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ABSTRACT: This study was conducted to investigate the effects of cranberry power on antioxidant defense system in rats
fed an atherogenic diet and injected with lipopolysaccharide (LPS). Sprague-Dawley rats were divided into the following 5
groups: normal diet+saline (NS), atherogenic diet+saline (AS), atherogenic diet+LPS (AL), atherogenic diet with 5%
cranberry powder+LPS (AL-C5), and atherogenic diet with 10% cranberry powder+LPS (AL-C10). Total antioxidant sta-
tus measured by ferric reducing ability of plasma (FRAP) was significantly reduced by LPS injection (24%) and was re-
stored by the cranberry powder treatment (P<0.05). In addition, the mean level of plasma total phenolics was sig-
nificantly decreased by LPS injection (P<0.05) and tended to be increased when cranberry powder was incorporated in to
the diet. Activity of serum superoxide dismutase (SOD) tended to be lowered by LPS injection and declined further in
cranberry powder fortified groups. Overall results indicate that dietary cranberry powder may provide appropriate anti-

oxidants to counter the diminished antioxidant status induced by exposing hypercholesterolemic rats to LPS.
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INTRODUCTION

Oxidative stress reflects the imbalance between the gen-
eration and detoxification of reactive oxygen species
(ROS), resulting in excess free radicals. Oxidative stress
is thought to be responsible for the oxidative damage
observed in various human diseases, including cardio-
vascular disease, atherosclerosis, and dyslipidemia (1,2).
In animal models, atherogenic diets containing high fat
and cholesterol have been shown to cause oxidative
damage to endogenous tissues (3) and induce hyper-
cholesterolemia (4,5). In a study by Yang et al. (2), oxi-
dative stress was proposed to be an early event in the
evolution of hyperlipidemia. In addition to the athero-
genic diet, lipopolysaccharide (LPS) injection has been
shown to induce not only cardiovascular events, includ-
ing atherogenesis (6,7) and dyslipidemia, but also oxida-
tive stress. In a study by Kukongviriyapan et al. (8), LPS
injection increased biomarkers of lipid and protein oxi-
dation, while cellular redox status was suppressed.
Appropriate antioxidant treatment has been suggested
as a potential remedy for reducing lipid peroxidation and
restoring the body’s antioxidant capacity in individuals

with a high risk for developing hyperlipidemia.

Nutritional guidelines (9) have suggested that an in-
crease in the consumption of foods rich in antioxidant
nutrients may decrease or prevent the risk of many dis-
eases caused by oxidative stress. Fruits and vegetables
have a large selection of flavonoids (10), and consuming
these foods results in improved total antioxidant ca-
pacity (11). Cranberries, in particular, contain a large
amount of flavonoids, including quercetin and anthocya-
nins (12). Quercetin has been shown to alleviate LPS in-
duced oxidative stress in animals (8). Furthermore, the
antioxidant effect of cranberry powder has been verified
in atherogenic diet induced hypercholesterolemic rats
(4). However, while the antioxidant potency of cranberry
flavonoids and cranberry products themselves has been
well recognized, it is not well known how cranberry
products modulate biomarkers of oxidative stress in the
hypercholesterolemic condition following LPS exposure.
Therefore, we aimed to investigate whether cranberry
powder positively alters antioxidant status and some bi-
omarkers of oxidative stress in hypercholesterolemic
rats treated with LPS.
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MATERIALS AND METHODS

Animals and diets

Forty male Sprague-Dawley rats with a mean weight of
16010 g were purchased from Animals Inc. (Central
Lab., Seoul, Korea). Rats were housed in cages under
temperature- (23+2°C), humidity- (50+10%), and light-
(12-h cycle beginning at 07:00) controlled conditions.
After a 7 day acclimation period, rats were divided into
the following five groups by randomized complete block
design: (1) normal diet and saline injected group (NS,
n=38), (2) atherogenic diet and saline injected group
(AS, n=8), (3) atherogenic diet and LPS (lipopolysac-
chardies from Escherichia coli O26:B6; Sigma Co., St.
Louis, MO, USA) injected group (AL, n=8), (4) 5%
cranberry fortified atherogenic diet and LPS injected
group (AL-C5, n=7), and (5) 10% cranberry fortified
atherogenic diet and LPS injected group (AL-C10, n=8).
The amounts of cranberry powder in the experimental
diets (5 and 10% w/w) would be equivalent to 26 and
51 g in the daily human diet, based on the body surface
area normalization method (13). All diets were based on
the modified AIN-76 diet (American Institute of Nutri-
tion, 1977) (Table 1). The experimental diets and water
were provided ad libitum, no limits were placed on calo-
ric intake, and all diets were in a mixed powder form.
Cranberry powder was manufactured by Kiantama Oy
Co. (Suomussalmi, Finland). All animal experiments
were performed based on the guidelines approved by the
Animal Ethics Committee of Seoul Women'’s University.

Blood and tissue preparation

Eighteen hours prior to the postmortem exam, NS and
AS groups were injected with a 0.9% physiological saline

Table 1. Composition of experimental diets (%)

solution (0.5 mg/kg) and AL, AL-C5, AL-C10 groups
were injected with LPS (0.5 mg/kg body weight) into
their abdominal cavity. Following a 12-h fast on the last
day of the 6-week experimental period, blood was drawn
from the saphenous vein of etherized rats. Blood sam-
ples were collected in vacuum tubes (Becton Dickinson,
Meylan, France) without anticoagulant for biochemical
analysis and with heparin for erythrocyte and plasma
analyses.

All blood samples were immediately centrifuged at
3,000 rpm (4°C) for 15 min (Sovall ST16R Centrifuge,
Thermo Scientific Co., Rockford, IL, USA) to separate
serum, plasma, and erythrocytes. Erythrocyte samples
were lysed in 4 volumes of ice cold HPLC-grade water, cen-
trifuged (1,000 g, 15 min, 4°C), and the supernatant (ery-
throcyte lystate) was collected for later analysis. The liv-
er was rinsed with physiological saline after blood col-
lection, exterior moisture was removed, weight was
measured, and the sample was frozen in liquid nitrogen
for storage until analysis.

Sample collection and preparation

Rat liver samples were selected from each lobe of the liver,
and the tissues were homogenized with buffer [0.3 mM
sucrose, 2 mM ethylenediaminetetraacetic acid (EDTA),
10% glycerol, and 20 mM N-(2-hydroxyethyl) piperazine-
N’-2-ethane sulfonic acid (HEPES), pH 7.5]. A portion
of each homogenate was centrifuged at 1,000 g for 15
min and the pellets were discarded. The supernatant was
re-centrifuged at 100,000 g for an hour (Optima™ LE-
80K Ultracentrifuge, Beckman Coulter Inc., Pasadena,
CA, USA). This supernatant (cytosolic fraction) was used
to measure the activities of catalase, glutathione reduc-
tase (GSH-R), and glutathione peroxidase (GSH-Px). All

Group”
Ingredient
NS AS AL AL-C5 AL-C10
Casein 20 20 20 20 20
DL-methionine 0.3 0.3 0.3 0.3 0.3
Corn starch 29 175 175 125 7.5
Sucrose 40 40 40 40 40
Cellulose 1 1 1 1 1
Corn oil 5 5 5 5 5
Lard 0 10 10 10 10
AIN-mineral mix? 35 35 35 35 35
AIN-vitamin mix” 1 1 1 1 1
Choline chloride 0.2 0.2 0.2 0.2 0.2
Cholesterol - 1 1 1 1
Sodium cholate - 05 0.5 05 0.5
Cranberry powder‘” - — - 5 10

”NS, normal diet+saline; AS, atherogenic diet+saline; AL, atherogenic diet+LPS; AL-C5, atherogenic diet with 5% cranberry pow-
der+LPS; AL-C10, atherogenic diet with 10% cranberry powder+LPS.

2’Composition of AIN-76 salt mixture.
9Composition of AIN-76 vitamin mixture.

“Manufacturer reported that anthocyanin and proanthocyanidin contents in cranberry powder were 120 mg/100 g and 2,600 mg/100 g,

respectively.
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experiments were performed at a temperature of 4°C,
and samples were stored at —80°C (14).

Ferric reducing ability of plasma

Plasma antioxidant status was evaluated with the ferric
reducing ability of plasma (FRAP) assay (15). Briefly,
the ferric-tripyridyltriazine (Fe(III)-TPTZ) complex was
reduced to ferrous tripyridyltriazine (Fe(II)-TPTZ) at a
low pH, resulting in a color change that was measured
by absorbance at 550 nm. The reaction varied depending
on the sample. Two-hundred-seventy microliters of pre-
warmed (37°C) freshly prepared FRAP reagent (25 mL
of 300 mM sodium acetate buffer pH 3.6, 2.5 mL of 10
mM 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) in 40 mM HCI,
and 2.5 mL of diluent). Absorbance at 550 nm peaked
after 15 min incubation at 37°C. FRAP values were meas-
ured with a plate reader (Spectra Max 250, Molecular
Devices, Sunnyvale, CA, USA) by detection of the ab-
sorbance change of the test sample due to the reducing
power of antioxidants present in the plasma. Sample ab-
sorbance change was compared with the absorbance
change of Trolox standards.

Total phenolics and total flavonoids assay

Total soluble phenolic compounds were determined in
plasma according to the method described by Singleton
and Rossi (16). Using gallic acid as a standard, total
soluble phenolic compounds were determined in plasma
with Folin-Ciocalteu reagent. A mixture containing 50
pL plasma and 865 pL distilled water was incubated
with 75 pL Folin-Ciocalteu reagent at room temperature
for 5 min. Two-hundred-twenty-five microliters of 20%
Na,COs and 285 puL of distilled water were added to the
reaction mixture and incubated at room temperature for
2 hours, followed by the measurement of absorbance at
760 nm. The total phenolics content is expressed as gal-
lic acid equivalents (GAE).

In order to determine total flavonoids, 500 pL of sam-
ple was diluted with distilled water, mixed with 75 pL of
5% NaNO; solution, and incubated at room temperature
for 5 min. This mixture was added to 150 uL of 10%
AICl; and allowed to stand for 5 additional min before
0.5 mL of 1 M NaOH was added. The absorbance of the
solution was measured at 510 nm. The results are pre-
sented as catechin equivalents (17).

Serum and erythrocyte lysate superoxide dismutase activity
Superoxide dismutase (SOD) activities of serum and er-
ythrocytes were evaluated using an enzyme linked im-
munosorbent assay (ELISA). Absorbance was measured
at 440 nm. The assay method was based on the de-
tection of superoxide radicals generated by xanthine oxi-
dase and hypoxanthine. One unit of SOD is defined as
the amount of enzyme required to inhibit dismutation of

50% of the superoxide radicals. Commercially available
kits (Superoxide Dismutase Assay Kit, Cayman Chemical
Co., Ann Arbor, MI, USA) were used.

Cytosolic glutathione peroxidase, glutathione reductase,
and catalase activities

Cytosolic GSH-Px activity was measured by the Paglia
and Valentine method (18). A molar extinction co-
efficient of 6.22 mM ‘cm ! was used, and the activity
was expressed as nmol oxidized NADPH/min/mg
protein. This assay was performed using a commercially
available kit (Glutathione Peroxidase Assay Kit, Cayman
Chemical Co.).

GSH-R activity was determined by measuring the rate
of NADPH oxidation and the formation of NADP.
Change in absorbance was measured at 340 nm. Com-
mercially available kits (Glutathione Peroxidase Assay
Kit, Cayman Chemical Co.) were also used for this
assay.

A commercially available Catalase Assay Kit (Cayman
Chemical Co.) was used to measure catalase activity in
cytosol. The method is based on the reaction of the cata-
lase with methanol in the presence of an optimal con-
centration of HyO».

Protein concentration was determined by the method
of Lowry with bovine serum albumin as the standard
(19).

Serum thiobarbituric acid reactive substances levels
Serum concentrations of thiobarbituric acid reactive sub-
stances (TBARS) were measured as a marker of lipid
peroxidation using a TBARS Assay Kit (ZeptoMetrix
Co., Buffalo, NY, USA).

Statistical analysis

SAS software (version 9.1, SAS Inc., Cary, NC, USA)
was used to analyze data by one-way analysis of variance
and Duncan’s multiple range tests. Values are presented
as the mean=standard deviation. Significance was set at
P<0.05 unless otherwise stated.

RESULTS

Serum cholesterol

The mean total cholesterol of groups fed the atherogenic
diet was between 252 mg/dL and 331 mg/dL. These val-
ues were about 156% to 236% higher than that of the
group fed a normal diet.

Plasma FRAP, total phenolics and flavonoids levels

Plasma FRAP, total phenolics, and flavonoid levels were
determined to examine the effects of cranberry powder
on antioxidant status. Mean plasma FRAP levels were
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not significantly altered by the atherogenic diet, but
were significantly decreased when LPS was injected into
rats consuming the atherogenic diet. Furthermore, the
lowered FRAP values were restored when the diet was
fortified with cranberry powder (P<0.05) (Table 2).

As compared to the atherogenic diet group, LPS in-
jection lowered plasma total phenolics (P<0.05). These
values were not fully restored but tended to be elevated
with cranberry powder fortification of the diet (P>0.05).
A similar pattern was observed for total plasma flavonoid
concentrations, although they were not significantly dif-
ferent among groups.

jected groups, and a further decline was observed in
groups fed cranberry powder (Table 3). There were no
significant differences in cytosolic GSH-Px and GSH-R
activities among groups. As compared to the NS group,
the mean level of cytosolic catalase activity was 21%
lower in the group that was fed an atherogenic diet and
received a saline injection (P>0.05) and 50% lower in
the group that was fed an atherogenic diet and received
an LPS injection (P<0.05). In addition, cytosolic catalase
activity tended to be even lower in the group fed an
atherogenic diet fortified with 5% cranberry powder
(Table 4). There were no differences in serum TBARS

concentrations among experimental groups (Table 5).
Antioxidant enzyme activities and serum TBARS
Mean serum SOD activity tended to be lower in LPS in-

Table 2. Effects of cranberry powder on plasma FRAP, total phenolics, and total flavonoid levels in rats”

2) 3) Total phenolic level Total flavonoid level
Group™ (n) FRAP™ (uM) (mg gallic acid equivalents) (mg catechin equivalents)
NS (8) 314.00£64.21° 6.96+0.55" 19.61£11.05™
AS (8) 318.43+77.60° 8.22+1.46° 27.27£13.68
AL (7) 242.25+47.34° 7.06£0.18" 22.56+17.94
AL-C5 (7) 319.87+58.23° 7.55+0.98%° 28.53+13.59
AL-C10 (8) 315.65+59.04° 7.33+0.79%° 23.88+13.74

"Walues are mean+SD. Means with different superscripts are significantly different at £<0.05 by Duncan’s multiple range test.

INS, normal diet+saline AS, atherogenic diet+saline AL, atherogenic diet+LPS AL-C5, atherogenic diet with 5% cranberry pow-
der+LPS AL-C10, atherogenic diet with 10% cranberry powder+LPS.

IFRAP, the ferric reducing ability of plasma.

“ns, Not significant.

Table 3. Effects of cranberry powder on serum and erythrocyte SOD activity in rats”

Group? (n) SOD? activity in serum (U/mL) SOD activity in erythrocytes (U/mL)
NS (8) 23.52+4.22° 1319.314210.48™

AS (8) 22.79+5.36° 1184.13+189.05

AL (7) 18.45+7.25%® 1052.59+266.98

AL-C5 (7) 14.17+2.86° 1031.574219.51

AL-C10 (8) 14.62+4.19° 1110.69+361.94

YWalues are mean+SD. Means with different superscripts are significantly different at £<0.05 by Duncan’s multiple range test.
INS, normal diet+saline; AS, atherogenic diet+saline; AL, atherogenic diet+LPS: AL-C5, atherogenic diet with 5% cranberry pow-
der+LPS; AL-C10, atherogenic diet with 10% cranberry powder+LPS.

350D, superoxide dismutase.

‘”ns, Not significant.

Table 4. Effects of cranberry powder on cytosolic GSH-Px, GSH-R and catalase activities in rats”

GroupZ) (n) GSH-Px? GSH-R? Catalase

(nmol NADPH/min/mg protein)  (nmol NADPH/min/mg protein) (nmol/mg protein/min)
NS (8) 5.05+1.76™ 2.82+1.02" 321.93+148.78°
AS (8) 5.00+2.48 3.9613.62 253.63+88.07%
AL (8) 4261178 3.01£1.10 162.17+78.77™
AL-C5 (7) 3.85+1.78 2.80+1.63 114.51+£110.30°
AL-C10 (8) 3.19+1.11 2.72+1.60 181.63+100.10™

"Walues are mean+SD. Means with different superscripts are significantly different at £<0.05 by Duncan’s multiple range test.
INS, normal diet+saline; AS, atherogenic diet+saline; AL, atherogenic diet+LPS; AL-C5, atherogenic diet with 5% cranberry powder+
LPS: AL-C10, atherogenic diet with 10% cranberry powder+LPS.

3GSH-Px, glutathione peroxidase.

YGSH-R, glutathione reductase.

5’ns, Not significant.
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Table 51.) Effects of cranberry powder on serum TBARS content
in rats

Group? (n) TBARS? (nmol)
NS (8) 15.47+3.00™
AS (8) 20.56+6.46
AL (7) 21.44+9.02
AL-C5 (7) 19.46£3.62
AL-C10 (8) 18.34£4.90

"Walues are mean£SD. Means with different superscripts are
significantly different at £<0.05 by Duncan’s multiple range
test.

2)NS, normal diet+saline: AS, atherogenic diet+saline; AL, athe-
rogenic diet+LPS; AL-C5, atherogenic diet with 5% cranberry
powder+LPS; AL-C10, atherogenic diet with 10% cranberry
powder+LPS.

STBARS, thiobarbituric acid reactive substances.

‘”ns, Not significant.

DISCUSSION

This study examined the antioxidant effects of cranberry
powder in atherogenic diet induced hypercholestero-
lemic rats that had been treated with LPS. Cranberries
contain abundant amounts of antioxidants, such as phe-
nolics and flavonoids (20), and consumption of cran-
berry juice has been reported to be effective against oxi-
dative stress related diseases, including cardiovascular dis-
ease (21). Cranberry juice phenolics are also known to
contain antioxidants that can increase antioxidant ca-
pacity and protect LDL from oxidation (22).

In the current study, total antioxidant status measured
by plasma FRAP decreased with LPS injection. LPS plays
a potential role as a pro-inflammatory mediator, initiates
numerous host-mediated destructive processes (23),
and increases oxidative stress (8). Hsu and Liu (24) re-
ported that LPS stimulates lipid peroxidation, and
Yamada et al. (25) reported that LPS induces the gen-
eration of reactive oxygen species (ROS). In addition,
glutathione redox status has been shown to be impaired
by LPS (8). These previous findings support the thought
that LPS injection may stimulate the production of ROS,
in turn stimulating the utilization of antioxidants to
scavenge the excess ROS. This results in a lower total
antioxidant capacity, as measured by FRAP. In this
study, cranberry powder treatment restored the LPS in-
jection-induced lowering of FRAP to a level close that of
the group that did not receive an LPS injection. In a
study by Pedersen et al. (26), plasma antioxidant ca-
pacity was increased with cranberry juice intake, possi-
bly because of the high concentrations of phenolics and
vitamin C in cranberries. Cranberry powder is a rich
source of bioactive components, such as flavonoids and
phenolics, which are known to have highly effective anti-
oxidant properties (27). In the current study, the levels
of circulating total phenolics tended to be increased by
cranberry treatments, but the magnitudes of these

changes were small and did not meet statistical signi-
ficance. Despite the relatively high amount of cranberry
fortification, the observation of only a small increase in
circulating phenolic compounds might be explained, in
part, by a rapid metabolic rate (28). In addition, circulat-
ing phenolics and flavonoids are thought to be used by
the body’s antioxidant defense mechanism against ex-
cess ROS in situations of high oxidative stress (29).

The detoxification of ROS in biological systems is ac-
complished by enzymatic and non-enzymatic reactions.
In enzymatic reactions, SOD converts superoxide anions
to oxygen and hydrogen peroxide (H,O,). H,O, can be
rapidly degraded by catalase and GSH-Px in the liver
(30). The activities of ROS scavenging enzymes (e.g.,
SOD, GSH-Px, GSH-R, and catalase) have been shown
to be altered in various conditions, including during the
consumption of a high fat diet and following exposure to
endotoxin (31,32). In the current study, cytosolic cata-
lase and serum SOD activities tended to be decreased by
an atherogenic diet and LPS treatments, whereas the ac-
tivities of other enzymes were not noticeably changed.
Among the tested enzymes, only cytosolic catalase activ-
ity showed a considerable, but insignificant, reduction
(21%) following 6 weeks of a high fat diet. In a study by
Martinello et al. (33), SOD, catalase, and GSH-Px activ-
ities were reduced in the serum and livers of hamsters
fed an atherogenic diet for 10 weeks. However, as shown
in the current study, Rocha et al. (34) reported that hep-
atic GSH-Px and GSH-R activities of Wistar rats were
not significantly altered by 45 days of a high fat diet,
suggesting that the liver may regulate and maintain ho-
meostasis during short-term dietary changes. LPS has al-
so been shown to decrease the activities of antioxidant
enzymes such as SOD and catalase in animals (32). In a
study by Yoshikawa et al. (35), a significant reduction of
tissue SOD was observed following LPS administration.
Wang et al. (36) also observed that renal SOD mRNA
and protein expression were decreased by LPS treatment
in mice. Furthermore, Watson et al. (32) reported a de-
crease in hepatic total SOD and catalase activities when
rats were given LPS injections, providing further support
for the thought that LPS exposure induces changes in
the host’s response to ROS. Similarly, in the current
study, LPS injection resulted in a 36% and a 19% reduc-
tion of cytosolic catalase and serum SOD activities,
respectively. In addition, when LPS was administered to
rats fed an atherogenic diet, there was a further reduc-
tion in cytosolic catalase activity. These results suggest
that the burden of ROS may increase when those with
hypercholesterolemia are exposed to endotoxin, result-
ing increased oxidative stress. Interestingly, there was a
tendency for a further decline in serum SOD activity
when cranberry powder was administered. Previous
studies also report a decrease in the activities of anti-
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oxidant enzymes such as SOD, catalase, and GSH-Px fol-
lowing consumption of flavonoid and phenolic rich diets
(37,38). In addition, dietary flavonoids like quercetin
and kaempferol are reported to reduce oxidative stress
by lowering the production of ROS and decrease protein
and mRNA expressions of SOD and GSH-Px (39).
Therefore, it is assumed that flavonoid-rich cranberry
powder might provide antioxidants that suppress pro-
duction of oxygen radicals, leading to a decrease in the
activities of antioxidant enzymes such as SOD.

Increased oxidative stress has been shown to elevate
lipid peroxidation. TBARS levels, a biomarker of lipid
peroxidation, are reported to be increased not only by
atherogenic diet (40), but also following an LPS chal-
lenge (41). In a study by Kaur et al. (41), the LPS-in-
duced increase in TBARS was reduced when animals
were treated with the flavonoid hesperidin, which is
mainly found in citrus fruits. Regrettably, in the present
study, no significant changes in TBARS were observed,
although there was a noteworthy trend for TBARS to be
reduced.

Overall results suggested that LPS may increase oxida-
tive stress by lowering antioxidant status, but cranberry
powder provides antioxidants that may help prevent
LPS-induced oxidative stress in hypercholesterolemia.
However, the levels of cranberry powder incorporated in
to the diet in the current study were relatively high for
daily human consumption. Therefore, further studies are
needed to evaluate an effective and acceptable dose for
human diets to achieve the antioxidant benefits of cran-
berry powder.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

REFERENCES

1. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser
J. 2007. Free radicals and antioxidants in normal physio-
logical functions and human disease. Int J Biochem Cell Biol 39:
44-84.

2. Yang RL, Shi YH, Hao G, Li W, Le GW. 2008. Increasing
oxidative stress with progressive hyperlipidemia in human:
relation between malondialdehyde and atherogenic index. J
Clin Biochem Nutr 43: 154-158.

3. Del Boccio G, Lapenna D, Porreca E, Pennelli A, Savini F,
Feliciani P, Ricci G, Cuccurullo F. 1990. Aortic antioxidant
defence mechanisms: time-related changes in cholesterol-
fed rabbits. Atherosclerosis 81: 127-135.

4. Kim MJ, Jung HN, Kim KN, Kwak HK. 2008. Effects of
cranberry powder on serum lipid profiles and biomarkers of
oxidative stress in rats fed an atherogenic diet. Nutr Res Pract
2: 158-164.

5. Matos SL, de Paula H, Pedrosa ML, dos Santos RC, de
Oliveira EL, Chianca Junior DA, Silva ME. 2005. Dietary

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

models for inducing hypercholesterolemia in rats. Braz Arch
Biol Technol 48: 203-209.

. Kim §J, Park JH, Kim KH, Lee WR, Lee S, Kwon OC, Kim KS,

Park KK. 2010. Effect of NF-«xB decoy oligodeoxynucleotide
on LPS/high-fat diet-induced atherosclerosis in an animal
model. Basic Clin Pharmacol Toxicol 107: 925-930.

. liyama K, Hajra L, liyama M, Li H, DiChiara M, Medoftf BD,

Cybulsky ML 1999. Patterns of vascular cell adhesion
molecule-1 and intercellular adhesion molecule-1 expression
in rabbit and mouse atherosclerotic lesions and at sites
predisposed to lesion formation. Circ Res 85: 199-207.

. Kukongviriyapan U, Sompamit K, Pannangpetch P,

Kukongyviriyapan V, Donpunha W. 2012. Preventive and
therapeutic effects of quercetin on lipopolysaccharide-
induced oxidative stress and vascular dysfunction in mice.
Can J Physiol Pharmacol 90: 1345-1353.

. WHO. 1990. Diet, nutrition and the prevention of chronic disases:

report of a WHO study group. World Health Organization
technical report series; 797. World Health Organization,
Geneva, Switzerland.

Pietta PG. 2000. Flavonoids as antioxidant. J Nat Prod 63:
1035-1042.

Cao G, Russell RM, Lischner N, Prior RL. 1998. Serum
antioxidant capacity is increased by consumption of straw-
berries, spinach, red wine or vitamin C in elderly women. J
Nutr 128: 2383-2390.

Zheng W, Wang SY. 2003. Oxygen radical absorbing capacity
of phenolics in blueberries, cranberries, chokeberries, and
lingonberries. J Agric Food Chem 51: 502-509.

Reagan-Shaw S, Nihal M, Ahmad N. 2008. Dose translation
from animal to human studies revisited. FASEB J 22: 659-661.
Masmoudi A, Labourdette G, Mersel M, Huang FL, Huang
KP, Vincendon G, Malviya AN. 1989. Protein kinase C
located in rat liver nuclei. Partial purification and bio-
chemical and immunochemical characterization. J Biol Chem
264: 1172-1179.

Benzie IFF, Strain JJ. 1996. The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: the
FRAP assay. Anal Biocem 239: 70-76.

Singleton VL, Rossi JA. 1956. Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid reagents. Am J
Enol Vitic 16: 144-158.

Jia A, Tang M, Wu J. 1999. The determination of flavonoid
contents in mulberry and their scavenging effects on
superoxide radicals. Food Chem 64: 555-559.

Paglia DE, Valentine WN. 1967. Studies on the quantitative
and qualitative characterization of erythrocyte glutathione
peroxides. J Lab Clin Med 70: 158-169.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 1951.
Protein measurement with the folin phenol reagent. J Biol
Chem 193: 265-275.

Vinson JA, Bose P, Proch J, Al Kharrat H, Samman N. 2008.
Cranberries and cranberry products: powerful in vitro, ex
vivo, and in vivo sources of antioxidants. J Agric Food Chem 56:
5884-5891.

Maher MA, Mataczynski H, Stefaniak HM, Wilson T. 2000.
Cranberry juice induces nitric oxide-dependent vasodilation
in vitro and its infusion transiently reduces blood pressure in
anesthetized rats. ] Med Food 3: 141-147.

Wilson T, Porcari JP, Maher MA. 1999. Cranberry juice
inhibits metal and non-metal initiated oxidation of human
low density lipoproteins in vitro. Journal of Nutraceuticals,
Functional and Medical Foods 2: 5-14.

Henderson B, Poole S, Wilson M. 1996. Bacterial modulins:
a novel class of virulence factors which cause host tissue
pathology by inducing cytokine synthesis. Microbiol Rev 60:
316-341.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Antioxidant Effects of Cranberry Powder in Rats 81

Hsu DZ, Liu MY. 2003. Sesame oil protects against lipopoly-
saccharide-stimulated oxidative stress in rats. Crit Care Med
32:227-231.

Yamada H, Arai T, Endo N, Yamashita K, Fukuda K, Sasada
M, Uchiyama T. 2006. LPS-induced ROS generation and
changes in glutathione level and their relation to the
maturation of human monocyte-derived dendritic cells. Life
Sci 78: 926-933.

Pedersen CB, Kyle ], Jenkinson AM, Gardner PT, McPhail
DB, Duthie GG. 2000. Effects of blueberry and cranberry
juice consumption on the plasma antioxidant capacity of
healthy female volunteers. Eur J Clin Nutr 54: 405-408.
Reed J. 2002. Cranberry flavonoids, atherosclerosis and
cardiovascular health. Critl Rev Food Sci Nutr 42: 301-316.
Duthie SJ, Jenkinson AM, Crozier A, Mullen W, Pirie L, Kyle
J, Yap LS, Christen P, Duthie GG. 2006. The effects of
cranberry juice consumption on antioxidant status and
biomarkers relating to heart disease and cancer in healthy
human volunteers. Eur | Nutr 45: 113-122.

Nijveldt RJ, van Nood E, van Hoorn DE, Boelens PG, van
Norren K, van Leeuwen PA. 2001. Flavonoids: a review of
probable mechanisms of action and potential applications.
Am ] Clin Nutr 74: 418-425.

Evans P, Halliwell B. 2001. Micronutrients: oxidant/anti-
oxidant status. Br J Nutr 85: S67-S74.

Deepa PR, Varalakshmi P. 2003. Salubrious effect of low
molecular weight heparin on atherogenic diet-induced
cardiac, hepatic and renal lipid peroxidation and collapse of
antioxidant defences. Mol Cell Biochem 254: 111-116.
Watson AM, Warren G, Howard G, Shedlofsky SI, Blouin
RA. 1999. Activities of conjugating and antioxidant enzymes
following endotoxin exposure. J Biochem Mol Toxicol 13: 63-69.
Martinello F, Soares SM, Franco JJ, Santos AC, Sugohara A,
Garcia SB, Curti C, Uyemura SA. 2006. Hypolipemic and
antioxidant activities from Tamarindus indica L. pulp fruit

34,

35.

36.

37.

38.

39.

40.

41.

extract in hypercholesterolemic hamsters. Food Chem Toxicol
44: 810-818.

Rocha KK, Souza GA, Ebaid GX, Seiva FR, Cataneo AC,
Novelli EL. 2009. Resveratrol toxicity: effects on risk factors
for atherosclerosis and hepatic oxidative stress in standard
and high-fat diets. Food Chem Toxicol 47:1362-1367.
Yoshikawa T, Takano H, Takahashi S, Ichikawa H, Kondo M.
1994. Changes in tissue antioxidant enzyme activities and
lipid peroxides in endotoxin-induced multiple organ failure.
Circ Shock 42: 53-58.

Wang W, Jittikanont S, Falk SA, Li P, Feng L, Gengaro PE,
Poole BD, Bowler RP, Day BJ, Crapo JD, Schrier RW. 2003.
Interaction among nitric oxide, reactive oxygen species, and
antioxidants during endotoxemia-related acute renal failure.
Am ] Physiol Renal Physiol 284: F532-F537.

Kim JH, Kim MK. 2003. Effect of different part of mandarin
intake on antioxidative capacity in 15-month-old rats. Korean
J Nutr 36: 559-569.

Rouanet JM, Décordé K, Rio DD, Auger C, Borges G, Cristol
JP, Lean ME], Crozier A. 2010. Berry juices, teas, antioxi-
dants and the prevention of atherosclerosis in hamsters. Food
Chem 118: 266-271.

Crespo I, Garcia-Mediavilla MV, Almar M, Gonzalez P,
Tufién MJ, Sanchez-Campos S, Gonzédlez-Gallego J. 2008.
Differential effects of dietary flavonoids on reactive oxygen
and nitrogen species generation and changes in antioxidant
enzyme expression induced by proinflammatory cytokines
in Chang Liver cells. Food Chem Toxicol 46: 1555-1569.
Décordé K, Teissédre PL, Auger C, Cristol JP, Rouanet JM.
2008. Phenolics from purple grape, apple, purple grape juice
and apple juice prevent early atherosclerosis induced by an
atherogenic diet in hamsters. Mol Nutr Food Res 52: 400-407.
Kaur G, Tirkey N, Chopra K. 2006. Beneficial effect of
hesperidin on lipopolysaccharide-induced hepatotoxicity.
Toxicology 226: 152-160.



