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ABSTRACT
Background: Interest in the positive impact of
naturally occurring polyphenols is still increasing in

the scientific community. Research is focused I A .
with concentration

mainly on their antioxidant properties, due to their

significant effects in the prevention of diseases antioxidant

: capacit
associated with oxidative stress. Pycnogenol is an IWIth pH P y
extract from French maritime pine bark (Pinus

pinaster), which is composed of a mixture of
procyanidins

flavanol monomers

extraction PYC cinnamic acids
benzoic acids

phenolic compounds: monomers (catechin,

epicatechin, taxifolin), flavonoids (classed as

procyanidins/proanthocyanidins), phenolic or

a mixture of

cinnamic acids and their glycosides. Due to its
phenolic compounds

composition, it has a high antioxidant capacity, and

is used in traditional folk medicine, cosmetics and medicine.
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Purpose of the study: The aim is to study the antioxidant properties of pycnogenol in order to obtain experimental

information on the antioxidant effect of pycnogenol in terms of concentration dependence and pH conditions.

Methods: In our study, we used a methionine-riboflavin superoxide generator, and focused on determining the
antioxidant capacity of Pycnogenol against the superoxide radical in different pH values (range 6.5 — 8) using the

spectroscopic method.

Results: Our results showed that the antioxidant properties increased with a higher concentration of the tested
compound in the tested pH range. Amongst all tested pH values, the most appropriate for pycnogenol antioxidant

capacity is slightly basic pH (pH 8).

Conclusion: Information on the antioxidant and prooxidant properties of naturally occurring compounds is very
important for understanding their activity and their proper use in prevention, disease treatment, and detection
of pathological processes. The antioxidant activity of pycnogenol depends on the structure and concentration of

antioxidants; it only slightly changes at different pH values. Increasing concentration of pycnogenol enhances its

antioxidant properties.
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INTRODUCTION

Recently, there has been a huge and still increasing
amount of evidence for the effects of naturally
occurring compounds isolated from plants. These
compounds are mostly polyphenols. Emphasis is
placed primarily on their properties as antioxidants
and also because of their significant effects in the
prevention of various diseases associated with
oxidative stress (defined as the imbalance between
oxidants and antioxidants in the body) formed in
organisms. One of the most common diseases
associated with oxidative stress worldwide is
malignancy, which is one of the reasons why an
important area of human health research focuses on
the identification, development and effects of
phenolic compounds and plant extracts rich in

polyphenols [1].

Phenolic compounds have long been considered
potent strong antioxidants which act in vitro. The
relationship between their structure and antioxidant
activity and dosage is very important. In some studies,
they have been shown to be more effective
antioxidants than vitamin E, vitamin C and
carotenoids [2]. There is ample evidence of a
relationship between fruit and vegetable intake and
the risk of civilization diseases. A balanced diet rich in
fruits and vegetables with high content of natural
antioxidants has been shown to reduce the risk of
chronic diseases such as malignancy, diabetes
mellitus, Alzheimer's disease, cardiovascular diseases
[3-4].

Instead of the above-mentioned beneficial
antioxidant properties of flavonoids, they may in

certain circumstances promote the oxidation of other
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molecules, thereby acting as prooxidants [2] and
initiating oxidation stress. The
antioxidant/prooxidant activity of phenols s
dependent on many factors, such as chelating
properties, structure, solubility properties, and pH. In
studies by Gray (1994), and Gaspar et al. (1994) [5-6],
the prooxidant properties of phenols and the
induction of DNA damage by polyphenols in varying
pH were observed. The structure of the mentioned
compounds is also important. Flavonoids are
generally composed of aromatic rings with one or
more hydroxyl groups attached, thereby potentially
being able to quench free radicals. In many studies,
the relationship of antioxidant activity to the number
as well as the position of hydroxyl groups in the
structure is reported; higher antioxidant efficiency
has been demonstrated when the hydroxyl functional

groups are situated on adjacent carbon atoms [7-9].

Table 1. The chemical composition of pycnogenol [12, 14].
Procyanidins (70 - 85 %)

Flavanol monomers

Benzoic acids

Cinnamic acids

In many countries, PYC is available as an over-
the-counter product in the form of tablets or capsules
with various dosing. Its metabolization and
degradation in the human body is also important. PYC
is composed of multiple constituents, as mentioned
above. After ingestion, the phenolic compounds are

cleaved in the colon by microbial enzymes to form
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In our study, we discuss the antioxidant activity
of pycnogenol (PYC) against the superoxide radical in
relation to different pH values (range 6.5 - 8),
determined by the spectroscopic method. PYC is an
extract from French maritime pine bark (Pinus
pinaster) which is produced by a validated extraction
procedure. The chemical composition of PYC is still
not fully understood, but it is clear that PYC is mostly
composed of a mixture of phenolic compounds (Table
1), which includes monomers (catechin, epicatechin,
(classified as

taxifolin), flavonoids

procyanidins/proanthocyanidins), phenolic or

cinnamic acids and their glycosides [10-11]. Due to its
composition, it has a high antioxidant capacity, and is
used in traditional folk medicine. The use of pine bark
extract in nutrition, cosmetics and medicine has also

been previously described [12-13].

Polymers composed of:
Catechin Epicatechin
Catechin

Epicatechin

Taxifolin
p-Hydroxybenzoic acid
Protocatechuic acid
Vanillic acid

Gallic acid

p-Coumaric acid
Caffeic acid

Ferulic acid

llnorganicions  calcium, potassium, iron, manganese, zinc, copper, selenium (traces)

smaller and more bioavailable molecules. These
smaller molecules could be absorbed by the colon
into the bloodstream and thus transported to tissues
and organs [14]. Other components, such as ferulic
acid and taxifolin, are rapidly absorbed and
subsequently excreted in the form of sulphates or

glucuronides. However, procyanidins are absorbed


http://www.ffhdj.com/

Functional Food Science 2021; 1(8): 14-22

slowly, metabolized to valerolactones, and excreted
as glucuronides [15].

According to the Scientific and Clinical
Monograph for Pycnogenol published by the
American Botanical Council, PYC was considered safe
by FDA experts and was designated “generally
recognized as safe” (GRAS). The safety of PYC was
observed in 91 human clinical studies with 6849
participants. Adverse events of PYC reported with
frequency of 2.4% were unrelated to the dose and to
the duration of supplementation. Reported adverse
events include headache, nausea, dizziness, and it is
recommended that PYC to be taken with food due to
frequent gastrointestinal problems [16].

Thanks to its composition, PYC has many
beneficial effects on human health [17]. PYC acts as
antioxidant, protecting cells against oxidative stress
by different mechanisms. PYC is a free radical
scavenger, increasing the synthesis of antioxidant
enzymes, and protecting endogenous antioxidants
such as vitamin C, vitamin E, and glutathione from
oxidative damage [15, 18]. The synergistic effect of
PYC components is associated with cardiovascular
benefits, antithrombotic effects, reduced cancer risk,
as well as the prevention of degenerative diseases,
premature aging, and neurotoxicity. It is a promising
additive in the treatment of ADHD protects against
lipid peroxidation, and improves conditions in
diabetes, asthma, osteoarthritis. More information
on the positive and beneficial biological activity of PYC
extract led to its use as a worldwide dietary
supplement [14, 17, 19-20].

Pycnogenol is a potent over-the-counter dietary
supplement, but its interactions with other food
components are not well described yet. The aim of
our study was to prove the antioxidant properties of
pycnogenol in order to obtain basic information on

the antioxidant effect of pycnogenol in terms of
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concentration and pH conditions needed to achieve

the desired positive effect.

METHODS

Materials: All chemicals used in the experiments
were of p.a. purity. L-methionine and
nitrotetrazolium blue (NTB) were purchased from
MERCK (Merk Schuchardt OHG, Hohenbrunn,
Germany). The EDTA, K,HPO, and KH,PO, were
purchased from ITES (ITES, Vranov nad Toplou,
Slovakia). We used 50 mM phosphate buffer (KH,PO4
and K;HPO,) with different pH values (6.5, 7.0, 7.4,
7.6, 8.0), 13 mM L-methionine, 0.1 mM EDTA, 0.2 mM
riboflavin, 5 mM NTB.

Pycnogenol® (Horphag Res. Ltd, Geneva,
Switzerland) is an extract from the French pine (Pinus
pinaster) bark. This extract is standardized to contain
70-85 % procyanidins.

In our study, methionine-riboflavin superoxide
generator was used; reaction mixture contained 300
pl of 0.2 mM riboflavin, 30 pl of 5 mM NTB, 8.7 ml of
50 mM phosphate buffer at pH 6.5, 7.0, 7.4, 7.6 and
8.0, EDTA and L-methionine. The tested compound
was added at concentrations ranging from 5 pg/ml to
50 pg/ml. Riboflavin was added last. The reaction was
initiated by placing the vessels under an Hg lamp.
Illumination was performed for 20 minutes.
Interfering trace amounts of metal ions were
removed by the EDTA added in excess. The
percentage of inhibition was calculated from the
absorbance at wavelengths of 450 and 560 nm using
the following formula:

% of inhibition = [Ag (time) — A« (time) / Ao
(time)] x 100,
where Ag is the absorbance of the composition
without antioxidant, and Ay is absorbance of

composition with antioxidant, over time.
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The antioxidant properties of PYC were
measured by a test reaction according to Beauchamp
and Fridovich (1971) [21]. Riboflavin was reduced by
L-methionine under aerobic conditions after UV
illumination. The reduced form of riboflavin reacted
with oxygen and formed a peroxide derivative, which
was decomposed to superoxide radical anion. The
superoxide ions were reduced by NTB compound. The
original yellow color was oxidized during the reaction
and changed to blue. The intensity of the blue color
reduction was determined by spectrophotometry at
wavelengths 450 nm and 560 nm. The presence of any
antioxidant (which captures the superoxide radical
ion) inhibited photo-oxidation of NTB, and the studied

sample was then decolorized from blue to yellow.
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Statistical analysis: Data was analyzed using
Microsoft Excel. Pearson correlation was performed
to prove the significance between the concentration
of PYC and the percentage of inhibition at different

pH.

RESULTS AND DISCUSSION
The absorbance of the reagent solution was
measured at 450 nm and 560 nm after 20 minutes of
illumination (Fig. 1, Fig. 2). The concentration of PYC
ranged from 5 to 50 pg/ml.

In our work, we tested the antioxidant capacity
of PYC in reaction with superoxide radicals generated
by the methionine-riboflavin generator at different
pH levels. PYC is effective in the superoxide radical

scavenging process at the tested pH values. The

activity was shown to be the best for PYC at pH 8

(Figure 1).
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Figure 1. Antioxidant properties of pycnogenol against superoxide radical at different pH values. Dots represent

single measurements, total amount of measurements N=45.
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Table 2. Pearson’s correlation and significance between the concentration of PYC and the percentage of inhibition

at different pH values.

c (pycnogenol) pg/ml 0.876 0.912
p = 0.0006

p = 0.002

PYC showed better antioxidant properties at
concentrations above 30 pug/ml. Based on our results,
there is a strong correlation between antioxidant
concentration and the percentage of inhibition at a
pH ranging from 6.5 to 8 (Table 2).

Free radicals are generally defined as atoms or
molecules that contain one or more unpaired
electrons that allow them to oxidize other substances
and cause oxidative stress. Superoxide (02?*) belongs
to a group of reactive oxygen species (ROS) that are
produced in the normal metabolic pathways of cells
in the human body. The main source of superoxide
production in vivo is the activity of the electron
transport chain in mitochondria due to the escape of
electrons passing through the chain [22].
Antioxidants, which are classified as enzymatic and
non-enzymatic, serve as a defense system against the
activity of free radicals. Some antioxidants are
produced during normal metabolism (e.g. uric acid,
glutathione), while others are ingested through the
diet. Exogenous antioxidants, including polyphenols
and their derivatives, are well described in the
scientific literature [23]. The number and position of
hydroxyl groups in the molecule determine their
antioxidant activity. Rice-Evans et al. (1996) reported
in their study that the electron-withdrawing
properties of the carboxyl group in benzoic acids have
a negative effect on the H-donation of
hydroxybenzoic acid derivatives [24]. PYC contains
aromatic rings with one or more hydroxyl groups in

their structure, which is promising for their main

p = 0.000009 p=0.001  p=0.000001

antioxidant role, and are therefore potentially able to
quench free radicals by forming resonantly stabilized
phenoxyl radicals.

In our study, we tested PYC (a mixture of
flavonoids) in the pH range of 6.5 — 8 (Figure 1).
Pycnogenol was more effective at pH 8. However, its
antioxidant activity changed only slightly at different
pH levels. The behavior of PYC at the selected pH
levels showed similarities. According to our results,
the antioxidant properties increased with a higher
concentration of PYC within the tested pH range.

PYC belongs to the polyphenols; it is generally
known that the antioxidant activity of these
widespread compounds depends on the number and
position of hydroxyl and carboxyl groups in the
molecule. Ortho-substituent derivatives may act as H-
bond acceptors; however, other functional groups
such as methoxy- and hydroxy-groups, which are
highly distributed in the structure of natural phenols,
have opposite effects on the antioxidant properties
[4]. Another very important factor of antioxidant
activity is the duration of the action of these
compounds [25]. There is also evidence of prooxidant
activity of polyphenolic compounds under certain
conditions, which could explain the in vivo toxicity of
some polyphenols [26]. Prooxidizing activity cannot
be considered exclusively harmful, as the prooxidizing
effect can be useful and beneficial. For example,
induction of moderate oxidative stress increases
levels of antioxidant and biotransformation enzymes

and, as aresult, may induce overall cell protection
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[27]. There is insufficient information on the anti—and
prooxidant properties of the compounds in vivo; this
topic is still not sufficiently understood nor described
and clearly requires further study. One factor may be
the appropriate dosage of the compounds used. The
test compound ranged from 0 to 50 pg/ml. The
prooxidizing properties of the test compound have
not been demonstrated in this range. Increasing the
concentration of PYC increases its antioxidant
properties, and if the concentration used is higher
than 30 pg/ml, the antioxidant properties of the test
compound were better. This study may contribute to
the knowledge of the effects of pycnogenol, as
supplements containing French maritime pine bark
extract may differ significantly in terms of active

substance content [28-29].

CONCLUSIONS

There is a lot of evidence illustrating the desirable
effects of pycnogenol on the human body, but there
are also studies pointing to its adverse effects. In
order to avoid the undesirable adverse effects of
pycnogenol administration, it is very important to
know the suitable dosage of the antioxidant and its
metabolisation in the body. Our results showed that
pycnogenol is a potent antioxidant against superoxide
radicals. Increase in pycnogenol concentration
enhances its antioxidant properties. Subsequently, its
structure- and concentration-dependent antioxidant
activity changes only slightly at different pH levels
(range 6.5 - 8).

Information on the antioxidant and prooxidant
properties of naturally occurring compounds is very
important in understanding their activity and their
proper use in the prevention and treatment of

diseases.
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