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ANTI-STRESS PROPERTIES OF VITAMINS P
AND THEIR APPLICATIONS IN MEDICINE
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Anti-stress properties of vitamins P

and their applications in medicine
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Abstract. The need to solve the
problem of stress is shown, which is due to
the extremely wide spread of this condition in
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humans, animals, and plants. The particularly
acute relevance for the population of Ukraine
is emphasized, due to the growth of social
problems and emergency circumstances caused
by the war.

It has been established that stress
factors cause overexcitation of the nervous
system, primarily the central one, which
leads to activation of the autonomic nervous
system and then the endocrine system, which
ultimately leads to dysfunction of organs and
tissues of the body.

On the basis of theoretical and
experimental studies, the mechanism of
formation of post-stress reactions has been
established and approaches to leveling negative
consequences have been proposed. It has been
shown that pathological post-stress reactions

underlie such diseases as: atherosclerosis,
diabetes  mellitus, Alzheimer’s disecase,
Parkinson’s disease, amyotrophic lateral

sclerosis, cancer, chronic kidney disease,
intravascular coagulation, multiple organ
failure, obesity, and osteoporosis.

Based on the principles of the theory
of nervism, the primary participation of the
vegetative nervous system in the development
of post-stress pathological reactions is
substantiated. At the first stage, the sympathetic
system is activated, the mediators of which
are noradrenaline and adrenaline. Due to the
action of these mediators, oxidative processes
are activated, resulting in oxidative stress,
tachycardia, and hypertension. At the second
stage, the parasympathetic system is activated,
the mediator of which is acetylcholine. The
latter activates secretory processes, activates the
kallikrein-kinin system, as a result of which the
permeability of the histo-hematic and intestinal
barriers significantly increases. All this leads
to the development of a dysbiotic syndrome,
which causes the translocation of bacteria
and their toxins, in particular, the intestinal
enterotoxin lipopolysaccharide (LPS). It is the
latter that causes the development of systemic
inflammation and functional failure of organs.
At the third stage of development of post-stress
reactions, the endocrine system is activated,
in particular, the adrenal cortex, the thyroid
gland under the influence of tropic hormones
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CTaHy y JIIOIeH, TBapuH Ta pocauH. [Tinkpec-
JICHO OCOOJIMBO TOCTPY aKTyaJlbHICTh JUIS Ha-
celieHHsT YKpalHH, y 3B’S3Ky 31 3pOCTaHHSAM
couianbHUX Mpo0ieM Ta Ha/I3BUYAitHUX 00CTa-
BUH, 3yMOBIICHUX BiHOIO.

BcranoBneHo, mo crpecopHi ¢akro-
pPH BHUKIHKAIOTh IIepe30yIKeHHS HEPBOBOI
CHCTEMH, HacaMIlepe]] IeHTPAIbHOI, 0 IPH-
3BOJMTH /IO aKTUBALlil BEreTaTUBHOI HEPBOBOI
CUCTEMH 1 Jalli eHIOKPHHHOI, 110 3PEIITOI0
MPU3BOIUTH 10 AUCHYHKIIT OpraHiB Ta TKa-
HUH OpraHizmy.

Ha ocHOBI TeOpeTHYHHX Ta EKCIICpH-
MEHTAIbHUX JOCTIIKEHb BCTAHOBICHO MeXa-
Hi3M (hOopMyBaHHS MICIACTPECOBUX PEAKLii Ta
3aMPOIIOHOBAHI MiJAXOAM HIBEJIIOBAaHHS Hera-
THBHHMX HacaiakiB. [Toka3zaHo, 1o maromorigi
MICISICTPECOBI Peakiii JexaTh B OCHOBI TaKHX
3aXBOPIOBAHb, SK: ATEPOCKIEPO3, ITyKPOBHIL
niabet, xBopoOa Aublreiimepa, xBopoba Ilap-
KiHCOHa, O14HuiT amioTpodidHuit CKIepo3, pak,
XPOHIYHAa XBOPOOA HUPOK, BHYTPILIHbOCYINH-
HOTO 3CiZJaHHs KPOBI, MMOJTIOPTaHHA HENOCTAT-
HICTB, OXKHUPiHHS, OCTEONOPO3.

Ha ocHoBi npuHIMIIB Teopii HEPBiZMY
00rpyHTOBaHa IEPIIOYEProBa y4acTh BereTa-
THUBHOI HEPBOBOI CHCTEMH B PO3BUTKY MiCIsi-
CTPECOBHX MATOJIOTIYHKUX peakuiil. Ha nepiio-
My eTalli BKITIOYA€ThCS CHMIIATHYHA CHCTEMA,
MeiaTopaMy SIKOi € HOpaJpeHaliH 1 agpeHa-
JiH. 3a paxyHOK Aii IUX MeIiaTtopiB aKTHBIi3y-
I0ThCSl OKCHJATHBHI POLIECH, HACIIIAKOM 4OTO
BUHMKAE OKCHJIATUBHHUII CTpec, TaXikapais,
rineprensis. Ha gpyromy erami BKIIIOYaeThCS
[IapacHMIIaTHYHA CHCTEMa, MEAiaTOpOM SKOi
€ aueTwixoiiH. OCTaHHIi aKTHBYE CEKPETOPHI
MIPOLIECH, AKTHBYE KaJlIKPEIH-KiHIHOBY CHCTE-
My, B pe3yJbTaTi 4Oro 3Ha4HO 30UIBIIYETHCS
MIPOHUKHICTh TICTO-TEMaTUYHHUX 1 KHUIIKOBHX
Oap’epiB. Bce 1e npu3BOIUTH A0 PO3BUTKY
IUCOIOTUYHOTO CHHAPOMY, SKHH 3YMOBIIOE
TpaHCIOKallilo OakTepiii Ta iX TOKCHHIB, 30-
KpeMa, KHMIIKOBOTO CHTEPOTOKCHUHY JIMOMOJMi-
caxapuny (JIIIC). Came ocraHHii BHKIHKaE
PO3BUTOK CHCTEMHOIO 3amajeHHs 1 (yHKILio-
HaJIbHOI HENOCTAaTHOCTI opraHiB. Ha Tperpo-
My eTami PO3BUTKY IMICISCTPECOBHX PpeaKiit
aKTUBI3y€ThCA CHIOKPHHOBA CHCTEMa, 30Kpe-
Ma, KOpa HaJJHUPHHKIB, IIUTOBU/IHA 3271032 ITi ]
IIIEI0 TPOIHUX TOPMOHIB rinodizy. B pesynb-



of the pituitary gland. As a result, the level
of inflammatory processes decreases, but
metabolic disorders occur. The fourth stage of
post-stress reactions is characterized by liver
damage and the development of a number of
pathological disorders in the body.

It has been shown that for the prevention
and treatment of post-stress reactions it
is necessary to use antioxidants, protease
inhibitors, and metabolic process stimulators. It
is advisable to use antioxidants: vitamin C, E,
and P. Our studies have shown the superiority
of vitamin P in terms of its antioxidant
properties. Based on the studies conducted,
we have proposed a structural classification of
vitamins P as derivatives of flavans, consisting
of 8 classes.

Keywords: stress, post-stress reactions,
antioxidants, vitamin P,

TaTi 3HWKYETHCS PIBEHb 3allaIbHUX MPOLECIB,
OJJHAaK BHMHHUKAIOTh MeTalOONi4YHi IOPYIICHHS.
YerBepTHii eran MmicasCTPEeCcOBUX peakiiil xa-
PaKTepU3yEThCS YPAKEHHSIM TE4iHKH 1 PO3BH-
TKOM LIOT HU3KH MATOJIOTIYHKUX MOPYILEHb B
OpraHi3mi.

Tlokazano, o A7t TPOQiIAKTUKY Ta JTi-
KyBaHHS MICJIICTPECOBUX peaKiiil HeoOXigHO
BUKOPUCTOBYBATH aHTHOKCHJAHTH, IHTiOITOPH
poTeas, CTUMYJIATOPH METa0OMIuHHUX IpO-
neciB. J[OIIBHUM € 3aCTOCYBaHHS aHTHOKCH-
nmantiB: Bitamin C, E i P. Hamni mocimkenns
MOKa3aJiy nepesary BitaMiHiB P 3a cBoiMH aH-
THOKCHJAHTHUMH BIACTUBOCTSIMH. Ha ocHOBI
[POBEJCHNX JOCITIKCHh HAMH 3alpPONOHOBA-
Ha CTPYKTypHa Kiacuikalis BitamiHiB P, sk
noxigHuX QuaBany, Ha 9 Kacis.

Ku1ro4oBi ci1oBa: crpec, micisctpecosi
peakuii, aHTHOKCHJIAHTH, BiTaMiH P.

The relevance of the problem of stress lies in the extremely
wide distribution of this condition in humans, animals and plants
[1]. The causes of stress can be various factors such as physical,
chemical and even psycho-emotional nature [2].

Stress in humans and animals arises from pain, trauma,

temperature changes,

excessive sound and light factors,

atmospheric pressure, excessive emotions, inadequate nutrition

and intoxications (Fig. 1).

STRESS - inadequate (excessive) excitation of the nervous system

Intoxications

Injuries

[ Inadequate nutrition J

Adverse living conditions
(temperature, pressure, sound,
light, radiation, etc.)

Pain

Fig. 1. The main etiological factors of stress.
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The problem of stress is particularly relevant for the
population of Ukraine due to the growth of social problems and
emergency circumstances caused by the war [3].

It has been established that stress factors cause overexcitation
of the nervous system, primarily the central nervous system,
which leads to activation of the vegetative nervous system and
then the endocrine system, which ultimately leads to dysfunction
of organs and tissues of the body [4] (Fig. 2).

Stages of stress

Excessive excitation of the central nervous system

R

| Excitation of the sympathetic nervous system |

:

Excitation of the parasympathetic nervous system
I g -
| Excitation of secretory organs |
Excitation of the hypothalamic-pituitary system
g

Excitation of the endocrine system (adrenal glands, thyroid gland)

L

Organ and tissue dysfunction

Fig. 2. Pathogenetic stages of stress.

As a result of overexcitation of the nervous and endocrine
systems, peroxidation and kallikrein-kinin proteolysis are
activated, which causes a significant decrease in blood pressure,
a significant increase in the permeability of histohematic and
intestinal barriers, as a result of which the influx of microbial
toxins and bacteria from the intestine into the circulatory system
increases, and only then does an adaptation syndrome occur,
pituitary-adrenal activation with the formation of ACTH and
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corticosteroids with their effects [5]. The scheme of the stages of
development of intoxication of the body due to stress is presented
in Figure 3.

Poisoning of the body with toxic products and mediators
leads to pathological post-stress reactions, which can be combined
into a series of syndromes that develop sequentially: oxidative,
hydrolytic, dysbiotic and dysmetabolic (Fig. 4).

I Stages of body intoxication due to stress ‘

1. Catecholamine (increased levels of adrenaline, noradrenaline, dopamine due to activation of the sympathetic
nervous system)

g -

‘ 2. Acetylcholine (increased acetylcholine levels due to activation of the parasympathetic nervous system) ‘
1 L

3, Kinin (increase in bradykinin content as a result of activation of proteolytic enzymes kallikreins) ‘
g -

| 4. Endotoxin (increased lipopolysaccharide (LPS) levels due to translocation of LPS from the intestine into the hlnodl|
I

‘ 5. Glucocorticoid (dug to activation of the adrenal cortex) ‘
L

6. Dysmetabolic (due to increased levels of glucose, free fatty acids, urea and other products of impaired ‘

metabohism}

Fig. 3. Stages of intoxication of the body due to stress.

| Pathological post-stress reactions |

1. Oxidative stress. Characterized by an increase in the level of reactive oxygen species (ROS) and peroxidation
products due to catecholamine intoxication

L
2. Hydrolytic activation. Characterized by an increase in the level of proteolytic enzymes phospholipases,

hydroperoxidases due to acetylcholine intoxication

3. Dysbiotic syndrome. Characterized by a significant increase in the permeability of the intestinal barrier, which
leads to the translocation of bacteria and toxins (including LPS) from the intestine into the blood, which causes
endotoxin intoxication, bacteremia, and systemic inflammation.

4. Dysmetabolic syndrome. Characterized by impaired function of organs and tissues due to the action of toxins and
excessive hormone levels.

Fig. 4. Post-stress pathological reactions (syndromes) of the
body.
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Pathological post-stress reactions underlie such diseases as
atherosclerosis [6], diabetes mellitus [7, 8], Alzheimer’s disease
[8, 9], Parkinson’s disease [10], amyotrophic lateral sclerosis
[11], cancer [12], chronic kidney disease [13], intravascular
coagulation [14, 15], multiple organ failure [16], obesity [17],
and osteoporosis [18].

The first link in the protective mechanisms that prevent the
cascade of post-stress pathological reactions from starting should
be blocking the peroxidation of lipids, proteins and nucleic acids
with the help of antioxidants, among which vitamins E, C, P and
carotenoids occupy a special place.

Vitamin P is represented by the most heterogeneous group
of compounds that were previously united under the term
“bioflavonoids”. We have proposed a new classification of
vitamins P, which is based on the chemical structure of flavan,
which constitutes the structural core, and its derivatives, which
are logically divided into 8 groups. Group I — flavanols,
II — flavanones, III — flavones, IV — flavones-3-ols, V —
anthocyanidins, VI — isoflavones, VII — chalcones, VIII —
flavanlignans [19]. The structural classification of vitamins
P is given in Table 1, and the chemical formulas of typical
representatives are shown in Figure 5.

Table 1
Structural classification of vitamins P (flavanoids)

Vitamin P group | Chemical structure | Main representatives

Pl flavanols Catechins

P2 flavanones hesperitin (hesperidin),
naringenin (naringin)

P3 flavones apigenin, luteolin,

chrysin
P4 flavon-3-ols quercetin (rutin),
kaempferol
P5 anthocyanidins cyanidin, delphinidin
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P6 isoflavones genistein (genistin),
daidzein (daidzin)
P7 chalcones Phloretin
P8 flavanlignans silybin, isosilybin,
silychristin
. L)
o o @ c
qC 0C
OH 0
flavan flavan-3-ol flavanone
. (2 . S
90 CIe]
OH
(0] (0]
OH
OH
HO 0oL @
X
g
Z OH
OH
flavone flavone-3-ol anthocyanidin

Q¢ - R
o (=)
(o]

|
o

0. _-CH,0H
@ I OCH,
0
OH

=
o}
O o

OH O

isoflavone chalcone

silibin

Fig. 5. Chemical structure of vitamins P.
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Vitamins P are found exclusively in products of plant origin.
These are the following plant products: citrus fruits, rose hips,
berries (raspberries, strawberries, cherries, chokeberries, black
currants), apples, grapes, green and black tea. The main sources
of each group of vitamins P are given in Table 2.

Table 2
Sources of vitamins P by groups
Vitamin P | Chemical structure Main sources
group
P1 flavanols grape leaves, cherries,
apples, tea; fruits:
apples, grapes, cherries,
blackcurrant
P2 flavanones citrus fruits (orange,
tangerine, grapefruit, lemon)
P3 flavones green vegetables (parsley,
sorrel, dill, celery)
P4 flavon-3-ols sophora, actinidia, onion,
red pepper, rose hips)
P5 anthocyanidins red grapes, cherries,
chokeberry, blackcurrant
P6 1soflavones soybeans, lupine, other
legumes
P7 chalcones fruits, grains, legumes,
vegetables and drinks such
as tea, coffee, red wine, beer
P8 flavanlignans milk thistle, green tea

The physiological properties of vitamins P include
strengthening and reducing capillary permeability, which
prevents bleeding, bruising and swelling. They have antioxidant,
antiprotease, anti-inflammatory, antimicrobial, hepatoprotective
and antiallergic effects, protecting cells from damage and
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participating in the fight against allergies. Vitamins P are
important for supporting the cardiovascular system, immunity
and improving blood circulation [20, 21].

The pathophysiological principles of prevention and
treatment of post-stress conditions and recommended drugs
developed in the Research Laboratory of Phytopreparations
Technology of Odessa National Technological University are
given in Table 3.

Table 3
Dietary prevention and treatment
of pathological post-stress reactions
No. s/n| Post-stress Therapeutic Preparation
reaction agent

1 Oxidative Antioxidants “Katomas-
stress forte”,““Squalene-
Olive”,“Lycopene-

Olive”,
“Liposan-forte”,

“Antistressants —

vitamins P”

2 Hydrolytic Antihydrolytic “EkSoVit”,
activation agents “Lysozyme-forte”,
“Antistressants —

vitamins P”’

3 Dysbiotic Antidysbiotic “Lysozyme-
syndrome agents forte”,“EkSoVit”,
“Antistressants —

vitamins P”

4 Dysmetabolic [Dismetabolic “Lysozyme-
syndrome regulators forte”,“EkSoVit”,
“Antistressants —

vitamins P”, “Liposan-
forte”
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Conclusions

1. Based on the principles of the theory of nervism, the pri-
mary participation of the vegetative nervous system in the devel-
opment of post-stress pathological reactions is substantiated.

2. At the first stage, the sympathetic system is activated, the
mediators of which are noradrenaline and adrenaline. Due to the
action of these mediators, oxidative processes are activated, re-
sulting in oxidative stress, tachycardia, and hypertension.

3. At the second stage, the parasympathetic system is activat-
ed, the mediator of which is acetylcholine. The latter activates se-
cretory processes, activates the kallikrein-kinin system, as a result
of which the permeability of the histo-hematic and intestinal bar-
riers significantly increases. All this leads to the development of
a dysbiotic syndrome, which causes the translocation of bacteria
and their toxins, in particular, the intestinal enterotoxin lipopoly-
saccharide (LPS). It is the latter that causes the development of
systemic inflammation and functional failure of organs.

4. At the third stage of development after stress reactions, the
endocrine system is activated, in particular, the adrenal cortex,
the thyroid gland under the influence of tropic hormones of the
pituitary gland, as a result, the level of inflammatory processes
decreases, but metabolic disorders occur.

5. The fourth stage of post-stress reactions is characterized
by Dismetabolic Syndrome: liver damage, suppression of the im-
mune system and the development of a number of pathological
disorders and diseases.

6. For the prevention and treatment of post-stress reactions,
it is necessary to use antioxidants, protease inhibitors, and meta-
bolic process stimulators.

7. Among antioxidants, the greatest attention is paid to the
antioxidants vitamin C, E, and P. Our studies have shown the su-
periority of vitamin P in terms of its antioxidant properties.

8. We have proposed a structural classification of vitamins P
as derivatives of flavans, consisting of 8 classes.
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