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Strawberry polyphenols decrease oxidative stress in chronic
diseases
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Abstract

Consumption of hypercaloric diets leads to increase of free fatty acids (FFA), pro-inflammatory cytokines and production of
oxygen and nitrogen reactive species. These alterations induce oxidative and nitrosative stress causing dysfunction of tissues
and consequently the development of chronic diseases. Therefore, it is important to decrease oxidative stress and thus pre-
venting the development of these diseases. Strawberry has a lot of vitamin C and polyphenols, compounds with excellent
antioxidant properties, which may be an option for reducing oxidative stress and therefore to prevent the development of some
diseases. Studies conducted in vitro, in animal models and clinical studies support that this fruit can be a good alternative to
reduce oxidative stress and thus reducing and/or preventing the development of diseases in humans.
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to the development of obesity and metabolic syndrome
in animals? and in humans®. Metabolic syndrome is a
group of chronic metabolic conditions that include hy-
pertension, dyslipidemias, insulin resistance, obesity
and diabetes*. Thus, hypercaloric diets can induce an
inflammatory state and higher production of free radi-
cals (FR) (Fig. 1), which brings oxidative stress and
the development of chronic metabolic diseases as a
consequence, as it will be reviewed later.

|ntroduction

The 2012 National Survey on Health and Nutrition
in Mexico showed that the prevalence of overweight
and obesity is 71.3% for both genders, with 73% in
females and 69.4% in males. It also reported that the
costs generated by obesity have been estimated in 67
thousand million pesos in 2008', and it is therefore
urgent taking adequate measures in order to reduce
obesity increase.

Mexican diet, in spite of its particularities, is very
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similar to the western diet; it is hypercaloric, with high
fat and carbohydrate contents, and it is therefore one
of the determining factors in the development of obe-
sity. Evidences support that hypercaloric diet with high
fat and carbohydrate contents significantly contributes
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FRs are chemical species with an unpaired electron
in their most outer orbital, which confers them an un-
stable configuration and, therefore, a great capability
to react with other molecules. FRs are divided into
reactive nitrogen species (RNS) and reactive oxygen
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Figure 1. Hypothetical model of tissue dysfunction and chronic diseases induced by hypercaloric diets. Hypercaloric diets induce the develop-
ment of chronic diseases, while strawberry polyphenols can prevent the development of these diseases by reducing oxidative and nitrosative

stress.

species (ROS)%. FRs are physiologically produced in
some reactions that take place as part of metabolism;
for example in mammals’ mitochondria at stage 4, 1
to 2% of consumed oxygen is converted into ROS®8,
It should be mentioned that FR controlled production
enables the occurrence of different physiological pro-
cesses, such as neurotransmission, vasorelaxation,
ovule fertilization by spermatozoids, cell membrane
genes and enzymes activation, collagen synthesis,
bacterial lysis, etc., but FRs excessive production is
deleterious for cell physiology.

ROS and RNS are broken down and/or neutralized
by exogenous and endogenous antioxidants. Exoge-
nous antioxidants are water-soluble (ascorbic acid),
fat-soluble (tocopherols, carotenoids, xanthophylls) or
have both properties (polyphenols, flavonoids, tannins,
lignins, phenylpropanoids). In turn, enzymatic-type
endogenous antioxidants are manganese-dependent
superoxide dismutase (MnSOD) and coenzyme Q (Co-
Q), which are found in the mitochondrial intermem-
brane space, in addition to copper-dependent
superoxide dismutase (CuSOD), zinc-dependent SOD

(ZnSOD), glutathione peroxidase (GSH-Px), phospho-
lipid-hydroperoxide glutathione peroxidase (PH-GPX)
and catalases found in the cytosol®"'.

Oxidative stress occurs when FR production ex-
ceeds exogenous and endogenous systems capaci-
ty™?14, Thus, FRs increase has toxic effects on cells
and tissues because they can oxidize carbohydrates,
DNA, lipids and proteins, with this being an important
mechanism in the development of chronic metabolic
diseases (Fig. 1), as later it will be reviewed.

Hypercaloric diet, oxidative stress and
organ dysfunction

Using murine models, hypercaloric diets with fat and/
or carbohydrates high contents were shown to induce
an adipose tissue increase that body weight gain'-"7,
while, in humans, hypercaloric diets were strongly as-
sociated with body weight increase'®2® and, on the
other hand, overweight and/or obesity were also
strongly associated with pro-inflammatory cytokines
increase?"?%, In animal models, it is well documented
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that hypercaloric diet causes weight increase and
higher production of pro-inflammatory cytokines
(Fig. 1). For example, hypercaloric diet increased the
production of interleukin (IL) 1, IL-6 and tumor necrosis
factor 0 (TNF-D); it also induced higher production of
FRs and oxidative stress'™'2426_|n addition, hyperca-
loric diet induced obesity and the development of he-
patic steatosis in animal models?'®. In humans, hyper-
caloric diet has only been associated with obesity and
liver fatty acids content, which were measured with
ultrasonography™.

Consumption of hypercaloric diets with high con-
tents of free fatty acids (FFA) is worrying, since they
increase the production of ROS (Fig 1). In rats, FFA
plasma levels elevation increased the production of
ROS?#. FFA also increased the production of ROS in
aortic endothelial cells and in human f-cells in vi-
tro?:28 In neuronal cells in vitro, FFA increased ROS
production and lipid peroxidation, which caused for
the mitochondria to uncouple®. Similarly, in human
hepatoma cells in vitro, FFA caused for the mitochon-
dria to uncouple and increased nitrosative and oxida-
tive stress, thus reducing oxidative phosphorylation®.
FFA also induced IL-1a production and mitochondrial
uncoupling in vitro®'. In addition, sucrose increases
ROS production and lipid peroxidation in rat isolated
aorta®. All these studies show that lipid and/or carbo-
hydrate-rich hypercaloric diets significantly contribute
to the development of inflammatory state, FR produc-
tion and obesity.

In humans, hypocaloric diets reduce body weight,
leptin secretion, C-reactive protein, TNF-o, IL-63%3
and oxidized lipid markers®, whereas body weight re-
duction decreases insulin resistance and oxidized
low-density lipoprotein (LDL) levels®. These data rein-
force data obtained in animal models, in the sense that
hypercaloric diets induce pro-inflammatory cytokines
expression and FR production, which contributes to
the development of diseases such as diabetes.

Based on the above description, as shown in fig-
ure 1, it is highly likely for hypercaloric diets to induce
oxidative stress and damage in two forms. First,
hypercaloric diet increases the production of pro-in-
flammatory cytokines, which overstimulate cells to
increase ROS and RNS generation. Second, hyper-
caloric diets induce mitochondrial uncoupling, which
entails higher ROS production by the mitochondria
itself. However, it is not clear whether hypercaloric
diets first increase pro-inflammatory cytokines pro-
duction or if they first cause for the mitochondria to
uncouple, or if both processes are simultaneously

produced. Regardless of which process takes place
first, the result is the presence of oxidative stress,
which entails increased oxidization of macromole-
cules that are important to cell physiology.

Macromolecule oxidization brings the development
of complications such as diabetes as a consequence.
For example, Carvalho-Filho et al. demonstrated in
2005 that a fat-rich diet in rats induces insulin recep-
tor, insulin receptor substrate and protein kinase B/Akt
nitration, which led to the development of insulin re-
sistance®®. Furthermore, in mice, a fat-rich diet im-
paired glucose uptake in muscular tissue, with this
insulin resistance being accompanied by nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase 2
overexpression and a higher release of hydrogen per-
oxide. It also induced a decrease in the reduced/oxi-
dized glutathione (GSH/GSSG) ratio®, an antioxidant
system that is highly important for the cell.

Strawberry use in clinical trials

Decreasing oxidative stress is clearly necessary in
order to prevent and/or delay the development of
chronic metabolic diseases. In that regard, antioxi-
dant-rich foods can decrease oxidative stress, and it
is therefore desirable for them to possess high reac-
tivity to FRs; antioxidants also must be fat-soluble, in
order for them to be able to cross biological mem-
branes and neutralize FRs, and be able to neutralize
the presence of secondary reactions; i.e., to neutralize
secondary FRs™40,

In recent years, interest has been awakened by
polyphenols owing to their high antioxidant capacity,
which confers them great potential in the prevention
and/or treatment of several diseases where oxidative
stress has significant effect on disease pathophysiol-
ogy (Fig. 1). Polyphenols are widely distributed in
vegetable-origin foods such as turmeric, spinach,
grapes, strawberries, apples, cranberries, grenade
and cocoa beans, among others. In this review, we
will focus on strawberry owing to its antioxidant prop-
erties and its potential in health.

Strawberry contains a large number of phenolic
compounds such as anthocyanins (pelargonidin, etc.),
flavonols (quercetin, etc.), proanthocyanidins (procy-
anidin, etc.), ellagitannins (agrimoniin, etc.), ellagic
acid glucosides and cinnamic acid conjugates (cou-
maroyl-hexose and cinnamoyl-glucose)*#2. Strawber-
ry also is of great interest due to its high contents of
vitamin C, which together with phenols confer it great
antioxidant power that can be beneficial for health, a
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potential that has been demonstrated in different in-
vestigations, as we will next discuss.

In one study, healthy volunteers consumed 500 g
strawberries/day. Strawberries significantly reduced
total cholesterol, LDL and triglycerides; i.e., they im-
proved plasma lipid profile. They also significantly
decreased serum and urine malondialdehyde (MDA)
levels, and improved antioxidant status biomarkers,
anti-hemolytic defenses and platelet function*®. In an-
other study conducted in apparently healthy men and
women, they consumed 500 g strawberries/day per
each 70 kg body weight for 2 weeks. At treatment
conclusion, a moderate vitamin C and fasting plasma
antioxidant capacity increase was observed, in addi-
tion to a delay in plasma lipid oxidation and increased
resistance to erythrocyte oxidative hemolysis*t.
Healthy adult females were assessed in order to find
out how much does serum antioxidant capacity in-
crease when any of the following antioxidants is con-
sumed: 240 g of strawberries, 294 g of spinach,
300 mL of red wine, 125 mg of vitamin C or a control
beverage. The results showed that total serum antiox-
idant capacity significantly increased from 7 to 25%
during the 4-h period after the consumption of red
wine, strawberries, vitamin C or spinach. Urinary an-
tioxidant capacity also increased by 9.6, 27.5 and
44.9% in those who consumed strawberries, spinach
and vitamin C, respectively, during the 24-h period
after these treatments®.

In a crossover study, adult men and women with
overweight and regular consumption of foods with
high carbohydrate content and moderate fat content
ingested a beverage with 10 g of freeze-dried straw-
berry and placebo. The strawberry beverage in-
creased postprandial plasma levels of anthocyanins
and its metabolites, while decreasing inflammatory
markers such as CRP and IL-6; it was also associated
with an increase in insulin sensitivity*s. In men and
women with hyperlipidemia who consumed 10 g of
freeze-dried strawberries in a beverage after a fat-rich
meal, triglycerides and oxidized LDL levels significant-
ly decreased after 6 weeks, in comparison with the
group that consumed placebo*. In a double-blind
study where 20 obese adults of both genders partici-
pated, they consumed freeze-dried strawberries
(equivalent to 4 portions of frozen strawberries) for
3 weeks. At the end of treatment, cholesterol and
high-density lipoprotein (HDL) small particle cholester-
ol plasma levels were decreased, and LDL particles
were enlarged, with these changes being associated
with a decrease in cardiovascular risk®.

However, in men and women who consumed 20 or
50 g of strawberries/day for 12 weeks, no effect on
adiposity, blood pressure and blood glucose mea-
sures was observed, and neither was there any effect
on HDL, triglycerides and CRP serum concentrations.
The group that consumed 50 g of strawberries only
showed reductions in LDL cholesterol in comparison
with the strawberry low dose. Both amounts of straw-
berry showed serum MDA decrease*. Similarly, obese
men and women with a carbohydrate and fat-rich diet
were administered 305 g of a strawberry beverage or
placebo (10 g and 0 g of freeze-dried strawberries,
respectively) for 6 weeks. The group that consumed
the strawberry beverage showed a significant attenu-
ation of plasminogen activator inhibitor-1 (PAI-1) post-
prandial concentrations and a non-significant de-
crease of IL-1p. No differences were found in platelet
aggregation, high-sensitivity CRP test, TNF-a, insulin
or glucose®.

In a cohort study that included 16,010 nurse partic-
ipants, with a 4-year follow-up, higher cranberry and
strawberry consumption was found to be associated
with a lower rate of cognitive impairment; in addition,
it appears to delay cognitive aging up to 2.5 years®'.
These results clearly show that a diet rich in phenolic
compounds has the potential to limit neurodegenera-
tion and cognitive decline®2%® and is associated with
lower risk for myocardial infarctions“.

Strawberry use in animal models

More specifically, strawberry effectiveness to reduce
oxidative stress has also been demonstrated in animal
models. For example, in male rats that were fed straw-
berry or raspberry oil for 5 weeks, SOD and glutathione
peroxidase (GSH-Px) activity was decreased, which
suggests that the oils reduced or eliminated FRs, with
activity of these antioxidant enzymes therefore being
reduced. However, triglycerides, total cholesterol, LDL
or HDL cholesterol levels were not affected®®. In another
research, strawberry supplementation to rats signifi-
cantly reduced the production of ROS and doxorubicin
(DOX)-induced DNA damage, and also improved oxida-
tive stress markers, antioxidant enzymes activity and
mitochondrial performance. This work confirmed that
strawberry supplementation can counteract oxidative
stress caused by DOX®6. In albino rats with inflamma-
tory bowel disease, strawberry ethanolic extract im-
proved signs and symptoms of the condition, and this
was considered to be owing to the antioxidant and an-
ti-inflammatory properties of the extract®’; furthermore,
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a decrease in p-glucuronidase activity was observed in
the cecum and feces, which indicates positive changes
in the rats’ microbiota®®. On the other hand, Casto et al.
demonstrated that freeze-dried strawberries can inhibit
the formation of tumors in the hamster oral cavity®.
Dudonné (2014) showed that there is synergistic activity
of strawberry phenolic compounds with onion quercetin
since, together, they improved bioavailability with pos-
sible UDP-glucuronosyltransferase intestinal induction.
Three glucuronidated conjugates of strawberry and
cranberry phenolic compounds (p-hydroxybenzoic acid
glucuronide, catechins glucunoride and methyl-cathe-
cins glucunoride) were found at higher quantities when
ingested together with onion®.

Interestingly, one study demonstrated that strawber-
ry antioxidant capacity can also be observed in food
preservation. One study added strawberry extract to
chicken turnovers that were stored in refrigeration for
6 days. The strawberry extract decreased lipid oxidi-
zation, which demonstrates that the extract has good
antioxidant power and prevents food oxidization®'.

Conclusions

Evidences addressed in this review support that
hypercaloric diets can induce a pro-inflammatory
state, characterized by FFA, pro-inflammatory cyto-
kines and FR increase, contributing to the develop-
ment of pathologies associated with cell redox state
alteration. Evidence also supports that strawberries,
owing to their elevated contents of antioxidant sub-
stances, can attenuate oxidative stress and/or prevent
the development of diseases in the human.

Acknowledgements

This work was carried during the support granted by
CONACYT (1010/532/2014) and the University of Gua-
najuato (528/2015) to J. R-E. C.I. O-S received a grant
from CONACYT to study a Master’s degree (589934).

References

1. Gutiérrez J, Rivera-Dommarco J, Shamah-Levy T, et al. Encuesta Na-
cional de Salud y Nutricién 2012. Resultados nacionales. Cuernavaca,
México: Instituto Nacional de Salud Publica; 2012.

2. Yang ZH, Miyahara H, Takeo J, et al. Diet high in fat and sucrose induc-
es rapid onset of obesity-related metabolic syndrome partly through
rapid response of genes involved in lipogenesis, insulin signalling and
inflammation in mice. Diabetol Metab Syndr. 2012;4:32.

3. Bruce K, Hanson M. The developmental origins, mechanisms, and im-
plications of metabolic syndrome. J Nutr. 2010;648-52.

4. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome - a new world-wide
definition. A consensus statement from the international diabetes feder-
ation. Diabet Med. 2006;23:469-80.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Radi R. Nitric oxide, oxidants, and protein tyrosine nitration. Proc Natl

Acad Sci U S A. 2004;101:4003-8.

. Boveris A, Chance B. The mitochondrial generation of hydrogen perox-

ide. General properties and effect of hyperbaric oxygen. Biochem J.
1973;134:707-16.

. Chance B, Sies H, Boveris A. Hydroperoxide metabolism in mammalian

organs. Physiol Rev. 1979;59:527-605.

. Forman HJ, Davies KJ, Ursini F. How do nutritional antioxidants really

work: Nucleophilic tone and para-hormesis versus free radical scaveng-
ing in vivo. Free Radic Biol Med. 2014;66:24-35.

. Blokhina O, Virolainen E, Fagerstedt KV. Antioxidants, oxidative damage

and oxygen deprivation stress: A review. Ann Bot. 2003;91:179-94.

. Pérez-Vazquez V, Ramirez J, Aguilera-Aguirre L, et al. Effect of Ca2+

and Mg2+ on the Mn-superoxide dismutase from rat liver and heart mi-
tochondria. Amino Acids. 2002;22:405-16.

. Kohen R, Nyska A. Oxidation of biological system: oxidative stress phe-

nomena, antioxidants, redox reactions, and methods for their quantifica-
tion. Toxicol Pathol. 2002;30:620-50.

. Lépez-Alarcén C, Denicola A. Evaluating the antioxidant capacity of

natural products: A review on chemical and cellular-based assays. Anal
Chim Acta. 2013;763:1-10.

. Lobo V, Patil A, Phatak A, et al. Free radicals, antioxidants and function-

al foods: Impact on human health. Pharmacogn Rev. 2010;4:118-26.

. Akram M. Flavonoids and phenolic acids: Role and biochemical activity

in plants and human. J Med Plants Res. 2011;5:6697-703.

. Martinez-Morta A, Soto-Urquieta MG, Franco-Robles E, et al. Curcumin

decreases oxidative stress in mitochondria isolated from liver and kidneys
of high-fat diet-induced obese mice. J Asian Nat Prod Res. 2013;15:905-15.

. Podrini C, Cambridge EL, Lelliott CJ, et al. High-fat feeding rapidly in-

duces obesity and lipid derangements in C57BL/6N mice. Mamm Ge-
nome. 2013;24:240-51.

. Waise TMZ, Toshinai K, Naznin F, et al. One-day high-fat diet induces

inflammation in the nodose ganglion and hypothalamus of mice. Biochem
Biophys Res Commun. 2015;464:1157-62.

. Worobey J, Trytko U. Associations between maternal feeding style and

child overweight. ICAN: Infant, Child, & Adolesc Nutr. 2014;6:216-20.

. Koopman KE, Caan MW, Nederveen AJ, et al. Hypercaloric diets with

increased meal frequency, but not meal size, increase intrahepatic tri-
glycerides: A randomized controlled trial. Hepatology. 2014;60:545-53.

Perkins JM, Joy NG, Tate DB, et al. Acute effects of hyperinsulinemia
and hyperglycemia on vascular inflammatory biomarkers and endothelial
function in overweight and obese humans. Am J Physiol Endocrinol
Metab. 2015;309:E168-76.

Skinner AC, Steiner MJ, Henderson FW, et al. Multiple markers of in-
flammation and weight status: cross-sectional analyses throughout child-
hood. Pediatrics. 2010;125:801-9.

Zhang XM, Guo L, Chi MH, et al. Identification of active miRNA and
transcription factor regulatory pathways in human obesity-related inflam-
mation. BMC Bioinformatics. 2015;16:1-7.

Tucakovic L, Colson N, Singh I. Relationship between common dietary
polyphenols and obesity-induced inflammation. Food and Public Health.
2015;5:84-91.

Charradi K, Elkahoui S, Limam F, et al. High-fat diet induced an oxidative
stress in white adipose tissue and disturbed plasma transition metals in
rat: Prevention by grape seed and skin extract. J Physiol Sci. 2013;63:445-
55.

Porto ML, Lirio LM, Dias AT, et al. Increased oxidative stress and apop-
tosis in peripheral blood mononuclear cells of fructose-fed rats. Toxicol
Vitr. 2015;29:1977-81.

Han F, Hui Z, Zhang S, et al. Induction of Haemeoxygenase-1 improves
FFA-induced endothelial dysfunction in rat aorta. Cell Physiol Biochem.
2015;35:1230-40.

Pereira S, Shah A, George Fantus |, et al. Effect of N-acetyl-L-cysteine
on insulin resistance caused by prolonged free fatty acid elevation.
J Endocrinol. 2015;225:1-7.

Yuan H, Zhang X, Huang X, et al. NADPH oxidase 2-derived reactive
oxygen species mediate FFAs-induced dysfunction and apoptosis of
b-cells via JNK, p38 MAPK and p53 pathways. PLoS One. 2010;5:1-9.

Zarrouk A, Nury T, Riedinger JM, et al. Dual effect of docosahexaenoic
acid (attenuation or amplification) on C22 : 0-, C24 : 0-, and C26 : 0-in-
duced mitochondrial dysfunctions and oxidative stress on human neuro-
nal Sk-N-Be cells. J Nutr Health Aging. 2015;19:1-11.

Garcia-Ruiz |, Solis-Munoz P, Fernandez-Moreira D, et al. In vitro treat-
ment of HepG2 cells with saturated fatty acids reproduces mitochondrial
dysfunction found in nonalcoholic steatohepatitis. Dis Model Mech.
2015;8:183-91.

Freigang S, Ampenberger F, Weiss A, et al. Fatty acid-induced mitochon-
drial uncoupling elicits inflammasome-independent IL-1[alpha] and sterile
vascular inflammation in atherosclerosis. Nat Immunol. 2013;14:1045-53.
Ruiz-Ramirez A, Ortiz-Balderas E, Cardozo-Saldafa G, et al. Glycine
restores glutathione and protects against oxidative stress in vascular
tissue from sucrose-fed rats. Clin Sci. 2014;126:19-29.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

C.I. Oviedo-Solis, et al.: Strawberry polyphenols and oxidative stress

Arvidsson E, Viguerie N, Andersson |, et al. Effects of different hypoca-
loric diets on protein secretion from adipose tissue of obese women.
Diabetes. 2004;53:1966-71.

Hermsdorff HH, Zulet MA, Abete |, et al. A legume-based hypocaloric
diet reduces proinflammatory status and improves metabolic features in
overweight/obese subjects. Eur J Nutr. 2011;50:61-9.

Iriyama Y, Murayama N. Effects of a worksite weight-control programme
in obese male workers: A randomized controlled crossover trial. Health
Educ J. 2014;73:247-61.

Crujeiras AB, Parra D, Goyenechea E, et al. Energy restriction in obese
subjects impact differently two mitochondrial function markers. J Physiol
Biochem. 2008;64:211-9.

Linna MS, Ahotupa M, Kukkonen-Harjula K, et al. Co-existence of insu-
lin resistance and high concentrations of circulating oxidized LDL lipids.
Ann Med. 2015;47:394-8.

Carvalho-Filho MA, Ueno M, Hirabara SM, et al. S-nitrosation of the in-
sulin receptor, insulin receptor substrate 1, and protein kinase B/Akt: a
novel mechanism of insulin resistance. Diabetes 2005;54:959-67.
Espinosa A, Campos C, Diaz-Vegas A, et al. Insulin-dependent H202
production is higher in muscle fibers of mice fed with a high-fat diet. Int
J Mol Sci. 2013;14:15740-54.

Alam MN, Bristi NJ, Rafiquzzaman M. Review on in vivo and in vitro
methods evaluation of antioxidant activity. Saudi Pharm J. 2013;21:143-52.
Giampieri F, Tulipani S, Alvarez-Suarez JM, et al. The strawberry: com-
position, nutritional quality, and impact on human health. Nutrition.
2012;28:9-19.

Aaby K, Mazur S, Nes A, et al. Phenolic compounds in strawberry
(Fragaria x ananassa Duch.) fruits: Composition in 27 cultivars and
changes during ripening. Food Chem. 2012;132:86-97.

Alvarez-Suarez JM, Giampieri F, Tulipani S, et al. One-month strawber-
ry-rich anthocyanin supplementation ameliorates cardiovascular risk,
oxidative stress markers and platelet activation in humans. J Nutr Bio-
chem. 2014;25:289-94.

Tulipani S, Armeni T, Giampieri F, et al. Strawberry intake increases
blood fluid, erythrocyte and mononuclear cell defenses against oxidative
challenge. Food Chem. 2014;156:87-93.

Cao G, Russell RM, Lischner N, et al. Serum antioxidant capacity is
increased by consumption of strawberries, spinach, red wine or vitamin
C in elderly women. J Nutr. 1998;128:2383-90.

Edirisinghe |, Banaszewski K, Cappozzo J, et al. Strawberry anthocyan-
in and its association with postprandial inflammation and insulin. Br J
Nutr. 2011;106:913-22.

Burton-Freeman B, Linares A, Hyson D, et al. Strawberry modulates LDL
oxidation and postprandial lipemia in response to high-fat meal in over-
weight hyperlipidemic men and women. J Am Coll Nutr, 2010;29:46-54.

48

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

. Zunino SJ, Parelman MA, Freytag TL, et al. Effects of dietary strawber-
ry powder on blood lipids and inflammatory markers in obese human
subjects. Br J Nutr. 2012;108:900-9.

Basu A, Betts NM, Nguyen A, et al. Freeze-dried strawberries lower
serum cholesterol and lipid peroxidation in adults with abdominal adipos-
ity and elevated serum lipids. J Nutr. 2014;144:830-7.

Ellis CL, Edirisinghe |, Kappagoda T, et al. Attenuation of meal-induced
inflammatory and thrombotic responses in overweight men and women
after 6-week daily strawberry (Fragaria) intake. A randomized place-
bo-controlled trial. J Atheroscler Thromb. 2011;18:318-27.

Devore EE, Kang JH, Breteler MMB, et al. Dietary intakes of berries and
flavonoids in relation to cognitive decline. Ann Neurol. 2012;72:135-43.
Joseph JA, Shukitt-Hale B, Willis LM. Grape juice, berries, and walnuts
affect brain aging and behavior. J Nutr. 2009;139:1813-7.

Vauzour D. Effect of flavonoids on learning, memory and neurocognitive
performance: Relevance and potential implications for Alzheimer’s dis-
ease pathophysiology. J Sci Food Agric. 2014;94:1042-56.

Cassidy A, Mukamal KJ, Liu L, et al. High anthocyanin intake is associ-
ated with a reduced risk of myocardial infarction in young and mid-
dle-aged women. Circulation. 2013;127:188-96.

Pieszka M, Tombarkiewicz B, Roman A, et al. Effect of bioactive sub-
stances found in rapeseed, raspberry and strawberry seed oils on blood
lipid profile and selected parameters of oxidative status in rats. Environ
Toxicol Pharmacol. 2013;36:1055-62.

Diamanti J, Mezzetti B, Giampieri F, et al. Doxorubicin-induced oxidative
stress in rats is efficiently counteracted by dietary anthocyanin different-
ly enriched strawberry (Fragaria x ananassa Duch.). J Agric Food Chem.
2014;62:3935-43.

Kanodia L, Borgohain M, Das S. Effect of fruit extract of Fragaria vesca
L. on experimentally induced inflamatory bowel disease in albino rats.
Indian J Pharmacol. 2011;43:18-21.

Kosmala M, Zduiczyk Z, Kotodziejczyk K, et al. Chemical composition
of polyphenols extracted from strawberry pomace and their effect on
physiological properties of diets supplemented with different types of
dietary fibre in rats. Eur J Nutr. 2014;53:521-32.

Casto BC, Knobloch TJ, Galioto RL, et al. Chemoprevention of oral
cancer by lyophilized strawberries. Anticancer Res. 2014;33:4757-66.
Dudonné S, Dubé P, Pilon G, et al. Modulation of strawberry/cranberry
phenolic compounds glucuronidation by co-supplementation with onion:
characterization of phenolic metabolites in rat plasma using an optimized
USPE-UHPLC-MS/MS method. J Agric Food Chem. 2014;62:3244-56.
Saha J, Debnath M, Saha A, et al. Response surface optimisation of
extraction of antioxidants from strawberry fruit, and lipid peroxidation
inhibitory potential of the fruit extract in cooked chicken patties. J Sci
Food Agric. 2011;91:1759-65.

65



