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CHAPTER |

INTRODUCTION

Diet and lifestyle remain principal factors in the prevention and treatmehtafic

disease. Epidemiologic evidence has consistently indicated fruit and vegetabl
consumption in the prevention of cardiovascular disease as well as other chronic
diseases (1, 2). The proposed mechanism underlying this correlation includes the high
phytochemical content of fruits and vegetables which have been shown to exhibit
antioxidant and immune regulatory activities in the body (3). Phytochengicahon-
nutritive, plant compounds that, due to their biological activity, are relatecettuaed

risk of chronic health conditions including cancer as well as cardiovascudasdiét).

A specific chronic health condition that plagues the United States is obésity, w
according to data collected from NHANES, affects 33.8% of Americans (5). tQlzesi
characterized by excess adipose tissue and is associated with an incskasfed r
cardiovascular disease (CVD), osteoarthritis, type 2 diabetes mell@g &hd certain
cancers (6). Although obesity is a risk factor for chronic disease developmeniti

a strong predictor of CVD development alone. However, obesity related cortiesbidi

clustered together are more accurate predictors of CVD and T2D developrhent. T



clustering of co-morbitities is collectively termed metabolic syn@ramd while its

etiology is multifactoral, oxidative stress has been suggested as &watmt(v).

Oxidative stress occurs when production of free radicals exceeds thedanttoxi
capacity of the body (8). Free radicals are highly reactive and can induegealto a
variety of cells and tissues. Dietary antioxidants such as vitamins A, C andell as w
phytochemicals have been investigated for their role in combating oxidixégs and

subsequent biological damage.

Cranberries are a good source of phytochemicals including polyphenols. Due to their
high phytochemical content, cranberries have been the focus of researdingegar

chronic disease prevention and reduction of oxidative stress. In fact, certa@s studi

have observed improvements to certain aspects of metabolic syndrome including blood
pressure and cholesterol with various cranberry interventions (9, 10). However, no
studies have examined the effects of cranberry juice supplementation in individual

with metabolic syndrome which was the focus of our study.

The purpose of our study was to investigate the effects of low calorie arajbes
supplementation on biomarkers of oxidative stress (oxLDL and MPO) and clinical
features of metabolic syndrome (blood pressure, waist circumferencgdriges,

glucose and HDL cholesterol) in obese adults.

The null hypotheses were:

1. Low calorie cranberry juice supplementation will have no effects on featifires

metabolic syndrome (waist circumference, BP, HDL, blood glucose, TG)



2. Low calorie cranberry juice supplementation will have no effects on biomarkers

of oxidative stress associated with metabolic syndrome.



CHAPTER Il

REVIEW OF THE LITERATURE

Obesity has become a growing concern worldwide as the prevalence easedlcr
dramatically in the last few decades (11). The World Health OrganizatiBi®)Was
defined a body mass index (BMI) over 25 k§/as overweight and > 30 kgfms obese
(12). Gradual but substantial shifts in American culture and lifestyle havebcded to
progressive incidence of obesity. Factors such as decreased phyasiitglaad
overconsumption of energy dense, nutrient poor foods have all been implicated in the
growing epidemic (13). Obesity can have significant effects on homedsyeaaigring
blood pressure, glucose metabolism and serum lipids. Consequently, several
comorbidities are associated with obesity including: T2D and CVD (14). Rbdeas
indicated a positive correlation between BMI and risk of developing T2D or
dyslipidemia, a precursor to CVD (13, 15). These related diseases canagiyific

reduce life expectancy and represent a significant challenge to pubtic dredwellness.

Metabolic Syndrome

The obesity related comorbidities manifest themselves in what is comteamied
“metabolic syndrome”. BMI or obesity alone are not a strong enough predamtors f

CVD risk when compared to a collection of features that characteristdigtynormal



metabolic function. Stated simply, metabolic syndrome is a clusteringkdacdi®rs

when present in an individual can promote the development of T2D and CVD. In 2009, a
joint scientific statement was released by the International Diabetesation Task

Force on Epidemiology and Prevention, National Heart, Lung, and Blood Institute,
American Heart Association, World Heart Federation, International Adblenmsis

Society and International Association for the Study of Obesity (16). Tteensat

reviewed the existing criteria for clinical diagnosis of metabolic symdras

recommended by various organizations and proposed common criteria for clinical
diagnosis. The new recommendations advise that three or more of the following
constitute a diagnosis of metabolic syndrome: waist circumference dapesading upon
population and country but for individuals of European origB5 ches in women, 40

in men, triglyceride level 250 mg/dL, HDL level $0 mg/dL in women, 40 mg/dL in

men, blood pressure 230/85 mm Hg and fasting blood glucos&09 mg/dL. Aside

from the diagnostic criteria, metabolic syndrome is characterizeddrgalipid and
carbohydrate metabolism, inflammation, endothelial dysfunction and abnormaiweidat
stress (17-20). A diagnosis of metabolic syndrome increases individual risk for
developing T2D fivefold and doubles the risk of CVD development (21). The collection
of individual risk factors that were previously thought to be independent of one another is
now revealing a more involved metabolic relationship that can result in subdtaaiitl

problems.

In regards to the basis of the diagnostic criteria, visceral obesitgasured by waist

circumference provides a better assessment of metabolic risk as opposed ensoisut



adiposity. Visceral obesity has been indicated in the development of insultanesis
and the elevation of inflammatory markers that have significant vasculaqreses
(14). Insulin resistance has been suggested as the primary connection betivedn ea
the diagnostic criteria of metabolic syndrome (22). It has been saddkat the effect
of insulin resistance on the normal metabolic state is substantial and can hggative
impact blood pressure, cholesterol and triglyceride levels significantlygérto elevate

CVD risk.

Metabolic Syndrome and Oxidative Stress

While many factors have been implied in the etiology of metabolic syndromerctesea

has indicated a strong association between oxidative stress and the afioregdent
comorbidities related to metabolic syndrome (23). Oxidative damage is asdgt e

defined as the imbalance in the reactive species including reactive oxggeesgROS)
produced from normal metabolic activity, namely aerobic respiration, and the
antioxidants that eliminate or neutralize the highly reactive freealadi@n impaired
balance between antioxidants and prooxidant radicals such as ROS allows for
uncontrolled reactions between the ROS and proteins and lipids thereby inducing tissue
damage. Damage can include impaired endothelial cell function from lipid gatioxi,

damage to DNA, degradation of structural proteins and inactivation of enzymes (23).

The endogenous antioxidant defense system employs various mechanisitnsedhe
concentration of circulating free radicals including superoxide anions, perordes a
hydroxyl radicals (3). These mechanisms protect the body from frealrattack and

subsequent damage. Mechanisms include enzymatic and non-enzymatic free radical



scavengers. Enzymatic scavengers consist of: superoxide dismutasen(S€ID)
scavenges superoxide radicals, catalase (CAT) which neutralidexyby peroxide

thereby finishing the detoxification started by SOD and glutathione perexiG#)

which neutralizes hydrogen peroxide and other organic peroxides (3, 24). Non-
enzymatic scavengers include: vitamin C which reduces a variety of raditaisin E

that protects cell membranes from damage by trapping radicals, glutatGiehig &énd
dietary phytonutrients among others. If these antioxidant mechanisms become
overwhelmed or down regulated resulting in oxidative stress, certain biomprésest

in the blood can be identified. These biomarkers can include myeloperoxidase (MPO),

oxidized LDL cholesterol and malondialdehyde (MDA).

Markers of Oxidative Stress

Myeloperoxidase is an enzyme secreted by activated monocytes and neutrophils tha
once secreted, can form free radicals including ROS and RNS (25). FurthéviR@e

can oxidatively modify lipids as it acts as an enzymatic catalyst in tdataa of LDL-

C. The formation of free radicals and the oxidation of lipids promote oxidative sires

the body. Oxidized LDL-C is an important biomarker as its uptake into the endothelium
is required for the development of atherosclerosis (26). LDL-C must be modiffeeeb
radical or enzymatic oxidation in order for the atherosclerotic processiddaniBecause
LDL-C must be oxidized by products which promote oxidative stress, Ox-LDL-C

provides a reasonable measure of oxidative stress in the body. MDA is an end product of
lipid peroxidation that has been shown to have carcinogenic and mutagenic activities

7).



In regards to the role of oxidative stress in metabolic syndrome, severas stadee
highlighted the various mechanisms at play in the onset of this condition. For example,
when examining the biomarkers of oxidative stress in obese individuals, Furukdwa et a
found that TBARS, a marker of lipid peroxidation, was positively correlated with both
BMI and waist circumference (28). Additionally, they noted an inverse coorela
between adiponectin, a protective anti-inflammatory adipokine, and both BMI astd wa
circumference. Furukawa et al then hypothesized that fat accumulation allooet\the
influence of hyperglycemia was enough to elevate oxidative stresstdlyneading to

the dysregulation of adipokine production. These factors, oxidative stress, adipokine
dysregulation and obesity can be the beginning of a complex change in the moetaboli
state. More recently, Girona et al reported data indicating that diabe¢ictpdave
elevated oxidative stress as quantified by markers of lipid peroxidation (29)
Furthermore, oxidized LDL was positively correlated with metabolic &mdrand the
development of atherosclerosis in diabetic patients. These findings idusieatealth

risks associated with both oxidative stress and metabolic syndrome.

Fruit and Vegetable Intake and CVD

Epidemiologic studies have frequently shown a reduced risk of CVD development with
increasing consumption of fruits and vegetables (1). In fact, data from thé Healt
Professionals Follow-up study and Nurses Health Study with a follow up duratign of
years indicated that 8 servings per day of fruits and vegetables can redudedhe ris
coronary heart disease by nearly 20% (30). Additionally, results from mdiaiana
examining the relationship between prevalence of ischemic heart disehfeit and

vegetable intake showed a reduced risk of ischemic heart disease in individuals

7



consuming roughly 5 servings of fruits and vegetables daily (31). Among the proposed
mechanisms underlying this correlation, growing attention has been placedrole thie

phytochemicals in the prevention of CVD.

Phytochemicals

According to the USDA, plant chemicals commonly referred to as phytocilsrare
plant components shown to promote human health by scavenging free radicals, up
regulating immune responses and repairing injured DNA (32). Extensivectebea

been conducted to further understand the possible mechanisms that result in positive
health benefits from foods containing phytochemicals. Phytochemicals can be
categorized into various classes including carotenoids, alkaloids, phenolmgemitr
containing compounds and organosulfur compounds and of the multiple classes of
phytochemicals, phenolics including flavanoids and polyphenols have been payticular
of interest in research regarding cardiovascular disease (33). Phenolic comgreunds
identified by their aromatic rings with attached hydroxyl groups which geatVie free

radical scavenging potential (34).

Flavonoid consumption is inversely associated with risk of heart disease (Z&aréte
has indicated that flavonoids and polyphenols have potent free radical scavenging
abilities and may reduce inflammation, modify lipid profiles, reduce plaagigtegation
and reduce blood pressure (36-39). Foods containing polyphenols include: wine, tea,
soybeans, vegetables and citrus fruits. Fruits such as strawberriesirrespbe
blueberries and cranberries are particularly rich in the subclassroh@lids called

anthocyanidins. Anthocyanidin components contribute to the deep red, purple, blue or



black colors in berries and possess both anti-inflammatory and antioxidantescthait

may positively benefit cardiovascular health (40, 41).

Cranberries

Cranberries are a good source of phenolic phytochemicals like anthocyanidins@nd ha
recently been under investigation regarding their effects on cardiovasadaseliand
inflammation (37). According to the USDA, the free radical scavengintyadsil
cranberries as measured by oxygen radical absorbance capacitZ@R#nong the
highest of other fruits and vegetables (42). However, as seen in Table 1, craabelrries
cranberry products are not naturally high in antioxidant vitamins C or E. Trerfo

can be assumed that the antioxidant ability observed in cranberries is due to kheir hig

polyphenolic concentration, as noted in Table 2.

Many of the flavonoids present in cranberries can reduce oxidative stregslityng
prooxidant enzymes, directly scavenging free radicals and activatiogidaht enzymes
like SOD, CAT and peroxidase in the body (41). It is important to note, however, that
the antioxidant activity depends greatly upon the cultivation and environmental
circumstances and conditions that can affect the berry’s phytochemicahc@ii).

These factors include but are not limited to: temperature, water and nutrigabifitsgi
exposure to sunlight, soil content or treatment with heavy metals and maturigmoépl
time of harvest (43). Although these factors can potentially alter the pleytocal
content of cranberries, Viskelis et al found similar anthocyanin content betweies ber
of four separate cultivars (40). Furthermore, there was no signifidéeredice in the

average radical scavenging activity of all the studied cranberry asltiva



Table 1: Nutritional Profile of Cranberry Products per 1 cup

Nutrient Whole Dried Juice Juice
Raw sweetened unsweetened  cocktail
Energy (kcal) 46.00 308.00 46.00 137.00
Water (g) 87.13 16.00 87.13 218.00
Protein (g) 0.39 0.07 0.39 0.00
Carbohydrate (Q) 12.20 82.39 12.20 34.21
Fat (g) 0.13 1.37 0.13 0.25
Fiber (g) 4.60 5.70 0.10 0.00
Potassium (mg) 85.00 40.00 77.00 35.00
Sodium (mg) 2.00 3.00 2.00 5.00
Vitamin C (mg) 13.30 0.20 9.30 107.00
Vitamin E (mg) 1.20 1.07 1.20 0.56
B-Carotene (mg)  36.00 52.00 27.00 13.00

Source: USDA National Nutrient Database
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Table 2: Flavonoid Profile of Cranberry Products

Food Class Flavonoid Mean
Raw
Anthocyanidins
Cyanidin 41.81
Delphinidin 7.66
Peonidin 42.10
Flavonols
Myricetin 6.78
Quercetin 15.09
Dried, sweetened
Anthocyanidins
Cyanidin 0.60
Delphinidin 0.10
Flavonols
Myricetin 2.40
Quercetin 4.50
Juice cocktail
Anthocyanidins
Cyanidin 0.38
Flavonols Delphinidin 0.03
Myricetin 51
Quercetin 1.27
Juice, unsweetened
Flavonols
Myricetin 4.41
Quercetin 16.41

Units: mg/ 100 g edible portion
Source: USDA Flavonoid Database 2007
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Cranberry Intervention: Human Studies

Research examining the effects of phenolics and cranberries on marteidative
stress including LDL oxidation has varied and is considerably limited. Rugl2&0s8)
supplemented 31 healthy men with increasing doses of cranberry juice everysAavee
12 weeks following a run in period in which participants consumed a low calorie
cranberry juice placebo (44). Blood pressure and total cholesterol (TG)ceriges
(TG), very low density lipoproteins (VLDL), high density lipoprotein (HDL), lowsiéy
lipoprotein (LDL-C) and Ox-LDL-C were measured. Significant reductior@x-LDL-

C and significant increases in plasma HDL were reported although charigeis-C
failed to reach significance. Also, a reduction in plasma triglycerdeslid not reach
significance was noted. Lee et al (2008) examined the effects of crankteact e
supplementation on lipid profiles of individuals with T2D (9). In this randomized,
placebo-controlled, double-blind study, 30 type 2 diabetic patients taking crakglu
lowering medication were enrolled and instructed to take 3 capsules of cyaetteact

or placebo daily for 12 weeks. Blood pressure was recorded and fasting blood was drawn
at baseline and 12 weeks. HDL, LDL-C, TC, TG, Ox-LDL-C, fasting glucose,
hemoglobin A. (HbA;c) and C-reactive protein were assessed. This study revealed a
significant reduction in TC and LDL-C following cranberry extract suppleatiemt daily
for 12 weeks. However, no significant changes in oxidized LDL, HDL, TG or Gireac
protein levels were reported. Pedersen et al conducted a postprandial studbyaitnvgst
the effects of blueberry and cranberry juice consumption on plasma antioxatast s
(45). Nine healthy female volunteers consumed 500 ml of either blueberry, cramberry

placebo juice after an overnight fast on three separate occasions one wedBrapach

12



occasion, the participant would consume a different beverage. Blood was drawn 5
minutes before and 30 minutes, 1, 2 and 4 hours postprandial and analyzed for
antioxidant capacity by two different methods. The data indicated that onlsatiteeay
juice caused a significant increase in plasma antioxidant capabibyigt the FRAP
value of the blueberry juice was twice that of the cranberry juice. The sedretotal
plasma antioxidant activity was still evident at 4 hours postprandial. Whilerdsades
point to the free radical scavenging ability of the cranberry, it is diffioudiscertain if
the elevation in plasma antioxidant activity can be attributed to cranberry isetml
the vitamin C with which the juice was fortified or to the combined effects of the

antioxidants present in the cranberry juice.

While previous studies have reported significant results regarding crasbeffgcts on

LDL oxidation and other lipid markers for metabolic syndrome, other studies hawk faile
to show significant data supporting the theory of cranberry’s phenolic cardiopmtect
ability. Duthie et al (2006) sought to examine the effects of a 2 week crajbeery
supplementation on oxidative stress markers including lipid values in 20 heatthlg$e

(46). Participants were asked to consume either cranberry juice or a plao&katady

for two weeks. Fasting plasma was drawn at baseline, 0, 1, 2 and 3 weeks and analyzed
for lipid profile, MDA, CAT, SOD, homocysteine and phase Il enzymes: GSH and GPx
No changes in TC, TG, HDL or LDL were detected. Additionally, phase Il ergyme
homocysteine and MDA were not significantly different from baseline or caadpa

placebo.

The apparent variability of findings between these studies may be explained by
differences in population groups being investigated. The human intervention stutdies tha

13



reported improvement in blood lipid profiles examined participants with averadge BM
above 26 and with elevated waist circumference and the study by Lee ehalu8¢d
individuals with T2D who were on glucose lowering medication. The human
intervention studies that reported no significant changes in lipid profiles involvetyheal
individuals. The disparity among the conclusions of these studies indicatesbéeposs
link between health status and potential lipid lowering benefits from cranberry
phytochemicals. Another explanation may be the design of the studies which could have
contributed to these effects. Possible differences including the length ofettvemion,
analytical differences, type of cranberry product employed and the dose stdreuhi
during the intervention may have contributed to the conflicting conclusions. For
example, the two intervention studies that showed positive effects of cranberry
supplementation on lipid levels were of 12 week duration in contrast to the two
interventions showing no effects which were either a 2 week intervention or a

postprandial study.

In Vitro Studies: Cranberry Juice and Extracts

In vitro studies can provide valuable insight into the mechanisms of action underlying the
hypothesized antioxidant activity of cranberries. Cell culture studiesgnadaeced more
consistent findings in regard to the hypolipidemic and free radical scavengiity adt
cranberry phenolics compared to human studies. One such study by Wilson et al reported
inhibition of LDL oxidation in vivo when exposed to diluted cranberry extract (47). This
study obtained blood samples from 5 healthy male volunteers followed by isolation of
LDL-C. The LDL particles were oxidized following incubation with 0, 0.10, 0.05, 0.01

or 0.005% of diluted cranberry juice and then analyzed for TBARS. LDL oxidation was

14



inhibited significantly in the presence of 0.10% diluted cranberry juice. Tudyg s

shows effects of cranberries to favorably modify oxidative stress; howexarst be

noted that digestion and absorption can modify phenolic compounds and the
bioavailability of other compounds may be limited. Similar findings were éstabl in

a two part study conducted by Chu and Liu (48). Again, blood samples were collected
from healthy males, LDL was isolated and oxidized in the presence of varying
concentrations of fresh cranberry extract and analyzed for oxidation. Addytjonal
human liver cells were procured and incubated with varying concentrations of cyanber
extract to investigate effects on LDL receptor expression and intracethulesterol

levels. Data revealed that LDL oxidation was completely inhibited with 10 img/m
cranberry extract and LDL receptor expression in the hepatocyte inceeasesifold.
Moreover, intracellular cholesterol increased nearly 3 fold, indicatindgeaaten in
cholesterol uptake and efficiency. This study dramatically attests to tévat ppid

modulating potential of cranberries.

Not all in vitro studies have found such notable findings. For example, Porter et al
sought to determine the classes of cranberry flavonoids strongly assedthted
preventing LDL-C oxidation (49). This study treated LDL-C isolated from muma
plasma with 6 individual phenol fractions isolated from concentrated cranberry powder
The plasma mixtures and control mixture were then oxidized usifiga@ai assessed for
oxidation of LDL-C every three minutes for 300 minutes. The lag time betwe®€n Cu
exposure and oxidation of LDL-C was assessed and reported. Of the 6 cranberry
phenolic fractions, only fractions containing proanthocyanidins were noted to have

significantly different lag times of LDL-C oxidation compared to control. Therothe

15



fractions which included flavonols, anthocyanidins, or cinnamic acids showed no
significant increase lag time indicating that only proanthocyanidins inesblatm were
capable of protecting LDL-C from oxidation. This study demonstrates thatdadol
cranberry flavonols were not effective modifiers of LDL-C oxidation. A sinstudy
investigating the effects of phenolic compounds on oxidation of LDL found that
guercetin, a major polyphenol present in cranberries, had no effect on rates of LDL
oxidation (50). This study similarly isolated LDL-C from 65 healthy voluisteed
oxidized the LDL-C following treatment with 5 different concentrations ofowsxi

isolated phenolic compounds including quercetin, catechin, hesperidin and ferulic acid.
The LDL-C was then measured for markers of oxidative stress as quantifT&ARS.

The data indicated no significant reduction in the oxidation of LDL-C following
treatment with quercetin. In fact, the researchers actually olsam@oxidant effect of
guercetin at all concentration levels. The researchers proposed that theathemi
structure of quercetin was correlated to its apparent prooxidant activii@sats
concentrations particularly in the presence of @ud not hydrogen peroxide. The data
from this study support the theory that individual phytochemical supplementation may
not be as effective as whole foods or extracts. Since epidemiological data sluppor
role of fruits and vegetables in the prevention of CVD, perhaps it is a syreegistt of
the various nutrients, fiber and phytochemicals in whole fruits that contriloutieis t

prevention.

Animal Studies

Animal studies have shown interesting findings in regard to cranberry supyéetioe

and CVD risk factors including its effects on vasoconstriction, hypertension,

16



hyperglycemia and dyslipidemia. These studies provide additional insighhe

potential effects of cranberry flavonoids on features of CVD beyond that of agdis

as systemic effects can be observed. Juzwiak and colleagues conducted &eahdom
controlled supplementation study in rabbits to examine the effects of quercetin
supplementation on hyperlipidemia and development of atherosclerosis (51). Following 2
weeks of acclimation, 30 male rabbits were assigned to one of 3 experimmenps:g
standard diet, high fat diet or high fat diet + 0.05 mg/kg/d quercetin supplementation.
After 12 weeks, animals were fasted for 18 hours then sacrificed and TCCIHDDE-

C, VLDL-C, TG, Cyt P450 and MDA were analyzed. Additionally, the aortic intiraa
dissected and evaluated for atherosclerotic plagques. After evaluation,ahmewiaied

that the high fat diet group had significant increases in TC, HDL-C, LDL-C,I\VCD

and TG compared to the control group. However, the high fat diet + quercetin
supplementation group had significantly reduced levels of TC, LDL-C, VLDL-C &d T
compared to the high fat diet group. Also, Cytochrome P450, a liver enzyme involved in
cholesterol metabolism, was significantly reduced in the high fat diet gmupared to
controls; however, no significant changes were observed in quercetin supplemented
rabbits. Quercetin supplemented rabbits fed a high fat diet were noted to have lower
MDA; however, no significant differences were observed between groups. Addyjonall
atherosclerotic plaques were significantly developed in the high fat detsrabth 24.6
+/-33.1% of the aorta covered. However, quercetin supplemented rabbits had
significantly less area of the intima covered by atherosclerotic @aqué+/- 1.28%)
compared to rabbits fed solely the high fat diet. This study indicates the hypuiipide

and antiatherosclerotic potential of quercetin and proposes a possible mechahsm of

17



lipid lowering effect. The researchers hypothesized that quercetin in théahidjet

possibly activated cytochrome P450 as evidenced by the difference in valuesrbet

high fat diet groups. Cytochrome P450-dependeartytroxylase is involved in

cholesterol metabolism and quercetin supplementation may stimulate the conversion of

cholesterol to bile acids thus partially explaining its hypolipidemic effec

Another study sought to examine the effects of cranberry juice supplementatipia on |
profiles and antioxidant status in orchidectomized rats (52). Orchidectomizedrats
investigated because research has identified low male sex hormones as ardsmtepe
risk factor for hyperlipidemia and hypercholesterolemia in men thus dirtlyibuting
to the risk of CVD. This randomized control study divided 32 male rats into
experimental groups: sham surgery + water, orchidectomy (ORX) +, et + 27%
cranberry juice or ORX + 45% cranberry juice and were sacrificedfattemonths.
Antioxidant capacity, MDA, plasma and hepatic cholesterol and TG and liver 0D w
assessed. Data showed that compared to sham group the ORX + water group had
significantly lowered antioxidant capacity and liver SOD and significangjger MDA,
cholesterol and TG. The antioxidant capacity of cranberry supplemented groups,
however, was not significantly different than the sham group. Also, MDA was
significantly reduced in a dose dependent manner with cranberry juice supptkna¢ste
While this study demonstrated the possible action of cranberry juice suppleomeimat
reducing hepatic triglycerides, it was not associated with any improvenoepiasma
lipid profile. Aside from dyslipidemia, hypertension is a major risk facoCVD and

thus cranberries effects on vasodilation were investigated.
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In an ex vivo study by Maher et al, rat aortae were removed from animals aectestbj

to phenylephrine (PE) contraction and acetylcholine induced relaxation and teasion w
measured (10). Diluted cranberry juice was added before the next contraction and
relaxation. The in vivo aspect of the study involved supplementing anesthetizedirats w
diluted cranberry juice to observe change in blood pressure and heart ratesultke re
showed significant vasodilation after cranberry juice exposure. The amnesihets
showed a reduction in mean arterial blood pressure by 16% suggesting sigatifiica
hypertensive and vasodilatory effects of cranberries and their phytmethem A

different study reported by Kim et al examined the effects of cranberrggrow
supplementation on biomarkers of oxidative stress (53). In this study, ratdiwdesl

into 4 groups: normal diet, atherogenic diet, atherogenic diet + 2% cranbérry a
atherogenic diet + 5% cranberry. The rats were fed ad libitum for 6 weeks and then
sacrificed after a 12 hour fast. Blood was taken and analyzed for lipid profile, §;BAR
SOD, protein carbonyl and total soluble phenolic compounds. The data revealed that
HDL had been significantly increased in the 5% cranberry group and markers af protei
and lipid oxidation had been significantly reduced in groups supplemented with cyanberr
powder. Although there were no significant changes in the LDL, triglycetiolas
cholesterol, FRAP or SOD activity, this study did show a significant potdotial
cranberry to protect other biomolecules from oxidative damage. A differegt stud
evaluated the effect of quercetin on glucose uptake into pig brush border membranes
(54). The results of this study indicated a significant decrease of gluptades into the
brushborder in the presence of quercetin and suggested competitive inhibition with

SGLT1 as a mechanism. This study illustrates a novel concept of the cydtdwemoid
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which may help control glucose absorption and transport as mediated through the glucose

transporters (SGLTS).

The aforementioned studies illustrate the growing body of evidence supportinetbé r
cranberries in wellness and health promotion. Specifically, research has showh modes
effects of cranberries and cranberry phenolics at improving lipid levels akdnnaf
oxidative stress. Mechanistic studies at the cellular level have not showicaignif

benefit of isolated cranberry phenolic compounds. In fact, prooxidant effects were
reported with isolated quercetin supplementation. Animal studies, however, have shown
significant positive modifications to lipid levels with quercetin supplementatidn a

modest results on antioxidant status when supplementing cranberry juice. Although
results have been mixed, human studies have indicated a preventative role of eanberri
as indicated by observed reductions in markers of oxidative stress as hyadl kevels.
Studies have shown significant improvements in blood lipids in both healthy and diabetic
subjects. While the results of the studies offer conflicting evidence las &fficacy of
cranberries and their phenolics, much of the research is preliminary. Bésaiustadies

have focused solely on berry flavonoids and even fewer have concentrated on cranberry
phenolics, more studies are needed to ascertain the efficacy of whole crantductgr
cranberry extracts and capsules. Because cranberry products, pérjoide, are

commonly available in the United States, the potential of cranberry juice talfdyor

modify risk factors associated with the development cardiovascular disease shoul

examined.
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CHAPTER Il

METHODS

Institutional Review Board Approval

The cranberry juice supplementation study, its protocol and all procedueespypgoved
by the Oklahoma State University Institutional Review Board (IRB) and egeréucted
in accordance to the guidelines of the Declaration of Helsinki. All gradissarch
assistants (GRAs) and investigators were trained in human subjecthgsesntices and
completed IRB training through Collaborative Institutional Training Initea{CITI)

prior to involvement in the study. Additionally, all GRAs received instruction on the
process of consenting and explaining the study protocol to participants, safe food
handling and preparation of cranberry juice or control, subject follow up and data
collection. Prior to involvement or enroliment in the study, participants wereadgtedr

to read and sign an informed consent document.

Subjects

Subjects were recruited at Oklahoma State University using various meldts.
Advertisements were posted on the College of Human Environmental Sciencegavebpa
as well as in the Oklahoma State University Headlines and flyers weesl poshe

Nutritional Sciences Department. Interested subjects were ingiened by the
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principal investigator via telephone questionnaire and all potential participams we

scheduled for a screening appointment to ensure all participants met inclugoa. crit

The initial screening consisted of blood pressure, weight, height and iwaishierence
measurements as well as blood draws. Participants were informed of theepfritees

study, the protocol and any potential risks or benefits associated with périgipahe

study prior to the screening blood draw. Additionally, participants were provided with an
informed consent document which was read and signed before any other screening
procedures were conducted. Participants unable to read the informed consent document
were read the consent by a GRA or, if necessary, were given the option tmhave a
interpreter explain the consent process as well as the purpose and protocstuafythe
Inclusion and exclusiofrom the study was determined by the inclusion and exclusion criteria
based on the results of the initial screen. Individuals were notified by phone of their

participation status.

Adult participants meeting the following criteria were eligible tody inclusion:

possession of any three of the five features of metabolic syndrome as outlineN@BRe
guidelines (waist circumferenc&% inches in women, 40 in men, triglyceride levdl59
mg/dL, HDL level <50 mg/dL in women, 40 mg/dL in men, blood pressul&6/85 mm

Hg and fasting glucose 200 mg/dL), on stable medications and have normal white blood
cells (WBC), platelet count, hemoglobin (Hb) as well as kidney, liver andithfrnction
test. The exclusion criteria for our study included any form of pre-exidisegse including
diabetes, cardiovascular disease, cancer, liver or kidney diseases or. dhartiiarmore,

subjects who were pregnant, nursing or taking any glucose or lipid lowering twdma

22



mega doses of fish oil or antioxidant supplements were excluded from the studycadl obac

usage and alcohol consumption were also criteria for exclusion.

Study Design

This study was a blind, cross-over control intervention. Ten subjects meetingltiseimc
criteria were recruited and randomly assigned to either a treatnogimt gr control group.
Participants consumed two cups daily of placebo juice or cranberry juice for foks.wee
Both the commercially processed and pasteurized cranberry and controhjerees
provided by Ocean Spray Cranberries Inc. (MA, USA). The placebo juice contained no
cranberry juice and matched the cranberry juices in terms of macronutriemitcokiter

four weeks, participants entered a two week washout period in which no treatment or
placebo was administered. Following the washout period, participants weskeesvifroups
and followed the same procedure. Participants visited the research siteteseediekly to

pick up their supply of juice and confirm adherence.

Anthropometrics (height, weight and waist circumference), blood pressdit@d@od draws

were obtained at screen and at the end of each intervention period. All blood draws were
performed by a certified phlebotomist and participants were compensated $88oper

draw excluding screening visit for study participation. Participants wkeel as maintain

their usual lifestyle, diet and physical activity during the study. Partitspaere asked to
complete a three day food record during screen and each intervention period. &dgh we
food record was to consist of one weekend day and two weekdays to provide an estimate of
usual dietary intake. Subjects were instructed on how to accurately repanhtypenount

of food as well as classification of type of meal (snack, lunch, supper, etc.) androcati
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Materials

Anthropometrics. Participant body weight was determined using the Health-o-Meter
tracking scale and the Gulick Il tape measure was employed to determaist
circumference in inches at the super iliac crest. Participant height @zesirad in

centimeters using a standiometer.

Blood Pressure: Using a portable blood pressure device, Spot Vital Signs Device, (Welch
Allyn, Skaneateles Falls, NY) systolic and diastolic blood pressure measiuisensze
recorded three separate times after a period of sitting. The averagetiofee

measurements was recorded.

Blood Draws: Following an overnight fasting period, blood was collected from participants
using anticoagulant EDTA and serum separator tubes. Serum samples weredsioaly
glucose, insulin, lipid level, HbA platelets, hemoglobin and hematocrit at Stillwater
Medical Center (Stillwater, OK). Serum and plasma samples were t&ephya
centrifugation, flushed with nitrogen and stored af@80ntil analyses of oxidized LDL and

myeloperoxidase (MPO).

Dietary Nutrient Intakes and Cranberry Beverage Polyphenol Content: Polyphenol content
including polyphenols, anthocyanidins and proanthocyanidins as well as macronutrient
profiles were provided by the manufacturers of the cranberry juice andbplddaks
(Ocean Spray). Food records completed by participants were analyzed toeezajuat
dietary changes that might alter results of the trial. Following food recordssibm
dietary analysis was completed for each participant at week one anddelabivstudy

participation. Dietary analysis was completed using ESHA Food Pro&$so(ESHA
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Research Inc., Salem, OR). Food records were analyzed for calories tqiadtéan,
carbohydrates, fiber, vitamins A, D, E and K as well as iron and zinc.

Biomarkers of Oxidative Stress

Biomarkers of oxidative stress including oxLDL (oxLDL) and myeloperoxidaseGM

were measured from serum samples obtained from participants at scteehpkatebo and

end of juice intervention. Serum oxLDL was measured in duplicate using competitive
ELISA (Mercodia, Uppsala, Sweden). In this assay, oxLDL from the panitspgsample
competed with a fixed amount of oxLDL in the well for binding of the biotin-labeled

specific antibodies. The biotin-labeled antibody bound to the well was theneddbgct
strepdavadin following a washing step that removed components of the sample ¢hat wer
unreactive. The wells were incubated and washed a second time then treated with 3, 3’, 5,
5'-tetramethylbenzidine (TMB) to detect bound conjugate. Following the addifistop
solution to halt the reaction, the sample was read spectrophotometrically at 45Giguin@ si

Synergy HT plate reader (BioTek Instruments, Inc., Winooski, VT).

25 pl of each sample diluted with 1,000 pl sample buffer

l

50 pl of each sample dilution and calibrators placed in well plate in duplicate

v

50 ul antibody (mAb) added to all wells except the blank

v

Samples incubated at room temperature on shaker for 2 hours
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Samples manually washed 6 times with 350 pl wash buffer

l

100 ul enzyme conjugate added to all wells

v

Samples incubated at room temperature on shaker for 1 hour

v

Samples manually washed 6 times with 350 pl wash buffer

v

200 pl Substrate TMB added to all wells

v

Samples incubated for 15 minutes

v

50 ul stop solution added to wells

l

Absorbance measured at 450 nm and results calculated

Serum levels of MPO were quantified from participant samples using MPO solel phas
ELISA (Mercodia, Uppsala, Sweden). This immunoassay directs two monoclonal
antibodies against separate antigenic determinants on the MPO molecule. The B#O pre
in the sample reacts with anti-MPO antibodies bound to the wells as well as to the
peroxidase-conjugated anti-MPO antibodies present in the solution during incubation.
Following a washing step, peroxidase conjugated anti-MPO antibodies are ad@érand

the second incubation and washing, the bound conjugate is detected by 3, 3’, 5, 5'-
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tetramethylbenzidine (TMB). Following the addition of stop solution to haltetaetion,
the sample is read spectrophotometrically at 450 nm using the Synergy Hrieptie

(BioTek Instruments, Inc., Winooski, VT).

25 ul each sample diluted with 250 sample buffer

l

25 pl of individually diluted samples placed in well plate in triplicate along withrators

v

100 ul Assay Buffer added to all wells

v

Samples incubated on shaker for 1 hour at room temperature

v

Samples washed 6 times manually with 350 pl wash buffer

v

100 ul enzyme conjugate added to all wells

v

Samples incubated on shaker for 1 hour at room temperature

v

Samples washed 6 times manually with 350 pl wash buffer

l

200 pl Substrate TMB added to all wells

v

Samples incubated for 15 minutes, with no shaking
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50 ul stop solution added to all wells

l

Absorbance measured at 450 nm and results calculated

Statistical Analysis

Repeated measures ANOVA was performed on outcome measures to determigecdsfe
between screen, placebo and intervention anthropometrics, features of meyaibboe,
lipid profiles and biomarkers of oxidative stress. Dietary records at seneeintervention
were compared using paired t-tests. Statistical significance wasgse 0.05 (two-sided

test) and all data analyses were performed using SPSS 18.0 (SPSS Incq,Thjcag
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CHAPTER IV

FINDINGS

Composition of Cranberry Juice and Control Beverage

The composition of the cranberry and control juices was provided by Ocean Spray
Cranberries Inc. (MA, USA) and outlined Trable 3. Both beverages were low in calories
and contributed only an additional 40 calories to daily energy intake. While the analysis
provided by the manufacturer did not specify micronutrient content, the cranberry juice

beverage was reported to be high in total phenolics and anthocyanidins.

Baseline Characteristics

The baseline characteristics of the participants are shoWwabire 4 (mean = SD). Ten
participants were screened and enrolled in the study, all subjects wmate feith ages

ranging from 40 to 64 years (50.5 £ 7.0). As classified by BMI, all subjectsobase or
overweight with a mean BMI of 39.87+7.77 kg/mAt screen, three participants reported
taking multivitamin or mineral supplements and three reported taking blood pressure
lowering medication. For continuity, dietary supplement usage was continued throughout
the trial.
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Anthropometrics and Clinical Paramet@&s outlined in the inclusion criteria, all
participants presented with a waist circumference of 35 inches or gréateuughout the
study, no significant changes were observed in waist

circumference, BMI or body weight. Clinical parameters are outlindclme 5. Some

features of metabolic syndrome were affected by cranberry juice suppdgimeimcluding

a significant reduction of HDL cholesterol (p = 0.024) and a significant isenedasting

glucose when compared to baseline (p = 0.000). Changes were observed in blood pressure
following cranberry juice supplementation reducing systolic and diastolic bloaslpees
significantly when compared to baseline (p = 0.036, p = 0.037 respectively). At baseline,
systolic blood pressure met criteria for diagnosis of metabolic syndranhefter cranberry

juice intervention, systolic blood pressure was below that required for metapuliose.

Other lipoprotein levels were affected by cranberry juice supplen@ntaith non

significant reductions to cholesterol and LDL-C by 2.6% and 4.4% respectively.

Biomarkers of Oxidative Stress

Two biomarkers of oxidative stress were evaluated to determine the effica@nberry
juice as an antioxidant in individuals with metabolic syndrome. There were nocgghifi
changes observed to oxidized LDL or MPO following cranberry juice intervention.
Although oxidized LDL was reduced 21.3% following cranberry juice intervention
compared to baseline, this reduction was not statistically significant (p = 0.205)
Furthermore, nonsignificant increase in MPO of 22.16% was also observed fromebgseli

=0.129)

Dietary Analysis
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From baseline to end of study, participant’s average total caloric intakeadedr12.4%
(Table6). At baseline, macronutrient composition of average participant intake was
52.27% carbohydrate, 32.16% fat and 15.57% protein. Mean cholesterol intake did not
change significantly over the intervention and was moderate with 276.75 + 233.20 mg/day
and 246.17 + 170.26 mg/day respectively at baseline and end of intervention. Changes in
micronutrients from baseline to week 10 include observed decreases in totalaesotad
vitamin C by 85.5% (p = 0.271) and 29.1% (p = 0.199) respectively. Copper intake was
increased 16.05% (p = 0.413) from baseline. Intake of other micronutrients was not
significantly different from baseline. In general, fiber intake woasthroughout the

intervention with mean intake meeting roughly 50% of the recommended intake fonwome
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Table 3: Composition of Cranberry Juice and Placebo Beverage

Placebo (per 240 ml Juice (per 240 ml serving)
serving)
Brix 4.1°B 4.2°B
Calories 40 40
Sugars: fructose 53¢ 4.8 ¢
Sugars: glucose 19¢g 18¢g
Sugars: sucrose 019 01g
Sweetener: Sucralose Proprietary Proprietary
Sweetener Acesulfame Proprietary Proprietary
pH 29¢g 29g
Titratable Acidity 144 ¢ 156 ¢
Acids: Quinic 0.65¢g 0.72 g
Acids: Citric 0.79¢g 0.82¢g
Acids: Malic 0.55¢ 0.48¢
Ascorbic Acid (Vitamin C) 60 mg 60 mg
Total Phenolics (by HPLC) 0 mg 229 mg
Total Anthocyanins (by 0 mg 12.4 mg
HPLC)
Cy-3-Galactoside 0 mg 3.1 mg
Cy-3-Glucoside 0mg 0.2 mg
Cy-3-Arabinoside 0 mg 3.0 mg
Pn-3-Galactoside 0 mg 3.8 mg
Pn-3-Glucoside 0 mg 0.2 mg
Pn-3-Arabinoside 0 mg 2.1 mg
Proanthocyanidins (by 0 mg 119 mg
DMAC)
Haze 5.1 NTU 27.2 NTU
Color: Hunter L* 23 24
Color: Hunter a* 49 53
Color: Hunter b* 39 40

Sour ce: Ocean Spray Cranberriesinc. (MA, USA)
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Table 4: Baseline Characteristics of Participants

Characteristics Mean SD
Age 50.5 7.024
BMI (kg/m?) 39.871 7.766
ALT (U/l) 24.2 6.512
AST(U/l) 27.8 14.505
BUN 13.7 3.268
Cr 0.73 0.095
M/F (n/n) 0/10

Dietary supplement use (n/n) 3/10

Medication (n/n) 3/10

Aspirin use (n/n) 0/10

N= 10
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Table 5: Effects of Cranberry Juice Supplementation on Clinical Featurestaidlic

Syndrome, Glucose, Insulin and Lipids

Clinical Features Screen Placebo Intervention
Glucose (mg/dL) 94.8 £+9.85 96.9 £9.20 102.2 + 12.01*t
Insulin (wU/ml) 17.81 £9.69 16.39 £ 6.46 19.61 + 8.46
HOMA-IR 4.302 £ 2.65 3.986 +1.80 5.041 £ 2.50
Cholesterol 201.7 + 34.98 203 +36.73 196.4 + 30.36
(mg/dL)

Triglycerides 139.6 + 71.05 146.1 £+ 52.19 155.5 + 69.99
(mg/dL)

LDL-cholesterol 121.7 £ 28.17 124 + 29.73 116.3 + 23.03
(mg/dL)

HDL- cholesterol 52.1 +6.19 49.3 +5.93 48.9 + 8.24*
(mg/dL)

VLDL (mg/dL) 27.8 +14.27 29.2 + 10.47 31.2+14.13
Systolic blood 131.4 +19.67 127 £+ 15.17 126.7 £ 19.16*
pressure (mm Hg)

Diastolic blood 82.4+10.04 82.9 +9.45 79.2 + 8.74*
pressure (mm HQ)

Waist 43.3 +3.47 43 + 3.68 43.1 + 3.57

circumference (cm)

Data Expressed as Mearstandard deviation
* Significantly different compared to baseline_(j©€05)
tSignificantly different compared to placebo (0.€5)
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Table 6: Dietary Analysis of Participants’ Intake from Screen and Week 10

Nutrient Beginning of Study End of Study
Energy (kcal) 2173.26 = 1043.66 1904.49 + 405.95
Protein (g) 85.47 £ 32.15 68.95 + 17.86
Carbohydrate (Q) 287.03 £134.48 259.47 £ 59.76
Fiber (g) 13.67 £ 8.50 13.57 £9.28
Total Fat (g) 78.50 + 58.63 71.06 + 28.49
Saturated fat (g) 28.97 £ 14.96 25.07 £9.78
Monounsaturated Fat 11.62 +9.03 15.36 + 18.07
(9)

Polyunsaturated fat (g) 6.34 £5.05 7.81 £5.65
Cholesterol (mg) 276.75 £ 233.20 246.17 £ 170.26
Carotenoids (RE) 519.05 +£511.54 75.25 +45.17
Vitamin C (mg) 97.09 £ 75.95 68.84 + 56.82
Vitamin E (mg) 6.85+6.12 6.68 + 4.57
Iron (mQ) 12.99 +4.93 12.21 + 6.57
Copper (mg) 0.68 +0.39 0.81 +0.39
Zinc (mg) 6.95 + 8.39 6.58 +5.10

Data expressed as meastandard deviation

N=4
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Figure 1. Effects of low calorie cranberry juice supplementation on biomsuddeoxidative

stress
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CHAPTER V

CONCLUSION

The present study illustrates the effects of cranberry juice suppldmoera clinical
features of metabolic syndrome and biomarkers of oxidative stress in patscipdany

in vitro and in vivo studies have shown the antioxidant, anti-hypertensive and anti-
hyperlipidemic properties of cranberries. To our knowledge, our study is thetdidgt

to examine and report the anti-hypertensive and antioxidant impact of crajleery
supplementation in individuals with metabolic syndrome. Metabolic syndrome is
significantly associated with increased risk of CVD morbidity mostylikee to the
increased oxidative stress and hyperlipidemia typically seen in individitalswtabolic
syndrome (55). Therefore, modulation of clinical parameters associatetheti@bolic
syndrome by incorporating functional foods like antioxidant rich fruits and vegetables

may reduce the risk of CVD development.

One objective of our intervention was to examine the effect of low calorie craniiee
supplementation on the clinical features of metabolic syndrome includingsgluc
triglycerides, HDL, blood pressure and waist circumference. Our sbuithgl ino

significant changes to TG or cholesterol. These findings are consistentpréhiaus
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study in which no changes were observed in lipid profile including TG and cholesterol in
healthy volunteers supplemented with 750 ml of cranberry juice daily for two weeks (46)
However, it is important to note that, at baseline, participants had normal lipiggrofil

and were supplemented for only two weeks which may not be sufficient to seeaignifi

changes, particularly in individuals who are normolipidemic.

Our study did observed a significant decrease in HDL following cranbeery@nttion
compared to baseline (p = 0.024). In fact, mean HDL at screen was moderate at 52.1
mg/dL; however, following cranberry supplementation, mean HDL was 48.9 mg/dL. The
American Heart Association interprets HDL levels <50 mg/dL as low fonen
(www.heart.org). Low HDL levels are associated with heart disesisasithese

particles remove cholesterol from the arteries and deliver it to livexéoeon or
reutilization. In contrast to our findings, a cranberry juice interventidRugy et al

found significant increases to HDL as well as a non-significant reductioiglycarides

in sedentary male participants (44). The variability in findings maytbeuwed to

differences in patient population, sample size or duration of study. Ruel et al
supplemented 31 men with increasing doses of cranberry juice over a period of 12 weeks
while our study supplemented 10 women for 4 weeks. It is possible that the study
duration was not sufficient to observe significant modifications to clinicahpeteas or

that other dietary or lifestyle factors may have inhibited a change from dlesegved.

Data from our intervention did indicate a significant reduction to systolic (p =)0aD86
diastolic (p = 0.037) blood pressure compared to baseline. Similar antihypertensive
effects of berry flavonoids, including cranberry juice, have been well documented i

animal models and a human intervention completed by Erlund et al observed significant
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decreases in systolic and diastolic blood pressure following consumption of various

berries and berry products for 8 weeks (10, 56, 57).

Insulin resistance and related hyperglycemia have been suggestegras dng

abnormal characteristic of metabolic syndrome (22). It is proposed that theeabser

T2D causes metabolic alterations that result in dyslipidemia and hypentéimss

increasing the risk of CVD. Given this framework, glycemic control is of utmos
importance for individuals with metabolic syndrome. The results from our study
indicated that blood glucose was significantly higher following cranberry imtgove
compared to both baseline (p = 0.00) and placebo (p = 0.003). Because the cranberry
juice and placebo beverage were nearly identical in terms of macronutriemitctivése
results were unanticipated. Participants were not instructed to compemshte f
additional carbohydrates the juice provided and thus may not have adjusted catbohydra
intake accordingly. Furthermore, our finding differs from a study completggpen2t
diabetic patients in which various cranberry juices and placebos were adradhistele
blood glucose was monitored. Following consumption of juices, blood glucose of
participants who consumed the low calorie cranberry juice were not stdidditi@rent

from baseline while those who consumed the regular juice had significantly higher
glucose levels compared to baseline. The low calorie juice administered ieviwipr
study was a 27% low calorie juice matching the juice utilized in our studgeihs

unlikely that the cranberry juice was the sole cause of the observed inorbasadi

glucose levels in our study; however, future studies should instruct participants t

compensate appropriately for additional carbohydrate consumption.
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Oxidative stress plays a key role in the development of CVD by inducing lipid
peroxidation. Oxidation of LDL-C and its subsequent uptake by macrophages in the
intima is a critical early step in the development and progression of athevesc(éB).
Therefore, presence of elevated oxLDL in the serum is an indicator of lipidberor
and, consequently, a good marker of oxidative stress associated with athesogenes
Although OxLDL was reduced in the serum by 25% following cranberry juice
intervention as compared to baseline, this change was not signifcant (p = 0.205).
However, the potential of cranberry juice to inhibit LDL-C oxidation is well docueaent
in cell culture studies (47,49). However, only one human study has reported a
significant reduction in plasma oxLDL following cranberry juice inten@am(i37).

Again, this study was a 12 week intervention with a larger cohort of 31 men.

Myeloperoxidase (MPO) is a monocyte secreted enzyme associated with both
inflammation and oxidative stress. Epidemiological evidence supports MPO ks a ris
factor for CVD as elevated plasma MPO is associated with as much asld R@rfease

in risk of CAD (59). MPO has the ability to oxidatively modify lipids such as LDL and
increase production of free radicals. Our study found no significant change€in MP
following cranberry juice intervention (p = 0.129). These findings are consistint wi
another study which supplemented freeze dried blueberry beverage to pagiaiplant
metabolic syndrome (60). This study found no significant changes in MPO following 8

weeks of supplementation.

Participants were asked to maintain three day food records for each wdekdaration
of the study. Only four participants submitted complete food records to be analyzed

differences between screen and end of study. Overall, mean caloricdrutadcd
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significantly differ from screen to week ten. The macronutrient composigsnathin

the recommended range advised by the Institute of Medicine (IOM) which ssuifues
45-65% of total calories should come from carbohydrate sources, 20-35% from fat, and
10-35% from protein (61). Regarding micronutrient intake, average vitamin E, copper
and zinc intakes were below that recommended by the IOM (62). Analysis of other
micronutrient intake found that although total carotenoid and vitamin C intake decrease
85.5% and 29.1% from baseline, intake was not significantly different from baseline due
to the small percentage of completed records. However, from those records) @Gtam
intake at screen was higher than the RDA but was below the RDA at end of study. Both
vitamin C and carotenoids are principal antioxidant micronutrients which have libe abi

to reduce oxidative stress and prevent lipid peroxidation. Decreases in intake observed
from screen to week ten, although not significant, may have interfered withattzeory

juice supplementation and its biological effects. It is possible that thefatable
carotenoid antioxidant intake throughout the study may have blunted the effects of the

cranberry juice thereby contributing to the observed non-significant data.

Our study was a four week crossover-control study in which participants wigbolie
syndrome were supplemented with either cranberry juice or cranberry congchpe.
This intervention has a variety of public health implications. For example, both
cranberry drinks used in the study were low calorie and did not significantlylzdetto
the daily caloric intake of participants. Although blood glucose was raised chgly
following cranberry supplementation, 27% low calorie cranberry juice provides less
carbohydrates than regular cranberry cocktail juices and are more Eathtabll 00%

unsweetened juices. Furthermore, the provided polyphenol content supplied by Ocean
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Spray Cranberries Inc. (MA, USA) listed the total phenolics of the low calocie to be
229 mg/240 ml. This is a considerable amount of polyphenols in view of the minimal
caloric contribution of the juice. Finally, the cranberry juice is affordabtewidely
available commercially. Many Americans do not consume the recommendeujserivi
fruits and vegetables each day and due to the commercial availability, cabkder
polyphenol content and minimal caloric contributions of the cranberry juice, it may be
advisable for individuals to incorporate cranberry products, such as low catoreoy

juice, into a healthy diet.

The primary objective of our study was to examine the effects of low calaribenry
juice supplementation on clinical features of metabolic syndrome and biomarkers of

oxidative stress in obese adults.

Our null hypotheses were:

1. Low calorie cranberry juice supplementation will have no effects on featfire
metabolic syndrome (waist circumference, BP, HDL, blood glucose or TG)
2. Low calorie cranberry juice supplementation will have no effects on biomarkers

of oxidative stress associated with metabolic syndrome.

Based on the results, we reject the null hypothesis that low calorie cxapibesr
supplementation will not affect features of metabolic syndrome becausesyi§iblic

and diastolic blood pressures were significantly reduced and blood glucose leeels we
significantly increased following cranberry intervention compared to baselfeefail to
reject the null hypothesis that low calorie cranberry juice supplementatidrave no
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effect on biomarkers of oxidative stress associated with metabolic syndraespitdhe
downward trend noted in the OxLDL values, there were no statistically sagtific

changes to OxLDL or MPO following cranberry intervention.

Limitations of our study that must be noted include the relative small sample size
duration, sampling method and nature of the study. Due to the fact that only ten
participants were enrolled at the campus at Oklahoma State Universitgstiis of our
study may not be widely generalized. Supplementation of a longer duration in a larger
cohort may be recommended to reveal additional beneficial effects and encadidgy

of our findings. Furthermore, dietary intake and compliance was self-répditeure
studies may monitor subjects more closely to ensure adherence to interventi@mreg

and accurate completion of food records.
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INFORMED CONSENT DOCUMENT

Project Title: Cranberry flavonoid consumption and biomarkers of lipid peroxidation and
inflammation in subjects with Metabolic Syndrome (MeS).

Investigators:
Arpita Basu, PhD, RD
Karah Sanchez, MS, RD
Marci Wilkinson, BS

Purpose: This is a research study to find out the health effects of cranberries. You are
being asked to participate because you may run the risk of developing diabetes and heart
disease in future, because of being overweight, or having high blood pressure, blood
glucose, or blood lipid levels. Cranberries have been shown in other studies to protect the
cells against damage that occurs as a result of being overweight, or having high blood
glucose or lipids. In this research study we will find out whether cranberry juice will reduce
those damage or risks.

Procedures: You may qualify for the study if you have 3 of the following 5 features-
e Your waist measures greater than 35 inches (if you are a female) or 40
inches (if you are a male)
You have high blood pressure
You have high blood glucose
You have high blood lipids
You have low levels of good lipids

o In order to qualify you should not have any other serious health problems or take medicines to
lower your lipids or glucose levels. If you qualify, you will be taking 2 cups of cranberry juice
or control juice every day, each juice for a period of 4 weeks. The control juice will have
filtered water, natural flavors and colors, and splenda. You will be drinking cranberry juice
for 4 weeks, take a break for 1 week, and then drink control juice without cranberries for the
next 4 weeks. You will be asked to maintain your usual diet and lifestyle throughout the 9
weeks. The order of the juices may vary and you may drink either of two drinks in the first 4
weeks and then come back for the second drink in the next 4 weeks. You will be making 3
days/week visits to the Department of Nutritional Sciences at Oklahoma State University for
the supply of juices. You will be asked to drink one cup in the morning and then another cup
in the evening. We will provide you the drink in containers. You will also keep a diary of
everything you eat for 3 days of the week, every week, during the 9-week study period.

Visits: You will be making the following visits for blood draws and 3-day food records

Screening- You will be asked to sign the consent form, and we will measure your height, weight,
blood pressure, and waist. You will be asked to fast the previous night and about 3-4 tablespoons
of blood will be taken for measuring your blood sugar, lipids, blood cell counts, and do some tests
to find out how well your liver and kidney are working. If you qualify, we will let you know over
the telephone and ask you to come back for the 9-week study. You will also be asked to record
your food intake before you start the study and will also be told how to do it. You will be notified
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within 3 days of the screening visit whether or not you qualify for the study.

1% week- start the first drink (cranberry juice or control juice), turn in 3-day food record at
baseline

2™ \week- draw about 2 tablespoons of fasting blood to do some safety tests which will
indicate any health risks of the juices and will include liver, kidney, and thyroid functions
tests

4™ week- turn in 3-day food records, draw about 3-4 tablespoons of fasting blood for
measuring your blood sugar, lipids, and do some tests to find out how well the cells in your
body are working. We will also measure your body weight, blood pressure, and the amount
of fat in your body, and do some safety tests.

5™ week- break after the first drink for 4 weeks

6™ week- start the second drink, turn in 3-day food records

7% week- draw about 2 tablespoons of fasting blood to do some safety tests which will
indicate any health risks of the juices and will include liver, kidney, and thyroid functions
tests

9™ week- This will be your final visit; turn in 3-day food records, draw about 3-4 tablespoons
of fasting blood for measuring your blood sugar, lipids, and do some tests to find out how
well the cells in your body are working. We will also measure your body weight, blood
pressure, and the amount of fat in your body, and do some safety tests which will indicate
any health risks of the juices and will include liver, kidney, and thyroid functions tests

If you do not qualify for the study after the screening visit, you will be informed over the telephone and
you will also receive a copy of your blood reports. However, if you do not qualify, all other information
we have collected will be immediately destroyed.

Risks of Participation: You may experience slight pain during the blood draw. But, a trained

phiebotomist will be there for any help. Also, you will not be allowed to
participate in the study if you have any blood-related health problems.
You may experience slight stomach problems like flatulence if you are not
used to taking 2 cups of cranberry juice per day. But, these symptoms may
soon go away.

Benefits: You may benefit from the cranberry juice, which may reduce some cell damage

in your body. Since, this is a research study, we cannot guarantee benefit before
we get study results. But, the results of this study will greatly benefit research by
providing information on the health benefits of cranberries.

Confidentiality: The records of this study will be kept private. You will be assigned a

Okla. State Uniy,
IRB

Approved £)271¢H

Bgres §latelio

research code so that your personal data is not identifiable with your name
and other personal information. Your name will not appear on any reports
that contain your data and will be referred to using the code. Any written
results will discuss group findings and will not include information that
will identify you. Research records will be stored securely and only
researchers and individuals responsible for research oversight will have
access to the records. It is possible that the consent process and data
collection will be observed by research oversight staff responsible for
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safeguarding the rights and wellbeing of people who participate in
research.

Compensation: You will be compensated for $30 at two, four, seven, & nine weeks of the study, a
total of $ 120. This payment will be made to you in cash and you will need to
sign a form as a receipt. No funds have been set aside by Oklahoma State
University to compensate you in the event of illness or injury resulting
from this study.

Contacts: If you have any questions about the research and the subject’s rights, please contact
Arpita Basu, PhD, at 405-744-4437 (9AM-5PM, Monday —Friday) or at 916-607-4143
(any time).If you have questions about your rights as a research volunteer, you
may contact Dr. Shelia Kennison, IRB Chair, 219 Cordell North, Stillwater, OK

74078, 405-744-1676 or irb@okstate.edu.

Participant Rights: Your participation in this research is voluntary and you may discontinue the research
activity at any time without reprisal or penalty. No risks will be involved due to your
withdrawal from the study. Your participation may be terminated if you develop any
allergy towards the cranberry or control juice or if you fail to make the visits as per
schedule.

Signatures:

1 have read and fully understand the consent form. Isign it freely and voluntarily. A copy of
this form has been given to me.

Signature of Participant Date

I certify that I have personally explained this document before requesting that the participant
sign it.

Signature of Researcher Date

Okla. State Univ.
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overweight? Do
'you have high [
blood pressure or -

n this study toda

e s e s s s u e

* Find out if you qualify for this 9 week study which will test the heaith

effects of cranberry juice,

You may qualify for this study if you are a male or female

with at least three of the following:

- A waist circumference of greater than 40 in. in men or 35 in. in
women

- HDL tess than 40 mg/dL in men or 50 mg/dL in women

- Blood pressure > [30/85 mmkg or are on blood pressure
medications

- Triglycerides > 150 mg/dl.

All assessments . Fasting blood glucose > 100 mg/dL but < 126 mg/dL
will be free of I

charge.
Study participants
will receive a
compensation per
visit,
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Day/ Date of Appointment: Time:

SCREENING QUESTIONNAIRE FOR CRANBERRY STUDY

NAME:

ADDRESS:

PHONE (WORK):

PHONE (HOME):

AGE: DATE OF BIRTH: GENDER:

SCREENING QUESTIONS:

Do you currently take any cholesterol/triglyceride lowering

medications? YES NO
Are you pregnant or lactating? YES NO N/A
Do you smoke? YES NO
Do you currently take vitamins or nutritional supplements? YES NO
What are they?

Have you taken antioxidant supplements regularly in the past 3-6 months? YES NO

Do you take more than 1 g/day of fish oil capsules? YES NO
Do you exercise > 60 min/day? YES NO
Do you drink more than 1 oz of alcohol/day? YES NO

(1 oz alcohol = 2 beers or 10 0z of wine or 2 ¥z oz liquor)

Do you have diabetes? YES NO UNSURE
We will confirm with fasting blood glucose

Do you have hypo/hyperthyroidism? YES NO UNSURE
We will check TSH
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Day/ Date of Appointment: Time:

Do you have any gastrointestinal problems? YES NO
Do you have anemia? YES NO
Are you suffering from any other disorder or illness? YES NO

(Cardiovascular disease, theumatoid arthritis, etc.)

Do you have high blood pressure? YES NO
If controlled, what medications does the patient take?

Are you taking any other medications on a regular basis? YES NO

If you are taking medications, what are they? And, how long have you been taking them?

Do you take aspirin? How often? Dose?

Do you take estrogen or oral contraceptives? YES NO N/A

Is the subject ELIGIBLE based on the questionnaire? YES NO

ELIGIBILITY REQUIRES 3 OF THE 5 FEATURES:

FEATURES OF METABOLIC SYNDROME (Check all that apply):

1. Waist circumference (Male > 40 inches) (Value: )
(Female > 35 inches)

2. Hypertension controlled by anti-hypertensive medication
Systolic Blood Pressure (> 130 mmHg) (Value: )
Diastolic Blood Pressure (> 85 mmHg) (Value: )
3. HDL Cholesterol (Male < 40 mg/dL) (Value: )
(Female < 50 mg/dL)
4. Triglycerides (> 150 mg/dL) (Value: )
5. Fasting Blood Glucose (> 100 mg/dL and < 126 mg/dL) (Value: )
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Oklahoma State University
Nutritional Sciences
Cranberry Study

As a part of this study, you will be asked to keep a Diary of everything you eat and drink for 3 days. These

3 days should include 2 weekdays and 1 weekend day, example: Thursday. Friday and Saturday.
Begin with the first food or beverage in the morning and write down what you eat as you go through the day.
The Nutritionist will review your completed Food dairy.

‘When you come back, please bring in any bottles/packages of dietary or nutritional supplements you

have taken within the past week.
This would include any pills, powders, capsules, oils, tablets, or liquid vitamin/mineral supplements, herbal

supplements, herbal teas or tinctures or any other type of dietary supplement you have taken.

—_

GENERAL INSTRUCTIONS FOR
RECORDING FOOD INTAKE

. Please record on the Food Diary Form the place (home, home of a friend, restaurant) of each meal

and snack.

. Record one food item per line on the Food Diary Form. Space is provided on both sides of the form.

Be sure to include gum, candy and beverages.

. Record the amount and food item on the Food Diary Form using common household measurements,

for example: Tablespoons, cups, package size etc.

. Remember to record everything you possibly can about a food. The more detail you include the better.

. When you record an item, please note if it was baked, boiled. broiled, fried, or roasted.

This is extremely important, especially for meats.

. Record any additions to a food item. This would include sugar, relish, margarine, butter, catsup,

pickles, mayonnaise, mustard, gravies, cream, etc., which were served with the food.

. When eating out, record the menu item and amount eaten. Refer to Hints for Fating Out.

. List the method of mixing a package mix if it is different form the directions given on the package.

You may record this on a Recipe Form.

. Use the Recipe Form to record any homemade items you have prepared. Measure each ingredient and

record the method of preparation on the bottom of that form.

10. I you have any questions, please call Arpita Basu at 405-744-4437.
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HINTS FOR EATING OUT

1. Record the name of the restaurant.
2. Quiz the wait staff regarding portion sizes.

3. Record amounts in standard household measurements, ie: teaspoons (ts), tablespoons (Tb), ounces,
cups, etc.

4. For items such as bacon, rolls, and cucumbers, record the number of each item eaten.
For example: 3 small white rolls
4 cucumber slices
2 medium bacon slices

5. For meats, record the dimensions of the cooked meat. Do not include the bone.
For example: 2 slices of roast beef 4” x 3” x 4”. State the weight of the meat if it is mentioned on the menu.

6. Refer to the Food Description Flow Charts to describe your food.

7. For national fast food restaurants, (i.e. McDonald’s, Arby’s, Burger King), record the name of the
sandwich/item you ate (i.e. Big Mac, Whopper).
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Name:

Oklahoma State University
Nutritional Sciences
Cranberry Study
Food Diary
ID# Protocol No:

Date of Record:

Day of Week:

Please record everything you eat today. Please include descriptions, brand names, and weighed and
measured amounts (Please save labels). In the first column under meal and place, please put what meal you
ate and where you ate it. You may use the codes at the bottom of the page for convenience. Thank you.

Meal* Place*} Amount

Food & Beverage Description Office Use Only

I

*Meal Codes:  Breakfast - BR
Morning Snack — MS
Lunch - LU
Afternoon Snack —AS
Supper —SU
Evening Snack — ES

#Place Codes:  Home - HO
Restaurant - RE (Please Specify name of Restaurant)
Friends —FR
Work- W
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Scope and Method of Study:

Metabolic syndrome (MeS), a collection of risk factors including dyslipidemia
hypertension, visceral adiposity, and hyperglycemia, is also a conditionaasdoci
with increased oxidative stress and CVD risk. Cranberry flavonoids, such as those
present in cranberry juice, are potent antioxidants. The objective of this
randomized crossover controlled trial was to analyze any differenceumdeaf
MeS and biomarkers of oxidative stress including OxLDL and MPO, in subjects
following a 4-week intervention of low calorie cranberry juice in comparison to
controls. 10 subjects with MeS were recruited and randomized to either cranberry
group (2 cups of cranberry juice/day) or control group (2 cups of flavored
juice/day) in a crossover design with a two week washout period.
Anthropometrics, blood pressure and blood draws were obtained at screen as well
as at the end of each intervention period. From blood draws, lipid profiles,
oxidized LDL and myeloperoxidase (MPO) were determined. Subjects were
asked maintain 3-day food records. Repeated measures ANOVA were pdrforme
to detect differences between groups at each intervention period withcsthtisti
significance set and 0.05.

Findings and Conclusions:

Significant reductions were observed in HDL as well as systolic and deaskodid
pressures following low calorie cranberry juice intervention comparedstdibe.
Additionally, a significant increase in blood glucose was observed following low
calorie cranberry juice intervention compared to baseline. No significant
differences were observed in biomarkers of oxidative stress including OxhdL a
MPO. The results of the present study do not suggest that short term low calorie
cranberry juice supplementation positively effects oxidative stress iecssiyith
metabolic syndrome. However, the present study was a pilot study and further
research should be conducted to examine the efficacy of low calorie cranberry
juice at positively modifying CVD risk factors including blood pressure and lipid
profiles.
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