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Abstract
Cardiovascular diseases are the leading worldwide cause of death and,
along with many other chronic diseases, have been associated with high levels of
oxidative stress. Blueberries have been shown to have powerful antioxidant
properties, a characteristic crucial for neutralizing reactive oxygen species and
reducing the overall level of oxidative stress. PEI Berries® Ltd. has patented a
new blueberry processing method, called hydrothermodynamic technology, which
they claim will allow their puree to maintain more of the blueberries' natural
antioxidant properties compared to other processing methods. The objective of
my research is to evaluate the bioefficacy of the PEI Berries® blueberry puree. 28
Wistar-Kyoto rats were divided into four feeding groups: a control diet, a control
diet with blueberry puree, a high fat diet to induce oxidative stress, and a high fat
diet with blueberry puree. It was hypothesized that the blueberry puree would
cause a significant decrease in renal oxidative stress, shown by decreased levels
of biomarkers of oxidative stress and increased levels of antioxidants and related
enzymes measured by spectrophotometric assays. Compared to the control
group, the rats fed a control diet with blueberries had a 46.8% increase, 42.1 %
increase, and 24.9% increase in superoxide dismutase, catalase and glutathione
reductase activities respectively, but these were not statistically significant
(Unpaired T-Test, p=0.278, 0.113 and 0.118, CAT CON n=6, n=7 for others).
There was a 16.7% decrease in nitrites in the CON+BB group compared to CON,
but this was also not significantly significant (Unpaired T-Test, p=0.378, n=7).
This study has not yet provided evidence that the PEI Berries® blueberry puree is
effective reducing oxidative stress in rodent renal tissue.
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INTRODUCTION
Worldwide, cardiovascular diseases are the leading cause of mortality,
responsible for about one third of global deaths in 2015 (World Health
Organization, 2017). Cardiovascular diseases are associated with high levels of
oxidative stress, caused by an accumulation of reactive oxygen species, and this
association also exists with other chronic diseases such as Type II Diabetes
(reviewed by Stephens et al., 2009). Consequently, in attempts to reduce the risk
of chronic disease, research efforts are directed towards the reduction of
oxidative stress.
Blueberries are widely acclaimed for their potential natural health benefits.
Rich in polyphenols, blueberries have antioxidant properties (Kou et al. 2016;
Vinson et al. 2001 ; Prior et al. 1998). There is a growing body of research that
supports the beneficial effects of blueberries on the prevention of certain health
conditions linked to oxidative stress (<;oban et al., 2015; Guo et al., 2017; Riso et
al. , 2013; Shaughnessey et al., 2009; Song et al., 2016; Sweeney et al., 2002;
Sweeney and Slemmer, 2013).
Blueberries lose a significant amount of their antioxidant capacity during
treatment, processing and storage (Brown miller et al., 2008; Carlsen et al., 2010).
Utilizing a newly-patented hydrothermodynamic technology (HTDT), PEI Berries®
Ltd ., recently renamed Healthy Berries™ Ltd., claims their blueberry puree
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prod uct retains more of the blueberries ' natural antioxidant activity than
comparable products on the market.
As a patented method , information regarding the details of HTDT are not
publicly available, but we do know that the process is based on applying pressure
to the berries, at a low temperature to prevent scorching, and in the absence of
oxygen . The total anthocyanin content of the PEI Berries®blueberry puree was
previously measured by our lab group to be 1.061 ± 0.008 mg/g of puree, a 29%
increase compared to the commercially available Van Dyk's Wild blueberry juice,
which only had a total anthocyanin content of 0.751 ± 0.009 mg/g of juice
(Gillespie, D. , unpublished results).
In previous research conducted by our lab group (MacNeill, 2015), 28
Wistar-Kyoto rats were divided into four feeding groups: a control diet (CON), a
control diet supplemented with the PEI Berries® blueberry puree (CON+BB), a
high fat diet (HFD), and a high fat diet supplemented with the PEI Berries®
blueberry puree (HFD+BB). The control group (CON) was fed a powdered form of
AIN '93g purified diet formulated with ingredients purchased from Dyets Inc.. The
second group was fed the same control diet and further supplemented with
5ml/kg gelatin cubes of the PEI Berries® blueberry puree (CON+BB). The th ird
group was fed a high-fat diet (HFD) consisting of the AIN'93g purified diet with
20% lard substituted for carbohydrates (i.e. cornstarch , sucrose, and dyetrose),
while the fourth group (HFD+BB) was fed the same high-fat diet along with the
blueberry puree gelatin cubes. All rats were fed ad libitum , and rats from the CON
and HFD groups were fed cubes of sugar-free Raspberry Jello to balance the
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calorie intakes between groups. At the end of the eighth week, the rats were
fasted for 16 hours before being euthanized. Various organs, including the
kidneys, were harvested and frozen at -80°C for further analysis.
The aim of this project was to evaluate the bioefficacy of the PEI Berries®
blueberry puree on oxidative stress in rodent renal tissue by measuring
biomarkers of systemic oxidative stress and levels of antioxidants in the kidneys
using spectrophotometric assays. It was hypothesized that the PEI Berries®
product will cause a decrease in the level of oxidative stress in renal tissue,
characterized by decreased levels of systemic oxidative stress markers (nitrites),
increased superoxide dismutase (SOD), catalase (CAT), and glutathione
reductase (GR) activities, and increased levels of glutathione (GSH).
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LITERATURE REVIEW
1. Oxidative Stress
Reactive oxygen species (ROS), highly reactive compounds known to
cause cellular damage, are naturally produced during metabolism . While these
ROS are dangerous, organisms have natural mechanisms in place to neutralize
them . If a cell produces more free radicals than it can efficiently counteract, an
imbalance is created . This imbalance is commonly referred to as oxidative stress
(Prior and Wu, 2013), and can be caused by environmental or physiological
factors, such as eating a diet high in fat (Sun et al., 2014; Ballal et al., 2010), as
shown in Figure 1 . Oxidative stress has been linked to a variety of conditions,
including obesity (Contini et al., 2012), diabetes (reviewed by Stephens et al. ,
2009), hypertension and other cardiovascular disorders (Wu et al., 2016;
reviewed by Stephens et al. , 2009).
Studies exploring ways to reduce oxidative stress are important to find a
way to prevent or delay the onset of chronic disease. A study by Leibowitz et al.
(2016) found that melatonin was an effective way to reduced oxidative stress in
renal tissue of rats fed a high salt diet, due to melatonin being a powerful
antioxidant (Leibowitz et al. , 2016; Tan et al. , 2003). Another study found that
adding omega-3 polyunsaturated fatty acids to the diets of mice with dilated
cardiomyopathy, an oxidative stress related disorder, effectively reduced the
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The production of reactive oxygen species (ROS), which can lead
to oxidative stress if the body produces more than it can counteract,
and a brief overview of how the body neutralizes them (Figure from
Avelar et al. , 2015).
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production of ROS and slowed the progression of the disease (Li et al., 2017).
Even Pu-erh tea extracts, a fermented tea made in China , has been shown to
reduce hepatic damage by activating hepatic antioxidant systems, specifically by
increasing the activities of SOD, CAT, and GPx (Su et al., 2016).
2. Antioxidants
In order to prevent damage, cells utilize both endogenous and exogenous
antioxidants to neutralize the reactive oxygen species. SOD, CAT, and GSH are
three common endogenous antioxidants, whose mechanisms are shown in
Figure 2 and further described below.
SOD is an enzyme that catalyzes the redox reaction of two superoxide
radicals and two protons to create diatomic oxygen gas and hydrogen peroxide
(McCord and Fridovich, 1969). Even though hydrogen peroxide is still an ROS,
by utilizing two ROS as reactants, the overall reaction will reduce the amount of
ROS present in cells. The hydrogen peroxide can then be neutralized by other
antioxidant and antioxidant enzymes, namely CAT and GSH.
CAT reacts with hydrogen peroxide to form molecular oxygen and water
(from Mates et al., 1999), hereby neutralizing the ROS and reducing the potential
of oxidative damage. This CAT reaction competes with another reaction that
neutralizes hydrogen peroxide using the endogenous antioxidant GSH .
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How endogenous antioxidants and associated enzymes, such as
superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR), and glutathione (GSH), effectively neutralize
reactive oxygen species (ROS), such as 0 2·- (Figure from Li et al.,
2000).
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Two molecules of glutathione in its reduced form (GSH) react with
hydrogen peroxide to form glutathione disulfide (GSSG), the oxidized form of
glutathione, and two water molecules. This reaction is catalyzed by glutathione
peroxidase (GPx) (from Mates et al., 1999). GSH can then be recycled by GR,
which reduces GSSG back to GSH. The ability to combat oxidative sfress with
glutathione may decrease with age. A study by Jiang et al. (2013) found that
levels of hepatic glutamate-cysteine ligase (GCL) activity, an enzyme that
catalyses the initial formation of GSH , decreased with age when comparing one
month old mice to twelve month old mice, implying that older mice would be less
efficient at synthesizing GSH to combat oxidative stress.
Exogenous antioxidants are found naturally in many foods, especially
plant-based foods like fruits and vegetables. Vitamins A, C, and E are three
examples of well-known antioxidants that stabilize ROS by donating their
hydrogen molecules and electrons (Thompson, 2014 ), but there are also many
other natural compounds with antioxidant properties that can be consumed in the
diet.
Berries are considered an especially good source of antioxidants. When
compared with 3100 other foods, beverages, etc., berries had one of the highest
median antioxidant contents with 3.34mmol/1 OOg, where the median value for all
the plant based foods was only 0.88mmol/100g, when measured with a modified
ferric reducing ability of plasma (FRAP) assay (Carlsen et al. 2010).
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3. Antioxidant Properties of Blueberries
Blueberries are widely known for their antioxidant properties, and when
measured with ORAC (oxygen radical absorbance capacity) assays, were shown
to have the highest antioxidant activity out of 20 commonly consumed fruits
(Vinson et al., 2001 ). Borges et al. (2010) reported that out of five fruits measured
with FRAP assays, blueberries were second only to black currants, showing
higher antioxidant activities than raspberries, red currants and cranberry extracts.
Another study by Koca and Karadeniz (2009) used FRAP assays and found that
while wild blackberries had a higher antioxidant activity than wild blueberries,
both wild berries had higher antioxidant activities that their cultivated equivalent.
This study also showed that wild blueberries had the largest range maximums for
total phenolic and total anthocyanin contents , though the overall means for each
berry were similar (Koca and Karadeniz, 2009).
Phenolic antioxidants, such as anthocyanins, are major contributors to
antioxidant activity as exogenous antioxidants (Nowicka et al., 2016), and
stimulate the body's natural endogenous antioxidant systems (Shah et al., 2016).
Another study by Cho et al. (2004) also showed that blueberries had a higher
range maximum of total anthocynanin, and higher range maximum for overall
antioxidant capacity, compared to blackberries and red wine grapes, but
emphasized that the different genotypes of each fruit varied in total anthocyanins
and antioxidant activity (2004 ). The effects of genetic variation on overall
antioxidant activity on specific strains of blueberries is further supported a study
conducted by Dastmalchi et al. (2011 ), that found significantly different racial
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scavenging activities and total phenolic contents between six different species of
blueberries.
ORAC and FRAP assays, and total anthocynanin contents, describe the
potential antioxidant capacity of foods in vitro, but these results do not
necessarily directly correlate to in vivo effects. Therefore in vivo studies are also
required to determine the ability of blueberries to enhance endogenous
antioxidants. A study that fed blueberry extracts to hypercholesterolemic rats for
fourteen days, found that SOD, CAT and GPx activity increased in both blueberry
fed groups compared to the control. These increases were directly proportional to
the amount of blueberry extract administered, with a significant increase in the
activities of SOD, CAT and GPx in the rats fed 50mg/kg compared to those fed
25mg/kg. This study also found that a combination of simvastatin, a drug that is
used to lowers lipids (LDL, triglycerides) in the blood , and blueberries was able to
further increase the activity of each of these enzymes (Stroher et al. , 2015).
Comparable results were found by Chen et al. (2012), who after feeding
blueberries to mice with CCl 4-induced liver injury, found significant increases in
the activities of SOD and CAT in red cell membranes of rats fed blueberries
compared to the liver injury group and increased plasma GPx activity of groups
fed high doses of blueberries compared to the control. This study also highlighted
the dose-dependent relationship of amount of blueberries and increased
antioxidant activity (Chen et al. , 2012).
Due to their high levels of antioxidants, specifically anthocyanins,
blueberries have been a common topic of study regarding the reduction of
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oxidative stress. Riso et al. (2013) found that after drinking a wild blueberry drink
for 6 weeks, participants had significant decrease in oxidized purines, a
biomarker of oxidative stress, when compared to the participants who consumed
a placebo drink. Studies have also shown that consumption of anthocyanin-rich
blueberries was able to prevent both diabetic retinopathy (Song et al., 2016) and
brain damage from stroke-induced ischemia in rats (Sweeney et al. , 2002).
In addition to showing berries are good source of antioxidants, Carlsen et
al. (2010) also highlighted how processing can reduce the total antioxidant
properties of berries, as the antioxidant capacity of processed products was
reduced by approximately 50% when compared to fresh berries. In another study
by Brownmiller et al. (2008), the processing of blueberries was found to
significantly reduce the amount of monomeric anthocyanins and decrease the
antioxidant capacity anywhere from 53% to 71 %, depending on the type of
processing (i.e. juicing, pureed, canning). Long-term storage was found to further
reduce the amount of monomeric anthocyanins with less than 40% remaining
after 6 months (Brownmiller et al., 2008).
4. Biomarkers of Oxidative Stress
Biomarkers of oxidative stress, such as Fz-isoprostanes (Fz-lsoPs) and
nitrites, are measured to determine the amount of oxidative stress taking place in
the cells. When arachidonic acid is peroxidized (the oxidization of lipids) by ROS,
Fz-l soPs are formed , making them reliable markers of oxidative stress (Morrow et
al., 1990; 1994). Levels of Fz-lsoPs are not affected by dietary lipids and can be
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measured from biological fluids, providing a non-invasive way to accurately
measure oxidative stress (Morrow et al., 1990).
When ROS, specifically superoxide, reacts with nitric oxide, reactive
nitrogen species (RNS) are created. These RNS are very similar to ROS as they
can also cause damage to cellular components. The amount of nitrites present in
biological fluids is directly proportional to the amount of RNS, and therefore
rel iable indicators of oxidative stress (reviewed by Apak et al., 2016). A study by
Samad et al. (2014) found that the nitrite scavenging ability of blueberry extracts
was significantly greater than the control conditions, and that the nitrite
scavenging ability of the extracts increased with increasing blueberry
concentrations.
5. Bioefficacy of PEI Berries® blueberry puree
The claims PEI Berries® has made about their new HTDT technology,
which utilizes pressure, low temperature and anoxic conditions to retain more of
the natural antioxidant properties of blueberries during processing, have yet to be
definitively shown. A previous study from our lab group found that the PEI
Berries® blueberry puree was effective at lowering serum F2-lsoPs, a biomarker
of systemic oxidative stress, and increased SOD activity in rodent liver tissue
(MacNeill, 2015). These are promising results, but, more research is required on
additional rodent tissue types (i.e. kidney, heart, lungs) to determine if these
effects are widespread throughout the body. The objective of this study was to
describe the bioefficacy of the PEI Berries® blueberry puree on oxidative stress in
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rodent renal tissue and it was hypothesized that the PEI Berries® product would
cause a decrease in the level of oxidative stress in the kidney, characterized by
decreased levels of systemic oxidative stress markers (nitrites) and increased
levels and activities of endogenous antioxidants and associated enzymes (SOD,
CAT, GR, GSH).
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METHODS
1. Experimental Design
Using the rodent kidneys from a previous study in our lab, levels of
antioxidants and biomarkers of oxidative stress were measured to determine the
effect of the blueberry puree on systemic oxidative stress. The rats had
previously been divided into four feeding groups: a control diet (CON), a control
diet supplemented with the PEI Berries® blueberry puree (CON+BB), a high fat
diet (HFD) to induce oxidative stress, and a high fat diet supplemented with the
PEI Berries® blueberry puree (HFD+BB). Spectrophotometric assay kits were
used to determine the activity of three antioxidant enzymes, SOD, CAT, and GR,
and the levels of reduced glutathione (GSH), oxidized glutathione (GSSG), and
nitrites. A Victor3 Multi label plate reader from PerkinElmer (Serial Number:
4206761) was used to read the plates at the appropriate wavelength and all
samples were run in duplicate. The experimenter was blinded to treatment when
performing the assays and while calculating the final value for each sample.
2. Preparing Tissue for Assays
In preparation for the assays, rodent kidney samples were rinsed in PBS
and homogenized in 1ml of appropriate buffer for every 0.1 g of wet weight tissue
(unless otherwise stated) with a handheld homogenizer. Samples used in the

15

SOD assay samples were homogenized in cold PBS and then centrifuged at
1,500 x g at 4°C for 10 minutes. The supernatants were collected and stored at B0°C . These supernatants were also used for the nitrites assay. Samples used in

the CAT assay were homogenized in cold Assay Buffer (provided in assay kit)
and centrifuged at 10,000 x g at 4°C for 15 minutes before the supernatants were
collected and stored at -B0°C. The samples used in the GR assay were
homogenized in Assay Buffer (50mM potassium , 1mM EDTA, pH 7.5), and more
was prepared when kit provided buffer ran out. The homogenates were
centrifuged at 10,000 x g at 4°C for 15 minutes and the supernatants were stored
at -B0°C . For the GSH and GSSG assays, kidney samples were homogenized in
5% (w/v) Metaphosphoric acid (0.05 g/ml) and centrifuged at 14,000 x g at 4°C
for 15 minutes. The supernatants were collected and stored at -B0°C .
3. Assay Protocols
SOD activity was determined using a DetectX® Superoxide Dismutase
Colorimetric Activity kit (Catalog Number K02B-H1) from Arbor Assays. Briefly, 10
µL of each sample was incubated with xanthine oxidase and the substrate
supplied in the kit. In the presence of oxygen, the xanthine oxidase produces
superoxide, which in turn reacts with the substrate to create a yellow product.
SOD lowers the amount of superoxide generated, reducing the amount of yellow
product. Therefore, the rate of disappearance of the yellow product is
proportional to the activity of SOD. Samples were diluted 1:4 in the provided
Assay Buffer before performing the assay and the plate was read at 450 nm.
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A DetectX® Catalase Colorimetric Activity kit (Catalog Number K033-H1)
from Arbor Assays was used to determine CAT activity. Twenty-five µL of the
undiluted sample was incubated for 30 minutes in the supplied hydrogen
peroxide reagent before the horseradish peroxidase (HRP) reagent and provided
substrate were added. The HRP reacts with the substrate to produce a pink
product in the presence of hydrogen peroxide. The level of hydrogen peroxide
present decreases with increasing CAT activity, which will reduce the amount of
pink product produced. Therefore, the amount of pink product present after the
reaction will be proportional to the CAT activity. The plate was allowed to
incubate for 15 minutes before being read at 540 nm.
GR activity was determined using a Cayman Chemical Glutathione
Reductase Assay Kit (Item Number 703202) and homogenates were not diluted
before the assay. Twenty µL of sample was added to each well, along with 20 µL
of GSSG and 100 µL of the provided Assay Buffer. The reaction was initiated
upon the addition of 50 µL of NADPH. When GR reduces GSSG back into GSH,
it also oxidizes NADPH to NADP+. This oxidation of NADPH to NADP+ occurs
with a decrease in absorbance. When the plate is read at 340 nm for one minute
intervals for six minutes, the rate of NADPH oxidation, which is proportional to
GR activity, is measured by the subsequent decrease in absorbance.
The level of total and oxidized glutathione (GSH and GSSG) were
measured using a Trevigen HT Glutathione Assay Kit (Catalog Number 7511100-K). To measure the total amount of GSH present in the samples, 50 µL of
each sample was mixed with 150 µL of the provided reaction mix. When GSH
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reacts with 5,5'-dithiobis-2-nitrobenzoic acid (DTNB), 5-thio-2-nitrobenzoic acid
(TNB) is formed , along with GSTNB, a mixed disulfide between GSH and TNB.
This GSTNB further reacts with GR to form more TNB and recycle the GSH .
When the plate is read at 405 nm every minute for 1O minutes, the rate of TNB
production is measured due to its distinct yellow colour, which is directly
proportional to the rate of GSH recycling and therefore the concentration of
glutathione in the sample. The level of oxidized glutathione is measured after
incubating the samples with 2M 4-vinylpyridine, which removes free thiols, such
as reduced GSH, from the sample, so only GSSG is used in the recycling
reaction.
The level of nitrites in each sample was measured using a Griess assay. A
standard curve of NaN02 was prepared and 25 µL of each sample were loaded
onto the plate. Samples were diluted 1:2 with distilled water (25 µL) and 50µL of
Griess reagent was added, which is composed of equal parts of
N-(1-naphthyl)ethylenediamine and sulfanilic acid. Sulfanilic acid reacts with any
nitrites present to form a diazonium salt, which the further reacts with the
N-(1-naphthyl)ethylenediamine, to form an azo dye. This dye has a pink
colouration which can be measured by the spectrophotometer, as the amount of
pink product is proportional to the amount of nitrites present in the original
sample. The plate was allowed to incubate for 15 minutes before being read at
450 nm.
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4. Data Analysis
SOD activity was calculated by preparing a four-parameter logistic curve
(4PLC) fit using the MyAssays® online tool. This method was also used to
calculate CAT activity, but as the majority of values fell off the standard curve,
final CAT activity was calculated by extrapolating values based on Standard 1
with the following equation:

U)
Sample Absorbance
Sample Activity ( - l = S
d d Ab
b
x Standard Concentration (1)
m
tan ar
sor ance
GR activity was calculated by determining the change in absorbance per minute
and using the following equation as provide by the assay protocol:
LlA 3 40/

.

mm

GR Activity (U /ml)

= -0.-0-03_7_3_µ_M___1 x

0.19ml
0.02 ml

(2)

where the change in absorbance (L1A 340 ) was calculated using the first two time
points (as using a full plate caused a delay in the collection of data points).
The final concentrations of total GSH and GSSG (in pmoles of gluthatione)
were determined by comparing the rate of TNB production in the samples to the
standard curves. The level of reduced GSH was calculated by subtracting the
level of oxidized GSSG from the amount of total GSH.
The nitrite assay absorbance values of the kidney samples were
compared against the standard curve to determine the final concentration of
nitrites in each sample.
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All activity values were converted to U/g of wet-weight tissue and levels of
nitrites are reported in µmoles/g of wet-weight tissue. Minitab 17 Statistical
Software was used to run Two-Way Analysis of Variance (ANOVA) tests , Tukey
post hoc comparison tests and unpaired T-Tests, where a p-value of less than
0.05 was considered statistically significant. Outlier tests were run for each
feeding group for each assay and one outlier was removed for the HFD+BB
group in the SOD assay and one from the CON group in the CAT Assay. Activity
levels are reported as a mean ± SEM U/g and nitrite levels are reported as a
mean ± SEM µmols/g.
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RESULTS
Antioxidants such as SOD, CAT, and GSH, work to reduce the effects of
oxidative stress. There was no statistically significant diet, blueberry, or
interactive effect on SOD activity (Two-Way ANOVA , diet p=0.838, blueberry
p=0.541, interaction p=0.079, n=6 for HFD+BB, n=7 for the others; Figure 3). The
mean SOD activity in CON kidney was 28.96 ± 7.64 U/g (Figure 3). SOD activity
was 46.8% higher in the kidneys when CON rats were fed BB (42.51 ± 9.08 U/g),
but this was not significantly different from CON (Unpaired T-Test, p=0.278, n=7;
Figure 3). There was also no significant difference between CON and HFD
feeding groups (Unpaired T-Test, p=0.264, n=7; Figure 3). Unexpectedly, there
was a 52.9% decrease in mean SOD activity in the HFD+BB group (24.37 ± 4.31
U/g) compared to the HFD group (51.7±17.3 U/g), but this was not statistically
significant (Unpaired T-Test, p=0.176, HFD n=7, HFD+BB n=6; Figure 3).
Similar results were found when CAT activity was measured . The mean
CAT activity for CON was found to be 15.373 ± 0.780 U/g, and the CAT activity of
the CON+BB group was 42.1 % higher (21 .85 ± 3.40 U/g), but this increase was
not statistically significant (Unpaired T-Test, p=0.113, CON n=6, CON+BB n=7;
Figure 4). CAT activity in the HFD group was of 17.15 ± 1.77 U/g (Figure 4). The
mean CAT activity of the HFD+BB group (16.94 ± 2.96 U/g) was not significantly
different from HFD , with only a 1.2% decrease (Unpaired T-Test, p=0.952, n=7;
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The effects of the PEI Berries® blueberry puree product on
superoxide dismutase activity in renal tissue of rats fed a control
diet (CON , n=7), a control diet supplemented with the blueberry
puree (CON + BB, n=7), a high fat diet (H FD, n=7), and a high fat
diet supplemented with the blueberry puree (HFD + BB, n=6).
Activity levels are reported as the mean± SEM U/g.
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The effects of the PEI Berries® blueberry puree product on catalase
activity in renal tissue of rats fed a control diet (CON , n=6), a control
diet supplemented with the blueberry puree (CON+ BB, n=?), a
high fat diet (HFD, n=?), and a high fat diet supplemented with the
blueberry puree (HFD + BB, n=?). Activity levels are reported as the
mean± SEM U/g.
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Figure 4 ). No statistically significant difference was found between the CON and
HFD feeding groups (Unpaired T-Test, p=0.384, CON n=6, HFD n=7; Figure 4)
and there was no significant interaction between a high fat diet and blueberries,
or any significant diet or blueberry treatment effects(Two Way ANOVA,
interaction p=0.203, diet p=0.546, blueberry p=0.232, CON n=6, n=7 for the
others; Figure 4 ).
The mean GR activity for the CON+BB group was 1004.3 ± 92.5 U/g, a
24.9% increase over the CON group (803.9 ± 73.6 U/g), but again was not
statistically different (Unpaired T-Test, p=0.118, n=7; Figure 5). The HFD+BB
group (1343 ± 246 U/g) also had a 26.7% increase in mean GR activity when
compared to the HFD group (1060 ± 225 U/g), but this was not statistically
significant (Unpaired T-Test, p=0.413, n=7; Figure 5). Again, there was no
significant difference between CON and HFD (Unpaired T-Test, p=0.316, n=7;
Figure 5) and no significant interaction was found between the high fat diet and
blueberry puree, or any significant diet or blueberry treatment effects (Two Way
ANOVA, interaction p=0.816, diet p=0.106, blueberry p=0.184, n=7; Figure 5).
Due to errors with the standard curves and inconsistent results, such as
having levels of oxidized glutathione higher than the measured total glutathione,
no valid GSH or GSSG levels can be reported.
The mean levels of nitrites, a biomarker of oxidative stress, for the
CON+BB group (8.087 ± 0.934 µmol/g) was found to be 16.7% lower compared
to CON (9.71 ± 1.49 µmol/g), but this was not significantly different (Unpaired T-
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CON+BB
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The effects of the PEI Berries® blueberry puree product on
glutathione reductase activity in renal tissue of rats (n=?) fed a
control diet (CON), a control diet supplemented with the blueberry
puree (CON + BB), a high fat diet (HFD), and a high fat diet
supplemented with the blueberry puree (HFD +BB). Activity levels
are reported as the mean ± SEM U/g .
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The effects of the PEI Berries® blueberry puree product the mean
level of nitrites (± SE) in renal tissue of rats (n=7) fed a control diet
(CON), a control diet supplemented with the blueberry puree (CON
+BB), a high fat diet (HFD), and a high fat diet supplemented with
the blueberry puree (HFD + BB). Nitrite levels are reported as the
mean ± SEM µmols/g.
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Test, p=0.378, n=7; Figure 6). Similarly, the mean level of nitrites for the HFD+BB
group (9.14 ± 1.98 µmol/g ) was found to be 3.6% lower compared to HFD (9.48

± 2.66 µmol/g ), but this was also not significantly different (Unpaired T-Test,
p=0.921 , n=7; Figure 6). No significant interactive effect was found between the
high fat diet and the blueberry puree (Two Way ANOVA, p=0.734, n=7; Figure 6)
and there were no significant diet or blueberry treatment effects (Two Way
ANOVA, diet p=0.830, blueberry p=0.606, n=7; Figure 6). There was also no
significant difference between CON and HFD (Unpaired T-Test, p=0.940, n=7;
Figure 6).
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DISCUSSION
1. Blueberries and Renal Oxidative Stress
We hypothesized that the PEI Berries® blueberry puree would increase
renal endogenous antioxidant activity and decrease the level of nitrites in rodent
kidneys to effectively reduce the overall level of renal oxidative stress. While no
statistically significant differences were found between any of the feeding groups,
the general trends of the data partially support the hypothesis, but more research
is needed to confirm this.
SOD, CAT, and GR activity in the kidney tissue all increased in the
CON+BB group compared to CON, which may be a sign that blueberries are able
to increase renal endogenous antioxidant activity. A similar trend was seen in GR
activity, as HFD+BB was also higher than HFD alone. Additionally, there was a
slight reduction in the level of nitrites, a biomarker of oxidative stress, found in the
kidneys of the two groups fed blueberries (CON+BB and HFD+BB) compared to
their respective control (CON) and high fat diet (HFD) groups. This partially
supports the hypothesis that the PEI Berries® blueberry puree was able to reduce
oxidative stress in rodent kidneys.
These results are similar to those of the livers from these same rats, where
SOD activity was found to be significantly increased by blueberry
supplementation, showing statistically significant increases in CON+BB and
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HFD+BB compared to CON and HFD, respectively. Similarly, though not
statistically significant, GSH, GR, and CAT activities all increased in CON+BB
rats compared to CON , and GR and CAT activities both increased in HFD+BB
rats compared to HFD (MacNeill, 2015). Together, these results examining both
the liver and the kidney provide evidence to support the theory that the PEI
Berries® blueberry puree is able to reduce oxidative stress in mammals in vivo.
In opposition to the hypothesis, SOD activity decreased by 52.9% (though
not statistically significant), and CAT activity remained effectively unchanged ,
when a high fat diet was supplemented with the blueberry puree. These results
suggest that the blueberries were not able to combat, and possibly induced,
oxidative stress in rodent renal tissue. Needless to say, none of the differences
between any of the feeding groups in this study were statistically significant, so
these results alone cannot be used to support or disprove the hypothesis.
It was further hypothesized that the PEI Berries® blueberry puree would
increase the level of GSH in rat kidneys, but due to inconsistent and unreliable
results from the Trevigen assay kit, no viable results can be reported. Since GR
recycles GSSG to GSH, and we found general trends of increases in GR activity
after supplementation with blueberries, it can

~e

theorized that we would also

have seen increased levels of GSH in the renal tissue in the blueberry fed
groups. This theory is further supported by the fact that blueberries increased the
level of GSH in the kidneys in previous studies (Sweeney and Slemmer, 2013). It
was also predicted that a high fat diet would cause a decrease in the levels of

29

GSH in the kidneys, similar to the decrease found in the liver (MacNeill, 2015);
however this was not observed .
There was no significant diet effect or blueberry effect on the parameters
measured in the rats' kidneys, and additionally no significant interaction between
the two treatments, when Two-Way ANOVAs were used to analyse the data. This
was somewhat surprising, as the blueberry puree was found to significantly
decrease F2-isoprostanes and increase SOD activity in the rats' liver. Dietary fat
was also previously found to significantly decrease GR activity and levels of GSH
and Frisoprostanes in the livers of the same rats (MacNeill, 2015).

2. High Fat Diet and Renal Oxidative Stress
In the kidney, a high fat diet did not seem to show signs of inducing
significant oxidative stress, such as decreased antioxidant activity and increased
levels of nitrites, as expected . There were no significant differences in the level of
nitrites or of activity of SOD, CAT, or GR between CON and HFD, but the general
trends in the data show increased renal endogenous antioxidant activity and a
slight decrease in the level of nitrites in the HFD group compared to CON, which
implies that a high fat diet caused a slight reduction of oxidative stress in the
kidneys. This finding is not consistent with the knowledge that a high fat diet is a
cause for increased oxidative stress or with studies that have used a high fat diet
to induce oxidative stress as a part of their research design (Sun et al., 2014;
Alzoubi et al., 2018; Bodur et al., 2018). Xie et al. (2017) showed that a high fat
diet suppressed AMPK activity, a regulator of autophagy, in the kidneys along
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with increased levels of biomarkers of kidney damage. When livers from these
same rats were measured , a high fat diet caused a reduction in hepatic
antioxidant activity as expected, but a high fat diet also caused lower serum F2isoprostane concentrations than the control (MacNeill, 2015). It was expected
that a high fat diet would have caused increased levels of F2-isoprostanes, as F2isoprostanes are effective biomarkers of oxidative stress (Morrow et al. , 1990;

1994). Therefore, these results collectively bring to question whether our HFD
condition was effective at creating an oxidatively stressed model.
It is possible that the 20% lard substitution, used in the HFD feeding
group, was not effective at producing a model of significant oxidative stress, and
the kidneys were actually able to compensate for the additional ROS formed .
This theory is supported by the increase in SOD, CAT and GR activities when
rats were fed a high fat diet.
3. Limitations and Future Works
The assay results for each feeding group were highly variable and values
were spread over a wide range. This lead to a high standard error for each mean
value, possibly contributing to the lack of significant differences between any of
the feeding groups, and causing concerns about the precision and accuracy of
each mean. Outlier tests were run to improve the accuracy of the reported
means, but only two values were able to be statistically removed, indicating the
large spread of data was not due to single outliers.
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Add itionally, it took three attempts at the SOD assay to find the right dilution
factor and achieve duplicate values that were close to agreement with each
other. Even after running the CAT assay with undiluted kidney homogenates, the
samples had CAT activity below the kit's level of detection , creating a need for
the results to be extrapolated . This creates some uncertainty regarding the exact
mean values of CAT activity that concentrating the samples and running the
assay again could remove . It should also be noted that the positive control for the
GR assay should have decreased the absorbance by 0.04 absorbance units per
minute, but when we ran the assay the positive control averaged a decrease in
absorbance of 0.0034 absorbance units per minute. This casts some doubt on
the accuracy of the renal GR activity means reported and may account for
differences with the previously reported hepatic GR activity. For example, the
renal CON GR activity reported in this study was 803.9 ± 73.6 U/g while the
previously reported hepatic CON GR activity was only 2.71 ± 0.14 U/g (MacNeill,
2015). Different assay kits were used in the analysis of the liver and kidneys, and
due to the large differences between the two sets of means, it would be beneficial
to repeat these assays to determine their reliability.
The average value for each sample was used in the statistical analysis, so
variability between the duplicates is not accounted for in the standard errors for
each mean. This additional variability may change the final standard errors for
each mean, or allow further outliers to be excluded, so re-running the stats to
account for this may be useful. Running the assays again, increasing the number
of multiplicates for each sample, or increasing the number of rats in each feeding
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group (N value) in a future study may all be ways to decrease the large standard
errors for each mean and allow for significant differences between groups to be
found.
Due to the inconclusive results of this study, further research is required to
support the hypothesis. As the GSH results were indeterminate, it would be
beneficial to redo this assay to yield viable results. Additionally, measuring GPx,
the antioxidant enzyme that oxidizes GSH to GSSG, would help to complete the
story surrounding the blueberry puree's effect on the usage and recycling of
GSH. Due to time constraints serum nitrites, urine nitrites, F2-isoprostanes, and
oxidized LDLs were not measured. These are all biomarkers of oxidative stress
and would provide further evidence of the antioxidant effects of the blueberry
puree on rodent renal oxidative stress.
As previously mentioned, repeating the experiment with a larger n value
may decrease the standard error of the means in each feeding group and allow
for significant differences. Varying the length of time rats were fed each condition
may also affect the results. In this study, rats were fed their respective condition
for exactly 8 weeks, but Shaughnessy et al. previously discussed that even
though blueberries caused a general trend of reduction in urine Frisoprostanes
over time, 8 weeks was not a long enough time period to find statistically
significant results (2009). Therefore increasing the time period of a future study
may allow for the general trends to reach significance. Shorter time periods
should also be considered as Shaughnessey et al. (2009), also reported that the
initial reductions in systolic blood pressure in rats fed blueberries were no longer
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significant by week 8, which could be similar for antioxidant activity. Blueberries
and reduction of oxidative stress have also been shown to have a dosedependent relationship, where increased concentrations of blueberries cause
larger decreases in oxidative stress (Chen et al., 2012; Stroher et al.,
2015).Therefore varying the amount of PEI Berries® blueberry puree fed to each
rat may be beneficial to determine the optimal amount required to significantly
decrease renal oxidative stress. Furthermore, studies have also shown that the
specific species of blueberries effect the berries' total anthocyanin content and
antioxidant capacity (Cho et al., 2004; Dastmalchi et al. , 2011 ), so a future study
examining the effect of using HTDT to process different species of blueberries
may be useful in supporting PEI Berries®claims. Directly comparing the effects of
blueberries processed with and without the use of HTDT in a single study would
also help to further confirm that HTDT is able to retain more of the antioxidant
properties of blueberries than other processing methods. Eventually, research
should also be conducted to determine the effects of HTDT on the processing of
other types of berries and fruits to see if these effects are exclusive to
blueberries, or if HTDT can be used as a solution to maintaining the natural
antioxidant properties of a variety of different processed products.
4. Relevance of Hydrothermodynamic Technology
In 2009, cardiovascular diseases were found to be responsible for
approximately 16.7 million deaths worldwide and cost Canada $21.2 billion in
health care costs, in both direct (e.g. hospitalization or drugs) and indirect (e.g.
disability and mortality) costs (reviewed by Tarride et al., 2009). In 2015, the
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worldwide mortality estimate due to cardiovascular diseases was updated to
approximately 17. 7 million (World Health Organization, 2017), so one can only
assume the costs related to cardiovascular disease have increased as well.
Cardiovascular diseases are one of the many chronic diseases and conditions
linked to oxidative stress, with others including obesity, type II diabetes, and
hypertension (Contini et al. , 2012; Wu et al. , 2016; reviewed by Stephens et al.,
2009), which also contribute to health care costs. This is one reason why
researchers are interested in finding ways to effectively reduce the prevalence of
chronic diseases by reducing oxidative stress.
A previous study by Shaughnessy et al. examined the effects of a diet with
3% blueberry enrichment on hypertension. While there was a 30% decrease in
systolic blood pressure in the blueberry fed rats after 6 weeks , blueberries had no
significant effect on urine Fr isoprostanes, a biomarker of systemic oxidative
stress, during the 8 week study. It was suggested that a reduction of systemic
oxidative stress may take longer to develop, as urine F2-isoprostanes were nonsignificantly decreasing over time, but blueberries did cause significantly
decreased levels of protein in the urine and 40% less renal nitrites at the end of 8
weeks, indicating blueberries were able to aid in the protection of the kidneys
from renal oxidative stress (Shaughnessy et al., 2009). Sweeney and Slemmer
further examined the effects of a 3% blueberry enriched diet on the kidneys by
measuring renal GSH levels and examining histological parameters. They
reported that hypertensive rats exhibited significant kidney damage and a
decreased GSH/GSSG ratio compared to the control group, and the blueberries
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were able to reduce some of this damage along with significantly increasing the
GSH/GSSG ratio in hypertensive rats (Sweeney and Slemmer, 2013). The
general trends in the results from our study, though statistically inconclusive,
suggest that the antioxidant properties of the blueberry puree may protect the
kidneys from reactive oxygen species, and therefore the development of renal
oxidative stress.
These studies are part of the growing body of research supporting the fact
that the antioxidant properties of blueberries are able to effectively combat
oxidative stress (c;oban et al. , 2015; Guo et al. , 2017; Riso et al., 2013;
Shaughnessey et al., 2009; Song et al., 2016; Sweeney et al., 2002; Sweeney
and Slemmer, 2013), but as Brownmiller et al. (2008) and Carlsen et al. (2010)
have shown, the processing of blueberries significantly reduces the final products
antioxidant capacity. This means that the average consumers choosing these
processed products will not be receiving the highest potential protection against
oxidative stress, or against chronic diseases linked to oxidative stress, that fresh
unprocessed blueberries naturally offer. If HTDT indeed allows for blueberries to
retain more of their natural antioxidant properties after processing, consumers will
be able to reap more of the blueberries natural health benefits through processed
products, which in turn, may aid in the reduction of chronic disease development,
both saving money in health care costs and improving humans' overall quality of
life.
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5. Summary and Conclusion
The goal of this project was to evaluate the bioefficacy of the PEI Berries®
blueberry puree. We hypothesized that the PEI Berries® blueberry puree would
decrease oxidative stress in rodent kidneys by increasing the activity of renal
endogenous antioxidants and associated enzymes (SOD, CAT, GR, GSH), and
decreasing biomarkers of oxidative stress, such as nitrites, found in the kidneys.
No statistically significant differences between any of the feeding groups were
found, and neither the diet or blueberry treatment effects were found to have any
significant effects. Despite the lack of significance, the majority of general trends
in the data seem to support the idea that PEI Berries® blueberry puree reduced
renal oxidative stress, but more research is required. In conclusion, this study
was not able to provide sufficient evidence to conclusively say the PEI Berries®
blueberry puree is efficient at reducing oxidative stress in the kidneys.
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