: 1000 pg=1mg
Ex: D1=353.6; D2=242.1
(353.6x200) - 200=507 ul PBS for D1
(100)
(242.1 x200) - 200 = 284 pul PBS for D2
(100)
2. Dilute as calculated above into microcentrifuge tubes and mix : 200 pl sample +
_ul PBS to dilute. Label these new tubes with an A
3. Read on KC Junior plate reader using existing LDL oxidation (ST-LDLox)
protocol at a wavelength of 234 nm and at a temperature of 37°C
, a. Open existing protocol for LDL oxidation by going to Protocol, then Open
Protocol, then selecting LDL Ox.

b. Once in the LDL Ox protocol, open the Modlfy Protocol; go to Read
Method and check to make sure that the primary wavelength is correct and
that the plate geometry encompasses the wells that you need to read (if not
go to Read and change the first and last locations or click to have it read
the full plate)

c. In the Modify Protocol screen, go to template and enter in your Well ID’s

d. Click OK to exit the Modify Protocol Screen
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e. Click Read Plate to initiate reading (you can enter a results ID at this time
or at a later time), the dialog will prompt you to place the plate on the
reader and press OK

4. Pipet 100ul of each LDL sample solution (isolated, desalted and adjusted for
protein concentration) into separate wells of a Costar 96 well UV flat bottom plate
(370ul, 3635); prepare in duplicate. DO QUICKLY!

5. Pipet 10ul of the Cupric Chloride Dihydrate solution (step 8d of Isolation) into
each well; seal with plate sealer. DO QUICKLY!

6. Run KC Junior

a. When the read is complete, results are automatically displayed

b. To save results, select Results/Save Results (enter the results ID at this
time if it was not done earlier), click OK to save results

c. The slope of the propagation phase can be determined by: selecting Open
Results, selecting Kinetic Curve under the Kinetic View Options, clicking
on the well of interest to enlarge, determining the points included in the
propagation phase and clicking OK to close. Then, click the Calculations
Options to open the Kinetic Calculations dialog, the first and last read:
points can then be changed to encompass the points of interest only, the

slope will automatically recalculate based on the new range

d. Protocol — save protocols

7. Write down temperature can leave @ read 3, keep checking and logging temp

V1. Data:

ENTER VALUES INTO EXCEL PROGRAM VIA KCJR—EXCEL COLUMNS DIRECTIONS
(ATTACHED)

1. To Copy the column:
a. Select cells and copy to clipboard
b. Open in “lag & prop #2” template in Excel and paste (click on first cell
and paste)
2. Record lag time and propagation rate; print data and graphs
a. Lag phase and propagation phase duration
1. Longer = better
b. Maximal oxidation rate (measured w1th1n propagation phase)/maximum
dienes
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APPENDIX H

STATISTICAL DATA
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Paired T-test Analysis for Subject’s Characteristics

Student t Test for paired data
Group 1: Weight 858
Group 2: Weight 461

Group 1 Group 2
Count 15 15
Mean 75.52 74:74

Variance 112.259 125.305
Std. Dev. 10.5952 11.194
- Std. Err 2.73568 2.89028

Mean Difference 0.780001
Degrees of Freedom 14

t Value1.1105

t Probability

Student t Test for paired data
Group 1: BMI 858
Group 2: BMI 461

Group 1 Group 2
Count 15 15
Mean 23.5467 23.3133
Variance 6.43552 7.73124
Std. Dev. 2.53683 2.78051
Std. Err 0.655008 0.717925

Mean Difference 0.233333
Degrees of Freedom 14

t Value1.0418

t Probability 0.3151
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Paired T-test Analysis for Subject’s Characteristics
Student t Test for paired data

Group 1: Energy 858
Group 2: Energy 461

Group 1 Group 2
Count 15 15
Mean 42.0533 43.3067
Variance 15.8312 37.4492
Std. Dev. 3.97885 6.11958
Std. Err 1.02733 1.58007

Mean Difference -1.25333
Degrees of Freedom 14

t Value-1.0059

t Probability 0.3315

Student t Test for paired data
Group 1: Total Energy 858
Group 2: Total Energy 461

Group 1 Group 2
Count 15 15
Mean 3179.8 3237.8
Variance 327600 441387
Std. Deyv. 572.364 664.37
Std. Err 147.784 171.54

Mean Difference -58
Degrees of Freedom 14
t Value-0.66758

t Probability 0.5153
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Paired T-test Analysis for Subject’s Characteristics

Student t Test for paired data
Group 1: Intake 858
Group 2: Intake 461

Group 1 Group 2
Count 15 15
Mean 34.8667 34.0467
Variance 92.6352 90.6484
Std. Deyv. 9.62472 9.52094
Std. Err 2.48509 2.4583

Mean Difference 0.82
Degrees of Freedom 14

t Value0.30871

t Probability 0.7621
Correlation  0.4226

Corr. Probability 0.1166

Student t Test for péired dafa
Group 1: Total Intake 858
Group 2: Total Intake 461

Group 1 GToup 2
Count 15 15
Mean 2590.49 " 2486.72
Variance 428988 332178 |
Std. Dev. 654.972 576.349
Std. Err 169.113 148.813

Mean Difference 103.767
Degrees of Freedom 14

t Value0.53727

t Probability 0.5995
Correlation  0.26706

Corr. Probability 0.3359-
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Min tab Results for: Worksheet 5

Two-way ANOVA: Adjusted for Missing Values
Lag Time Agra ges Qersus Protein, Time

Analysis of Variance for Lag Avg

Source DF Ss MS F P
Protein 1 39.9 39.9 0.60 0.439
Time 3 52.5 17.5 0.26 ‘0.851
Interaction 3 99.9 33.3 0.50 0.681
Error 112 7405.1 66.1

Total 119 7597.3

Individual 95% CI

_Protein Mean ~ ——————-- Fmm————— e Fm———————— +-—-
461 69.6 (——————— H e — )
858 68.4 (-~ K )
———— o T Fm—m————— F——=
67.5 69.0 70.5 72.0

Time Mean  —---—- Fom e F— +——————
0 69.5 (- Homm e )
2 68.0 (————— oo m e )
4 69.7 (= e )
6 1 68.8 (- Hommmm e )
————— e T S ——
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'
’

Two-way ANOVA: Adjusted for Missing Values

Propagation Rate Average versus Protein, Time

Analysis of Variance for Prop Avg

Source DF SS MS : F P
Protein 1 83 83 0.33 0.565

Time 3 916 305 1.22 0.305
Interaction 3 250 83 0.33 0.801 -
Error 112 27991 250

Total 119 29241

Individual 95% CI

Protein Mean ~ -——-—-—-—- Fom o Fom——————— +-
461 1.67 (== Hemm e )
858 3.34 (= Fmm e )
—————————— R et ettt 2
0.00 2.50 5.00 7.50

Time Mean ——t———————— Fom Fmm—————— o

0 0.0 (—————————- oo )

2 0.0 (== e )

4 " 6.7 (-~ Hmmmm e )

6 3.3 (== oo )
——t————————— Fomm Fmm————— e
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Two-way ANOVA: Adjusted for Missing Values
Initial Absorbance Average versus Protein, Time

Analysis of Variance for Initial

Source DF SS MS F P

Protein 1 82 82 0.34 0.563

Time 3 894 298 1.22 0.306

Interaction 3 245 82 0.33 0.800

Error 112 27368 244

Total . 119 28589 f

Individual 95% CI

Protein Mean  ----—- Fom B T B e
461 2.77 (- ——— 2 )
858 4,43 A — o )
———— Fomm - o Hm———————— Fo—mm——
0.00 2.50 5.00 7.50

Individual 95% CI

Time Mean ~ ———-—=———- Fmm e e it P +-
0 1.1 (——————m——= Fmm )
2 1.1 fmmmmm - Homm o )
4 7.7 (= Ho e )
6 4.4 (== o )
—————————— T B e
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2-way ANOVA on Both Factors (Protein Treatment, Time Points)

Initial Absorbance, Lag Time, and Propagation Rate

Analysis of Variance for LDL Oxidation (Initial Absorbance)

m m MS F p
Protein i 82 82 0.34 0.56
Time Points 3 894 298 1.22 0.31
Interaction 3 245 82 0.33 0.80
Error 112 27368 244

Analysis of Variance for LDL Oxidation (Lag Time)

Protein I 39.9 39.9 0.60 0.41

Time Points 3 52.5 17.5 0.26 0.85

Interaction 3 999 33.3 0.50 0.68
Error 112 7405.1 66.1

Analysis of Variance for LDL Oxidation (Propagation Rate)

Protein | 83 83 0.33 0.57
Time Points 3 916 305 1.22 0.31
Interaction 3 250 83 0.33 0.80

Error 112 24991 250
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