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Abstract

Interest in antioxidants and antioxidant therapy has been growing during the last decade. Antioxidants
are generally considered to have the capability to protect people from harmful effects of reactive oxygen and
nitrogen species (RONSSs), including free radicals (FR), when these are present in excessive amounts. RONS
and free radicals perform a variety of useful biological functions in the body. Their excess is controlled by a
natural antioxidant protection system in humans. This protection is provided at three levels: by simple
molecules (such as cysteine, glutathione (GSH), uric acid, ubiquinol, etc.), medium-molecular weight, and
high molecular weight compounds (enzymes, etc.). Under certain adverse conditions, this system does not
manage to provide adequate protection and the RONSs and free radicals begin to damage vital DNA,
proteins, and lipids. In such a case, antioxidant therapy, which includes antioxidant supplements and foods
containing natural antioxidants, has been suggested to be of possible benefit. However, there are many
unresolved issues related to the effective use of an antioxidant therapy:

1. A person should know the content of antioxidants in everyday food products and its relation to the storage
time and processing methods used.

2. How many antioxidants should a person consume? It is known that at high concentrations some
antioxidants become pro-oxidants.

3. Are the antioxidants consumed by a person bioavailable and, if so, to what extent; for some food products,
bioavailability has already been determined but most foods have not been examined.

4. Many antioxidants are digested by intestinal microflora before they reach the systemic blood circulation.
5. Even those antioxidants that do reach the blood are often rapidly metabolized; the role of their metabolites
is unclear; there is some evidence that certain metabolites are also antioxidants.

6. How long do antioxidants and their metabolites stay in the body; how are they distributed in different
organs; and when are they excreted? In order to answer these questions, the pharmacokinetics of antioxidants
should be studied.

7. The presence of oxidative stress, i.e., excess amounts of RONSs and free radicals, can be detected by
various oxidative stress markers but, in order to see the whole picture, the actual concentrations of RONSs
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and free radicals should also be monitored. In vivo determination of RONSs and free radicals is almost never

conducted.

All these questions must be addressed in order to provide appropriate antioxidant therapy. This could be
extremely important because it could be used to detect and even prevent diseases at early stages of

development.
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1. Introduction

In recent years, there has been growing
interest in  antioxidant therapy. Several
comprehensive reviews [1-10] and books [11-13]
have been published, and the International
Symposium on Antioxidants in Nutrition and
Therapy and the International Conference on
Polyphenols and Health has regularly been
meeting.

One book presents the results of studies
devoted to investigating the health of the longest
lived people on Earth—the residents of Okinawa
in Japan—conducted over 25 years [11]. Among
other factors, consumption of food and beverages

Table 1. Databases on Polyphenol Antioxidants in Foods

that are high in antioxidants is one of the reasons
for their longevity. The Okinawans have the
highest content of flavonoids in their blood—50
times higher than that of the Europeans [11].

Antioxidant therapy should be administered
to healthy people who are diagnosed with
oxidative stress, and to patients whose diseases
are accompanied by oxidative stress. Antioxidant
therapy includes special antioxidant medicine, as
well as special foods and dietary supplements.
Prescription of clinical antioxidant therapy
requires knowledge of antioxidant content in
food, antioxidant activity and bioavailability
(biopermeability), as well as analytical
monitoring over the course of the antioxidant
therapy.

Name/Developer Comment Reference
1 |Antioxidant Food Database More than 3,100 foods, beverages,
spices, herbs, and supplements used 14

worldwide.

? |Databank for Total Content of

Development & Production Center

More than 1,000 products (foods,
Antioxidants, Khimavtomatika Scientific [beverages, supplements, multivitamins, 15, 16

medicines, herbal extracts, etc.)

3 |[USDA (United States Department of

26 flavonoid aglycones from 231 foods.

Agriculture) Database for the Flavonoid 17
Content of Selected Foods (2009)
4 [Phenol-Explorer Database 502 polyphenols from 452 foods. 18
5 [EuroFIR-BASIS 256 phytochemicals in 199 foods. 19
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2. Databases on antioxidants in foods.

In order to administer antioxidant therapy, it
is necessary to know the content of antioxidants
in foods, beverages, dietary supplements, etc.
There are hundreds and thousands of publications
on the quantification of antioxidants in various
products, and on determination of their
antioxidant activity.

In the last decade, several databases were
created in various countries on the content of
polyphenol antioxidants—the major ones are
listed in Table 1 [14-19]. Information on other
databases on polyphenols and their health
promoting effects is presented in one of the
published reviews [10].

2.1 Antioxidant Food Database

One database presents the content of
antioxidants in the most typical food products, as
well as in traditional medicinal herbs, plants,
spices, and supplements (over 3,100 products in
total) [14]. The antioxidants were determined by
a modified FRAP assay. The FRAP assay
measures antioxidants with a reduction potential
below the reduction potential of the Fe3+/Fe2+
couple [20]. This method cannot identify the thiol
group containing antioxidants. All results
obtained are included in the Antioxidant Food
Table specifying the country of origin, type and
name of the food product.

The foods differed in the antioxidant content
by as much as a thousand times. Foods with the
highest content of antioxidants include berries,
fruits, nuts, vegetables, chocolate, and some
beverages.

All measurements were performed in 2000
through 2008. The foods were taken from
Europe, America, Asia, and Africa. The United
States Department of Agriculture provided 1,113
products.

All  samples  were  extracted  with
water/methanol except for the vegetable oils
which were extracted with isopropyl alcohol and
high-fat foods which were extracted with
water/isopropanol.

Out of the total number of the examined
products, 1,943 were foods of plant origin, 211 of
animal origin, and 854 were mixed products.

There were 24 food categories in total. Most
items of foods were examined in the following
categories (number of food items is specified in
parenthesis): spices and plants (425), fruit and
vegetable products (303), beverages (283), fruits
and fruit juices (278), grain products (227),
sauces (251), berries and berry products (119),
vitamins and supplements (131), nuts, grains, and
seeds (90), etc.

One publication provides tables with the
contents of antioxidants in beverages, nuts,
grains, seeds, berries, fruits, vegetables, spices,
and herbs [14]. It should be noted that data
provided in this publication for coffee is
significantly higher compared to tea, red wine, or
pomegranate juice.

The values differed by an order of magnitude
compared to the values presented in other
publications [15,17], in which the measurements
were made by different additional methods, as
well as by FRAP.

Altogether the tables contained 3,139 food
items; also, information on 1,300 food items had
been published previously [20].

The values for antioxidant content in meat,
fish, and dairy products were lower than in other
literature. This is probably related to the fact that
the solvent used (isopropanol) was not the best
one.

2.2 Database on Polyphenol Content in Food
and Beverages (Phenol-Explorer Database,
www.phenol-explorer.eu)

This polyphenol database was created based
on analysis of over 1,000 publications devoted to
the determination of polyphenols in 60,000 food
items [18].

The most reliable results of 37,000 tests were
selected and divided into 5 groups according to
the methods of analysis:

- Chromatography — 28,739 tests

- Chromatography after hydrolysis — 5,804
tests

- Normal-phase HPLC — 488 tests

- Spectrophotometry (Folin-C assay) (total
amount of polyphenols) — 2,218 articles

- Spectrophotometry (at different pH values)
(total amount of anthocyanins) — 409 articles
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All  chromatographic methods constitute
about 92% of all methods used. Most of the
publications (95%) were primarily taken from
journals of food science over the past 20 years,
and 70% of such publications were issued in the
last 10 years.

In total, 502 polyphenol antioxidants were
determined in 452 different products including
277 flavonoids, 108 phenolic acids, 30 lignans,
10 stilbenes, and 80 other polyphenols.

Polyphenolic forms included aglycones,
glycoside derivatives, and esters.

Food items were classified into 9 groups
(non-alcoholic  beverages - 65, alcoholic
beverages - 19, fruits and fruit products - 103,
vegetables — 72, grain products — 21, nuts — 65,
cocoa - 3, condiments — 87, and vegetable oils -
10). Numbers above indicate the number of
products in each group.

The amounts of different polyphenols found
in these groups are:

- Non-alcoholic beverages: 105 flavonoids,
49 phenolic acids, and 20 other polyphenols;

- Fruits: 112 flavonoids, 47 phenolic acids,
and 14 other polyphenols;

- Alcoholic beverages: 75 flavonoids, 33
phenolic acids, and 39 other polyphenols;

- Vegetables: 92 flavonoids, 51 phenolic
acids, and 18 other polyphenols;

- Grain products: 33 flavonoids, 29 phenolic
acids, and 8 other polyphenols;

- Nuts: 76 flavonoids, 16 phenolic acids, and
25 other polyphenols;

- Cocoa: 25 flavonoids, 13 phenolic acids,
and 7 other polyphenols;

- Condiments: 62 flavonoids, 29 phenolic
acids, and 26 other polyphenols;

- Vegetable oils: 11 flavonoids, 28 phenolic
acids, and 36 other polyphenols.

Food items containing the highest amounts of
polyphenol antioxidants are: black currant, cocoa,
dark chocolate, nuts, orange juice, grape juice,
artichokes, black olives, red onion, spinach,
soybeans, red raspberries, coffee, tea, red chicory,
red wine, red currants, vegetable oils, blueberries,
broccoli, cranberries, pomegranate juice, etc.
56% of individual polyphenols are found in trace
amounts (no more than 1mg/100g or

1 mg/100 1), some polyphenols are found in the
amounts of 500-700 mg/100 g.

The richest sources of flavanols (in mg/100 g)
are: cocoa (3,411), dark chocolate (1,590), aronia
berries (659), blueberries (330), black currants
(139), strawberries (148), apples (111), different
kinds of nuts (181-496), as well as green and
black tea and red wine.

A high content of flavanols (mg/100 g) was
observed in onions (yellow and red) and shallots
(73-158), spinach (119), and aronia berries (188).

The main sources of flavanones are citrus
fruits. Their content in fresh grapefruit, orange,
and lemon juices is 46, 38, and 33 mg/100 ml,
respectively.

High concentrations (mg/100 g) of
hydroxybenzoic acids are contained in: chestnut
(1215), raspberries (121), pomegranate juice (55),
and blueberries (50). Other sources include tea,
wine, figs, and berries.

The richest sources of hydroxycinnamic acids
are:  coffee (212 mg/100 ml),  artichokes
(202 mg/100 g), prunes (192 mg/100 g), red
chicory (183 mg/100 g), blueberries
(135 mg/100 g), green olives (104 mg/100 g),
black olives (96 mg/100 g), plums (89 mg/100 g),
and cherries (88 mg/100 g).

Among grain products, the largest amounts of
these acids are present in maize (212 mg/100 g),
whole rye grains (136 mg/100 g), and wheat
(90 mg/100 g).

Limitations of the Phenol-Explorer database
are: insufficient data on the content of
proanthocyanidins in foods; little information on
the content of polyphenols in different varieties
of the same product.

2.3 Database of flavonoid content in foods
(USDA).

This database specifies 26 flavonoids in 23
food products as measured by HPLC [17]. This
database is updated over time. Separate databases
on the content of proanthocyanidins,
anthocyanins, and isoflavones in food products
are planned.

This databank contains information on
flavonoids contained in the following products:

— Alcoholic beverages (red wine, white wine,
beer, sherry, cider, etc.)
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— Tea (black tea, green tea, oolong)

— Juices (apple, blueberry, orange, cranberry,
grapefruit, lemon, grape, etc.)

— Berries (whortleberry, strawberries,
blueberries, cherries, cranberries, black, red,
and white currants, gooseberries, grapes,
rowanberries,  lingonberries,  mulberries,
elderberries, etc.).

— Fruits (apples of different varieties, apricots,
avocados, bananas, pears, plums, nectarines,
oranges, lemons, mangos, mandarins,
pummelo)

— Vegetables (potatoes, peppers, tomatoes,
artichokes, asparagus, radishes, onions, peas,
beetroots,  broccoli, kohlrabi, Brussels
sprouts, Chinese cabbage, white and red
cabbage, carrots, celery, cucumbers, etc.)

— Grain products (bread, macaroni, buckwheat,
rice, soya, sorghum)

— Dark chocolate, milk chocolate, cocoa
powder.

The data is also provided on the content of
various flavonoids in coffee, nuts, honey,
mushrooms, and jams.

Some berries contain large amounts of
anthocyans (anthocyanidins and anthocyanins in
aggregate) (mg/100 g): whortleberry — 250-500,
blueberries — 100-400, cherries — 35-450,
strawberries — 15-75 (the range specified is
obtained from different studies).

One of the well-known and well-studied
flavonols is quercetin which is found in many
berries, fruits, and vegetables.

The data taken from the USDA databank on
quercetin content is presented (mg/100 g):
Berries: lingonberries — 21; cranberries — 14;
black currants — 5.7; white currants — 1.95; red
currants — 0.95; blueberries — 3; cherries — 1.25;
blackberries — 1; raspberries - 0.8;
strawberries — 0.65.

Fruits: apples — 4.4; red grapes — 3.5; black

grapes — 2.5; green grapes — 0.9; apricots — 2.5;

grapefruits — 0.4.

Vegetables: anejo peppers — 27.6; red onions —

20; yellow onions — 13.3; white onions — 5.2;

green onions — 14.2.

2.4 USDA Database for the Proanthocyanidin
Content of Selected Foods [17a]

Commonly found antioxidants are flavonoids
in the form of aglycones, or as derivatives
associated  with  various  sugars.  Some
polymerized algycone flavonoids present in foods
contain 10 or even 14 polymer fragments—the
so-called proanthocyanidins—which are also
potent antioxidants.

The USDA Database contains information
on the proanthocyanidins (PA) content of various
foods as determined by HPLC.
Proanthocyanidins  are  sub-divided into
procyanidins, prodelphinidins, and
propelargonidins. Procyanidins constitute the
largest class of PAs, consisting exclusively of
flavan-3-ols,  catechins and  epicatechins.
Prodelphinidins are synthesized from
gallocatechin and epigallocatechin units whereas
propelargonidins consist of afzelechin and
epiafzelechin units.

Products containing PAs can significantly
contribute to antioxidant therapy. Table 2
provides a list of products that contain the
greatest amount of PAs. The top PA content is
found in cocoa beans and cocoa products—
wherein PA content ranges from 1-10%. Among
berries with the highest PA content are
cranberries, blueberries, strawberries, black
currants, and cherries. It is worth noting that wild
blueberries contain twice as much PAs as
cultivated blueberries (Table 3). A significant
amount of PAs is contained in some fruits, such
as plums, peaches, and pears (Table 4). Some
nuts are a very good source of PAs, with
hazelnuts and pecans being ahead of the
competition (Table 3). Apples can make a great
contribution to antioxidant therapy because they
are typically consumed in quite large quantities in
all countries. Table 4 shows, first of all, that the
PA content in different apple varieties can vary
by up to 3 times, and secondly, more PAs are
contained in apple peel than in apple flesh.

Additional food products with a high PA
content, beyond those listed in Tables 1 through
3, include hops — 293.16; barley — 99.24;
buckwheat flour — 50.3; buckwheat hulls — 44.51,;
some spices, such as curry powder — 74.16, etc.
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Table 2. List of Food Products with the Highest
Content of Proanthocyanidins

No. | Product Name Content,
mg/100g
1 Cacao beans 9481.75
2 Spices, cinnamon, ground 7908.14
3 Sorghum, bran 4604.07
4 Sorghum, grain 1902.38
5 Baking chocolate 1635.94
6 Chocolate, liquor 1476.67
7 Cocoa, dry powder 1373.32
8 Beans, pinto 737.27
9 Choke berries 663.7
10 | Cranberries 418.77
11 | Beans, kidney 410.25
12 | Grape seeds 3734
13 | Blueberries, wild 328.63

Table 3. Food Products Containing
Proanthocyanidins

9 Currant, red 5.13
Fruit
1 Plum, black diamond 247.27
2 Plum, with peel 220.78
3 Peaches, yellow 71.75
4 Pear, green cultivars 42.3
5 Pear, red Anjou 31.92
6 Peaches, white 29.76
7 Nectarines 29.18
8 Plum, yellow 27.71
9 | Kiwi, gold 13.93
10 | Mangos 12.7
11 | Apricots 10.32
12 | Avocados 7.34
13 | Bananas 3.37
14 | Pomegranates 1.1
Nuts
1 Hazelnuts (filberts) 500.66
2 Pecans 494.05
3 Pistachio 237.34
4 Almonds 184.02
5 | Walnuts 67.25
6 Cashew nuts 8.68

No. | Food Products Content,

mg/100g
Berries

1 Cranberries 418.77

2 Blueberries, wild, raw 328.63

3 Cherries, sweet 191.3

4 Blueberries, raw 176.5

5 Currant, black 158.03

6 Strawberries 141.87

7 Raspberries 25.07

8 Blackberries 23.31

Am. J. Biomed. Sci. 2013, 5(2), 80-108; doi: 10.5099/aj130200080

Note: All products were tested as raw and
unprocessed materials.

2.5 Databank on the content of antioxidants in
foods, beverages, and dietary supplements
(Scientific and Technical Center
“Chromatographia”, Russia)

This databank contains the values for total
antioxidant content (TAC) in foods, beverages,
dietary supplements, multivitamins, herbal
extracts, with over 1,100 items in total [15,16].
All  measurements were made by an
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amperometric method which allows for selective
direct identification of antioxidants only.
Methods for determining water-soluble and fat-
soluble antioxidants have been developed and
certified. Russian State Standards (GOSTs) on
determination of antioxidants in food products by
the amperometric method have been issued in the
Russian Federation [21].

Table 4. Content of Proanthocyanidins in Apples

No. | Apple Content, mg/100g
Variety Unpeeled Peeled

1 Granny Smith | 131.01 -

2 Red 127.79 90.67
Delicious

3 Gala 92.42 -

4 Golden 83.01 77.53
Delicious

5 Fuji 65.59 -

6 Reinette 42.88 -

For the first time, the total antioxidant content
of fat-soluble antioxidants was determined in
milk, fish and meat products as well as in various
vegetable oils by the amperometric method. The
total antioxidant content of fat-soluble
antioxidants was also determined in cocoa and
nuts.

The databank contains over 30 types of
products (number of food items is specified in
parenthesis): fruits (13), apples (8), berries (25),
vegetables (29), potatoes (19), spices (24), green
tea (29), flavored green tea (23), black tea (23),
flavored black tea (12), fruit tea (47), coffee (21),
instant coffee (11), kvass [rye bread drink] (10),
juices (15), beverages (18), dry red wines (63),
semi-sweet red wines (19), special wines (8),
pink wines (3), white wines (20), cognac and
brandy (39), whiskey (3), tequila (1), balms (21),
beer (12), honey (108), honey products (7), grain
products (12), sprouted grains and seeds (12),
bread, grains, and flours (18), vegetable oils (40),
dairy products (39), meat products (19), fish
products, including fish eggs (14), cocoa (14),

chocolate (23), nuts and seeds (12), dietary
supplements  (147), blueberry-based dietary
supplements for eyes (12), medicines (20),
multivitamins (9), medicinal plants (42), etc.

3. Levels of antioxidant consumption in
various countries

Polyphenols (flavonoids, phenolic acids,
proanthocyanidins, and ellagitannins) are
beneficial for people and provide protection
against chronic diseases. However, at present, a
little is known about the consumption of
polyphenols in different countries. In recent
years, information on consumption of
polyphenols in Finland, Greece, France, USA,
Spain, Korea, Brazil, Denmark, Japan, Australia,
the Netherlands, and some other countries has
been published [22-45].

3.1 The level of polyphenol antioxidants
consumption in Finland.

In Finland, the amount of consumed
polyphenols among adults was assessed by using
a special program and the Fineli Food
Composition Database [42]. Over two thousand
people have been surveyed. The average amount
of 44 different polyphenols being consumed in
food was 863+415 mg per day. A total of 143
food products have been examined. Phenolic
acids (75%) constituted the dominant group of
consumed polyphenols, whereas the minor
groups included proanthocyanidins (14%),
anthocyanidins (6%), and other flavonoids (5%).
However, the total flavonoid content including
anthocyanidins, proanthocyanidin  monomers,
flavonols, flavanones, flavones, and isoflavonoids
was 103 mg per day. Coffee and grains were
found to be primary sources for phenolic acids.
Anthocyanidins, ellagitannins and
proanthocyanidins were predominantly originated
from berries and berry products, whereas fruits
were the primary source of flavonols, flavones,
and flavanones. The content of polyphenols in
food products was determined by HPLC.
Phenolic acids which have been determined
included caffeic, ferulic, gallic, n-coumaric, and
syringic acid. The caffeic and ferulic acids were
the predominant components (80%) in the pool of
phenolic acids. Detected proanthocyanidins were
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shown to be in the forms of monomers, dimers,
trimers, and polymers (4-10 fragments).
Anthocyanidins  (cyanidin and delphinidin),
flavonols, and flavanones were determined
among flavonoids. In addition to polyphenols,
carotenoids and sterols were also determined in
food products. Sixteen out of the top twenty food
products with the highest content of polyphenols
were berries. Among fruits, the highest levels of
polyphenols were found in black plums, cherries,
apples, and black grapes. Among vegetables, the
highest levels of polyphenols were found in
rhubarb and red cabbage. Rye bran is a good
source of polyphenols among grains. Among
beverages, coffee is holding the leading position
in polyphenols content. It should be noted that
Finland is a ‘coffee’ country—it holds one of the
first places for coffee consumption per capita in
the world (86% of women and 91% of men
consume coffee, data from Findiet 2002).

3.2 The level of polyphenolic antioxidants
consumption in France.

This article aimed to create a French databank
on polyphenol content in fresh fruits and
vegetables, and to evaluate the levels of their
consumption by the population of France [22].

The Folin-Ciocalteu method adapted to fruits
and vegetables has been used for determining the
total phenolic concentration [46]. Vegetables
such as artichokes, parsley and Brussels sprouts
contained the highest levels of polyphenols (more
250 mg/100 g of fresh edible portion relative to
gallic acid). Fruit and berries such as
strawberries, lychees, and grapes contained more
than 180 mg/100 g. The lowest concentration of
polyphenol antioxidants were detected in melon
and avocado. In the French diet, apples and
strawberries were found to be the largest source
of polyphenols among fruits and berries, while
potato, onion, and lettuce salad were among
vegetables. The total content of polyphenols
consumed with fruits was three times as much as
that received with vegetables. Calculation of the
level of consumed polyphenols using the
SECODIP program showed that apples and
potatoes were the main sources of polyphenols in
the French diet (constituting more than half of all
consumed fruits and vegetables). The total

polyphenol content in fresh fruits (mg/100 g)
was as follows: strawberries (263.8), lychees
(222.3), grapes (195.5), apricots (179.8), apples
(179.1), dates (99.3), cherries (94.3), figs (92.5),
pears (69.2), white nectarines (72.7), passion
fruits (71.8), mango (68.1), yellow peaches
(59.3), bananas (51.5), pineapples (47.2), lemons
(45.0), yellow nectarines (44.2), grapefruits
(43.5), oranges (31.0), clementines (30.6), limes
(30.6), kiwis (28.1), watermelons (11.6), and
melons (7.8).

The total polyphenol content in fresh
vegetables (mg/100 g) was as follows: artichokes
(core) (321.3), parsley (280.2), Brussels sprouts
(257.1), shallots (104.1), broccoli (98.9 ), celery
(84.7), onions (76.1), asparagus (14.5), eggplants
(65.6), garlic (59.4), radishes (38.4), peas (36.7),
purret (32.7), red peppers (26.8), cherry tomatoes
(26.4), potatoes (23.1), zucchini (18.8), green
peppers (18.2), chicory (14.7), tomatoes (13.7),
dill (13.0), cauliflower (12.5), carrots (10.1),
French green beans (10.0), and avocado (3.6).

The method used for determining of the total
polyphenols content was inappropriate.

According to our data [15,16] and data from
other studies [17], the total content of
polyphenols in lemons grapefruits, and oranges is
higher than that found in banana; and these
values for peppers, garlic, and onions are
underestimated. These data should be reviewed as
they do not reflect the reality and could mislead
consumers.

3.3 The level of polyphenol antioxidants
consumption in Greece

The modern Greek diet is significantly
consistent with the Mediterranean diet, where
foods of plant origin rich in antioxidants prevails
[47-63]. The total content of polyphenols and
their antioxidant capacity were assessed in 200
Greek food products. The effects of antioxidant
consumption were investigated in 28,000 Greeks
using the European Prospective Investigation into
Cancer and Nutrition (EPIC) study.

The term ‘Mediterranean diet’ was introduced
in 1971. People who used the Mediterranean diet
were further found to have the lower frequency of
chronic  disorders including cardiovascular
diseases, cancer, or Parkinson’s and Alzheimer’s
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disease [47]. Benefits of the Mediterranean diet is
usually associated with either intensive
consumption of the plant foods along with olive
oil or lesser amount of the animal foods, in
particular preferring fish over red meat, and
moderate intake of wine at mealtimes. It was
suggested that the positive effect of the
Mediterranean diet is related to a high content of
antioxidants [49]. High antioxidant capacity of
serum and lower levels of oxidized LDLs were
found in 3,000 healthy volunteers who followed
the Mediterranean diet [53]. These findings were
also confirmed by biochemical markers of
antioxidants [55]. Over 28,000 volunteers have
been interviewed about the frequency of
consumption of 200 food products and 15
beverages. All food products were divided into
14 groups: potato, vegetables, root crops, fruits
and nuts, dairy products, grain products, meat,
fish, eggs, fats, sugar and sweets, non-alcoholic
beverages, alcoholic beverages, sauces and
seasonings.

The amount of antioxidants consumed by the
volunteers has been determined. The average
value of consumed flavonoids constituted
approximately 92 mg per day (including 7 mg of
flavones, 28 mg of flavonols, 27 mg of
flavanones, 16 mg of flavan-3-ols, 1 mg of
isoflavones, and 10 mg of anthocyanidins). The
primary sources of flavonoids were vegetables
and wine. Flavonoids were detected in 100
traditional Greek food products. Intake of
proanthocyanidins (polymeric flavan-3-ols) was
estimated at approximately 87 mg per day for
Greeks, this value was previously reported to be
58mg and 83mg per day in the USA and
Finland, respectively [42].

In the Greek diet, a person utilizes 4,660 mg
of beta-carotene, 214 mg of vitamin C, and 28 mg
of vitamin E per day—these values are
significantly higher than those in other European
countries [47]. For example, in Spain, these
values are as follows: 1,679 mg of beta-carotene,
137 mg of vitamin C, and 8.6 mg of vitamin E
[43]. The total consumption of polyphenols in the
USA and France is 450 and 278.5mg,
respectively (relative to gallic acid). This is
primarily contributed by consumption of oranges,
apples, and potatoes in the USA49 and apples and

potatoes in France [22]. The total consumption
of polyphenols in Greece was estimated at 1,306
mg (relative to gallic acid), whereas this value
was approximately 1,171 mg per day in Spain
(relative to gallic acid) [45]. The positive effect
of the Mediterranean diet may be explained by a
wide variety of antioxidants contained in it. This
is confirmed by the fact that in certain cases,
antioxidant therapy with one or more purified
antioxidants was ineffective. In the Greek
Mediterranean diet, the content of antioxidants
significantly differs both quantitatively or
qualitatively from that observed in diets used in
other countries.

Taking daily olive oil and olives, an
inhabitant of Greece receives 16mg of
polyphenols, 12 mg of alpha-tocopherol, 223 mg
of squalene, and 2 mg of lignans [40].

Drawbacks of the study on determining the
antioxidant content in the diet usually practiced in
Greece were as follows [64]: 1) no consideration
was paid to antioxidant transformation in food
processing  (including  cooking); 2) no
consideration was given to the different
bioavailability of antioxidants; 3) transformation
of antioxidants in food products depending on the
climate and growing region was not accounted
for; and 4) phenolic acids were not taken into
account.

3.4 The level of polyphenol antioxidants
consumption in the USA

The level of antioxidant intake by adults in
the USA was estimated to be approximately
189.7 mg per day with 83.5% being flavan-3-ols
[34,36,44]. Percentage portions of other
flavonoids included 7.6% of flavanones, 6.8% of
flavonols, 1.6% of anthocyanidins, 0.8% of
flavones, and 0.6% of isoflavones. The largest
contribution was made by tea (157 mg), citrus
juices (8 mg), wine (4 mg), and citrus fruits
(3 mg).

The level of flavonoids consumption defined
in this study was substantially higher (189.7 mg
per day) than that previously estimated in the
USA (12-22 mg per day), and exceeded those
noted in Denmark (23-46 mg per day) [28],
Finland (24 mg per day) [42], the Netherlands
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(23-50 mg per day) [26], and Japan (63 mg per
day) [32].

The level of consumption of 15 different
flavonoids in Australia (except for isoflavones)
was 128 mg per day [39].

Later, the same authors [44] have determined
the level of antioxidants received by adults from
foods and dietary supplements, and the
proportion of antioxidants in consumed fruits and
vegetables in the USA [36]. The contents of
proanthocyanidins  [27], anthocyans [29],
hydrophilic and lipophilic antioxidants [33] in
foods were also determined in the USA.

Daily intake of vitamin C was reported to be
about 206 mg (46% and 54% from food and
dietary  supplements respectively), alpha-
tocopherol about 20 mg (36% and 64%), retinol
about 223 mg (the equivalent of carotenoids)
(86% and 14%), selenium of 122 mg (89% and
11%), and flavonoids of 210 mg (98% and 2%).

3.5 The level of polyphenol antioxidants
consumption in Brazil

The amount of flavonoids consumed with
everyday food in Brazil has been determined
[65]. It was calculated in different cities among
people of different age and sex (over 900
persons). Consumed amounts of flavonoids
ranged form 59.5 to 106.3 mg/day. The content of
some flavonoids in fruits and vegetables was
assessed by HPLC: the concentration of quercetin
was 46-56 mg/100 g in fresh white onions, 40-
100 mg/100 g in red onions, 67-67.2 mg/100 g in
red lettuce, 41-118 mg/100 g in arugula, 18-38
mg/100 g in chicory, and 42 mg/100 g in
tomatoes. In addition to quercetin, a small
amount of luteolin was discovered in these
vegetables.

The high content of all flavonoids
(hesperidin, naringenin, and quercetin) were
shown in oranges: 125-170 mg/100g in the
orange peel, 34-44 mg/100 g in the orange flesh.
Therefore, the orange peel is richer in flavonoid
antioxidants—3 times as much as the orange
flesh.

Quercetin,  epicatechin, catechin, and
phlorizin have been detected in apples (Gala,
Fuji, Golden Delicious). Their total content
ranged from 14 to 36 mg/100 g.

The average intake of flavonoids by the
Brazilian population aged 17-88 was reported to
be 79 mg per day for women and 86 mg per day
for men.

4. The Mediterranean diet

Many scientific papers devoted to the
Mediterranean diet have been published in recent
decades including books and reviews [47-63].
Primarily these refer to diets of such countries as
Greece, Italy, France, and Spain. In these
countries, the frequency of cardiovascular and
gastrointestinal diseases, and cancer is lower
compared to Northern and Central Europe. The
United Nations is planning to include the
Mediterranean diet in the UNESCO World
Heritage classification. It is considered that the
Mediterranean diet implies not only a specific set
of food products but also the culture and customs
of consumption. The term ‘Mediterranean diet’
suggests that all inhabitants of the Mediterranean
region, including African countries, have the
same diet, but this is not true [62]. Mediterranean
countries have different diets, religions, and
cultures. Their diets vary by the amount and type
of fats, olive oil, meat, wine, milk, cheese, fruits,
and vegetables consumed. Therefore, it would be
more appropriate to refer to the diet of the
Mediterranean  part of Europe as a
‘Mediterranean diet’. The Greek diet is the most
prominent representative of this diet. The
traditional Greek diet includes vegetables, fruits
(including wild plants), nuts and grains, olive oil,
olives, cheese, fish, wine, and meat. Grains are
used mainly as fermented bread. In Greece, the
consumption of milk and meat is lower, but
intake of cheese, fish, and wine is higher
compared to other Mediterranean countries.
Analysis of the diet on the island of Crete shows
that this diet contains all essential protective
substances such as selenium and glutathione, has
a balanced ratio of omega-6 and omega-3 fatty
acids, and is rich in fiber and antioxidants.

Cardioprotective and anticancer properties of
the Mediterranean diet are thought to be related
to high levels of antioxidants. However, no
studies supporting this hypothesis have been
performed until recently. In the last few years,
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some articles have been published on the role of
antioxidants in the Mediterranean diet [49], the
relationship between oxidative stress and the
Mediterranean diet [51], etc. Markers of
oxidative stress are separately studied in people
who are embracing the Mediterranean diet, in
particular markers of DNA [63] and low-density
lipoprotein oxidation [53]. The causal association
between the Mediterranean diet and the
emergence of oxidative stress markers, in
particular a reduced ratio of glutathione to
oxidized glutathione (GSH/GSSG), was explored
in 138 monozygotic and dizygotic twins [54].
These studies have demonstrated that GSH/GSSG
ratio increased during the wuse of the
Mediterranean diet and that it is not related to
genetic factors. Suppression of oxidative stress
when using the Mediterranean diet results in
reduced risk of cardiovascular diseases [59]. In
this case, the Mediterranean diet used was as
described in the reference [57]. It consists of
seven necessary and useful components: grains,
vegetables, fruits, nuts, beans, fish, large amounts
of olive oil, which has the optimal ratio of
monounsaturated to saturated fatty acids, and a
moderate amount of wine. Meat and dairy
products were two undesirable components of
this diet.

The effects of the Mediterranean diet on the
content of other oxidative stress markers in
human biological fluids were investigated in
several publications [53-55].

Use of olive oil is of particular importance in
the Mediterranean diet. Previously, it was argued
that a high intake of olive oil protects DNA
molecules from oxidative damage reducing the
incidence of various cancers. Experts from the
Institutions  of  Nutrition, Medicine, and
Pharmaceutics from North, Central and Southern
Europe (Germany, Denmark, Finland, Italy, and
Spain) have explored the effects of olive oil
consumption on DNA and RNA oxidative stress
markers [63]. A total of 182 healthy men were
included in the experimental monitoring of
oxidation markers (8-oxo-guanidine, 8-oxo-
guanosine and 8-oxo-deoxyguanosine) in urine
before and after ingestion of 25 ml of olive olil
with low, medium and high levels of phenolic
compounds. Concentrations of 8-0xo-guanosine

(RNA  oxidation  marker) and  8-oxo-
deoxyguanosine (DNA oxidation marker) in the
urine of men from Northern Europe were
demonstrated to be higher than those in men from
Central and Southern Europe. A decrease of 8-
hydroxylated forms of guanine, guanosine, and
deoxyguanosine and their unoxidized forms in
urine after taking of olive oil for two weeks does
not depend on the levels of phenolic compounds
in oil. The content of 8-0x0-deoxyguanosine after
consumption of olive oil decreased by 13%.
These findings confirm the hypothesis that olive
oil reduces the oxidation of DNA, and therefore
attenuates the risk of neoplastic malignancies.
However, this effect is not related to the amount
of polyphenols in olive oil. Imbalance between
the human antioxidant system and formation of
reactive oxygen and nitrogen species (RONSSs)
including free radicals, leads to oxidative stress.
The DNA molecule may be one of the targets for
free radicals. Accumulation of mutations
following DNA oxidation promotes
carcinogenesis [66-68]. Hydroxylation of guanine
at position 8 yielding 8-oxo-deoxyguanosine is
the most common process [68,69]. These markers
are excreted in urine, and could be used to assess
the level of oxidative stress [70]. Other
derivatives of guanine such as 8-oxo-guanine and
8-0x0-guanosine may also serve as biomarkers of
DNA oxidation. These markers should predict the
emergence of dangerous diseases. Preferably, the
sampling of markers should be non-invasive
(urine, saliva, sputum sampling) or slightly
invasive (blood sampling).

The frequency of neoplastic malignances
including breast, colon, ovarian, endometrial, and
prostate cancer in Mediterranean countries is
lower than that in Northern Europe [63]. Causal
relation between intensive consumption of olive
oil and reduced risk of breast [63], colorectal
[71], oral cavity, glandular [72], and esophageal
cancer [55] has been established.

Olive oil is rich in monounsaturated fatty
acids, primarily oleic acid [73]. In addition, olive
oil contains a large variety of phenolic
compounds including antioxidants, in particular
oleuropein and its derivative, hydroxytyrosol
[55]. Olive oil contains predominantly oleuropein
(65%), ligstrosid aglycone (18%), hydroxytyrosol
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(11%), tyrosol (4%), and flavonoids (1%) [55].
Different varieties of olive oils contain different
concentrations of polyphenol antioxidants, but
are almost the same in the content of fatty acids,
a-tocopherol, squalene, and B-sitosterol.

5. Antioxidants and sports

Intense physical exercise provokes an
increase of free radicals and other reactive
nitrogen species in working muscles. Studies
conducted in recent years clearly show that
reactive oxygen species are responsible for the
oxidation of proteins induced by intense physical

exercises and make a major contribution to
resulting muscle fatigue [74-110]. The human
body has an endogenous system which protects
against oxidative damage during exercise.
However, during overly intensive physical
activities and excessive training, the endogenous
system does not manage to cope with the stress,
and an athlete does not get sufficient restoration
before important competition events. In this case,
the use of dietary antioxidants is crucial.

A positive effect of exogenous dietary
antioxidants has been reported in numerous
studies (see Table 5) [74-110].

Table 5. The reported positive effect of dietary antioxidants in different studies.

No. Studies Conducted References
1 Free radicals and antioxidant strategies in sports. [111]
2 Oxidative stress during sports training. [79,89]
3 Prospects of antioxidant therapy. [76-81]
4 Oxidants and antioxidants during physical exercises. [78,82]
5 Oxidative stress induced by exercising. [109]
6 Oxidants, antioxidant foods, and athletes. [109]
7 Free radicals, exercises, and antioxidant dietary supplements. [109]
8 Free radical tissue damage: protective role of antioxidants. [87]
9 Protective role of antioxidants in muscle damage. [111]
10 | Effect of antioxidants on the peak of athletes’ fitness. [111]

The antioxidant status of athletes should be
determined during training sessions in order to
prevent its abnormalities. The level of antioxidant
status could be maintained by a reasonable
antioxidant therapy. Only under these conditions
can an athlete reach the peak of fitness and
maintain it at the proper level over an extended
period of time (see Table 6).

6. Oxidative stress diagnostics. Markers of
oxidative stress.

In recent years, great attention has been given
to diagnostics of oxidative stress due to the fact

that oxidative stress, i.e., excessive levels of free
radicals in the human body caused by adverse
environmental conditions, stresses, irradiation,
contaminated food and smoking, may lead to
many diseases [112-136]. In addition, oxidative
stress may result from intake of medication with
pro-oxidant properties (such as tetracyclines,
aminazine, rubomycin, iron- and copper-
containing medicinal products, etc.), and from a
number of treatments (such as oxygen therapy,
hyperbaric oxygen therapy, ultraviolet or laser
irradiation).

Long-term oxidative stress inevitably leads to
the emergence of dangerous socially significant
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diseases (such cardiovascular diseases, cancer,
diabetes, and others—over 100 diseases in total)
as well as to premature aging. Therefore,
oxidative stress is a primary factor triggering the
development of many dangerous diseases,
including those with fatal outcomes.

Table 6. Antioxidants and Sports (Review of
Publications from 1993-2007).

No. Publications References
1 Determination of oxidative [83]
stress markers in athletes.
Antioxidants against muscle
2 damage during  physical
exercises.
2.1. Endogenous antioxidants:
- Glutathione restored; [76,89,111]
- Ubiquinol; [93]
- Cysteine; N-acetylcysteine; [91]
- Carnitine, choline; [89]
- Lipoic acid.
2.2. Exogenous antioxidants:
- Vitamin E; [80,81,86]
- Vitamin C; [111]
- Carotenoids; [111]
- Flavonoids; [111]
- Selenium compounds; [111]
- N-acetylcysteine. [106]
4 | Antioxidant therapy. [1,2]

The human body has a natural three-tier
antioxidant protection system fighting against
free radicals. Certain amounts of free radicals are
essential for the human body as they participate
in a variety of biochemical processes and
maintain immune status. However, excessive
levels of free radicals inevitably result in
pathological changes in the human body. This
condition is called oxidative stress.

The vast majority of known theories of
aging are based on the theory of oxidative stress
development. Numerous scientific publications
have confirmed that oxidative stress underlies the
development of the most dangerous and socially
significant diseases, such as cardiovascular
diseases, cancer, diabetes mellitus, impairment of
cerebral circulation, inflammatory, rheumatic,
neurodegenerative disorders (Parkinson’s disease,
Alzheimer’s disease), etc [112-117].

It is therefore extremely important to
diagnose the onset of oxidative stress before it
leads to severe changes in the body. There are
quick tests, such as the amperometric method, for
diagnosing the presence of oxidative stress. They
are based on evaluation of the antioxidant status,
i.e., measuring the total content of antioxidants in
the body.

There are also more reliable methods of
oxidative stress detection. Some of them rely on
the identification of special markers at
concentrations ranging from 10-12 to 10-9 g/cm3
which appearance in biological fluids of the body
indicates an ongoing oxidative process. Other
approaches are used to detect endogenous
antioxidants. These include glutathione (GSH),
cysteine, uric acid, and ubiquinol—all of which
are molecules and compounds that can exist in a
reduced form (which makes them antioxidants) or
in an oxidized form.

When the content of reactive oxygen species
and free radicals in the body fluids and cells
becomes excessive, the human antioxidant
system is unable to neutralize them. As a
consequence, they start oxidizing essential
molecules, such as DNA, proteins, lipids, and
carbohydrates. Oxidation of these molecules
yields the oxidation markers.

Many modifications of DNA and RNA
molecules induced by oxidative stress lead to cell
lesions, sometimes possessing a mutagenic
nature. This process leads to the development of
cancer and premature aging. Currently, the
European Committee was established in order to
standardize different types of DNA impairments.
In particular, the level of 8-hydroxy-2'-
deoxyguanosine in cellular DNA is normalized at
the limit of 0.5-5 impairment per 106 guanosine
bases [118].
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Modified nucleosides are determined by
several methods including gas chromatography-
mass spectrometry (GC-MS), HPLC-MS/MS,
HPLC with amperometric detection, as well as
immune methods and electrophoresis [119].
Nucleosides are compounds where one of the
bases of a nucleic acid is bridged with a pentose.
These  compounds are  called either
ribonucleosides or deoxyribonucleosides
depending on the type of sugar attached. The
most important nucleosides are formed on the
basis of adenosine, guanosine, cytidine, and
uracil. Normal nucleosides are reutilized in the
body; however, modified nucleosides are not able
to be inserted into RNA and DNA during their
synthesis. They are excreted in urine along with a
small portion of normal nucleosides. Therefore,
the levels of modified nucleosides in urine
provide a criterion to track DNA and RNA
impairments. When free radicals affect these
molecules during oxidative stress development,
oxidized forms of nucleosides and their
precursors become quantifiable in urine. The
most informative forms would be 8-hydroxy-2'-
deoxyguanosine, 5-hydroxy-2'-deoxycytidine, 5-
hydroxy-2'-deoxyuridine.

Oxidation of DNA and RNA molecules
frequently leads to the development of cancers
and premature aging. Currently, many papers
have been published on the detection of
8-hydroxy-2'-deoxyguanosine in urine and serum
in patients and healthy volunteers [120-123].
Modified nucleosides are isolated from urine onto
special cartridges or determined directly in urine
using appropriate preparation and centrifuging.
Modified nucleosides may be isolated by
applying Affi-Cel cartridges. These modified
nucleosides are detected by a UV detector. The
oxidized forms are detected by an amperometric
detector.

In  recent years, modified nucleosides
including  8-hydroxy-2'-deoxyguanosine have
successively been detected without isolation on
the Affi-Cel cartridge. In order to do this, a
patient’s urine is centrifuged and injected into a
chromatograph.

Predominantly, membranous unsaturated fatty
acids are subjected to the damaging effects of
free radicals. Markers of lipid oxidation are

represented by aldehydes, dialdehydes,
methylglyoxal, and derivatives of hexenal,
nonenal, or isoprostane.

Malondialdehyde (MDA) is commonly used
as a marker, and considered the most informative.
MDA is formed upon the breaking of
polyunsaturated fatty acid molecules during lipid
peroxidation induced by free radicals. The
increased serum concentration of MDA serves as
a marker of endogenous intoxication and reflects
the degree of oxidative stress [124-127]. MDA
forms a Schiff base with protein amino groups
resulting in the formation of insoluble lipid-
protein complexes (aging pigment).

MDA is determined in samples of many
biological fluids: serum, plasma, urine, exhaled
breath condensate. Serum samples are most
commonly used for detecting MDA. Such an
approach is the most reliable, and sample
preparation is easier and less expensive. The
serum concentration of MDA in healthy subjects
(within the normal range) is less than 1 umol/l.

The HPLC method with photometric
detection in the visible region (with the
wavelength  of  approximately  A=532 nm)
provides the most reliable results. The reaction
with thiobarbituric acid is used to detect MDA.
Reaction of MDA with thiobarbituric acid yields
a colored trimethine complex (with absorbance at
532-535 nm). The derivatives of this reaction can
be fluorimetrically visualized, the results of MDA
determination obtained by different methods have
been compared in one publication. The results of
an examination of more than 200 healthy subjects
(107 men and 106 women), in which MDA was
determined by HPLC with photometric detection
at 532 nm, are provided in the referenced article
[127]. The concentrations of MDA in samples
were found to range from 0.36 to 1.24 pumol/l.
According to the results of analysis, MDA
concentration was shown to be almost
independent of gender and age of the examined
subjects. Increased MDA plasma concentrations
have been observed in smokers and in people
who consume alcohol.

Tyrosine or a-amino-B-(n-oxyphenyl)propyl
acid is nonessential amino acid with an aromatic
ring and hydroxyl group in the para position,
hence tyrosine is an antioxidant. In the human
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body the only existing form is L-tyrosine, which
plays a part in proteins and enzymes. Tyrosine is
an important amino acid being a precursor of
such  biologically active compounds as
epinephrine, norepinephrine, dopamine, etc.
When exposed to free radicals, the free tyrosine
or tyrosine contained in the proteins is oxidized.
This process generates tyrosine derivatives which
are able to mark protein oxidation (3-
chlorotyrosine, 3-nitrotyrosine, 3,5-
dichlorotyrosine, dityrosine, etc.). The
appearance of these markers in biological fluids

occurs in atherosclerosis, Parkinson’s and
Alzheimer’s disecases and other disorders.
Dityrosine is a specific marker of oxidative stress
in the brain. Oxidized forms of tyrosine are easily
determined utilizing amperometric detection
[128-129].

Some endogenous antioxidants are always
present in human bodily fluids; among them are
glutathione (GSH), cysteine, uric acid, and
ubiquinol. Molecules of these compounds exist
either in a reduced form (antioxidants) or in an
oxidized form (see Table 7).

Table 7. A List of the Reduced and Oxidized Forms of Oxidative Stress Markers Used for the Assessment of the
Oxidative Stress

No. | Ratios of the Reduced Forms to Structural Formulas Method Used
the Oxidized Forms
1 Glutathione: ~SH HPLC + AD
reduced to oxidized glutathione ratio | * u/‘\g H and UV
NH;
(GSH/GSSH) o
HO 4 e
\,O,/\H:KI mo
TR
HO HJI\/\rLLOH
2 Ubiquinol/ubiquinone HPLC + AD
CH,O
o o]éfv\(} — o and UV
) o i ‘\c/‘ '
3 | Cysteine/cystine y 4 - HPLC + AD,
N E*CMQ@ UV, and FD
- H I‘“‘ 3]
4 Uric acid: reduced form to the | . H oo HPLC + AD
o YN N 0w N_ N
oxidized form. N*“I '?—OH I\{;["?:o and UV
. HO o o) H_
5 Ascorbic acid /deoxyascorbic acid HO-CH: HO~CH; HPLC + AD
H OH/°\ P He on o
? N N2 and UV
\ _ / \ /
/C C //C—-—c
OH OH o =

Note. HPLC—high performance liquid chromatography;

FD—fluorometric detection.
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These endogenous antioxidants are oxidized
upon encountering free radicals or an active form
of oxygen or nitrogen, but after a certain period
of time they are recovered by special enzymes.
This mechanism in the biological fluids of
healthy people helps maintaining a balance
between oxidants and antioxidants in the body.

The chromatographic method is used to
determine the ratio between reduced and oxidized
forms of glutathione, uric acid, cystine to
cysteine, ubiquinol to ubiquinone [130-137]. An
exogenous  antioxidant—ascorbic  acid—also
exists in two forms. The ratio of nitrite to nitrate
in the saliva is also associated with the redox
ratio. These endogenous antioxidants are
determined by chromatographic methods [130-
137].

The introduction of the HPLC method for the
determination of oxidative stress markers in the
standard biochemical laboratories of hospitals
and diagnostic centers will allow for prompt
diagnostics of oxidative stress at its very onset.
Timely prescribed antioxidant therapy will
prevent the development of diseases. Such
preventive screening will significantly reduce
healthcare costs.

7. Antioxidant therapy

Antioxidant therapy is widely used in current
medical practice. A large group of antioxidant
drugs has already been developed.

In Russia, the following drugs are most
commonly used: mexidol, mexicar, hypoxen,
kudesan, carnitine, noben, theagal, and
polyoxidonium [16].

Some of these drugs are synthetic whereas
others are of plant origin. Dietary supplements
are also used to increase the antioxidant status of
people. However, consumption of foods with a
certain content of antioxidants is the most
important  antioxidant therapy; a special
functional diet can be developed for a person. In
practice, it means following the Hippocratic
precept, “Let your food be your medicine, and
your medicine be your food.”

The number of publications devoted to the
antioxidant therapy for various diseases has
tremendously increased over the last few years.

The list of such publications is provided in
Table 8.

8. Discussion

At the conclusion of this review, we can say
that a rather large data set on antioxidant content
in foods and beverages has already been created
in several countries. The measurement and
research are actively ongoing—antioxidant
activity is currently being determined for some
rare berries, fruits, spices, and medicinal plants in
South America, Africa, and Asia. A large number
of studies have been undertaken to determine the
antioxidant activity in plants used in traditional
Chinese medicine.

Existing data on the content of anthocyanins,
proanthocyanidins, and lignans in foods and their
impact on human health are insufficient. In one
study, it was shown that the content of
proanthocyanidins in some foods is higher than
the content of other polyphenols [27]. The higher
content was found, for example, in the following
products (mg/100g): grape seeds — 3,532.3;
cranberries — 418.8; (wild) blueberries — 331.9;
blueberries (cultivated) — 179.8; blackcurrants —
147.8; strawberries — 145.0; black plums — 237.9;
baking chocolate — 1,635.9; red wine — 313.5;
grape juice — 524.7; sorghum (bran) — 3,965.4;
raw (pinto) beans — 796.3; red beans — 456.6;
kidney beans — 563.8; nuts (pecans) — 494.1;
pistachios — 237.3, etc.

Quite a lot of information is now available on
the consumption rates of antioxidants in various
countries.

Unfortunately, many methods used for the
determination of antioxidant activity correlate
poorly with each other—much more work is
needed to assure the uniformity of measurements
[16,30]. Too little research has been conducted on
the mechanism of metabolism of polyphenol
antioxidants in the intestinal tract, their
digestibility, absorption, and pharmacokinetics.

Some data provides evidence that flavonoids,
and especially mixtures thereof, are not only the
most powerful antioxidants but also induce other
biological processes.

A few recent studies investigated the possible
synergistic  action of some polyphenol
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combinations. This possibility is important to
understand in order to prevent adverse effect of
excessive antioxidant action which could be
triggered by large amounts of antioxidants.
Research on protection against radiation by
antioxidants has been resumed—one publication

Table 8. Antioxidant Therapy for Various Diseases.

even argues that in future missions to Mars it
would be impossible to protect astronauts from
radiation without the use of antioxidants (as it is
difficult to remain completely isolated from
radiation in space).

No. Name of Disease Reference
1 Cardiovascular diseases [138-143]
2 Atherosclerosis [144]

3 Ischemic stroke [145]
4 Extensive myocardial infarction [146]
5 Multiple sclerosis [147,148]
6 Systemic sclerosis [149]
7 Cancers [150-152]
8 Prostate cancer [153]
9 Melanoma [154]
10 Diabetes [155-158]
11 Diabetic neuropathy [159]
12 Diabetic nephropathy [160]
13 Neurodegenerative diseases [161-164]
14 Alzheimer’s disease [165-167]
15 Parkinson’s disease [168]
16 Epilepsy [169]
17 Sepsis [170-174]
18 Rheumatoid arthritis [175]
19 Renal failure [176-178]
20 Chronic liver disease [179]
21 Chronic hepatitis C [180]
22 Asthma [181-183]
23 Respiratory diseases [184]
24 Inflammatory bowel disease [185]
25 Burn injuries [186]
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No. Name of Disease Reference
26 Female infertility [187]
27 Male infertility [188]
28 AIDS [189,190]
29 Depression [191]
30 Migraine [192]
31 Oxidative stress [193]
32 Uremia [194]
33 Neuroprotection in newborns [195]
34 Shock and inflammations [196]
35 Pancreatitis [197,198]
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