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Abstract

Annotation

The vast number of compounds based on the three-membered flavan ring and
possessing vitamin P activity requires a specific systematization of flavanoids. EXisting
classifications, unfortunately, do not take into account the full diversity of these compounds,
including their biogenesis.

We have proposed a classification of flavonoids with P-vitamin activity that takes into
account their biosynthesis and interconversions. This so-called biosynthetic classification
divides all flavonoids into 11 classes: 1 — chalcones, 2 — flavanones, 3 — flavanols, 4 —
flavones, 5 — isoflavones, 6 — dihydroflavanol, 7 - flavon-3-ols, 8 — flavandiols
(leucoanthocyanidins), 9 — anthocyanidins, 10 — flavan-lignans, 11 — atypical and modified
flavanoids.
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Vitamin P was discovered by Hungarian biochemist Albert Szent-Gyorgyi in 1936 [1,
2]. While studying the therapeutic effects of vitamin C (ascorbic acid) in experimental scurvy,
he discovered the ability of flavanoid compounds to significantly enhance the therapeutic
activity of vitamin C. Therapeutic efficacy was assessed by its ability to reduce bleeding, that
is, to decrease the permeability of the histo-hematic barriers.

Numerous studies conducted over several decades in various countries [3-6] have
demonstrated the presence of vitamin P activity in virtually all compounds based on the three-
membered flavan ring (Fig. 1). All flavan-containing compounds are often referred to as
bioflavonoids [7]. It has been established that the spectrum of biological action of flavanoids
is significantly broader than their effect on capillary permeability. All flavanoids possess
antioxidant properties [8-10], exhibit antimicrobial activity [11], and have an anti-
inflammatory effect [12, 13].

Fig. 1. Flavan

Based on modern concepts of flavanoid biogenesis in plant organisms [14-18], we
present a list of biosynthetic reactions that determine the appearance of certain forms of

flavanoids.
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Figure 2 shows a general diagram of flavanoid biogenesis.
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Fig. 2. General scheme of flavanoid biogenesis

Table
Biosynthetic classification of flavanoids (vitamins P)
Class | Class name Chemical structure Class representatives | Sources
1 2 3 4 5
I |Chalcones OH O Naringenin- chalcone,| Legume
dihydrochalcone family and
O O (phloretin) all plants
HO OH OH
Il |Flavan-ones OH Hesperidin, hesperitin,|  Citrus
HO\@;Og © naringenin, naringin family
OH O
11 |Flavan-ols OH Catechins, epicatechins| Tea leaves,
O/ grapes,
HO O apples
"'OH
OH
IV |Flavones OH Apigenin, luteolin Celery
HO o O
9
OH O
V |Isoflavones HO 0 Genistein, daidzein | Soybeans
O | and other
O legumes
OH O oH




1 2 3 4 5
VI |Dihydroflavano OH Dihydro-flavanol Actinidia,
Is grapes,
o o g sophora
] OH
OH O
VIl [Flavon-3-ol OH Quercetin, rutin, Sophora,
kaempferol actinidia,
Ho o O grapes
IO |
OH
OH O
VIl [Flavandiols OH Leucoanthocyanidin | All plants
(leucoanthocya o o O
nidins) O
OH
OH OH
IX |Anthocyanidins OH Cyanidin, delphinidin | Grapes,
o o O cherries,
O \ black
Z 0oH currants,
OH | blueberries
X |Flavan-lignans Silybin, silicristin, |Milk thistle,
O~ . CH,0H o
@ 2 silydiamine blueberry
X1 |Atypical and Auron Almost all
modified plants
flavanoids
Conclusions

1. In plants, all flavanoids exist in glycoside form (more than 90 %) and aglycone

form (less than 10 %). The aglycone forms are the most active.

2. To convert glycoside forms into aglycones, it is necessary to carry out acid and

enzymatic hydrolysis [19].

3. Our previously proposed structural classification of flavanoids [20] did not take into

account the biogenesis of different classes of flavanoids.




4. The current daily intake of vitamin P (50 mg) requires revision, taking into account

the characteristics of the chemical structure and biological activity of flavanoids of different

classes.

5. We consider it incorrect to call all flavanoids “bioflavonoids”, since flavonoids are

only part of the flavanoid family.
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